CLAIMS:

1. A prostate-specific membrane antigen (PSMA)-binding polypeptide comprising a

humanized PSMA-binding domain wherein the PSMA binding domain comprises
{iy an immunogiobulin light chain variable region comprising LCDR1, LCDR2, and LCDR3, and
(i) an immunoglobulin heavy chain variable region comprising HCDR1, HCDR2, and HCDRS,

wherein the LCDR1, LCDR2 and 1. CDR3 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.

2, The PSMA-binding polypeptide of claim 1, wherein said PSMA-binding polypeptide

comprises from amino-terminus to carboxyl-terminus
(@ the PSMA binding domain,

{b) a first hinge region, and

{c) an immunoglobulin constant region.

3. The PSMA-binding polypeptide of claim 1, wherein said PSMA-binding polypeptide further

comprises a second binding domain.

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-

terminus o amino-terminus

{a) the PSMA binding domain,

{b) a first hinge region,

(c) an immunoglobulin constant region,
(d) a second hinge region, and

() 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 ID NO:5 or SEQ ID NO:23 and the
heavy chain variable region comprises an amino acid sequence that is at least 95% or 100%
identical to the amino acid sequence set forth in SEQ ID NO:2, SEQ ID NO:25, or SEQ ID 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 (i) an immunoglobulin 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 i C lectin or (i} 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 35% identical to the amino acid sequence set forth in SEQ 1D NO:19,
SEQ ID NO:21, SEQ ID NO:30, SEQ 1D NO:31, SEQ ID NO:34, or SEQ ID NO:35.

12. The PSMA-binding polypeptide 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 1D NO:38, SEQ 1D NO:38, SEQ 1D NO:42, SEQ ID NO:43,
SEQ ID NO:70, or SEQ [D NO:72.

13. The PSMA-binding polypeptide of any one of claims 3-12, wherein the second binding
domain specifically binds a T cell, CD3, CD3¢ or a T cell receptor (TCR) complex or a

component thereof,

14. The PSMA-binding polypeptide of claim 13, wherein the second binding domain competes
for binding to CD3e with a monoclonal antibody selected from the group consisting of CRIS-7
and HuM291.

15. The PSMA-binding polypeptide of claim 13 or 14, 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 HUMZ291.

16. The PSMA-binding polypeptide of claim 15, wherein the light and heavy chain variable

regions of the second binding domain are selected from the group consisting of

(a) a light 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 ID 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} a light 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 SEQ 1D 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 SEQ 1D NO:78.

17. 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
seguence set forth in SEQ 1D NO:49, SEQ ID NO:51, SEQ ID NO:74, SEQ ID NO:76, SEQ ID
NQ:78, SEQ ID NO:80, SEQ ID NO:82, SEQ ID NO:84, SEQ ID NO:158, SEQ ID NO:160, SEQ ID
NO:162, or SEQ 1D NO:164.

18. 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.

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

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

21. A composition comprising the PSMA-binding protein of claim 18; and a pharmaceutically

acceptable carrier, diluent, or excipient.

22. A 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 claim 13, wherein said contacting is under

101



conditions whereby RTCC against the PSMA-expressing cell is induced wherein the
method is not a method of treatment for the purposes of therapy carried out on the

human or animal body.

23. 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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CLAIMS:

1. A prostate-specific membrane antigen (PSMA)-binding polypeptide comprising, in
order from amino-terminus to carboxyl-terminus or in order from carboxyl-terminus to amido-
terminus,

(a) a PSMA-binding domain that specifically binds human PSMA,

{b} a hinge region, and

{c} an immunoglobulin constant region.

2. The PSMA-binding pelypeptide of claim 1, wherein the PSMA-binding domain
competes for binding to human PSMA with a single chain Fv (scFv) ha¥ing the amino acid

segquence set forth in SEQ ID NO:21.

3. The PSMA-binding polypeptide of claim 1 or 2, whereirythe PSMA-binding domain
comprisas (i) an immunoglobulin light chain variable region gomprising L.CDR1, LCDR2, and
LLCDR3, and (ii) an immunoglobulin heavy chain variable region comprising HCDR1,
HCDR2, and HCDRS3. -

4. The PSMA-binding polypeptide of claim 3/wherein LCDR3 has the amino acid
SEQ D NO:11.

5, The PSMA-binding polypeptid f claim 4, wherein LCDR1 and LCDR2 have the
amino acid sequences as set forth it SEQ |D NO:15 and SEQ ID NO:16, respectively, and
HCDR1 and HCDR2 have the aryino acid sequences as set forth in SEQ 1D NO:9 and SEQ

ID NO:10, respectively.

6. The PSMA—bindi polypeptide of any of claims 3 to 5, wherein at least one of the
light chain variable anheavy chain variable regions is humanized.

7. The PSM binding polypeptide of any of claims 3 to 6, wherein the light chain
variable regioy omprises an amino acid sequence that is at least 95% identical fo the amine

acid seque e set forth in SEQ ID NO:5 or SEQ 1D NO:23.

8 4 The PSMA-binding polypeptide of claim 7, wherein the light chain variable region
comprises the amino acid sequence set forth in SEQ ID NO:5 or SEQ 1D NO:23.
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9. The PSMA-binding polypeptide of any of claims 3 to 8, wherein the heavy chain
variable region comprises an amino acid sequence that is at least 95% identical to the aming
acid sequence set forth in SEQ 1D NO:2, SEQ 1D NG:25, or SEQ D NO:27.

10, The PSMA-binding polypeptide of claim 8, wherein the heavy chain variable rggion
comprises the amino acid sequence set forth in SEQ ID NO:2, SEQ ID NO:25, or
NO:27.

11. The PSMA-binding polypeptide of any of ctaims 3 to 10, wherein thg PSMA-binding

domain is an sckv.

