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ANTHICD45 ANTIBODIES AND CONJUGATES THEREOQOF

Helated Applications

This application claims priority to U.S. Provisional Application No. 82/829,137, filed November 1, 2019;
U.5. Provisional Application No. 82/929,194, filed November 1, 2019; U.S. Provisicnal Application No.
62/928,207, filed November 1, 2019; U.8. Provisional Application No. 82/829,288, filed November 1, 2019; U.B.
Provisional Application No. 82/928,801, filed November 1, 2019; U.8. Provisional Application No. 82/929,283,
filed November 1, 2019; U.S. Provisional Application No. $2/928,347, filed November 1, 2018; U.S. Provisional
Application No. 62/240,742, filed November 26, 2019; U.S. Provisional Application No. 62/878,147, filed
February 18, 2020; U.S. Provisional Application No. 63/015,348, filed April 24, 2020; U.S. Provisional
Application No. 63/0486,0486, filed June 30, 2020; U.S. Provisional Application No. 63/046,164, filed Juns 30,
2020; and U.S. Provisional Application No. 83/084,803, filed September 29, 2020. The entire contents of sach

of the foregoing priority applications is incorporated by refarence herein.

Sequence Listing
The instant application contains a Sequence Listing which has been submitted electronically in ASCH
format, and which is hereby incorporated by reference in its entirety. Said ASCH copy, created on October 29,
2020, is named 2020-10-29_M103034 1525W0O_SL_ST25.1xt, and is 233 kilobvtes in size.

Field of the Invention
Described herein are anti-CD45 antibodies, antigen binding fragments thereof, and antibody drug
conjugatas thereol. Also described is the irasatment of patients suifering from various pathologiss, such as
blood diseases, metabolic disorders, cancers, and autoimmune diseases, among others, by administration of an
anti-CD45 antibody, antigen binding fragment thereot, or antibody drug conjugate (ADC) thereof, wherein the
antibody, antigen binding fragment thereof, or ADC is capable of binding CD45 on atargetcell (e.g., a
hematopoietic stem cell, an immuns cell, or other type of cell.

Background of the invention

D45, also known as protein tyrosine phosphatase, receptor type C (PTPRC), is an enzyme that, in
humans, is encoded by the PTPRC gene (Kaplan et al., PNAS 87:7000-7004 {1990)). CD45 is a mamber of the
protein tyrosine phosphatase (PTP) family, which includes signaling molecules that reguiate a variety of cellular
processes inciuding cell growth, differentiation, mitotic cycle, and oncogenic transformation. CD45 contains an
extracellular domain, a single transmembrane segment, and two tandem intracytoplasmic catalytic domains, and
thus belongs to the receptor type PTP family. CD45 is a type | transmembrane protein thatl is present in various
isglorms on differentiated hematopoietic ceils (except erythrocyles and plasma cells} (Holmes, Immunology
117:145-55 (2008)). CD45 has been shown to be a regulator of T- and B-call antigen receptor signaling. it

functions through either direct interaction with components of the antigen receptor complexsas via iis
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exiracellular domain (a form of co-stimulation), or by activating various Src family kinases required for the
antigen receplor signaling via its cytoplasmic domain. CD45 also suppresses JAK kinases, and thus functions
as a negative regulator of cytokine receptor signaling.

CD45 is prasent on the surface of hematopoietic celis, including HSCs, leukocytes, and osteoclasts,
which are of hemalopoietic origin (Shivtiel et al., J Exp Med 205:2381 (2008)). Delelion mutatlions within CD45
in humans are associated with severe immunodeficiency. This is primarily due to the absence of CD45on T
celis, where it is typically abundant and required to modulate SFK activity during antigen responses. CD45-
deficient (CD457) mouse bone marrow contains normal numbers of hematopoietic cells, but the most primitive
HSCs are reduced in number, and their mobilization in response to G-CSF is impaired. In part, this defect is
intrinsic o the HSC; without CD45-mediated downregulation of SFK activity, integrin-mediated adhesion is high
and HSCs are more likely to remain in the stem cell niche. CD457 HECs are also deficient in G-CSF-stimulated
mohbiiization and homing o the chemokine CXCL12/SDF-1, which negatively affects cell engraftment following
transplantation. These deficiencies can ba rastored by supplemeniation with SFK inhibitors, indicating that this
roie is usually performad by CD45. Likewise, CD457 recipients also show delicient engraftment and subseqguent
mobilization of normal HSCs, indicating a role for CD45 in the stem cell niche, as well as in the HSC (Shivtiel et
al., J Fxp Med 205:2381 (2008)).

Despits advances in the medicinal arts, there remains a demand for treating pathologies of the
hemnatopoietic system, such as diseases of a particular bicod cell, metabolic disorders, cancers, and
autoimmune conditions, among others. While hematopolietic stem calls (HSCs) have significant therapeutic
potential, a limitation that has hindered their use in the clinic has been the difficulty associated with ensuring
engraftiment of HSC transplants in a host. In particular, hematopoistic stemn cell therapies involving antibodies
that target cell surface antigens on endogenous HSCs can trigger unwanied immunostimulatory and sffector
functions that impede engrafiment of an exogenous HSC transpiant. As CD45 is expressed, for example, on
HSCs and laukocyles, it prasents a target for therapies including conditioning therapiss, immune raset, and
treatment of diseases.

Summary of the Invention

Civen the important role of CD45 in cell biology, thers is a need for anti-CD45 antibodies, and
fragments theraof. Described herein are anti-CD45 antibodies, antigen binding fragments thereof, and antibody
drug conjugates (ADCs) thergof. The anti-CD45 antibodies, antigen binding fragments thersof, and antibody
drug conjugates (ADCs) thereof may bind to hematopoistic stem celis (H5Cs) and are useful, for exampile, as
conditioning agents for HSC fransplantation. in particular, the anti-CD485 antibodiss, antigen binding fragments
thereof, and ADCs thereof described herein can be used to specifically deplete, for example, host HSCs,
immune cells {e.g., leukocyles), or disease-causing cells. Further, the anti-CD45 antibodies, antigen binding
fragments thereof, and ADCs thereof described herein may be used {o treat patients with a leukemiz or a
lymphoma, or o treat patients with auloimmune diseases such as mulliple sclerosis and scleroderma. The anti-

D45 antibodies, antigen binding fragments thereof, and ADCs described herein satisfy a need for compositions
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and methods for promoting the engraftment of exogenous hematopoietic stem cell grafts such that the muiti-
potency and hemaitopoiatic functionality of these celis is praserved following transplantation.

in a first aspect, the present invention provides an isolated anti-CD45 antibody, or antigen binding
portion thareof, comprising: (a) a heavy chain variable region comprising a COR1 domain comprising the amine
acid sequence as set forth in SEQ 1D NO:2, a CDR2 domain comprising the amino acid sequence as seti forth in
SEQ ID NO:3, and a CDRS domain comprising the amino acid seguence as set forth in SEQ ID NG#4; and a
light chain variable region comprising a CDR1 domain comprising the amino acid sequence as set forth in SEQ
1D NO:6, a CDR2 domain comprising the amino acid sequence as set forth in SEQ 1D NO:7; and 2 CDR3
domain comprising the amino acid sequence as set forth in SEGQ 1D NO:8; (b) a heavy chain variable region
comprising a CDR1 domain comprising the amino acid sequence as setforth in SEQ 1D NQ:12, a CDR2 domain
comprising the amino acid seguence as set forth in SEQ 1D NG:13, and a CDR3 domain comprising the amino
acid sequence as set forth in SEQ 1D NO:14; and a light chain variabie region comprising a CDR1 domain
comprising the amino acid sequence as set forth in SEQ 1D NO:18, a CDR2 domain comprising the amino acid
saguence as set forth in SEQ IR NO:17; and a CDR3 domain comprising the amino acid sequence as set forth
in SEQ 1D NO:18; (¢} a heavy chain variable region comprising a COR1 domain comprising the amino acid
sequence as set forth in SEQ D NO:22, a CDR2 domain comprising the amino acid sequence as set forth in
SEQ ID NO:28, and a CDR3 domain comprising the amino acid sequencs as set forth in SEQ 1D NO:24; and a
light chain variable region comprising a CDR1 domain comprising the amino acid sequence as set forth in SEQ
1D NO:26, a CDR2Z domain comprising the aming acid sequence as seat forth in SEQ ID NO:27; and a CDR3
domain comprising the amino acid sequence as set forth in SEQ 1D NO:28; (d) a heavy chain variable region
comyprising & CDR1 domain comprising the amino acid sequence as set forth in SEQ 1D NO:32, a CDR2 dormain
comprising the amino acid seguence as set forth in SEQ 1D NG:33, and a CDR3 domain comprising the amino
acid sequence as set forth in SEQ ID NO:34; and a light chain variabie region comprising a CDR1 domain
comprising the amino acid sequence as set forth in SEQ 1D NO:38, a COR2Z domain comprising the aming acid
saguence as set forth in SEQ 1D NO:37; and a CDR3 domain comprising the amino acid sequence as set forth
in SEQ 1D NO:38; () a heavy chain variable region comprising a CDR1 domain comprising the aminoe acid
sequence as set forth in SEQ 1D NO:42, a CDR2 domain comprising the amino acid sequence as set forth in
SEQ ID NO:43, and a CDR3 domain comprising the aming acid sequence as set forth in SEQ 1D NO:44; and a
light chain varigble region comprising a CDR1 domain comprising the amino acid sequence as set forth in SEQO
D NO46, a CDR2Z domain comprising the amino acid sequence as set forth in SEQ ID NO:47; and a CDR3
domain comprising the amino acid sequence as set forth in SEQ 1D NO:48; (f) a heavy chain variabie region
comprising a CDR1 domain comprising the amino acid sequence as set forth in SEQ D NO:52, a CDR2 domain
comprising the amino acid sequence as set forth in SEQ 1D NO:53, and a CDRS3 domain comprising the amino
acid sequence as set forth in SEQ 1D NO:54; and a light chain variable region comprising a CDR1 domain
comprising the amino acld sequence as set forth in SEQ 1D NO:56, a CDR2 domain comprising the amino acid
saquence as sat forth in SEQ ID NO:57; and a CDRS domain comprising the aminge acid sequence as set forth
in SEQ 1D NO:5B8; (g) a heavy chain variable region comprising a CDR1 domain comprising the amino acid



o

15

20

25

a3
(93]

