CLAIMS

L. An antibody or antigen-binding fragment thereof, comprising:

(@ (a)

(i) (a)

an immunoglobulin heavy chain variable region comprising a CDR1 having the
amino acid sequence of SEQ ID NO: 1; a CDR2 having the amino acid sequences
of SEQ ID NO: 2 or SEQ ID NO: 3; and a CDR3 having the amino acid sequence
of SEQ ID NO: 4; and (b) an immunoglobulin light chain variable region
comprising a CDR1 having the amino acid sequence of SEQ ID NO: 16; a CDR2
having the amino acid sequence of SEQ ID NO: 17; and a CDR3 having the
amino acid sequence of SEQ ID NO: 18;

an immunoglobulin heavy chain variable region comprising a CDR1 having the
amino acid sequence of SEQ ID NO: 5; a CDR2 having the amino acid sequences
of SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8§, SEQ ID NO: 9, or SEQ ID NO:
10; and a CDR3 having the amino acid sequence of SEQ ID NO: 11; and (b) an
immunoglobulin light chain variable region comprising a CDR1 having the amino
acid sequences of SEQ ID NO: 19, SEQ ID NO: 20, or SEQ ID NO: 72; a CDR2
having the amino acid sequences of SEQ ID NO: 21 or SEQ ID NO: 71; and a
CDR3 having the amino acid sequence of SEQ ID NO: 22; or

(iii) (a) an immunoglobulin heavy chain variable region comprising a CDR1 having the

amino acid sequence of SEQ ID NO: 12; a CDR2 having the amino acid
sequences of SEQ ID NO: 13 or SEQ ID NO: 14; and a CDR3 having the amino
acid sequence of SEQ ID NO: 15 or SEQ ID NO: 70; and b) an immunoglobulin
light chain variable region comprising a CDR1 having the amino acid sequence of
SEQ ID NO: 23; a CDR2 having the amino acid sequence of SEQ ID NO: 24; and
a CDR3 having the amino acid sequence of SEQ ID NO: 25.

2. The antibody or antigen-binding fragment thereof of claim 1, comprising:
(a) an immunoglobulin heavy chain variable region having the amino acid sequence
set forth in SEQ ID NO: 34; and
(b) an immunoglobulin light chain variable region having the amino acid sequence
set forth in SEQ ID NO: 35.
3. The antibody or antigen-binding fragment thereof of claim 2, wherein Xaa, the second
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10.

residue from the N-terminus of SEQ ID NO: 34, is Phe.

The antibody or antigen-binding fragment thereof of claim 2, wherein Xaa, the second

residue from the N-terminus of SEQ ID NO: 34, is Val.

The antibody or antigen-binding fragment thereof of claim 1, comprising:

(a) an immunoglobulin heavy chain variable region having the amino acid sequence
set forth in SEQ ID NO: 34; and

(b) an immunoglobulin light chain variable region having the amino acid sequence

set forth in SEQ ID NO: 37.

The antibody or antigen-binding fragment thereof of claim 1, comprising:

(a) an immunoglobulin heavy chain region having the amino acid sequence set forth
in SEQ ID NO: 54; and

(b) an immunoglobulin light chain variable region having the amino acid sequence

set forth in SEQ ID NO: 35.

The antibody or antigen-binding fragment thereof of claim 6, wherein Xaa, the second

residue from the N-terminus of SEQ ID NO: 54, is Phe.

The antibody or antigen-binding fragment thereof of claim 6, wherein Xaa, the second
residue from the N-terminus of SEQ ID NO: 54, is Val.

The antibody or antigen-binding fragment thereof of claim 1, comprising:

(a) an immunoglobulin heavy chain variable region comprising a CDR1 having an
amino acid sequence set forth in SEQ ID NO: 5, a CDR2 having an amino acid
sequence set forth in SEQ ID NO: 6, 7, 8, 9, or 10, and a CDR3 having an amino
acid sequence set forth in SEQ ID NO: 11; and

(b) an immunoglobulin light chain variable region comprising a CDR1 having an
amino acid sequence set forth in SEQ ID NO: 19 or 20, a CDR2 having an amino
acid sequence set forth in SEQ ID NO: 21, and a CDR3 having an amino acid
sequence set forth in SEQ ID NO: 22.