12. The PSMA—binding polypeptide of claim 11, wherein said sgi-v comprises an amino
acid sequence that is at least 95% identical to the amino acid sequence set forth in SEQ ID
NO:18, SEQ ID NO:21, SEQ 1D NO:30, SEQ 1D NO:31, SEQID NO:34, or SEQ ID NO:33.

13. The PSMA-binding polypeptide of claim 12, whepéin said scFv comprises the amino
acid sequence set forth in SEQ 1D NO:18, SEQ ID NG21, SEQ 1D NO:30, SEQ ID NO:31,
SEQ ID NO:34, or SEQ ID NO:35.

14, The PSMA-binding polypeptide of claim 11, wherein the heavy chain variable region
of said scFv is carboxy-terminal to the light.Chain variable region.

18. The PSMA-binding polypeptide of claim 14, wherein said scFv comprises an amino
acid sequence that is at least 95% ifentical to the amino acid sequence set forth in SEQ ID
NO:21, SEQ ID NO:30, or SEQ |D NO:31.

16. The PSMA-binding golypeptide of claim 15, wherein the scFv comprises the amino
acid sequence set forth iff SEQ ID NO:21, SEQ ID NO:30, or SEQ ID NO:31.

17. The PSMAding polypeptide of claim 11 or 14, wherein the light chain variable
region and heav ‘chain variable region of the scFv are joined by an amino acid sequence
comprising (G y.Ser),, wherein n = 1-5 (SEQ 1D NO:165).

18. THe PSMA-binding polypeptide of any of claims 1 to 17, wherein the hinge region is
(from an immunoglobulin hinge region.
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19. The PSMA-binding polypeptide of any of claims 1 to 18, wherein the immunoglobulin
constant region comprises immunoglobulin CH2 and CH3 domains of IgG1, 1gG2, 1gG3,
IgG4, IgA1, IgA2 or IgD.

20. The PSMA-binding polypeptide of claim 19, wherein the hinge region is dgrived from
an immunoglobulin hinge region and the immunoglobulin constant region com rises
immunoglobulin CH2 and CH3 domains of IgG1, 1gG2, 1gG3, or IgG4.

21. The PSMA-binding polypeptide of any of claims 1 to 20, whe:z the PSMA-binding

polypeptide comprises at least one effector function sel-ecﬁted from the group consisting of

antibody-dependent cell-mediated cytotoxicity (ADCC) and complément-dependent
cytotoxicity (CDC).

22. The PSMA-binding polypeptide of claim 1, wherein said PSMA-binding polypeptide
comprises an amino acid sequence that is at least 95% identical fo the amino acid sequence
set forth in SEQ 1D NO:38, SEQ ID NC:39, SEQ 1D N0O:42, SEQ ID NO:43, SEQ ID NO:70,
or SEQID NG:72.

23. The PSMA-binding polypeptide of claim 22, wherein said PSMA-binding polypeptide
comprises the amino acid sequence set fgfth in SEQ ID NO:38, SEQ 1D NO:39, SEQ ID
NQ:42, SEQ D NO:43, SEQ 1D NO:70/0r SEQ 1D NO:72.

24 The PSMA-binding polypeptide of any of claims 1 to 23, further comprising
(d) a second hinge regigh carboxy-terminal to the immunoglobulin constant region,
and

(e) a second bindiplg domain carboxy-terminal to the second hinge region.

25. The PSMA—ing polypeptide of claim 24, wherein the second hinge region is
derived from (i} a g alk region of a type il C lectin or (ii) an immunoglobulin hinge region.

26. A prate—speciﬁc membrane antigen (PSMA)-binding polypeptide comprising

a fj St birding domain that specifically binds human PSMA, the first binding domain
comprig (iy an immunoglobuiin fight chain variable région comprising LCOR1, LCDRZ, and
LCDE " and (il) an immunoglobulin heavy chain variable region comprising HCDR1,
HEDR2, and HODRS,
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wherein LCDR3 has the amino acid sequence set forth in SEQ {D NO:17 and
HCDR3 has the amino acid sequence set forth in SEQ D NO:11.

27. Tha PSMA-binding polypaptide of claim 28, wherein LCDR1T and LODRZ have th
amino acid sequences as set forth in SEQ 1D NOHS and SEQ D NOHE, respectively, énd
HCDR1 and HCDR2 have the amino acid sequences as set forth in SEQ ID NO:9 apid SEQ
1D NO:10, respectively.

28. The PSMA-binding polypeptide of claim 26 or 27, wherein at Ieaét one of the light

chain variable and heavy chain variable regions is humanized.

29, The PSMA-binding polypeptide of claim 27, wherein the light/chain variable region
has the amino acid sequence set forth in SEQ 1D NO:5 or SEQ I[YNO:23.

30. The PSMA-binding polypeptide of claim 27 or 28, wherein the heavy chain variable
region has the amino acid sequence set forth in SEQ |D NO:2, SEQ ID NO:25, or SEQ ID

NO:27.

31. The PSMA-binding polypeptide of any of ¢laims 26 to 30, wherein the first binding

domain is a single chain Fv {scFv}.

32. The PSMA-binding polypeptide of élaim 31, wherein said scFv comprises the amino
acid sequence set forth in SEQ ID NC: 19, SEQ 1D NO:21, SEQ 1D NO:30, SEQ ID NO:31,
SEQ ID NO:34, or SEQ ID NO:35.

33. The PSMA-binding poiptide of claim 31, wherein the heavy chain variable region
of said scFv is carboxy-termj Aal to the light chain variable region.

34. The PSMA-bin ._.' polypeptide of claim 33, wherein said scFv comprises the amino
acid sequence set forth in SEQ 1D NO:21, SEQ 1D NO:30, or SEQ 1D NO:31.