WO 2021/087368 PCT/US2020/058373

sequence as set forth in SEQ 1D NO:62, a CDR2 domain comprising the amino acid segquence as set forth in
SEQ D NGBS, and a CDR3 domain comprising the amino acid sequencs as set forth in SEQ 1D NO:64; and a
light chain variable region comprising a CDR1 domain comprising the amino acid segquence as set forth in SEQ
Il NO:66, a CDR2 domain comprising the amino acid sequence as st forth in SEQ 1D NO:67; and a CDRS3
domain comprising the amino acid sequence as set forth in SEQ 1D NO:88; (h) a heavy chain variable region
comprising a CDR1 domain comprising the amino acid sequence as set forth in SEQ 1D NO:72, a CDR2 domain
comprising the amine acid seguence as sel forth in SEQ 1D NG:73, and a CDR3 domain comprising the amino
acid sequence as set forth in SEQ 1D NO:74; and & light chain variable regicn comprising a CDR1 domain
comprising the aminoe acid sequence as set forth in SEQ 1D NO:78, a CDR2 domain comprising the aming acid
saquence as sai forth in SEQ ID NO:77; and a CDR3 domain comprising the aminoc acid sequence as set forth
in SEQ 1D NG:78; (i) a heavy chain variable region comprising a CDR1 domain comprising the amino acid
seguence as set forth in SEQ 1D NO:82, a CDR2 domain comprising the amino acid sequence as set forth in
SEQ ID NO:83, and & CDR3 domain comprising the aming acid sequencs as set forth in SEQ 1D NO:84; and a
light chain variable region comprising a CDR1 domain comprising the amino acid sequence as set forth in SEQ
D NO:86, a CDR2 domain comprising the amino acid sequence as st forth in SEQ 1D NO:87; and a CDRS
domain comprising the amino acid sequence as set forth in SEQ 1D NO:88; or (i) a heavy chain variable region
comprising a CDR1 domain comprising the amino acid sequence as set forth in SEQ 1D NO:82, a CDR2Z domain
comprising the amino acid sequence as sei forth in SEQ 1D NO:93, and a CDR3 domain comprising the amino
acld sequence as set forth in SEQ 1D NO:94; and a light chain variable region comprising a CDR1 domain
comprising the amino acld segquence as set forth in SEQ 1D NO:98, a CDR2 domain comprising the amingo acid
saquence as sai forth in SEQ 1D NO:97; and a CDRS domain comprising the amine acid sequence as set forth
in SEQ 1D NO:gs.

in another aspect, provided herein is an isolated anti-CD45 antibody, or antigen-binding portion thereof,
comprising: a heavy chain variable region comprising a COR1 domain comprising the amino acid saquence as
sat forth in SEQ ID NO:118, a CDR2 domain comprising the amino acid seguence as set forth in SEQ 1D
NC:120, and a CDR3 domain comprising the amino acid sequence as set forth in SEQ 1D NO:121; and a light
chain variable region comprising a CDR1 domain comprising the amino acid sequence as set forth in SEQ 1D
NO:122, a CDR2 domain comprising the amino acid sequence as set forth in SEQ D NO:128; and a CDR3
domain comprising the amino acid sequence as set forth in SEQ 1D NO:124.

In another aspect, the present invention provides an isolated anti-CD48 antibody, or antigen-binding
portion thereof, comprising: (a) a heavy chain variable region comprising the amino acid seguence as set forth
in SEQ D NO:1, and a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D
NO:5; (b) a heavy chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:11, and
a light chain variable region comprising the amino acid seguence as set forth in SEQ 1D NG:15; (¢} a hsavy
chain variable region comprising the amino acid sequence as set forth in SEQ ID NO:21, and a light chain
variable region comprising the amino acid sequence as sat forth in SEQ ID NO:25; (d) a heavy chain variable
region comprising the amino acid sequence as set forth in SEQ 1D NO:31, and a light chain variable region
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comprising the amino acid seguence as set forth in SEQ 1D NO:35; (8) a heavy chain variable region comprising
the amino acid sequence as set forth in SEQ 1D NO:41, and a light chain variable region comprising the amino
acid sequence as set forth in SEGQ 1D NO45; (f) a heavy chain variable ragion comprising the amino acid
sequence as set forth in SEQ 1D NO:51, and a light chain variable region comprising the amino acid sequence
as sei forth in SEQ 1D NO:5E; (g) a heavy chain variable region comprising the amino acid seguence as sei forth
in SEQ 1D NO:61, and a light chain variable region comprising the amino acid sequence as set forth in SEQ D
NO:85; (h) a heavy chain variable region comprising the amino acid sequence as ssai forth in SEQ ID NO:71,
and g light chain variable ragion comprising the amino acid sequence as set forth in SEG 1D NG:75; (i) a heavy
chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:81, and a light chain
variable region comprising the amino acid sequence as sat forth in SEQ 1D NO:85; or {j) a heavy chain variable
region comprising the aminoe acid ssquence as set forth in SEQ 1D NO:91, and a light chain variabls ragion
comprising the amino acid sequence as set forth in SEQ 1D NO:95.

in some embodiments of the alorementioned aspecis, the isolated anti-CD45 antibody, or antigen-
binding portion thereof comprises an Fc region. In certain embodiments, the Fc region is a human IgGt Fo
region of a human IgG4 Fc region.

in some embodiments, the antibody is a monoclonal antibody.

in some embodiments, the antibody is an intact antibody comprising a constant region.

in some embodiments, the antibody is an IgG. In particular embodiments, the IgG is an igG1 or an
igG4.

in some embodiments of the alorementioned aspects, the antibody comprises a constant region,
wherein the constant region comprises at least one, at least two, at least three, at least four, or &l least five
amino acid substitutions selected from the group consisting of L234A, L2354, D265C, H310A, and H435A
{numbering according to the EL index). in particular embodiments, the constant region comprises amino acid
substitutions L234A, L235A and D285C (numbering according 1o the EU index).

in some embodiments, the isolated anti-CD45 antibody of the present disclosure comprises a constant
region, wherein the constant region comprisas {a} a heavy chain aming acid sequancs as set forth in SEQ D
NC:102, SEQ 1D NO:103, SEQ 1D NQO:104, SEQ 1D NC:105, or SEQ 1D NO:106; and (b) a light chain amino
acid sequence as set forth in SEQ 1D NO:101.

in another aspact, the present invention provides an isolated anti-CD45 antibody comprising: {(a) a
heavy chain amino acid seguence as set forth in SEQ 1D NO:8, and a light chain amino acid sequence as set
forth in SEQ 1D NO:10; (b) a heavy chain amino acid sequence as set forth in SEQ 1D NO:19, and a light chain
amino acid sequence as sat forth in SEQ ID NO:20; (¢) a heavy chain amino acid sequence as set forth in SEQ
1D NO:29, and a light chain amino acid sequence as set forth in SEQ 1D NO:30; {d) a heavy chain amino acid
sequence as set forth in SEQ 1D NO:39, and a light chain amino acid sequence as sel forth in SEQ 1D NO:40;
(g} a heavy chain amino acid sequence as set forth in SEQ 1D NO48, and a light chain amino acid sequence as
set forth in SEQ 1D NO:B0; (i) a heavy chain amino acid seguence as set forth in SEQ 1D NO:89, and a light
chain amino acid seguence as set forth in SEQ 1D NO:80; (g) a heavy chain amino acid sequence as set forth in
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SEQ ID NO:69, and a light chain amino acid sequence as set forth in SEQ 1D NO:70; (h) a heavy chain amino
acid sequence as set forth in SEQ 1D NOG:78, and a light chain aming acid sequence as sat forth in SEQ 1D
NO:80; (i) a heavy chain amino acid seguence as set forth in SEQ 1D NO:89, and a light chain amino acid
sequence as set forth in SEQ 1D NO:80; or (j) a heavy chain amino acid sequence as sat forth in SEQ 1D NO:98,
and a light chain amino acid sequence as set forth in SEQ 1D NO:100.

In another aspact, the present invention provides an isolated anti-CD45 antibody, or antigen-binding
portion thereot, that specifically binds to human CD45 at an epilops located within C045 Fragment 1 (SEQ 1D
NO:114), CD45 Fragment 2 (SEQ 1D NO:113), CD45 Fragment 3 (S8EQ 1D NQ:116), CD45 Fragment 4 (SEQ 1D
NO117), and/or CB45 Fragment 5 (SEQ 1D NO:118).

In some embodiments of the above aspect, the isolated anti-CD45 antibody, or antigen-binding portion
thereof specifically binds to (a) an epitope of human CD45 located within CD45 Fragment 2, and an epitope of
human CD45 located within Fragmeant 4; {b} an epitope of human CD45 located within CD45 Fragment 1, and
an epitope of human CD45 locatad within CD45 Fragment 3; or (¢) an epitope of human CD45 localed within
CB45 Fragment 5.

in some embodiments, the isolatad anti-CD45 antibody, or antigen-binding portion thereof specifically
binds to (&) one or more residues selected from the group consisting of 4057, 407K, 419Y, 425K, 481R, 505R,
and 509H in human CD45 (numbered with reference to SEQ 1D NG:113); or {b) one or more residues salected
from the group consisting of 4861, 483Y, and 5027 in human CD45 (numbered with reference fo SEQ ID
NO:113).

in some embodiments, the isolated anti-CD45 antibody, or antigen-binding portion of the present
disciosure spacifically binds human CD45, and cross-raacts with cynomolgus CD45.

in some embodiments, tha isolated anti-CD458 antibody, or antigen-binding portion of the present
disclosure binds to human CD45 with a dissociation rate (Kore) of 1x102 0 1x10°, 13107 to 1x10%, 110410
Ix108, 1x10% to 1105, 1x10F to 1x107, or 1x107 to 1x108, as maasured by Bio-Layer Interferometry (BLI).

in some embodimeants, the isolated anti-CD45 antibody, or antigen-binding portion of the present
disclosure binds to human CD45 with a Ko of about 100 nM or less, about 80 nM or less, about 80 nM or less,
about 70 nM or less, about 60 nM or less, about 50 nM or less, about 40 nM or less, about 30 nM or less, about
20 nM or less, about 10 nM or less, about 10 nM or less, or about 0.1 nM or laess, as determined by Bio-Layer
interferometry (BLI).

in another aspect, provided herein is a pharmaceutical composition comprising the antibody, or antigen-
binding portion thereof of the present invention and a pharmaceutically acceptable carrier.