The antibody or antigen-binding fragment thereof of claim 1, comprising:

(a) an immunoglobulin heavy chain variable region comprising a CDR1 having an amino

acid sequence set forth in SEQ ID NO: 5, a CDR2 having an amino acid sequence set
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11.

12.

13.

14.

15.

16.

forth in SEQ ID NO: 8, and a CDR3 having an amino acid sequence set forth in SEQ ID
NO: 11; and

(b) an immunoglobulin light chain variable region comprising a CDR1 having an amino
acid sequence set forth in SEQ ID NO: 20, a CDR2 having an amino acid sequence set
forth in SEQ ID NO: 21, and a CDR3 having an amino acid sequence set forth in SEQ ID
NO: 22.

The antibody or antigen-binding fragment thereof of claim 1, comprising an
immunoglobulin heavy chain having the amino acid sequence set forth in SEQ ID NO: 54
and an immunoglobulin light chain having the amino acid sequence set forth in SEQ ID

NO: 51.

The antibody of antigen-binding fragment thereof of claim 11, wherein Xaa, second

residue from the N-terminus of SEQ ID NO: 54, is Val.
A polypeptide comprising the Vi and Vi sequences of any of claims 1-12.

A cell producing the antibody or antigen-binding fragment thereof of any one of claims

1-12, or the polypeptide of claim 13.

A method of producing the antibody or antigen-binding fragment thereof of any one of

claims 1-12, or the polypeptide of claim 13, comprising:

(a) culturing a cell producing said antibody, antigen-binding fragment thereof or
polypeptide; and,

b) isolating said antibody, antigen-binding fragment thereof, or polypeptide from

said cultured cell.

An immunoconjugate having the following formula:

CBA+Cy'-1)
Wi
CBA +CyL2)
Wi,
CBA —(—Cyw)
WL.

T
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wherein:

CBA is an antibody or antigen-binding fragment thereof of any one of claims 1-4,
or the polypeptide thereof of claim 13, that is covalently linked through a lysine residue
to Cy™', Cy*or Cy**;

Wi is an integer from 1 to 20;

Cy™! is represented by the following formula:

N

—N HN—,
0 0 | S .
N
N OMe MeO” 7 T
0 0 , Or

Rx3
W'/ SNo—

”@Vﬂ;f@

or a pharmaceutically acceptable salt thereof, wherein:
the double line == between N and C represents a single bond or a double bond,
provided that when it is a double bond, X is absent and Y is -H or a (C;-Cy)alkyl; and
when it is a single bond, X is -H or an amine protecting moiety, and Y is -OH or -SO;M;
W’ is -NR®,
RE is -(CH,-CH2-O)p-R¥;
n is an integer from 2 to 6;
R¥is -H or -Me;
R* is a (C1-Cg)alkyl;
L’ is represented by the following formula:
-NR;s-P-C(=0)-(CR.Rp)i-C(=0)- (BY’);or
-NR;5-P-C(=0)-(CRRp)m-S-Z°!- (B3");
Rsis -H or a (Cy-Cs)alkyl;
P is an amino acid residue or a peptide containing between 2 to 20 amino

acid residues;
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R, and Ry, for each occurrence, are each independently -H, (C;-Cs)alkyl,
or a charged substituent or an ionizable group Q;
m is an integer from 1 to 6; and

7! is selected from any one of the following formulas:

0O
(o]
§ 0 JO)\E % (g \[Z
| N .4"! ’;\S/\/YE
0 (b1); O (b2); 0  (b3);
SOM
j\s/k/\n/E ;ej\s ‘%2
0 (b4); o (b3,

0 @]

° (b6),
2 o]
fé \/”\‘,55 | N/\)g" | el 's
(b7); 0 (b8); 0 (b9); and
SOM
A %
0 (b10),

wherein:
q is an integer from 1 to 5; and
M is H' or a cation;

Cy™ is represented by the following formula:

o) .S
R® )_R)d \231_§
>N
Yo X
—N HN—,
o) 0 |\ A
N
N OMe MeO”
0 o) ; or
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or a pharmaceutically acceptable salt thereof, wherein:

the double line == between N and C represents a single bond or a double bond,
provided that when it is a double bond, X is absent and Y is -H or a (C,-Cy4)alkyl; and
when it is a single bond, X is -H or an amine protecting moiety, and Y is -OH or -SO;M;