35. The PS—bind%ng polypeptide of claim 31 or 33, wherein the light chain varable
region and h&avy chain variable region of the scFv are joined by an amino acid sequence
comprising (Gly,Ser),, wherein n = 1-5 (SEQ ID NO:165).

368. / The PSMA-binding polypeptide of any of claims 26 to 35, wherein said PSMA-binding
polypeptide further comprises an immunoglobulin constant region.
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37. The PSMA-binding polypeptide of claim 36, wherein said immunoglobulin constant
region comprises immunoglobulin CH2 and CH3 domains of 1gG1, 1gG2, IgG3, IgG4, IgAt,
IgAZ or igh.

38.  The PSMA-binding polypeptide of claim 38, wherein said PSMA-binding polypeptide
further comprises at least one hinge region derived from (i) a stalk region of a -,-" it C lectin

or (ii) an immunoglobulin hinge region.

39. The PSMA-b'inding polypeptide of any of claims 26 to 38, wherein/said PSMA-binding
polypeptide further comprises a second binding domain.
40, The PSMA-binding polypeptide of claim 39, wherein said PSMA-binding polypeptide
comprises, in order from amino-terminus to carboxyl-terminus of in order from carboxyi-
terminus to amino-terminus,

(a) the first binding domain,

(b) afirst hinge region,

{c) the immunoglobulin constant region,

{d) a second hinge region, and

(e) a second binding domain.

41, The PSMA-binding polypeptide of - faim 36, wherein said PSMA binding polypeptide
comprises, in order from amiﬂonﬁerminuo carboxykterminus,
(a) the first binding domain,
(b) ahinge region, and /
{c) the immunoglobulin stant region.

42, The PSMA-binding %ypepﬂde of claim 41, wherein said PSMA binding polypeptide

further comprises /

(d) a second hihge region carboxy-terminal to the immunoglobulin constant region,
' and / '

{e) a secend binding domain carboxy-terminal to the second hinge region.

43.  The/ASMA-binding polypeptide of claim 38, wherein said PSMA binding polypeptide
comprisg . in order from amino-terminus to. carboxyl-terminus,
/(a) the immunoglobulin constant region,

(b) a hinge region, and
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{c) the first binding domain. -

44,  The PSMA-binding polypeptide of claim 43, wherein said PSMA-binding polypeptid
comprises
{d) a secend hinge region amino-terminal to the immunoglobulin constant regigh,

and

(&) a second binding domain aminc-terminal to the second hinge region.

45, The PSMA-binding polypeptide of any of claims 24, 25, 38, 40, 42, ahd 44, wherein
the second binding domain specifically binds a T cell.

46 The PSMA-binding polypeptide of ciaim 45, wherein the secgnd binding domain
specifically binds a T cell receptor (TCR) complex or a comp7 thereof

47. The PSMA-binding polypeptide of claim 48, wherein the second binding domain
specifically binds CD3.

48 The PSMA-binding polypeptide of claim 47, wherein the second binding domain
specificaily binds CD3e.

49, The PSMA-binding polypeptide of cialm 48, wherein the second binding domain
~ competes for binding to CD3e with a mongclonal antibody selected from the group consisting
of CRIS-7 and HuM291.

50. The PSMA-binding polypeptide of claim 49, wherein the second binding domain
comprises an immunoglobulin light chain variable regicn and an immunoglobulin heavy
chain variable region derived/from a monocional antibody selected from the group consisting

of CRIS-7 and HuM291.

51. The PSMA-bjding polypeptide of claim 50, wherein the light and heavy chain
variable regions ofthe second binding domain are humanized variable regions comprising,

respectively, thg light and heavy chain CDRs of the monoclonal antibody.

52. T

regions of the second binding domain are selecied from the group consisting of

PSMA-binding polypeptide of claim 50, wherein the light and heavy chain
variabl
(a) a light chain variable region comprising an amino acid sequence that is at least

95% identical to the amino acid seguence set forth in residues 139-245 of SEQ
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ID NO:47 and a heavy chain variable region comprising an amino acid sequence
that is at least 95% identical to the amino acid sequence set forth in residues 1-
121 of SEQ 1D NO:47; and

{b) a light chain variable region comprising an amino acid sequence that is at lgast
85% identical to the amino acid sequence set forth in residues 634-740 of SEQ
ID NO:78 and a heavy chain variable region comprising an amino acid gequence
that is at least 95% identical to the amino acid sequence set forth in fesidues
496-816 of SEQ ID NO:78.

the amino acid sequence set forth in resigies 496-616 of SEQ 1D NO:78.

54, The PSMA-binding polypeptide of any of claims 39, 40, 42, and 44 {o 53, wherein the

sacond binding domain is a scFv.

55. The PSMA-binding polypeptide gf claim 50, wherein the second binding domain is a
scFv comprising an amino acid saquce that is at least 5% identical to an amino acid
sequence selected from the group,Lonsisting of (i) the amino acid sequence set forth in
residues 1-245 of SEQ ID NO:4, , and (i) the amino acid sequence set forth in residues 496-
742 of SEQ 1D NO:78. ‘

56. The PSMA-binding polypeptide of claim 55, wherein the second binding domain
comprises the aminoA cid sequence selected from the group censisting of (i) the amino acid
sequence set forth fn residues 1-245 of SEQ 1D NO:47, and (i) the amino acid sequence set
forth in residues/496-742 of SEQ ID NO:78.