In another aspeact, provided herein is an isclated nucleic acid comprising a nuclaic acid sequence
encoding the antibody, or antigen binding portion thereof, of the present invention.

in another aspect, provided herein is a vector comprising tha isolatsd nucleic acid of the present
invention.

in another aspsct, provided herein is a host cell comprising the isolated nucleic acid of the present
invention, or the vector of the present invention. In some embodiments, the host cell is a Chinese Hamster
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Ovary (CHO) cell.

in anothser aspsct, provided herein is a pharmaceutical composition comyprising the antibody, or antigen-
binding portion thereof, of any of the aforementioned aspects, for use in depleting a population of CD45+ cells in
a human patient.

in another aspect, provided herein is a method of depleting a population of CD45+ cells in a human
patient by administering the antibedy, or antigen-binding portion thereoi, of any of the aforementioned aspects,
o the human patiant. In some embodiments, the CD45+ cslls are CD3+, CD19+, CD33+, CD34+, or
CD45+/B2M+. In other embodiments, the CD45+ celis are hematopoietic stem celis (HSCs). in yet other
embodimantis, the CD45+ cells are HSCs, T cells, B celis, and/or myeloid calls.

in some embodiments of the above aspect, the CD45+ cells are depleted from the bone marrow of the
patient and/or from the peripheral blood of the patient.

in some embodiments of the above aspect, the patient is in need of a hemalopoistic stem cell
transplant. In soms embodiments of the above aspect, the method further comprises adminisiering to the
patient a transplant comprising hematopoietic stem cells. In certain embodiments, the transpiant is allegeneic.
In alternative embodiments, the transplant is autologous.

in another aspect, the present invention provides an antibody drug conjugate (ADC) comprising an anti-
CD45 antibody, or an antigen-binding portion thereof, conjugated to a cytotoxin via a linker, wherein the anti-
D45 antibody, or antigen-binding portion thereof, is an antibody or antigen-binding portion thereof of any of the
aforementioned aspecis.

in some embodiments of the above aspect, the antibody is conjugated to the cytotoxin by way of a
cysieine residus in tha constant domain of the antibody. In certain embodiments, the cystaine residue is
introduced by way of an amino acid substitution in the constant region of the antibody. In particular
embodiments, the amino acid substitution is D265C and/or V205C (EU numbering).

In some embodimeants of the above aspect, the ADC has a drug to antibody ratio (DAR)Y of 1, 2, 3, 4, 5,
6,7,0r8

In some embodiments of the above aspect, the cylotoxin is an BNA polymerase inhibitor, a DNA
intercalating agent, a DNA alkylating agent, a DNA crosslinking agent, an agent that disrupis protein synthesis,
an agent that disrupts microlubule dynamics, or an agent that disrupts the mitotic spindia.

In some embodiments of the above aspect, the cytotoxin is selected from the group consisting of an
amaloxin, an anthracycline, an auristatin, a calicheamicin, deBouganin, diphtheria toxin, a duccarmycin, an
indolinobenzodiazepine (IGN), an indolincbenzodiazepine dimer, irinotecan, maytansine, a maytansinoid,
pseudomonas exotoxin A, a pyrroiobenzodiazepine (PBD), a pyrrolobenzodiazapine dimer, saporin, and SN-38.
In cerlain embodiments, the cytotoxin is an BNA polymerase inhibitor. In cerfain embodiments, the RNA
polymerase inhibitor is an amatoxin.

In some embodiments, the ADC is represented by the formuia Ab-Z-L-Am, whergin Ab is an antibody, or
antigen-binding portion thersoi, | L is a linker, Z is a chemical moiety, and Am is an amaloxin. in certain

embodiments, Am-L-Z is represented by Formula (i):
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&

wherein By is H, OH, ORa, or ORg;

Rq is H, OH, ORs, or ORc:

Raand B, when present, together with the oxygen atoms to which they are bound, combine fo form an
optionally substitutad 5-membered helerocycloalkyl group;

Rz is M, Re, or Rp;

R4, Rs, Re, and Rr are each independently H, OH, ORc. ORb, Rc, or Ro;

Re is OH, NHz, ORc, ORp, NHRc, or NRc¢Ro;

Rg is H, OH, ORc, or CRp;

X ig -8, -8(0)-, or -8Q0=-;

Reis -L-Z;

Ro is optionally substituted C+-Cs alkyl, optionaily substituted G1-Cs heteroalkyl, optionally substituted
C2-Cs alkenyl, optionally substituted C2-Cs hetercalkenyl, optionally substituted C2-Cs alikynyl, optionally
substituted Co-Cs heteroalkynyl, optionally substituted cycloalkyl, optionally substituted heterocycioalkyl,
optionally substituted aryl, or optionally substituted heteroary!;

L is optionally substituted C+-Cs alkylene, optionally substituted G+-Cs heteroalkylens, opticnally
substituted Cz-Cs alkenylens, optionally substituted C=-Ce hetercalkenylene, opticnally substituted Cz-Cs
atkynylenea, optionally substituted C2-Cs heteroalkynylene, optionally substituted cycloalkylene, optionally
substituted heterocycloalkylene, optionally substituted arylene, optionally substituled heteroarylene, a peptide, a
dipeptide, -(C=0)-, a disuifide, a hydrazone, or a combination therecf; and

Z is a chemical moiety formed from a coupling reaction between a reactive substituent present on L and
a reactive substituent presant within the antibody or antigen-binding fragment therect,
wherein Am comprises exactly one Re substituent.

in some embodiments, L-Z is
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in somea embodimeants, the ADC is represented by one of:

5
(1) (a) (Hg)
wharein X is -3-, -8(Q)-, or -850z~
in some embodiments, the ADGC has a formula of
10

wherain Ab represents the point of attachment of the anti-CD45 antibody.



WO 2021/087368 PCT/US2020/058373

in other embodiments, the ADC has a formula of

wherein Ab represants the point of attachment of the anti-CD45 antibody.,
in alternative ambodiments, the ADC has a formula of
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wherein Ab reprasents the point of altachmant of the anti-CD45 antibody.

10
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in other embodiments, the ADC has a formula of

N
—” %K”—NH 0
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wherein Ab represants the point of attachment of the anti-CD45 antibody.
in yet other embodiments, the ADC has a formula of

5 NH, /
wherein Ab represents the point of attachment of the anti-CD45 antibody.
in some embodiments of an ADC disclosed herein, the cylotoxin is a pyrrolobenzodiazepine (PBD).

certain embodiments, the cytotoxin is a PBD dimer. In particular embodiments, the PBD dimer is represented

by
"‘l'i‘h‘v
HO
O
H e V\(\\(O\/’\w/\\/’

AN

whereain the wavy line indicates the point of attachment {o the linker of the ADC.

2 OMe MeO

10

in some embodiments of an ADC disclosed herein, the linker comprises one or more of a peplide,
oligosaccharide, -(CHz)p-, -(CH2CH20)qr, -(C=O)CHz)r-, -(C=0){CH20H20)-, -(NHCH20Hz)u-, -PAB, Val-Cit-
PARB, Val-Ala-PAB, Val-Lys{Ac)-PAB, Phe-Lys-PAB, Pha-Lys{Ac}-PAB, D-Val-Leu-Lys, Giy-Gly-Arg, Ala-Ala-

15 Asn-PAB, or Ala-PAB, wherein each of p, g, r, §, and u are integers from 1-12, selected independently for each

ocgurrence.

1



WO 2021/087368 PCT/US2020/058373

in some embodiments of an ADC disclosed harein, the linker has the structure of
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whereain R is CHa (Ala) or (CHz)aNH(CO)NH: (Cit).
in some embodiments of an ADC disclosed harein, the linker, prior to conjugation to the anti-CD45
5  antibody and including the reactive substituent Z', taken together as L-Z', has the struciure
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in certain embodiments, Ry is CHa.
in some embodiments of an ADC disclosed herein, the cylotoxin-linker conjugate, prior to conjugation to
the anti-CD45 antibody and including the reactive substituent Z', taken together as Cy-L-Z', is tasiring, having
10 the structure:

OMe Me(
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in some embodiments, the ADC disclosed herein has the structure
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wherein Ab is the anti-CD45 antibody or antigen binding portion thereof, and S reprasents a suifur atom
present in or infroduced into the anti-CD45 antibody or antigen binding portion thersof.
in some embodimeants of an ADC disclosed harein, the cytotoxin is an indolincbenzodiazeping (IGN). In
5 certain embodiments, the cytotoxin is an IGN dimer or an iGN pseudodimer.
in some embodiments, the cytotoxin is an IGN pseudodimer represented by:

S
HN

wherein the wavy line indicates the point of covalent attachment to the linker of the ADC.
In some embodiments, the linker comprises a dipeptide, a disulfide, G1-C12 alkyl, C=0, or combinations

10 thereol
in some embodiments, the linker comprisas
O
. \"’/\\N
o /
o or
SC;H
S eaad
o

15 in some embodiments, tha cytotoxin-linker conjugate, prior to conjugation to the anti-CD45 antibody or

antigen binding portion thereof, and including the reactive substituent 2, taken together as Cy-L-Z", has a

structure of:
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in another aspect, the present invention provides a pharmaceutical composition comprising an ADC
described hereinabove, and a pharmaceutically accepiable carrier.

in another aspect, provided herein is a method of depleting a population of CD45+ cells in a human
patient by administering to the patient an effective amount of an anti-CD45 ADC described hereinabove.

in some embodiments of the above aspect, the CD45+ cells are CD3+, CD19+, CD33+, CD34+, or
CD45+/B2M+. In certain embodiments, the CD45+ cells are hemalopoietic stem cells (HSCs). In other
embodimenis, the CD45+ cells are HSCs, T cells, B cells, and/or myeloid calls.

in some embodiments of the above aspect, the CD45+ cells are depleted from the bone marrow of the
patient and/or from the peripheral blood of the patient.

in some embodiments of the above aspect, the patient is in need of a hemalopoistic stem cell
transplant.