R* and R* are independently (C;-C)alkyl;

R®is -H or a (C;-Cg)alkyl;

W’ is -NR°,

R® is (CH,-CH»-0),-RY;

n is an integer from 2 to 6;

R¥is -H or -Meg;
7! is selected from any one of the following formulas:
0
0 gl 2
RS o
N Y g %
o (b1); O (b2); O (b3);
SOM
;é \SJ\/\H/E ,;rry g E

S (b6),
(0] 0 0
AN, oA e
(b7); 0 (b8); Y (b9); and
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SOzM
f\sJ\/‘\ﬁ«
0 (b10),
wherein:
q is an integer from 1 to 5; and

M is -H" or a cation; and

Cy" is represented by the following formula:

Ry Ra
MeOQ

m’istor2;
R, and R,, are each independently H or a (C;-Cs)alkyl; and

7! is selected from any one of the following formulas:

(0]
O
T e
N (_,.r“ ;\SWE
© (b1); O (b2); o (b3);
SOaM
f\SJ\/\ﬁ £ .
0 (b4); 0 (b3),

© (bo),
0O
g, P A e
(b7); © (b8); and © (b9),

wherein:

q is an integer from 1 to 5; and
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M is H' or a cation.

17.  An immunoconjugate having the following formula:

CBAJ<" JCB'—Cys1)

W,

2

CBAu(r JCB'-—CySZ)
Ws.
CBA«(» JCB'—Cy33)

Wg .
S;or

CBAJ(» JCB'—CyS“')

Wg .
s

wherein:

CBA is the antibody or antigen-binding fragment thereof of claim 5, or the
polypeptide of claim 13, covalently linked to the Jcg’ group;

Wsis 1,2, 3, or4;

Jcp’ is a moiety formed by reacting an aldehyde group derived from oxidation of a
2-hydroxyethylamine moiety on an N-terminal of said antibody or antigen-binding
fragment thereof, or said polypeptide thereof, and an aldehyde reactive group on Cy*’,
Cy®, Cy®, or Cy*™ and is represented by the following formula:

H

Hy H st s1 H
st &—C —N Ne=Ns Ne—No
\N—§ s2 i °—§ s2 B, 03 s
: ; or

§—C—N ﬂ\ 2 J?\ s1 i—C—N
s1 H— \H ;52; S \H ;32; H_ \N_g 2

b

H

b2

wherein s1 is the site covalently linked to the CBA; and s2 is the site covalently linked to
Cysl,

Cy*' is represented by the following formula:
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R
5\N/P\(<CRaRb)r—zd1—(CRaRb)f—§

0
Y X
N
N\nﬂOMe Meoj@ﬂ/ ‘b
0 0 , or
Rx3
w/ \c |__§
Il 3
(o]

e agae>#2)

or a pharmaceutically acceptable salt thereof, wherein:

the double line == between N and C represents a single bond or a double bond,
provided that when it is a double bond, X is absent and Y is -H or a (C;-C4)alkyl; and
when it is a single bond, X is -H or an amine protecting moiety, Y is -OH or -SO3;M, and
M is H' or a cation;

Rs is -H or a (C;-Cs)alkyl;

P is an amino acid residue or a peptide containing 2 to 20 amino acid residues;

Z41 is absent, -C(=0)-NRy-, or -NR¢-C(=0)-;

R is -H or a (C;-Cs)alkyl;

R, and Ry, for each occurrence, are independently -H, (C;-Cs)alkyl, or a charged
substituent or an ionizable group Q;

rand r’ are independently an integer from 1 to 6;

W’ is -NR,

R? is -(CH-CH,-O)p-RY;

n is an integer from 2 to 6;

R¥is -H or -Me;

R* is a (C1-Cg)alkyl;

L is -NRy-(CR,Rp), or absent; and

r” is an integer from 0 to 6;

Cy* is represented by the following formula:
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or a pharmaceutically acceptable salt thereof, wherein:

the double line == between N and C represents a single bond or a double bond,
provided that when it is a double bond, X is absent and Y is -H or a (C;-Cy)alkyl; and
when it is a single bond, X is -H or an amine protecting moiety, and Y is -OH or -SO;M;

M is H' or a cation;

R* is a (C;-Ce)alkyl;