57. ThSMA-binding polypeptide of claim 54, wherein said PSMA-binding polypeptide

compris an amino acid sequence that is at least 85% identical to the amino acid sequence

set forth in SEQ ID NO:49, SEQ ID NO:51, SEQ ID NO:74, SEQ ID NO:78, SEQ ID NO:78,

SEQ 1D NO:80, SEQ 1D NO:82, SEQ ID NO:84, SEQ ID NO:158, SEQ ID NO:160, SEQ D
0:162, or SEQ 1D NO:164.
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58. The PSMA-binding polypeptide of claim 54, wherein said PSMA-binding polypeptide
comprises the amino acid sequence set forth in SEQ ID NO:49, SEQ 1D NO:51, SEQ 1D
NO:74, SEQ ID NO:76, SEQ 1D NO:78, SEQ 1D NO:8C, SEQ 1D NO82, SEQ ID NO:8
SEQ D NO:158, SEQ 1D NO1E0, SEQ 1D NO: 162, or SEQ 1D NO:1184,

59, A dimeric PSMA-binding protein comprising first and second polypeptidé chains,
wherein each of said polypeptide chains is a PSMA-binding polypeptide as i/ any one of

claims 1 to 58.

&Q. A PSMA-binding polypeptide comprising, in order from amingtterminus to carboxyl-

ferminus,

(a) a binding domain that specifically binds human PSMA,
(¢) an immunoglobulin constant region, ang’

domain.

)

(b} a hinge region,
)

(d) an immunoglobulin heterodimerizatig

61, The PSMA-binding polypeptide of claim 60/ wherein the binding domain competes for
binding to human PSMA with a single chain Fv {&cFv) having the amino acid sequence set

forth in SEQ ID NO:21.

82. The PSMA-binding polypeptide of claim 60 or 61, wherein the binding domain
comprises {i) an immunoglobulin ligh Zhain variable region comprising LCBR1, LCDRZ, and
LCDR3, and (i) and an immunoglobulin heavy chain variable region comprising HCDR1T,
HCDR2, and HCDR3, |

63. The PSMA-binding !ypeptide of claim 62, wherein LLCDR3. has the amino acid
seguence set forth in SEQ ID NO:17 and HCDRS3 has the aminc acid sequeance set forth in

SEQ ID NO:11.

64, The PSMA-binding polypeptide of claim 63, wherein LCDR1 and LCDR2 have the
amino acid seduences as set forth in SEQ ID NO:15 and SEQ ID NO: 186, respectively, and
HCDR1 angd HCDR2 have the amino acid sequences as set forth in SEQ ID NO:9 and SEQ
1D NG:1d, respectively.
65,

light chain variable and heavy chain variable regions is humanized.

The PSMA-binding polypeptide of any of claims 82 to 64, wherein at least one of the
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66.  The PSMA-binding polypeptide of any of claims 82 to 85, wherein the light chain
variable region comprises an amino acid sequence that is at least 95% identical to the ami
acid sequence set forth in SEQ 1D NO:5 or SEQ D NO:23.

67. The PSMA-binding polypeptide of claim 66, wherein the light chain variable region
comprises the amino acid sequence set forth in SEQ ID NO:5 or SEQ ID NO:23.
68. The PSMA-binding polypeptide of any of claims 62 {o 67, wherein ? heavy chain
variable region comprises an amino acid sequence that is at least 95% igén
acid sequence set forth in SEQ 1D NO:2, SEQ 1D NO:25, or SEQ ID N©:27.

fical o the amino

6S. The PSMA-binding polypeptide of claim 68, wherein the
comprises the amino acid sequence set forth in SEQ ID NO:2 SEQ 1D NO:25, or SEQ 1D
NO:27.

avy chain variable region

70. The PSMA-binding polypeptide of any of claimy’62 to 68, wherein the binding domain
is an scFv.

71. The PSMA-binding polypeptide of cla:i? 70, wherein said scFv comprises an amino
acid sequence that is at least 95% identical {0 the amino acid sequence set farth in SEQ 1D
NO:18, SEQ ID NG:21, SEQ 1D NO:30, SEQ ID NO:31, SEQ ID NO:34, or SEQ ID NO:35.

72 The PSMA-binding polypeptjde of claim 71, wherein said scFv comprises the amino
acid sequence set forth in SEQ IDYNO:19, SEQ ID NO:21, SEQ ID NO:30, SEQ ID NQO:31,

SEQ ID NO:34, or SEQ ID NO/&5.

73. The PSMA-binding polypeptide of claim 70, wherein the heavy chain variable region

of said scFv is carboxyserminal to the light chain variable region.

74. The PSMACbinding polypeptide of claim 73, wherein said scFv comprises an amino
acid sequence #hat is at least 95% identical to the amino acid sequence set forth in SEQ 1D
NO:21, SEQ/ID NO:30, or SEQ 1D NO:31.

75. he PSMA-binding polypeptide of claim 74, wherein the scFv comprises the amino
acid Aequence set forth in SEQ 1D NO:21, SEQ 1D NO:30, or SEQ 1D NO:31.
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76. The PSMA-binding polypeptide of claim 70 or 73, wherein the light chain variable
region and heavy chain variable region of the scFv are joined by an amino acid sequence
comprising (Gly.Ser),, wherein n = 1-5 (SEQ D NO:1685).

77. The PSMA-binding polypeptide of any of claims 60 to 76, wherein the
immunoglobulin heterodimerization domain comprises an immunoglobulin CH1 domgin or an

immunoglobulin CL domain.

78, The PSMA-binding polypeptide of any of claims 60 to 77, wherein th

immunoglobulin constant region comprises immunoglobulin CH2 and Ci:
Zgiobutin CH3

mbination thereof, or

domains of IgG1,
1gG2, 1gG3, 1gG4, IgA1, IgA2, IgD or any combinaticn thereof, an Emn?
domain of IgG1, 1gG2, 1gG3, 1gG4, IgA1, IgA2, IgD, IgE, igM or an)?

immunoglobulin CH3 and CH4 domains of IgE, igM or a combinatjon thereof.