In some embodiments of the above aspect, the method further comprises administering to the patient a
fransplant comprising hemaltopoistic stem cells.

in another aspect, the prasent invention provides a method of depleting a population of CD45+ cells ina
human patient in need of a hematopoietic stem cell (HSC) transplant by administering to the patient an ADC
described hereinabove pricr to the patient receiving a transplant comprising hematopoietic stem cells.

in another aspect, the prasent invention provides a method comprising: (a) adminisiering 1o a human
patient an ADC described hereinabove, in an amount sufficient to deplete a popuiation of CD45+ cells in the
patient; and (b} subsequantly administering to the patient a transplant comprising hemalopoietic stam calls.

in some embodiments, the transplant is allogeneic. In other ambodiments, the transplant is aulologous.

in some embodiments, the transplant comprising hematopoietic stem cells is administerad {o the patient
after the concentration of the ADC has substantially cleared from the blood of the patient.

in some embodiments, the hematopoietic stem cells or progeny thereof are capabie of incalizing to
hematopoietic tissue and/or reestablishing hematopoiesis following transplaniation of the hematopoietic stem
celis into the patient.

in some embodimeants, upon transplantation into the patient, the hemalopoietic stem calls give rise to
recovery of a popuiation of cells selected from the group consisting of megakaryocyies, thrombocytes, platelets,
erythrocyies, mast cells, myeloblasts, basophils, neutrophils, ecsinophils, microglia, granulocytes, monocytes,
osteociasts, antigen-presenting celis, macrophages, dendritic calis, natural killer cells, T-iymphocytes, and B-

lymphocyles.
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in some embodiments, the patient has a biood disease, a melabolic disorder, cancer, or an autoimmune
disorder, or savere combined immunodeficiency diseass (8CID). In certain embodiments, the patient has
cancer. In particular embodiments, the cancer is a hematological cancer. in specific embodiments, the
hematological cancer is acute myeloid isukemia, acute lymphoid leukemia, chronic myeloid leukemia, chronic
lymphoid leukemia, or multiple myeloma.

in certain embodiments, the patient has an autoimmune disorder. In particular embodiments, the
autoimmune disorder is multiple sclarosis, Type 1 diabetas mellitus, or scleroderma. In other embodiments, the
autoimmune discrder is selected from the group consisting of multiple sclercsis, human systemic lupus,
rheumatoid arthritis, inflammatory bowel disease, treating psoriasis, Type 1 diabetes maellitus, acute
disseminated encephalomyelitis, Addison's disease, alopecia universalis, ankylosing spondvlitisis,
antiphospholipid antibody syndrome, aplastic anemia, autoimmune hemolytic anemia, autoimmune hepatitis,
autoimmune inner ear disease, autoimmune lymphoproliferative syndrome, autoimmune oophoritis, Balo
diseass, Bahcetl's diseass, bulious pemphigoid, cardiomyopathy, Chagas’ diseass, chronic fatigue immune
dysfunction syndrome, chronic inflammatory demyalinating polyneuropathy, Crohn's disease, cicatrical
pemphigoid, coeliac sprue-dermatitis herpetiformis, cold agglutinin disease, CREST syndrome, Degos disaase,
discoid lupus, dysautonomia, endometriosis, essential mixed cryoglobulinemia, fibromyalgia-fibromyositis,
Goodpasture’ s syndrome, Grave's disease, Guillain-Barre syndrome, Hashimoto' s thyroiditis, Hidradenitis
suppurativa, idiopathic and/or acule thromboceytopenic purpura, idiopathic pulmonary fibrosis, IgA neuropathy,
interstitial cystitis, juvenile arthritis, Kawasaki's disease, lichen planus, Lyme dissase, Meniere disease, mixed
connective tissue disease, myasthenia gravis, neuromyotonia, opsocionus myoclonus syndrome, optic neuritis,
Ord's thyroiditis, pemphigus vulgaris, pernicicus anemia, polychondritis, polymyositis and dermatomyositis,
primary biliary cirrhosis, polyarteritis nodosa, polyglandular syndromes, polymyalgia rheumatica, primary
agammaglobulinemia, Raynaud phenomaenon, Reiter’ s syndrome, rheumatic fever, sarcoidosis, sclerodaerma,
Sidgren's syndrome, stiff parson syndrome, Takayasu's arteritis, temporal arterilis, ulcerative colitis, uveitis,
vasculitis, vitiligo, vulvedynia, and Wegener's granulomatosis.

Additionally, the invention aiso comprises the following embodiments:

in one embodiment, the invention provides an isclated anti-CD45 antibody, or antigen binding portion
thersoi, comprising a heavy chain comprising a variable region comprising a CDR1 having the amino acid
seguence as set forth in SEQ 1D NO:2, a CDR2 having the amino acid sequence as set forth in SEQ 1D NO:3, a
CDRAS having the amino acid sequence as set forth in SEQ 1D NO4, and comprising a light chain comprising a
variable region comprising a COR1 having the amino acid sequence as set forth in SEQ 1D NO:€, a CDR2
having the amino acid sequence as set forth in SECG 1D NG:7, a CDRS having the amino acid saquence as set
forth in SEG 1D NO:B.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thareof, comprises a heavy
chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:1.

in other embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a light
chain variable region comprising the amino acid sequence as sat forth in SEQ 1D NO:5.
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In certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain variable region comprising the amino acid sequenca as set forth in SEQ 1D NO:1; and
a light chain variable region comprising the amino acid sequence as set forth in SEQ ID NO:5.

in certain embodiments, the anti-CD45 antibody, or antigen binding pertion thereof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:9.

In certain emboediments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain comprising the amino acid sequence as set forth in SEQ 1D NO:10.

in certain embodiments, the anti-CD45 antibody, or antigen binding perticn thareof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NOG:9; and a light chain comprising the amino
acid sequence as set forth in SEQ 1D NOG:16.

in one embodiment, the invention provides an isoiated anti-CD45 antibody, or antigen binding portion
thereof, comprising a heavy chain comprising a variable ragion comprising a CDR1 having the amino acid
saquence as sal forth in SEQ D NO:12, 3 CDR2 having the amino acid segquence as set forth in SEQ 1D NO:13,
a CDR3 having the aminc acid saquence as set forth in SEQ ID NO:14, and comprising a light chain comprising
a variabie region comprising a COR1 having the amino acid sequence as set forth in SEQ 1D NO:16, a CDR2Z
having the aming acid sequence as set forth in SEQ 1D NO:17, & CDR3 having the amino acid sequence as set
farth in SEQ 1D NO:18.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain variable region comprising the amino acid sequence as set forth in SEQ ID NO:11.

in other embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain variable region comprising the amino acid sequenca as set forth in SEQ 1D NO:15.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion tharect, comprises a heavy
chain variable region comprising the amino acid seguence as set forth in SEQ 1D NO:1t; and
a light chain variable region comprising the amino acid sequence as set forih in SEQ 1D NO:15.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a heavy
chain comprising the amino acid sagquence as set forth in SEQ 1D NO:18.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises & light
chain comprising ths amino acid sequence as set forth in SEQ 1D NO:20.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain comprising the aminc acid sequence as set forth in SEQ 1D NO:19; and a light chain comprising the amino
acid sequence as set forth in SEQ 1D NO:20.

i one embodimant, the invention provides an isolated anti-CD45 antibody, or antigen binding portion
thereof, comprising a heavy chain comprising a variable region comprising a CDR1 having the amino acid
sequence as set forth in SEQ 1D NO:22, a CDR2 having ths amino acid sequence as set forth in SEQ 1D NG:28,
a CDR3 having the amino acid sequance as set forth in SEQ 1D NO:24, and comprising a light chain comprising
a variable region comprising & CDR1 having the amino acid seguence as set forth in SEQ 1D NO:26, a CDR2
having the amino acid sequence as set forth in SEQ 1D NO:27, a CDR3 having the amino acid seguence as set
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forth in SEQ 1D NO:28.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain variable region comprising the amino acid sequence as set forth in SEQ ID NO:21.

in other embodiments, the anti-CD45 antibody, or antigen binding portion therecf, comprises a light
chain variable region comprising the amino acid seguence as set forth in SEQ 1D NO:25.

In certain embodiments, the anti-CD45 antibedy, or antigen binding portion theraof, comprises a heavy
chain variable region comprising the amino acid sequence as sat forth in SEQ 1D NO:21; and
g light chain variable region comprising the amino acid seguence as set forth in SEQ 1D NG:25.

I certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NG:28.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereot, comprises a light
chain comprising the amino acid sequence as set forth in SEQ 1D NO:30.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEG 1D NO:28; and a light chain comprising the amino
acid sequence as set forth in SEQ 1D NO:30.

In one embodiment, the invention provides an isclaled anti-CD45 antibody, or antigen binding portion
thergof, comprising a heavy chain comprising a variable region comprising a CDR1 having the amino acid
sequence as set forth in SEQ 1D NO:32, a CDREZ having the amino acid sequence as set forth in SEQ 1D NO:33,
a CDR3 having the amino acid sequence as set forth in SEQ 1D NO:34, and comprising a light chain comprising
a variable region comprising a CDR1 having the amino acid sequence as set forth in SEQ 1D NO:236, a CDR2
having the aming acid sequance as set forth in SEQ 1D NG:37, a CDR3 having the amino acid sequence as sai
forth in SEQ 1D NO:38.

in certain embodiments, the anti-CD45 antibody, or antigen binding pertion thereof, comprises a heavy
chain variable region comprising the amino acid seguencs as set forth in SEQ 1D NO:31.

in other embaodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprisas a light
chain variable region comprising the amino acid seguence as ssi forth in SEQ 1D NO:35.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:3t; and
a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:35.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:38.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain comprising the amino acld sequence as set forth in SEG 1D NO:40.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thareof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:39; and a light chain comprising the amino
acid sequence as set forth in SEQ 1D NG:40.

in one embaodiment, the invention provides an isolated anti-CD45 antibody, or antigen binding portion
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thereol, comprising a heavy chain comprising a variable region comprising a CDR1 having the amino acid
sequence as sai forth in SEQ 1D NO42, a CDR2 having the amino acid sequence as set forih in SEQ 1D NO43,
a CDAB having the aminc acid sequence as set forth in SEQ 1D NO:44, and comprising a light chain comprising
a variabie region comprising a COR1 having the amino acid sequence as set forth in SEQ 1D NO46, a CDR2
having the aminc acid sequence as set forth in SEQ 1D NO:47, 2 CDR3 having the amino acid sequence as set
forth in SEQ 1D NO:48.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thareof, comprisas a heavy
chain variable region comprising the amino acid seguence as sat forth in SEQ 1D NO:41.

I other embodiments, the anti-CD45 antibody, or antigen binding portion thergof, comprisas a light
chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:45.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion tharect, comprises a heavy
chain variable region comprising the amino acid seguence as set forth in SEQ 1D NO:41; and
a light chain variable region comprising the amino acid seguence as set forth in SEQ 1D NO:45.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:49.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain comprising the amino acid sequence as set forth in SEQ 1D NO:50.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain comprising the aminc acid sequence as set forth in SEQ 1D NO:49; and a light chain comprising the amino
acid sequence as set forth in SEQ 1D NO:50.