R°is -H or a (C;-Cg)alkyl;

W’ is -NR®,

R® is -(CH,-CH,-0),-R*;

n is an integer from 2 to 6;

R¥is -H or -Me;

R* is a (C,-Cg)alkyl;

L, is represented by the following formula:

Ras

3 Ra4
S
Za2 /'i s4
S
q1 ri
Ra1 Raz Q

s3 is the site covalently linked to the group Jep’;

wherein:

s4 is the site covalently linked to the -S- group on Cy*;
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Z is absent, -C(=0)-NRo-, or -NRy-C(=0)-;

Ry is -H or a (C;-Cs)alkyl,;

Q is H, a charged substituent or an ionizable group;

Ra1, Ra2, Ra3, Ras, for each occurrence, are independently H or (C;-Cs)alkyl; and
ql and r1 are each independently an integer from 0 to 10, provided that q1 and r1
are not both 0;

Cy*? is represented by the following formula:

wherein:
m’is 1 or2;
R; and R,, are each independently H or a (C;-Cs)alkyl;
L; is represented by the following formula:
Ras

] Ra4
S
Zaz /'2 s4
S
q1 r1
Ry Ra2 Q

s3 is the site covalently linked to the group Jcp’;

wherein:

s4 is the site covalently linked to the -S- group on Cy*>;

Z.; is absent, -C(=0)-NRy-, or -NRy-C(=0)-;

Ry is -H or a (C;-Cj)alkyl;

Q is H, a charged substituent or an ionizable group;

Ra1, Raz, Ras, Ras, for each occurrence, are independently H or a (C;-Cs)alkyl; and
ql and r1 are each independently an integer from 0 to 10, provided that q1 and rl
are not both 0;

Cy* is represented by the following formula:
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OMe

2
§ 4ANH™ 0
OMé OH ,
L;’ is represented by the following formula:
s3 §~Zm Lo s4
n1 \ﬂ/
Rb1 sz o :or
S30—7Z '
E b1 E1 \ P / E2 sz ‘% s4
4 m Y
Rb3 Rb4 Rb5 Rbe
wherein:

s3 is the site covalently linked to the group Jcg’ group;
s4 is the site covalently linked to ~NMe- group on Cy™;

Zy and Zy, are both absent, or one of Zy; and Zy; is absent and the other is -CH,-
O- or -O-CH,-;

7y’ and Zy,’ are each independently absent, -CH,-O-, -O-CH,-, -NRy-C(=0)-
CH;-, or -CH,-C(=0)-NRy-;

Ry is H or (C4-Cs)alkyl,;
nl and m1 are each independently an integer from 1 to 6;

one of E; and E; is -C(=0)-, and the other is -NRg-; or one of E; and E,
is -C(=0)- or -NRo-, and the other is absent;

residues; and

P is an amino acid residue or a peptide containing between 2 to 20 amino acid

Ry1, Ry2, Ruz, Ros, Ros and Ry, for each occurrence, are each independently H or a
(Cl-Cg)alkyl.
18.

An immunoconjugate represented by the following formula:

CBA-e—c:yC1 )w
c.
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wherein:

CBA is an antibody or antigen-binding fragment thereof of claim 6, or the
polypeptide of claim 13, covalently linked to Cy“!, Cy®* or Cy* through a cysteine
residue;

Wcis1or2;

Cy“ is represented by the following formula:

Rs.. P (CR.Ry) L —g
N al‘b/m c
YT

Yo X
N
N\HKIOMG Meo\,@%, ‘b
0 O , or

Rx3
w \ﬁ_l-c—g

A
o o HN—,
Lo~ ol
|

or a pharmaceutically acceptable salt thereof, wherein:

the double line == between N and C represents a single bond or a double bond,
provided that when it is a double bond, X is absent and Y is -H or a (C;-Cs4)alkyl; and
when it is a single bond, X is -H or an amine protecting moiety, Y is -OH or -SO3;M, and
M is H' or a cation;

Rsis -H or a (C;-Cs)alkyl;

P is an amino acid residue or a peptide containing 2 to 20 amino acid residues;