79. The PSMA-binding polypeptide of claim 78, wherejn the hinge region is derived from

an immunoglobulin hinge region and the immuneglobulirt constant region comprises
immunogiobulin CH2 and CH3 domains of igG1, 1gG2, 1gG3, or igG4.

80. The PSMA-binding polypeptide of any ofclaims 60 to 79, wherein the PSMA-binding
polypeptide comprises at ieast one effector function selected from the group consisting of
antibody-dependent cell-mediated cytotoxicity (ADCC) and complement-dependent

cytotoxicity (CDC).

81.  The PSMA-binding polypeptide of claim 60, wherein said PSMA-binding polypeptide
comprises an amino acid sequefice that is at least 85% identical to the amino acid seguence
set forth in SEQ D NO:46, SEQ ID NO:58, SEQ ID NO:59, SEQ.ID NO:60, or SEQ ID

NO:61.

82. The PSMA-bi ing polypeptide of claim 81, wherein said PSMA-binding polypeptide

comprises the acid sequence set forth in SEQ ID NO:46, SEQ 1D NO:58, SEQ ID

NO:58, SEQ IDNO:60, or SEQ ID NO:61.

a3. éterodimeric PSMA-binding protein comprising

1) a first polypeptide chain comprising, in order from amino-terminus to carboxyl-

terminus,

‘ (a) first binding domain that specifically binds human PSMA,
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{b) a first hinge region,
(c) a first immunoglobulin constant region, and
(d) a first immunoglcbulin heterodimerization domain; and
(2) a second polypeptide chain comprising, i order from amino-terminus to
carboxyl-terminus,
{a') a second hinge region,
(b") a second immunoglobulin constant region, and
{c'} a second immunoglobulin heterodimerization domain that is different from
the first immunoglobulin heterodimerization domain of theirst single

chain polypeptide, y
wherein the first and second immunoglobulin heterodimerizatiorydomains associate

with each otherto form a heterodimer.

84. The heterodimeric PSMA-binding protein of claim 83; wherein the first binding
domain competes for binding to human PSMA with a single
amino acid sequence set forth in SEQ 1D NO:21.

1ain Fv (scFv) having the

85. The heterodimeric PSMA-binding protein of claim 83 or 84, wherein the PSMA-
binding domain comprises (i) an immunoglobulin ii
LCDR1, LCDR2, and LCDR3, and (i) and an i
comprising HCDR1, HCDR2, and HCDR3.

t chain variabie region comprising

unoglobutin heavy chain variable region

86. The heterodimeric FSMA-binding/protein of claim 85, wherein LCDR3 has the amino
acid sequence set forth in SEQ ID NO/17 and HCDR3 has the amino acid sequence set
forth in SEQ |1D NO:11.

87. The heterodimeric PSMA-binding protein of claim 86, wherein LCDR1 and LCDRZ
have the amino acid sequences as set forth in SEQ IB NO:15 and SEQ 1B NO:186,
respectively, and HCDR HCDR2 have the amino acid sequences as set forth in SEQ
ID NO:9 and SEQ ID NO:10, respectively.

88. The heteimeric PSMA-binding protein of any of claims 85 to 87, wherein at least

one of the fight/chain variable and heavy chain variable regions is humanized.

89. Thé heterodimeric PSMA-binding protein of any of claims 85 {o 88, wherein the light
chain vériable region comprises-an amino acid sequence that is at least 95% identical {o the
acid sequence set forth in SEQ 1D NO:5 or SEQ 1D NO:23.
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30. The heterodimeric PSMA-binding protein of claim 89, wherein the light chain variable
region comprises the amino acid sequence set forth in SEQ ID NO:5 or SEQ ID NO:23.

g1. The heterodimeric PSMA-binding protein of any of claims 85 to 80, wherein t
heavy chain variable region comprises an amino acid sequence that is at least 95% identical
to the amino acid sequence set forth in SEQ D NO:2, SEQ ID NO:25, or SEQ 1D NO:27.

92, The heterodimeric PSMA-binding protein of ¢laim §1, wherein the Weavy chain
variable region comprises the amine acid sequence set forth in SEQ ID/NO:2, SEQ ID
NO:25, or SEQ ID NO:27.

83. The heterodimeric PSMA-binding protein of any of claimé 85 to 92, wherein the
PSMA-binding domain is an scFv.

94. The heterodimeric PSMA-binding protein of claitd 93, wherein said scFv comprises

an amino acid sequence that is at least 95% identicafto the amino acid sequence set forth in
SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:30, SEQ 1D NO:31, SEQ ID NO:34, or SEQ ID
NO:35.

g5, The heterodimeric PSMA-binding protein of claim 94, wherein said sckv compiises
the amino acid sequence set forth in Sz ID NO: 19, SEQ ID NO:21, SEQ ID NO:30, SEQ
ID NO:31, SEQ 1D NO:34, or SEQ ID/NO:35.

968.  The heterodimeric PSM4
variable region of said scFv ig’carboxy-terminal to the light chain variable region.

“binding protein of claim 83, wherein the heavy chain

87.  The heterodimeti PSMA-binding protein of claim 98, wherein the scFv comprises an
amino acid sequencat is af least 95% identical to the amino acid sequence set forth in

SEQ ID NO:21, SEQ ID NO:30, or SEQ 1D NO:31.

98. The ﬁero‘dimeréc PSMA-binding protein of claim 87, wherein the scFv comprises
the amino deid sequence set forth in.SEQ 1D NO:21, SEQ |D NO:30, or SEQ ID NO:31.
99. _ hererodimeric PSMA-binding protein of claim 93 or 96, wherein the light chain
variable region and heavy chain variable region of the scFv are joined by an amino acid

equence comprising (Gly,Ser),, whereinn = 1-5 {SEQ 1D NO185).
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100. The heterodimeric PSMA-binding protein of any of claims 83 to 99, wherein the first
immunoglobulin heterodimerization domain comprises a first immunoglobulin CH1 domain
and the second immunoglobulin heterodimerization domain comprises a first immunoglobin
CL domain, or

wherein the first immunoglobulin heterodimerization domain comprises a firs
immunoglobulin CL domain and the second immunoglobulin heterodimerization dgmain

comprises a first immunoglobulin CH1 domain.