In one embodiment, the invention provides an isolated anti-CD45 antibody, or antigen binding portion
thareof, comprising a heavy chain comprising a variable ragion comprising a CDR1 having the amino acid
seguence as set forth in SEQ 1D NO:52, a CDRR2 having the amino acid sequence as set forth in SEG 1D NO5S,
a CDR3 having the amino acid saquence as sat forth in SEQ 1D NO:84, and comprising a light chain comprising
a variable region comprising a CDR1 having the amino acid sequence as set forth in SEQ ID NO:56, a CDR2
having the amine acid sequence as set forth in SEQ 1D NO:57, a CDR3 having the amino acid sequencea as set
forth in SEQ 1D NO:58.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain variable region comprising the amino acid sequence as set forth in SEQ 1D NQ:51.

in other embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain variable region comprising the amino acid seguence as set forth in SEQ 1D NO:5B5.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a heavy
chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:51; and
a light chain variable region comprising the amino acid seguence as set forth in SEQ 1D NG:55.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain comprising tha amino acid sequence as set forth in SEQ 1D NO:5S.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
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chain comprising the amino acid sequence as set forth in SEQ 1D NC:60.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:53; and a light chain comprising the amino
acid sequence as set forth in SEQ 1D NO:B0.

in one embodiment, the invention provides an isclaled anti-CD45 antibody, or antigen binding portion
thereoi, comprising a heavy chain comprising a variable region comprising a CDR1 having the amino acid
sequence as set forth in SEQ 1D NO:62, a CDRZ having ths amino acid sequence as set forth in SEQ 1D NO:63,
a CDR3 having the amino acid sequence as set forth in SEQ 1D NO:84, and comprising a light chain comprising
a variable region comprising a CDR1 having the amino acid sequence as set forth in SEQ ID NO:66, a CDR2
having the amino acid sequence as set forth in SEQ 1D NO:67, a CDR3 having the amino acid sequence as sai
forth in SEQ 1D NO:68.

in certain embodiments, the anti-CD45 antibody, or antigen binding pertion thereof, comprises a heavy
chain variable region comprising the amino acid seguencs as set forth in SEQ 1D NO:81.

in other embaodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprisas a light
chain variable region comprising the amino acid sequence as set forth in SEQ D NO:65.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain variable region comprising the amino acid sequencs as set forth in SEQ 1D NO:81; and
a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:65.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:69.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a light
chain comprising the amino acid sequence as set forth in SEQ 1D NO:70.

in certain embodiments, the anti-CD45 antibody, or antigen binding pertion thereof, comprises a heavy
chain comprising tha amino acid sequence as set forth in SEQ 1D NO:69; and a light chain comprising the amino
acid segquence as set forth in SEG 1D NO70.

in one embodiment, the invention provides an isciated anti-CD45 antibody, or antigen binding portion
thereol, comprising a heavy chain comprising a variable region comprising 2 CDR1 having the amino acid
saquence as sei forth in SEQ 1D NO:72, a CDR2 having the amino acid sequence as set forth in SEG 1D NO:73,
a CDR3 having the aminc acid saquence as set forth in SEQ 1D NO:74, and comprising a light chain comprising
a variable region comprising a CDR1 having the amino acid sequence as set forth in SEQ 1D NO:76, a CDR2
having the amine acid sequence as set forth in SEQ 1D NO:77, 2 CDR3 having the amino acid sequence as set
forth in SEQ 1D NO:78.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain variable region comprising the amino acid sequence as set forth in SEQ D NO:71.

In other embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain variable region comprising the amino acid sequencea as set forth in SEQ ID NO:75.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion therecf, comprises a heavy
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chain variable region comprising the amino acid sequence as set forth in SEQ ID NO:71; and
a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:75.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:79.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a light
chain comprising the amino acid sequence as set forth in SEQ 1D NO:80.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thareof, comprisas a heavy
chain comprising the aminc acid sequence as set forth in SEQ 1D NO:79; and a light chain comprising the amino
acid sequence as set forth in SEQ 1D NO:80.

In one embodiment, the invention provides an isolated anti-CD45 antibody, or antigen binding portion
thareof, comprising a heavy chain comprising a variable ragion comprising a CDR1 having the amino acid
seguence as set forth in SEQ 1D NO:82, a CDR2 having the amino acid sequence as set forth in SEG 1D NO:83,
a CDR3 having the amino acid sequence as sei forth in SEQ 1D NO:84, and comprising a light chain comprising
a variable region comprising a CDR1 having the amino acid sequence as set forth in SEQ ID NO:86, a CDR2
having the aminc acid sequence as set forth in SEQ 1D NO:87, a CDR3 having the amino acid sequence as set
forth in SEQ 1D NO:88.

In certain embodiments, the anti-CD45 antibedy, or antigen binding portion theraof, comprises a heavy
chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:81.

in other embediments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:85.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain variable region comprising the amino acid sequence as sat forth in SEQ 1D NO:81; and
a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:85.

In certain embodiments, the anti-GD45 antibody, or antigen binding portion theraof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEG 1D NO:83.

In certain embodimenis, the anti-CD45 antibody, or antigen binding portion thareof, comprisas a light
chain comprising the aminc acid sequence as set forth in SEQ 1D NO:9G,

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEG 1D NO:83; and a light chain comprising the amino
acld sequence as set forth in SEGQ 1D NO:90.

in one embodiment, the invention provides an isolated anti-CD45 antibody, or antigen binding portion
thereoi, comprising a heavy chain comprising a variable region comprising & CDR1 having the amino acid
sequence as set forth in SEQ 1D NO:82, a CDRZ having the amino acid sequence as set forth in SEQ 1D NO:93,
a CDR3 having the amino acid sequencs as set forth in SEQ 1D NGO:84, and comprising a light chain comprising
a variable region comprising a CDR1 having the amino acid sequence as set forth in SEQ 1D NO:96, a CDR2
having the amino acid sequence as set forth in SEQ 1D NO:97, 2 CDR3 having the amino acid sequence as sat
forth in SEQ 1D NO:98.
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In certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain variable region comprising the amino acid sequencs as set forth in SEQ 1D NO:81.

in other embodiments, the anti-CB45 antibody, or antigen binding portion thereof, comprises & light
chain variable region comprising the amino acid sequence as set forth in SEQ D NO:95.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain variable region comprising the amino acid sequencs as set forth in SEQ 1D NO:81; and
a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D NOG:95.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a heavy
chain comprising tha amino acid sequence as set forth in SEQ 1D NO:98.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a light
chain comprising the amino acid sequence as set forth in SEQ 1D NO:100.

in certain embodiments, the anti-CD45 antibody, or antigen binding pertion thereof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:88; and a light chain comprising the amino
acid segquence as set forth in SEG 1D NO:1100.

in one embodiment, the anti-CD45 antibody described herein is intact.

In certain embodiments, the anti-CD45 antibody fragment is selected from the group consisting of a
Fab, F{ab')2, and an scFv.

in other embodiments, the anti-CD45 antibody, or antigen binding portion thereof, is a human antibody,
or binding fragment thereof.

in other embodiments, the anti-CD45 antibody, or antigen binding portion thereof, comprises an Fe
region comprising at least one amino acid substitution is H435 or 1285/H310/H435 (EU numbering). Inone
embodiment, the Fc region comprises a H435 amino acid substitution is H435A (EU numbering). In other
embodiment, the Fc region comprises [235/H310/H435 amino acid substitutions as set forth as
1235A/H310A/H435A (EU numbering).

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thereof, is an IgG, e.g., an
IgG1 or an igG4.

Also described herein are antibody drug conjugates (ADCs) comprising anti-CD45 antibodies (or
antigen binding fragments), whersin the antibody (or CD45 binding fragmesnt) is coniugated to a cytotoxin via a
linkar.

in one embodiment, an anti-CG345 ADC comprises an anti-CD45 antibody conjugated to a cylotoxin
art RNA polymerase inhibitor. In one embodiment the RNA polymerase inhibiter is an amatoxin,

in one embodiment, an anti-CD45 ADC comprises a cylotoxin which is an amatoxin represented by
Formula (1A)
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wherein Ry is H, OH, ORa, or ORg;
Rz is H, OH, ORs, or ORc;
Raand Rs, together with the oxygen atoms 1o which they are bound, combine to form an optionally substituted
5-membered heterocyclolalkyl group;
Rzis H, Be, or Rp;
R4, Rs, Re and Ry are each indepandently H, OH, ORc, ORp, Re, or Re;
Rsis OH, NH2, ORc, ORp, NHRc, or NRcRo:
HRois M, OH, ORc, or ORp;
Kis -8-, -8{0)-, or -802-;
Rois-L-Z;
Ro is opticnally substituted C4-Gs alkyl, optionally substituted C+-Cs heteroalkyl, optionally substituted Cz-Cs
alkenyl, optionally substituted Co-Cs heteroalkenyl, optionally substituted Co-Ce alkynyl, optionally substituted Ce-
Cs heteroalkynyl, optionally substituted cycloalkyl, optionally substifuted heterocycioalkyl, optionally substituted
aryl, or optionally substittied heterparyi;
L is optionally substituted Gi-Ce alkylene, optionally substituted C1-Ce hetercalkylene, optionally substituted Co-
Ce alkenyiene, optionally substituted C»-Cs hetercalkenylene, opticnally substituted C.-Ce alkynylene, optionally
substituted C2-Cs heteroalkynylene, oplionally substituted cycloalkylens, optionally substituied
hetarocycioalkylene, optionally substituted aryisne, or optionally substituted heteroarylens; and
Z is a chemical moiety formad from a coupling reaction between a reactive substituent presenion L and a
reactive substituent present within the antibody or antigen-binding fragment thereof,
wherain Am comprises exactly one Re substituent.

in one embodiment, an anti-CD45 ADC has a formula of
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wherein Ab represents the point of attachment of the anti-CD45 antibody.
in one embodiment, an anti-CD45 ADC has a formula of
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wherein Ab reprasents the point of attachmant of the anti-CD45 antibody.
in one embaodiment, an anti-CD45 ADC comprises a cytotoxin which is an amanitin, e.g., a-amanitin, B-
amanitin, y-amanitin, e-amanitin, amanin, amaninamide, amanullin, amanullinic acid, and preamanullin.
In one embodiment, an anti-CD45 ADC comprises a cytotoxin selected from the group consisting of an
10 pseudomonas exaotoxin A, deBouganin, diphtheria toxin, saporin, maytansine, a maylansinoid, an auristatin
{e.g., MMAE or MMAF), an anthracycline, a calicheamicin, irinctecan, SN-38, a duocarmycin, a
pyrroicbenzodiazeping, a pyrrolobenzodiazeping dimer, an indolinobenzodiazeping, and an
indolinobenzodiazepine dimer.
In one embodiment, an anti-CD45 ADC comprises a cytotoxin that comprises a benzodiazepine maoiety.
15 In some embodiments, the anti-CD45 ADC comprises a pyrrolobenzodiazepine ("PBD"). In some embodiments,
the anti-CD45 ADC comprises an indolinobenzodiazepine ("IGN").
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In one embodiment, an anti-CD45 ADC comprises an anti-CD45 antibody conjugated fo the toxin by
way of a cysteine residue in the Fc domain of the antibody. in one embodiment, the cysteine residue is
introduced by way of an amine acid substitution in the Fe domain of the antibody. In one embodiment, the
amino acid substitution is D265C and/or V2050 (EU numbering).

in certain embodiments, the anti-CD45 ADC has a drug to antibody ratio (DAR) 011, 2,3,4,5,86,7, or

Alsg included in the invention is a pharmaceutical composition comprising an anti-CD45 antibody or
ADC described herein, and a pharmacsutically acceptabie carrier.