R. and Ry, for each occurrence, are independently -H, (C,-Cs)alkyl, or a charged
substituent or an ionizable group Q;

W’ is -NR®,

R is -(CH,-CH,-0),-RY;
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n is an integer from 2 to 6;
R*is -H or -Me;
R* is a (C,-Cg)alkyl; and,

el

Lc is represented by o Rig ©

, 81 is the site covalently

linked to CBA, and s2 is the site covalently linked to the -C(=0)- group on Cy“’;

wherein:

Ri9 and Ry, for each occurrence, are independently -H or a (C;-Cj3)alkyl;

m” is an integer between 1 and 10; and
R'is-Hora (C1-Cs)alkyl;

Cy“ is represented by the following formula:

0] .S
re, SR e

or a pharmaceutically acceptable salt thereof, wherein:

the double line == between N and C represents a single bond or a double bond,

provided that when it is a double bond, X is absent and Y is -H or a (C;-Cy)alkyl; and

when it is a single bond, X is -H or an amine protecting moiety, Y is -OH or -SO3;M, and

M is H" or a cation;
R*isa (C1-Cg)alkyl,
R°is -H or a (C;-Cg)alkyl;
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W’ is -NR®;

R¢ is -(CH,-CH,-0),-R¥;
n is an integer from 2 to 6;
R¥is -H or -Me;

R* is a (C;-Ce)alkyl;

L¢’ is represented by the following formula:

Rz  Ri2
e S gy 1
R11R10 ;
O Rh 0
0 |
N _N N 5
sQLLlL‘A W\P' m s1
O Rzz R21 R20 R19

wherein:

sl is the site covalently linked to the CBA and s2 is the site covalently linked
to -S- group on Cycz;

Z is -C(=0)-NRy-,or -NRy-C(=0)-;

Q is -H, a charged substituent, or an ionizable group;

Ro, Rio, Ri1, Ri2, Ri3, Rig, Rao, Ra; and Ry, for each occurrence, are
independently -H or a (C;-Cs)alkyl;

q and r, for each occurrence, are independently an integer between 0 and 10;

m and n are each independently an integer between 0 and 10;

R is -H or a (C1-C3)alkyl; and

P’ is an amino acid residue or a peptide containing 2 to 20 amino acid residues;

Cy™ is represented by the following formula:

MeO




wherein:
m’is 1 or2;
R, and Ry, are each independently -H or a (C;-Cs)alkyl;

L¢’ is represented by the following formula:

wherein:

sl 1s the site covalently linked to the CBA and s2 is the site covalently linked
to -S- group on CyC3 ;

Z is -C(=0)-NRy-,or -NRo-C(=0)-;

Q is H, a charged substituent, or an ionizable group;

Ro, Rjo, R11, Ri2, Ry3, Ry9, Rag, Ro1 and Rys, for each occurrence, are
independently -H or a (C;-C3)alkyl;

q and r, for each occurrence, are independently an integer between 0 and 10;

m and n are each independently an integer between 0 and 10;

R is -H or a (C;-Cs)alkyl; and

P’ is an amino acid residue or a peptide containing 2 to 20 amino acid residues.

19.  The immunoconjugate of claim 18, which is represented by the following formula:
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~ Wg .
or a pharmaceutically acceptable salt thereof, wherein the double line == between N and
C represents a single bond or a double bond, provided that when it is a double bond, X is

absent and Y is -H, and when it is a single bond, X is -H, and Y is -OH or -SO;M.

20.  Animmunoconjugate represented by the following formula:

s ™
RESEPONIS RN
o,
< g {CE ij % >
.  we

or a pharmaceutically acceptable salt thereof, wherein the double line == between N and

C represents a single bond or a double bond, provided that when it is a double bond, X is

absent and Y is -H, and when it is a single bond, X is -H, and Y is -SOsM, M is H',Na"
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21.

22,

23.

24.

25.

26.

or K*; and wherein CBA is an antibody or an antigen-binding fragment thereof
comprising:

(a) an immunoglobulin heavy chain variable region comprising a CDR1 having an
amino acid sequence set forth in SEQ ID NO: 5, a CDR2 having an amino acid sequence
set forth in SEQ ID NO: §, and a CDR3 having an amino acid sequence set forth in SEQ
ID NO: 11; and

(b) an immunoglobulin light chain variable region comprising a CDR1 having an
amino acid sequence set forth in SEQ ID NO: 20, a CDR2 having an amino acid
sequence set forth in SEQ ID NO: 21, and a CDR3 having an amino acid sequence set
forth in SEQ ID NO: 22.