101.  The heterodimeric PSMA-binding protein of any of ciaims 83 to 100 wherein at [east
one of the first and second immunoglobuiin constant regions comprisesdmmunoglobulin
CH2 and CH3 domains of IgGT, IgG2, 1gG3, IgG4, IgAt, 1gA2, igD o/any combination

" 1gA1, IgAZ2, IgD, IgE,
IgM or any combination thereof, or immunoglobulin CH3 and CH#4 domains of IgE, igM or a

thereof; an immunoglobulin CH3 domain of 19G1, 1gG2, 19G3, IgG

combination thereof,

102. The heterodimeric PSMA-binding protein of cl#im 101, wherein each of the first and
second hinge regions is derived from an immunagigbulin hinge region and each of the first
and second immunoglobulin constarit regions cgmprises immunoglobutin CH2 and CH3

domains of IgG1, igG2, IgG3, or lgG4.

103, The heterodimerié PSMA-binding/protein of any of claims 83 to 102, wherein at least
one of the first and second polypeptideg chains comprises at least one effector function
selected from the group consisting gf antibody-dependent cell-mediated cytotoxicity (ADCC)
and complement-dependent cytofoxicity (CDC).

104. The heterodimeric PSMA-binding protein of any of claims 83 to 103, wherein said
second polypeptide chaip'further comprises a second binding domain,

105. The heterodifneric PSMA-binding protein of claim 104, wherein the second binding
domnain is aminosterminal to the second hinge region.

106. The Heteradimeric PSMA-binding protein of claim 104 or 105, wherein the second
binding specifically binds a T cell.
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107. The heterodimeric PSMA-binding protein of claim 106, wherein the second binding
domain specifically binds a T cell receptor (TCR) complex or a component thereof.

108. The heterodimeric PSMA-binding protein of claim107, wherein the second bindi
domain specifically binds CD3.

109. The heterodimeric PSMA-binding protein of claim 108, wherein the second binding
domain specifically binds CD3¢.

110. The heterodimeric PSMA-binding protein of claim 109, wherein the second binding
domain competes for binding fo CD3e with a monoclonal antibody seigcted from the group
consisting of CRIS-7 and HuM291.

111.  The heterodimeric PSMA-binding protein of claim 110,/Avherein the second binding
demain comprises an immunogiobulin light chain variable rggion and an immunoglobulin
heavy chain variable region derived from a monocionai antibody selected from the group

consisting of CRIS-7 and HuM291.

112.  The heterodimeric PSMA-binding protein 6f claim 111, wherein the light and heavy
chain variable regions of the second binding démain are humanized variable regions
comprising, respectively, the light chain CDRs and the heavy chain CDRs of the monoclonal

antibody.

113. The heterodimeric PSMA-biplding protein of claim 111, wherein the light and heavy
chair variable regions of the secghd binding domain are selected from the group consisting

of

(b} a light chain variable region comprising an amino acid sequence that is at least
' identical to the amino acid sequence set forth in residues 634-740 of SEQ
/1D NO:78 and a heavy chain variable region comprising an amino acid sequence
that is at least 95% identical to the amino acid sequence sst forth in residues
406-616 of SEQ 1D NO:78.
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114, The heterodimeric PSMA-binding protein of claim 111, wherein the light and heavy
chain variable regions are selected from the group consisting of
(a) a light chain variable region comprising the amino acid sequence set forth in
residues 139-245 of SEQ ID NO:47 and a heavy chain variable region compyising
the amino acid sequence set forth in residues 1-121 of SEQ ID NO:47; a o
{b) a light chain variable region comprising the amino acid sequence set forth in
residues 634-740 of SEQ ID NO:78 and a heavy chain variable regigri comprising
the amino acid sequence set forth in residues 496-616 of SEQ ID NO:78.

115. The heterodimeric PSMA-binding protein of any of claims 104 io/1 14, wherein the

second binding domain is a scFv.

118. The heterodimeric PSMA-binding protein of claim 111, wherein the second binding
domain is a scFy comprising an amine acid sequence that is 41 lzast 85% identical to an
amino acid sequeance selected from the group consisting gf (i) the amino acid sequence sel
forth in residuss 1-245 of SEQ 1D NG:AT, and (i) the anpine acid sequence set forth in
residues 488-747 of SEQ 1D NOIYE,

117. The heterodimeric PSMA-binding protei of claim 118, wherein the second binding
domain scFv comprises the amine acid sequghce selected from the group consisting of (i)
the amino acid sequence set forth in resid jes 1-245 of SEQ ID NO:47, and (ii) the amino
acid sequence set forth in residues 496,742 of SEQ 1D NO:78.