The anti-CD45 antibodies, fragments, and ADCs describad herein can be used in a therapeutic method
in a human patient, including, but not limited to, conditioning treatment prior to transplantation allogensic or
autologous).

in one embodiment, disciosed herein is a method of depleting a popuiation of hematopoietic stem cells
(HSC) in a human patient, the method comprising administering to the patient an effective amount of an anti-
CD45 antibody, fragment, or ADC described herein. In certain embodiments, the method further comprises
administering to the patient a transplant comprising hematopoietic stem cells.

in other embodiments, disclosed herein is a method comprising administering 1o a human patient a
transplant (allogensic or autologous) comprising hematopoietic stem cells, wherein the patient has been
praviously administered an anti-CD45 antibody, fragment, or ADC described herein in an amount sufficient fo
depiete a population of hematopoistic stem cells in the patient. In certain embodiments, the hematopoistic stem
cellis a CD45+ cell.

in yet other embodiments, an anti-CD45 antibody, fragment, or ADC described herein is used o
reat a human patient having a blood disease, a metabolic disorder, cancer, or an auloimmune disease, or
severe combined immunodeficiency disease (SCID).

I one embodimant, an anti-CD45 antibody, fragmeant, or ADC describad herein is administeraed o a
hurnan patient in order to treat leukemia in the human patient.

in other embodiments, disciosed herein is a method comprising adminisiering {o a human patient a
transplant comprising hematopoietic stem cells, wherein tha patient has been previously administered an anti-
D45 antibody, fragment, or ADC described herein in an amount sufficient to deplete a population of immune
calis in the patient. In one embodiment, the immuna cell is a CD137+, CD2+, or CD5+ cell. In other
embodiments, the immune celf isa T cell.

Brief Description of the Figures
Fig. 1 graphically depicts the results of an in vifro binding assay, in which binding of affinity matured
anti-CD45 antibodies and their corresponding parent antibodies (Parents 1-4) were assessed for binding to
human CD45 or cynomolgus CD45. Parent 1 corresponds with Ab1 described herein. Binding was measuraed
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by Bio-Laver interferometry (BL) of the indicated purified igG (sensor-associated) incubated with purified
human GD45 or cynomolgus CD45 ectodomain.

Fig. 2 graphically depicts the results of an in vifro cell binding assay 10 assess binding of the indicated
anti-CD45 antibodies (Ab5S and Ab7) to REH celis, human PBMGC cells, and cynomoigus (“cyne”) PBMC celis.
Abb_D2e5C_LALA_H435A and A7_D265C_LALA_H435A, Fe variants of AbS and Ab7, were used in this study.
A non-targeting isotype lgG having & Fc-modified region (D265C LALA H435A) was assessed as a conirol.

Fig. 3 depicis the results of an D45 apilope mapping study with ths anii-CD45 antibody Ab5S. Depicted
is a schematic of the AbS interaction site on CD45, with the aminc acid sequences {(SEQ ID NQO:115 and SEQ
ID NG:117) surrounding the AbS-epitope notated. Contact residues are highlighted as 405T, 407K, 418Y, 425K,
481R, 505R, and 509H, with the residue numbering referring to the human CD45 fragment represented by SEQ
ID NO113.

Fig. 4 graphically depicts the results of an /in vifro internalization assay assessing internalization of an
anti-CD45 antibody-drug conjugate (ADC) constructed from AbS in human CD34+ bone marrow celis. AbS
D265C. LALAH435A, an Fc variant of AbS, was conjugated to an amaioxin (amatoxin 1 (AM1)) to form AbS-
Al D265C.LALAH435A. The anti-CD45 ADC was conjugated to a pHAD dye that is water soluble, bright,
pholo-sensitive, and pH-reactive. Upon internalizalion, conjugated antibody can move io the acidic
endosome/iyscsome, whare pHAD dye emits ai 563 nM and can be detected by flow cytometry. Human bone
marrow CD34+ celis were incubated on ice for two hours with a saturating concentration of ADC for 0, 2, 24, 48,
or 72 hours. The Iaft panel graphically depicts the level of pHAD over time. A fluorophore-labeled anti-lgG
molecule was used fo assess bound surface higG1 by flow cytometry, from which the percent of surface IgG
was calculated over time, as depicted in the right panel.

Figs. 5A and 58 graphically depicts the resuiis of in vitro cell line killing assays showing that anti-CD45
ADCs constructad from Ab4 and AbS ware effective at killing CD45+ cell lines in vitro (Jurkat (acute T cell
leukemia celllineg, ATCC No. TiIB-152), SKNO-1 (acuie myeloid leukemia cell line JCRB1170), and REH-1 (B
cali non-Hodgkin's lymphoma cell line, ATCC No. CRL-3004)). Ab4 D265C.LALA.H435A and AbS
D265C. LALA H43BA, Fo varianis of Ab4 and AbS, were conjugated to an amatoxin (amaloxin 1 (AM1) or
amaioxin 2 (AM2)} to form Ab4-AM2 D265C LALA H4A35A ("Ab4-AMZ") and AbS-AM1T D265C LALA H435A
(“AbB-AM1"). In Fig. 8&, SKNO1, Jurkat, REH (CD454+), or REH (CD45-/-) cell lines were cultured for seven
days in the presence of Ab53-AM1 or a control, non-targeting isctype matched-ADC (“isotype-AM1”) and cell
viability was measured by luminescence {(y-axis) by Celltiter Glo as a function of antibody concantration (c-axis).
in Fig. 5B, SKNO1, Jurkat, or REH (CD45+) cell lines were cultured for seven days in the presence of Ab4-AM2
or a control, non-targeting isotypa matched-ADC (“isotype-AMZ”") and cell viability was measured based on
luminascence (y-axis) by Celltiter Glo as a function of antibody concentration (x-axis).

Figs. 6A&-6C graphicaily depicts the results of in vitro primary cell killing assays showing that anti-CD45
ADCs constructed from Ab2, Ab4, or AbS were effective ai killing primary human or cynomolgus peripheral
blood mononuclear celis (PBMCs) or human hematopoietic stem cells (HSCs) in vitro. Ab2
D265C . LALA H435A, Ab4 D265C LALA H435A, AbS D265C LALAH435A, Fe variants of Ab2, Ab4, and AbLS,
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were conjugated to an amatoxin (amatoxin 1 (AM1) or amatoxin 2 (AM2)) to form Ab2-AM2 D265C LALA H435A
(“Ab2-AMZ"), Ab4-AMZ D2650C LALAHA35A (“Ab4-AMZ") and ADS-AMT D265C . LALA H435A ("AbS-AM1”). In
Fig. 84, human PBMGs were cullured for seven days in the presence of CD45-AM conjugate (Abs-AM1) ora
control, non-targeting isotype maiched-ADC (“lsotype-AM1”) and cell viability (y-axis) was measured by Celititer
Gio as a function of antibody concentration (x-axis). In Fig. 768 and Fig. 6C, primary human CD34+ bone
marrow cells were cultured for 5 days with an-anti-CD45-ADC {Ab5-AM1 in Fig. 8B; Ab2-AM2 or Ab4-AM2 in
Fig 80C) or Isotype-AM, and live CD34+0D20+ HSC counts {y-axis) were determined by flow cytometry as a
function of antibcdy concentration (x-axis).

Fig. 7 graphically depicis the results of an in vitro primary celi Killing assay showing that an anti-CD45
ADC constructed from Ab2 was effective at Killing non-stimulated (non-dividing) and stimulated (dividing)
peripharal blood mononuciear cells (PBMCs) in vitro. AbZ D265C.LALAH435A, an Fc variant of AbZ, was
conjugated to amatoxin 2 (AM2) to form Ab2-AM2 D265C.LALA H435A (“Ab2-AM2"). Stimulated and non-
stimulated PBMCs were cultured for four days in the prasence of CD45-AM conjugale (Ab2-AM2Z) or a control,
non-targeting isctype maiched-ADC (“Isotype-AM2") and cell viability (y-axis) was measured by Celititer Gio as
a function of antibody concentration (-axis).

Fig. 8 graphically depicts the resulis of an in vitro killing assay showing that an anti-CD45 ADC
constructed from Ab6 was effective at killing macrophages in vitro. Abb D265C.LALAH435A, an Fc variant of
AbS8, was conjugated to amatoxin 1 (AM1) to form Ab8-AM1 D265C LALA H435A ("AbS-AM1”). Macrophages
werg cultured for six days in the presence of CD45-AM conjugate (Ab6-AM1) or a control, non-targeting isotype
matched-ADC (“Isotype-AM17) and cell viability was measurad in luminescence (RLU; y-axis) by Celititer Glo as
a function of antibody concentration (x-axis).

Fig. § graphically depicts the rasults of a sarum stability assay assessing stability of an anti-CD45 ADC
constructed from AbS in human serum (lop panel) or cynomoigus (“cyno”} serum (botiom panel}. Ab5
D265C. LALAH435A, an Fe variant of AbS, was conjugated to amaioxin 1 (AM1) to form Abb-AM1
D265C. LALA HA35A (“AbS-AM1™). To determine if this ADC is stable in serum, the ADC was pre-incubated in
human or cynomolgus (cyno) serum at 37°C for 0 or 72 hours, afler which the ADC was assessed for cali Killing
of REH cells. Percent cell viability {y-axis) of the REH cells was assessed by Cell-titer Glo as a function of
sarum-treated ADC concentration (e-axis).