The immunoconjugate of claim 20, wherein CBA is an antibody or an antigen-binding

fragment thereof comprising:

(a) an immunoglobulin heavy chain variable region having the amino acid sequence
set forth in SEQ ID NO: 34; and

(b) an immunoglobulin light chain variable region having the amino acid sequence

set forth in SEQ ID NO: 35.

The immunoconjugate of claim 21, wherein Xaa, the second residue from the N-terminus

of SEQ ID NO: 34, is Phe.

The immunoconjugate of claim 21, wherein Xaa, the second residue from the N-terminus

of SEQ ID NO: 34, is Val.

The immunoconjugate of claim 20, wherein:

CBA is an antibody comprising an immunoglobulin heavy chain region having
the amino acid sequence set forth in SEQ ID NO: 54; and an immunoglobulin light chain
region having the amino acid sequence set forth in SEQ ID NO: 51.

The immunoconjugate of claim 24, wherein Xaa, second residue from the N-terminus of

SEQ ID NO: 54 is Val.

A pharmaceutical composition comprising the antibody or antigen-binding fragment

thereof of any one of claims 1-12, or the polypeptide of claim 13, or the
-291 -



27.

28.

29.

30.

31.

32,

33.

34,

35.

immunoconjugate of any one of claims 14-25, and a pharmaceutically acceptable carrier.

An in vitro or ex vivo method for inhibiting the growth of a cell expressing CD123,
comprising contacting the cell with the antibody or antigen-binding fragment thereof of
any one of claims 1-12, or the polypeptide of claim 13, or the immunoconjugate of any

one of claims 14-25, or the pharmaceutical composition of claim 26.

Use of the antibody or antigen-binding fragment thereof any one of claims 1-12, or the
polypeptide of claim 13, or the immunoconjugate of any one of claims 14-25 in the
manufacture of a medicament for treating a subject having cancer, wherein cells of the

cancer expresses CD123.
The use of claim 28, wherein said cancer is hematologic cancer.

The use of claim 29, where said cancer is selected from the group consisting of: acute
myeloid leukemia (AML), chronic myeloid leukemia (CML), acute lymphoblastic
leukemia (ALL), B-cell lineage acute lymphoblastic leukemia (B-ALL), chronic
lymphocytic leukemia (CLL), hairy cell leukemia (HCL), myelodysplastic syndrome,
basic plasmacytoid DC neoplasm (BPDCN) leukemia, non-Hodgkin lymphomas (NHL),
mantle cell lymphoma, and Hodgkin’s leukemia (HL), myelodysplastic syndrome (MDS),
relapsed/refractory AML and relapsed/refractory basic plasmacytoid DC neoplasm
(BPDCN) leukemia.

The use of claim 28, wherein said cancer is leukemia or lymphoma.

The use of claim 28, wherein said cancer is selected from the group consisting of: acute
myeloid leukemia (AML), acute lymphoblastic leukemia (ALL), and Chronic
lymphocytic leukemia (CLL).

The use of claim 31, wherein said cancer is acute myeloid leukemia (AML).

The use of claim 31, wherein said cancer is B-cell acute lymphoblastic leukemia (B-

ALL).

Use of the antibody or antigen-binding fragment thereof any one of claims 1-12, or the
polypeptide of claim 13, or the immunoconjugate of any one of claims 14-25 in the
manufacture of a medicament for treating a cell-proliferative disorder in a subject,

wherein cells of the cell-proliferative disorder expresses CD123.
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36.

37.

The use of claim 35, wherein said cell-proliferative disorder is selected from the group
consisting of: acute myeloid leukemia (AML), chronic myeloid leukemia (CML), acute
lymphoblastic leukemia (ALL), B-cell lineage acute lymphoblastic leukemia (B-ALL),
chronic lymphocytic leukemia (CLL), hairy cell leukemia (HCL), myelodysplastic
syndrome, basic plasmacytoid DC neoplasm (BPDCN) leukemia, non-Hodgkin
lymphomas (NHL), mantle cell lymphoma, and Hodgkin’s leukemia (HL).

The use of claim 36, wherein said cell-proliferative disorder is basic plasmacytoid DC
neoplasm (BPDCN) leukemia.
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