118. The heterodimeric PSMA-binding protein of claim 115, wherein
(a) the first polypeptide ghain comprises an amino acid sequence that is at least 95%
identical to the an fho acid sequence set forth in SEQ 1D NO: 46 and the second
polypeptide cha i comprises an amino acid sequence that is at least 95%
identical to {fe amino acid sequence set forth in SEQ 1D NO: 47,
(b) the first palypeptide chain comprises an amino acid sequence that is at least 95%
identicaf to the amino acid sequence set forth in SEQ ID NO: 58 and the second

he first polypeptide chain comprises an amino acid sequence that is at least 85%
identical to the amino acid sequence set forth in SEQ 1D NO: 59 and the second
polypeptide chain comprises an amino acid sequence that is at least 95%
identical to the amino acid sequence set forth in SEQ 1D NO; 57;
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{d) the first polypeptide chain comprises an aming acid seguence that is at least 85%
idanticat to the amine acid sequence set forth in SEGQ 1D NCG: 80 and the second

polypeptide chain comprises an amine acid sequence that is af least 95%
identical to the amino acid sequence set forth in SEQ D NG 47 or

identical fo the amine acid sequence sef Forth In SEQ 1D NO: 47 /

119. The heterodimeric PSMA-binding protein of claim 118, wherein
(a) the first polypeptide chain comprises the amino acid sequence set forth in SEQ

ID NO: 46 and the second polypeptide chain comprise

set forth in SEQ ID NO: 47:

(b) the first polypeptide chain comprises the amino adid sequence set forth in SEQ

€ the amino acid sequence

ID NO: 58 and the second polypeptide chain cemprises the amino acid sequence
set forth in SEQ 1D NO: 57,
(c) the first polypeptide chain comprises the amino acid sequence set forth in SEQ
ID NO: 59 and the second polypepiide/Chain comprises the amino acid sequence

set forth in SEQ 1D NO: 57;

(e) the first polypeptide chain/comprises the amino acid sequence set forth in SEQ
ID NO: 81 and the secghd polypeptide chain comprises the amino acid sequence
set forth in SEQ 1D NO: 47,

120, The Psmmbindéﬂmtein of any of ¢laims 58 and 83 {o 118, wherain the PSMA-
binding protein exhibit creased serum hail-life, reduced internalization by a cell
expressitg PSMA, lor increased time of persisience on the surface of the cell expressing
PSMA as compargl to murine monoclonal antibody 107-1A4,

121.  Anisg ated nucleic acid enceding the PSMA-binding polypeptide of any of claims 1 io
58 and 6040 82.

122./ The isolated nucleic acid of claim 121, wherein the nucleic acid comprises the
yéleotide sequence set forth in SEQ ID NO NQ:18, SEQ ID NO:20, SEQ ID NO:22, SEQ ID
NO:24, SEQ ID NO:26, SEQ 1D NO:28, SEQ ID NO:29, SEQ ID NO:32, SEQ ID NO:33,
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SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:44, SEQ ID
NC:48, SEQ ID NO:50, SEQ ID NO:53, SEQ 1D: NO:54, SEQ ID NO:55, SEQ ID NO:56,
SEQ ID NO:69, SEQ 1D NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID
NO:79, SEQ D NO:81, SEQ ID NC:83, SEQ ID NO:157, SEQ D NO:159, SEQ 1D NO 461,
or SEQ ID NO:163.

123. An expression vector comprising a nucleic acid segment encoding the PEMA-binding
polypeptide of any of claims 1 to 58 and 60 to 82, wherein the nucleic acid segment is
operably linked to regulatory sequences suitable for expression of the nucléic acid segment

in a host cell.

124,  The expression vecior of claim 123, wherein the nucleic acitl segment comprises the
nucleotide sequence set forth in SEQ 1D NO NGC:18, SEQ ID _a :20, SEQ Y NO:22, SEQ ID
NO:24, SEQ 1D NO:26, SEQ 1D NO:28, SEQ ID NO:28, SEQAD NO:32, SEQ ID NO:33,
SEQ 1D NO:36, SEQ ID NO:S?,.SEQ ID NO:40, SEQID N:41, SEQ ID NQO:44, SEQ ID
NO:48, SEQ ID NO:50, SEQ |D NO:53, SEQ 1D: NO:54, EQ 1D NO:55, SEQ 1D NO:5S,
SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQAD NO:75, SEQ ID NO:77, SEQ ID
NO:79, SEQ ID NO:81, SEQ ID NO:83, SEQ ID N@:157, SEQ ID NO:159, SEQ ID NO: 161,
or SEQ 1D NO:163.

125. A recombinant host cell comprising/he expression vector of claim 123 or 124.

126. An expression vector comprising first and second expression units,
wherein the first and second expression units respectively comprise first and second

nucleic acid segments encoding/he first and second polypeptide chains of a heterodimeric

PSMA-binding protein as set forth in any of claims 83 to 119, and
wherein the first ane second nucleic acid segments are operably linked o regulatory

seguences suitable for pressi'on of the nucleic acid segments in a host cell.

127. The expres; vector of claim 126, wherein
(a) the fip &t nucleic acid segment comprises the nucleotide sequence set forth in
S Q D NO:44 and the second nucleic acid segment comprises the nucleotide
Aequence set forth in SEQ 1D NO:45;
§ the first nucleic acid segment comprises the nucleotide sequence set forth in
SEQ D NO:53 and the second nucleic acid segment comprises the nucieotide
sequence set forth in SEQ [D NO:52;
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(c) the first nucleic acid segment comprises the nucleotide sequence set forth in
SEQ ID NO:54 and the second nucleic acid segment comprises the nucleotide
sequence set forth in SEQ ID NO:52;

(d) the first nucleic acid segment comprises the nucleotide sequence set forth iy
SEQ ID NO:55 and the second nucleic acid segment comprises the nucigotide
sequence set forth in SEQ 1D NO:45; or _

(e) the first nucieic acid segment comprises the nucleotide sequence sgt forth in

SEQ ID NO:56 and the second nucleic acid segment comprises the nucleoctide

sequence set forth in SEQ 1D NO:45.

128. A recombinant host cell comprising the expression vector of ¢glaim 126 or 127.

129. A method for preducing a PSMA-binding polypeptide, the method comprising
culturing a recombinant host cell comprising the expression vector of claim 123 or
124 under conditions whereby the nucleic acid segment is/expressed, thereby producing the

PSMA-binding polypeptide.