Figs. 10A~10E graphically depicts the results of an in vivo cell depletion assay showing that short hali-
lite anti-CD45 ADCs constructed from Ab2, Ab3, Ab5, and Ab7 selectively deplete human HSCs and immune
celis in humanized NSG mice. Ab2 D265C.LALA HA35A, Ab3 D265C. LALAH435A, AbS D2685C.LALA.H435A,
and Ab7 D2650C.LALAH435A (Fc varianis of Ab2, Ab3, AbS, and Ab7) were conjugated to amatoxin 1 (AM1) or
Amatoxin 2 (AM2) o form Ab2 D265C.LALAH435A-AMZ (*Ab2-AM2"), Ab3 D265C.LALAHA35A-AMZ (“Ab3-
AMZ”), AbS D265C.LALAHAB5A-AM1 ("AbS-AM1”), and Ab7 D265C . LALA HA35A-AMI("Ab7-AM1"). PBS-
treated mice were assessed as a control. Fig. 10A shows the percentags of human CD3+ T-cells, CD19+ B-
calls and CD33+ myeloid celis relative to basaline in mice 14 days post-administration of anti-CD45-ADCs (Ab2-
AMZ, Ab3-AMZ, AbA-AM2). Fig. 10B shows the percentage of human CD45+ cells in peripheral blood 0, 7, and
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14 days post-administration of anti-CD45-ADCs (Ab2-AM2 or Ab3-AM2). Fig. 10C shows the absolute number
of human CD45 cells (left panel) and human HSCs (right panel} in the bone marrow of humanized NSG mice 14
days post-administration of anti-CD45-ADCs (Ab2-AM2 or Ab3-AM2). Fig. 10D graphically depicis the
percentage and absoclute number of H3Cs (CD34+ celis, CD34+ CD38-, and D34+ CD117+ cells) in the bone
marrow of humanized NSG mice 14 days post-administration of anti-CD45 ADCs (Ab2-AM2 and Ab3-AM2).
Fig. 10E grephically depicis the percentage of human CD45 celis in peripheral blood (relative to baseling), the
absoiuie number of human CD45 celis in bone marrow, and the absolute number of H8Cs (CD34+ CD38- celis)
in the bone marrow of humanized NSG mice 14 days post-administration of anti-CD45-ADCs (Ab5-AMT or Ab7-
AbT).

Figs. 114 and 118 graphically depict the results of an in vivo cell depletion assay showing that short
half-life anti-CD45-amatoxin ADCs constructed from Ab4, AbS, and Ab7 effectively deplete non-human primate
HSC and immune cells in vivo. Ab4 D265C LALAHA3EA, AbS D285C . LALA HA35A, and Ab7
D2e5C. LALA H435A (Fo variants of Abd, AbS, and Ab7) ware conjugated io amatoxin 1 (AM1) to form Ab4
D265C LALA H435A-AMZ ("Ab4-AM1"), AbS D265C LALA H43BA-AMT ("ALS-AM1"), and Ab7
D265C.LALA HAZBA-AM1("Ab7-AM1"). Fig. 11A graphically depicts the absclule number of lymphoid cells in
the peripheral blood of cynomolgus monkeys at 72 hours post-administration of an anti-CD45 ADC (Ab5-AM1 or
Ab7-AM1 at 0.5 ma/kg or 2 mg/kg). Fig. 11B graphically depicts the levels of white blood cells, HSCs, and
lymphocytes in the bone marrow of cynomolgus monkeys on Day 7 post-administration of an anti-CD45 ADC
{Al4-AM1 at tmg/kg or AbS-AM1T at 0.5 or 2 mg/kg).

Fig. 12 graphically depicts the results of a pharmacokinetic analysis in cynomolgus macaques of short
half-life anti-CD45 ADCs constructed from Ab4. Ab4 D265C . LALA H435A, an Fo variant of Ab4, was
conjugatad to Amatoxin 1 (AMT1) or Amatoxin 2 (AM2) to form Abd D285C . LALA HA35A-AMT (“Ab4-AMT") and
Ab4 D265C. LALA HA35A-AM2 (“Ab4-AM2”). The mean plasma drug concentration (y-axis) of each ADC was
monitored over time (x-axis).

Fig. 13 graphically depicts the results of a polyspecificity reagent (PSR) assay assessing binding of
humanizad clones darived from Parent Clones A, B, and C of Exampla 15 to a mixture of membrane and
cytosolic proteins.

Fig. 14 graphically depicts the resuits of an in vitro cell binding assay 1o assess binding of anti-CD45
antibodies AbA, AbB, and AbC (identified in Example 15) to human PBMC celis and cynomolgus (“cyno”) PBMC
celis.

Fig. 15 depicts the results of an CD45 epitope mapping study with the anti-CD45 antibody AbA,
identified in Example 15. Depicted is a schamatic of the AbA interaction site on CD45, with the amino acid
sequence (SEQID NO:117) surrounding the AbA epitope notated. Contact residues are highlighted as 486R,
483Y, and 5027, with the residue numbering referring to the human CD45 fragment represented by SEQ 1D
NO113.

Fig. 16 graphically depicts the results of an in vitro internalization assay assassing internalization of an
anti-CD45 antibody-drug conjugate (ADC) constructed from AbA in human CD34+ bone marrow celis.
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AbA_D285C_LALA_H435A, an Fe variant of AbA was conjugated to an amatoxin (amatoxin 1) to form
AbA_D265C LALA _H435A-AM1, an anti-CD45 ADC. The anti-CD45 ADC was conjugated to a pHAD dye that
is water solubile, bright, photo-sensitive, and pH-reactive. Upon internalization, conjugated antibody can move
fo the acidic endosome/lysosoms, whare pHAD dye emits at 5683 nM and can be delectad by flow cytometry.
Human bone marrow CD34+ celis were incubated on ice for two hours with a saturaling conceniration of ADC
for 0, 2, 24, 48, or 72 hours. The left panel graphically depicts the level of pHAD over time. A fluorophore-
labeled anti-lgG molecule was used to assass bound surface higG1 by flow cytomelry, from which the parcent
of surface IgG was calculated over time, as daepicted in the right panel,

Fig. 17A and 17B graphically depict the resulis of in vitro primary cell Killing assays showing that anti-
D45 ADCs constructed from AbA were effective at killing primary human or cynomolgus peripheral blood
mononuclear cells (PBMOCs) in vitro. AbA_D265C_LALA_H435A, an Fc variant of AbA was conjugated to one of
two amatoxins, i.e., amatoxin 1 {AM1) or amatoxin 2 (AM2) to form AbA_D265C _LALA_HA4A35A-AM1T or
AbA_D265C_LALA_H435A-AMZ2. Human PBMCs were cultured for seven days in the prasence of the indicated
CD45-AM conjugate (AbA_D265C_LALA-H435A-AMT (Fig. 174} or AbA_D265C_LALA-H435A-AM2 (Fig.
17B)) or a control, non-targeting isotype maiched-ADC (“lsotype-AM1” or “Isotype-AMZ2”) and cell viability (v-
axis) was measured by Celititer Glo as a function of antibody concentration (x-axis).

Fig. 18 graphically depict the results of in vitro primary cell kiliing assays showing that anti-CD45 ADCs
constructed from AbA were effective at killing human hematopoietic stem celis (HSCs) in vitro. Fc variants of
AbA, AbA_D2650C_LALA_H435A and AbA_D265C_LALA_1HH were conjugated to amatoxin 1 (AM1), amatoxin
2 (AM2), or PBD to form AbA_D265C_LALA H435A-AM1, AbA_D265C LALA H435A-AM2, or
AbA_D265C_LALA _[HH-PBD. Primary human CD34* bone marrow cells were cultured for 5 days in the
presence of tha indicated ADCs (AbA_D265C_LALA_ H485A-AM1, and AbA_D265C_LALA_IHH-PBD) or an
Isotype control. Live CD34+0D90+ HSC counts {y-axis) ware determined by flow cytometry as a function of
antibody concentration (x-axis).

Fig. 18 graphically depicts the results of an in vitro killing assay showing that an anti-CD45 ADC
constructed from AbA was effective at killing macrophages in vitro. AbA_D265C_LALA_H435A, an Fc variant of
AbA was conjugated to amatoxin 1 (AMT) to form AbA_D265C_LALA_H435A-AM1, a CD45 ADC. Macrophages
ware cultured for six days in the presencs of the ADC (AbA_D285C_LALA_H43BA-AM1)} or a control, non-
targeting isotype maiched-ADC (“Isotype-AM17) and cell viability was measured in luminescence (RLU; y-axis)
by Celititer Glo as a function of antibody concentration (x-axis).

Fig. 20 graphically depicis the resulis of an in vivo depletion assay in humanized NSG mice treated with
an anti-CD45 antibody drug conjugate (AbA-PBD), in which depletion of human cells in peripheral blood was
assessed. hNSG mice were administerad the indicated single doses of either vehicle (PRS), Isotype control-
PBD ("lso-PBD), or CD45-PBD (ADA-PBD). Peripheral blood was coliected at the indicated time points and
evaluated for total human hematopoietic cell content (hBzM*), myeloid cell content (CD33+), B cell content
(CD19Y), and T celt content {CD3*). The results are presented as parcent deplstion normalized to baseline.

28



o

15

20

25

a3
(93]

WO 2021/087368 PCT/US2020/058373

Fig. 21 graphically depicts the resuls of an in vivo depletion assay in humanized NSG mice treated with
an anti-CB458-ADC (AbA-PBD), in which depletion of human cells in bone marrow was assessed. hNSG mice
were adminisiered the indicated single doses of either vehicle (PBS), Isotype-PBD, or CD45-PBRD (AbA-PRBD).
BM samples were collected at Day 14 post ireatment and evaluated for human progenitor celifHSC contant.
The results are presented as percentage of human cells and absoiute number/femur.

Fig. 22 graphically depicts the resuits of an in vivo depletion assay in humanized NSG mice treated with
an anti-CD45-ADC (AbA-PBD), in which depletion of human CD45+ celis, double-positive (DF) thymuoceyies,
mature CD4+ single-positive (8P} thymocytes, or mature CD8* single-positive (SP) thymocytes was assessed 14
days post-treatment. hNSG mice were administered the indicated single doses of either vehicle (PBS), Isolype-
PBD, or CD48-PRBD (AbA-PBD).