130.  The method of claim 129, further comprising recovering the PSMA-binding
polypeplide.

131. A method for producing a dimeric; MA—bEnding protein, the method comprising
culturing a recombinant host cell/comprising an exprassion vector, wherein the
expression vector comprises a nuclej¢ acid segment encoding the PSMA-binding

polypeptide of any of claims 1 o 58, wherein the nucleic acid segment is operably linked to .

regulatory sequences suitable fof expression of the nucleic acid segment in the host cell,

and |
wherein said culturjiig is under conditions whereby the nucleic acid segment is

expressed and the encgded PSMA-binding polypeptide is produced as a dimeric PSMA-

hinding protein.

132.  The metiod of claim 131, further comprising recovering the dimeric PSMA-binding

protein.

133.  #'method for producing a heterodimeric PSMA-binding protein, the method
comprising
culturing a recombinant host cell comprising first and second expression units,

_ ‘herein the first and second expression units respectively comprise first and second nucleic
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acid segments encoding the first and second polypeptide chains of a heterodimeric PSMA-
binding protein as set forth in any of claims 83 to 119, wherein the first and second nucleic
acid segments are operably linked to regulatory sequences suitable for expression of the
nucleic acid segments in a host cell, and

wherein said culturing is under conditions whereby the first and second nucleic/Acid
segments are expressed and the encoded polypeptide chains are produced as the
heterodimeric PSMA-binding protein.

134. The method of claim 133, further comprising recovering the heterodimieric PSMA-
binding protein.

135. A composition comprising
the PSMA-binding protein of claim 59; and
a pharmacautically acceptable carrier, diluent, or excipight.

136. A composition comprising
the heterodimeric PSMA-binding protein of any gf claims 83 to 119, and

a pharmacedutically acceptable carrier, dilueny/ or excipient.

137. A method for inducing at least one of anfibody-dependent cell-mediated cytotoxicity
(ADCC) and complement-dependent cytetoxjéity (CDC} against a cell expressing prostate-
specific membrane antigen (PSMA), the mgthod comprising
contacting said PSMA-expressing cell with a dimeric PSMA-binding protein
comprising first and second polypeptide chains, wherein each of said polypeptide chains is a
PSMA-binding polypeptide as in cigim 20 or21, and wherein said contacting is under
conditions whereby at ieast one 6f ADCC and CDC against the PSMA-expressing cell is

induced.

138. A method for inding at least one of antibody-dependent cell-mediated cytotoxicity
(ADCC) and compler,
intigen (PSMA), the methad comprising

t-dep_endent cytotoxicity (CDC) against a cell expressing prostate-

specific membranes
contacti g PSMA-expressing cell with a heterodimeric PSMA-binding protein as

in claim 102 . 03, wherein said contacting is under conditions whereby at least one of

ADCC and,£DC against the PSMA-expressing cell is induced.

139. /A method for inducing redirected T-cell cytotexicity (RTCC) against a cell expressing

prog te-speciﬁc membrane antigen (PSMA), the method comprising
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contacting.said-PSMA-expressing-cellwith-a-dimefie-PSMA-binding protein-comprising first—

and second polypeptide chains, wherein each of said polypeptide chains is a PSMA-binding
polypeptide as in any of claims 45 to 58, and wherein said contacting is under conditions wherefy
RTCC against the PSMA-expressing cell is induced.

140. A method for inducing redirected T-cell cytotoxicity (RTCC) against a cell expresging
prostate-specific membrane antigen (PSMA), the method comprising

contacting said PSMA-expressing cell with a heterodimeric PSMA-binding pfotein as in any
of claims 106 to 119, wherein said contacting is under conditions whereby RTCC/against the PSMA-

expressing cell is induced.

141.  Use of a dimeric prostate-specific membrane antigen (PSMA)-binding protein of claim 59 in
the manufacture of a medicament for treating a disorder in a subject, wherein said disorder is
characterized by overexpression of prostate-specific membrane antigen (PSMA).

142. The use of claim 141, wherein the first and second polypeptide chains of the dimeric PSMA-
binding protein is a PSMA-binding polypeptide as in any of claims 45 to 58, and wherein the dimeric
PSMA-binding protein induces redirected T-cell cytotoxicity (RTCC) in the subject.

143. Use of a heterodimeric prostate-specific membragie antigen (PSMA)-binding protein as in
any of claims 83 to 119 in the manufacture of a medicgment for treating a disorder in a subject,
wherein said disorder is characterized by overexpregsion of prostate-specific membrane antigen
(PSMA).

144. The use of claim 143, wherein the hetefodimeric PSMA-binding protein is the protein of any
of claims 106 to 119, and wherein the heteroflimeric PSMA-binding protein induces redirected T-cell
cytotoxicity (RTCC) in the subject.

145,  The use of any of claims 14140 144, wherein the disorder is a cancer.

146. The use of claim 145, wHerein the cancer is selected from the group consisting of prostate

cancer, colorectal cancer, ang’gastric cancer.

147.  The use of claim 146, wherein the cancer is prostate cancer.

—_—
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4 G——The-use-of-claim-14#;-whereir-the-prostate-cancer-is-castrate-resistant-prostate-caneer- / -
/
149.  The use of any of claims 141 {o 144, wherein the disorder is a prostate disorder. /

160.  The use of claim 149, wherein the prostate disorder is selected from the group consigting of
s

prostate cancer and benign prostatic hyperplasia. /"

',/

/

£

151. The use of any of claims 141 {o 144, wherein the disorder is a neovascular d/is%rder.
.f’/"’
152. The use of claim 151, wherein the neovascular disorder is a cancer cha;?écterized by solid

tumor growth. y
4
/

:’f
1563. The use of claim 152, wherein the cancer is selected from the ggdrup consisting of clear cell

renal carcinoma, colorectal cancer, bladder cancer, and lung cancer.f/"