Fig. 23 graphically depicts the resuits of an /n vivo depletion assay in humanized NSG mice treated with
an anti-CD45 antibody drug conjugate (AbA-IGN), in which depletion of human cells in peripheral biood was
assessed. hNSG mice were administerad the indicaled single doseas of either vehicie (PBS), Isotype control-
IGN {"Iso-IGN™}, or CD45-1GN (AbA-IGN). Paripheral blood was collected at the indicated time points and
evaluated for total human hematcpoistic celi content (hfi2M+), myeloid cell content (CD33+), B cell content
(CD19%), and T cell content (CD3%). The results are presented as percent depletion normalized to baseline.

Fig. 24 graphically depicts the results of an in vivo deplation assay in humanized NSG mice treated with
CD45-1GN, in which depletion of human cells in bone marrow was assessed. hNSG mice were administerad
the indicated single doses of gither vehicle (PBS), isotype-IGN, or CD45-IGN. BM samples were collected at
Day 14 post freatment and evaluated for human progenitor cel/HSC content. The results are presented as
percentage of human cells and absolute number/femur.

Fig. 25 graphically depicts the resulis of an in vivo depletion assay in humanized NSG mice treated with
AbA-IGN, in which depletion of human CD45+ ceiis, double-positive (DP) thymocytes, mature CD4* single-
positive (SP) thymocytes, or mature CD8* single-positive (8P) thymocytes was assessed. hNSG mice wers
administered ths indicated single doses of either vehicle (PBS), Isotype-iGN, or AbA-IGN.

Fig. 26 graphically depict the resuits of an in vivo cell depletion assay showing that an anti-CD45-
amatoxin ADC constructed from AbA efiectively depleted non-human primate HSC and immune celis in vivo.
AbA_D2e5C LALA H435A, an Fe variant of AbA (modifications in the Fe region were introduced to dsacrsass
the half-life) was conjugated to amatoxin 1 (AM1) or amatoxin 2 (AM2) to form AbA_D265C_LALA_H435A-AM1
{"CD45 ADC-AM1”) or AbA_D265C_LALA _H435A-AM2Z (“CD45 ADC-AMZ"). The levels of white blood calls,
HSCs, and immune cells (B-cells, T-cells, and Myeloid celis) in the bone marrow of cynomolgus monkeys were
measured af the indicated times (Day €. Day 14, Day 20, and Day 28} post-administration of a single 1mg/kg
injaction of the indicated ADCs.

Fig. 27 graphically depicts the resulls of a pharmacokinetic analysis in cynomolgus macaques of an
anti-CD45 ADC constructed from AbA. AbA_D285C LALA_H435A, an Fo variant of AbA {modifications in the
Fc region wera introduced to decrease haif-life) was conjugalsd to amatoxin 1 (AM1) or amaloxin 2 (AM2) to
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form AbA_D265C_LALA_H435A-AMT ("CD45 ADC-AM1T") or AbA_D265C_LALA_H435A-AMZ {("CD45 ADC-
AMZ”). The mean plasma drug concentration (y-axis) of each ADC was monitorad over time (x-axis).

Fig. 28 graphically depicts the resulis of an in vivo murine study showing that a single dose of AbA-AM
ADC is cytoraductive on patient-darived tumors and extends survival beyond standards of cars across a panel
of models fo mimic untreated and refraciory disease. Patient derived xenograft {(PDX) models of AML [AML #1
{derived from a freatment naive patient), AML #2 (derived from a heavily pre-treated relapsed refractory patient
post allogeneic HSCT}], and T-ALL {(derived from a patient progressing post DHAP chemotherapy), along with a
celi line derived ALL mode! of an immortalized cell line (REH-Luc) were systemically inoculated into immune
deficient mice (NSG-SGM3, or NSG). Treatment began when paripheral tumor burden of PDX (n=3-5/group),
and CDX mice reached 2-16% blast in the peripheral blood or day 5 post implant for the REH-iuc model
{n=10/group). Single doses of the anti-CD45-ADC (1, 3, 6, or 10 mg/kg) ware compared to vehicle (PBS) or
isctype-AM (6, or 10 mg/kg), and comparable 1o clinically validated standard of care regiments of Ara-c (30
mg/kg QDx5, 1V), dexamethasone (5 mgkg Q3Dx8, IP), or doxorubicin (3 mg/kg QWXSE, 1V). Tumor burden ovar
the course of the study is shown.

Figs. 28A-29C graphically depict the results of an in vivo murine study showing that short half-life
CD45-ADC (AbA-AM) increases median survival in the REH-Luciferase ALL Xenograft Model. Fig. 28A
graphically depicts percent survival as a function of days post implant for mice in the indicated treatment groups.
Fig. 298 graphically depicts the level of radiance (mean & SEM) in the REH-luciferase over the time course of
the study in the indicated treatment groups. Fig. 29C are representative bicluminascence signal pseudo
colored images captured on day 22-23 post-implantation for all treatment groups.

Figs. 304 and 30B graphically depict the resuits of an in vivo murine study showing that short half-life
CD45-ADC (AbA-AM) decrsases Peripheral Leukemia Cells resuiting in tumor growth delay in a T-ALL PDX
Muodel. Fig. 30A graphically depicts percent survival as a function of days post implant for mice in the indicated
treatmeant groups. Fig. 30B graphically depicts percent tumor burden (hCD45+) in peripheral blood as a
function of days post implant for mice in each of the indicated treatment groups.

Figs. 31A-31D graphically depict the resulis of an in vivo murine study showing that short half-life
CD45-DC (AbA-AM) effectively depletes human leukemic cells in two patient derived AML models. Figs. 31A
and 318 graphically depict percent survival as a function of days post implant for PDX modeat AML #1 mice (Fig.
314) or PDX model AML #2 mice (Fig. 318) in the indicated treatment groups. The inset in each of Figs. 314
and 318 depicts a flow cytometry analysis of each AML PDX model to assess CD117 and CD45 cell swiface
expression on splenocytes from diseased mice. Figs. 31C and 31D graphically depict percent tumor burden
{(hCD45+) in paripheral blood as a function of days post implant for PDX model AML #1 mice (Fig. 31C) and
PDX mode! AML #2 mice (Fig. 31D) in each of the indicated trealment groups.

Fig. 32 depicts a multiple sequance alignment of the heavy chain variable regions and the light chain
variable regions of anti-CD45 antibodies Ab1, Ab2, Ab3, Ab4, AbS, AbS, and Ab7. The CDRs of each variable
ragion are indicated in bold type.
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Detailed Description

Disclosed herein are novel anti-CD45 antibodies, antigen binding fragments thereof, and conjugates
thereof (e.g., antibody drug conjugates; ADCs) that are uselful, e.g., because they cross-react between human
CD45 and non-human primate CD45. Further, anti-CD45 antibodies, and fragments thereof, described herein
can be used as therapeutic agents. For example, anti-CD45 antibodias, fragments thereof, and anti-CD45
ADCs can be used to treal patients with conditions for which dapletion of CD45+ cells is benelicial, including,
but not limited to, leukemias and lymphomas, as well as patients with autoimmune diseases such as muitiple
sclerpsis and scleroderma. In addition, the anti-hematopoistic call antibodies {anti-CD45 antibodies} included
hereincri are usefui in hamatopoietic stem cell therapies. For exampie, the antibodies or ADCs herein are useful
in conditioning procedures, in which a patient is prepared for receipt of a transplant including hematopoietic
stem cells. Such procedures promaote the engrafiment of a hematopoietic stem celi transplant. According to the
methods dascribed herein, a patient may bs conditioned for hematopoietic stem cell transplant therapy by
administration to the patient of an anti-CD45 ADC, antibody or antigen-binding fragmant thereof capable of
binding CD45 (e.g., CD45 expressad by hematopoietic cells {e.g., hamalopoietic stem cells or mature immune
celis {e.g., T celis)). As described herein, the anti-CD45 antibody may be covalently conjugated to a cylotoxin
50 as to form an antibody drug conjugate (ADG). Administration of an ADC capable of binding CD45 0 a
patient in need of hemalopoietic stem cell fransplant therapy can promote the engrafiment of a hematopoietic
stem cell grafi, for example, by selectively depleting endoganocus hamalopoietic stem cells, thereby craating a
vacancy filled by an exogenocus hematopoietic stem cell fransplant.

The sections that follow provide novel anti-CD45 antibodies, and fragments theraof, that have unigue
proparties, e.g., cross reaciivity with both human and non-human primats CD45. The sactions that follow also
provide a description of the anti-CD45 antibodies, or conjugates therect, that can be administered to a patient,
such as a patient suffering from a cancer or auicimmune disease, or a patient in need of hemalopoietic stem
cell fransplant therapy in order {o promote engrafiment of hematopoietic stem cell grafts, as well as methods of

administering such therapeutics to a patient (e.g., prior to hemalopoietic stem cell transplantation).

Dsfinitions

As used herein, the term “about” refers 1o a value that is within 5% abaove or below the value being
described. For example, the term “about 100 nM” indicales a range of 95-105 nM.

As used herein, the term "aliogeneic”, in the context of fransplantation, is used to define a transplant
{.g., cells, tissue or an organ transplant) that is transplanted from a donor 1o a recipient, wherein the racipient is
a different individual of the same species, relative to the donor.

As used herain, the term “auiologous”, in the context of transpiantation, refers to a transplant where the
donor and recipient are the same individual, i.2., the same subject.

As used herein, the term "xenogeneic”, in the contexi of transplantation, refers o a transpiant where the

donor and recipient are of differant species.
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As used herein, the term “immune cell” is intended to include, but is not limited to, a cell that is of
hematopoistic origin and thal plays a role in the immune response. Immune cells include, but are not limited to,
T celis and natural Killer (NK) celis. Natural killer cells are well known in the art. In ong embodiment, natural
killer cells include cell lines, such as NK-82 cells. Further examples of NK cell lines include NKG, YT, NK-YS,
HANK-1, YTS cells, and NKL cells. An immune cell can be allogeneic or auiclogous.

As used herein, the term “antibody” refars to an immunogliobulin molacule that specifically binds to, oris
immunologically reactive with, a parlicular antigen. An antibody includes, but is not limited o, monocional
antibodies, poiyclonal antibodies, mullispecific antiboedies (e.g., bispecific antibodias), and antibcdy fragments
50 long as they exhibit the desired antigen-binding activity.

Generally, antibodies comprise heavy and light chains containing antigen binding regions. Each heavy
chain is comprised of a heavy chain variable region (abbraviated herain as HOVR or VH) and a heavy chain
constant region. The heavy chain constant region is comprised of three domains, CH1, CH2 and CH3. Each
light chain is comprised of a light chain variable region (abbreviated herein as LOVR or VL) and a light chain
constant region. The light chain constant region is comprised of one domain, CL. The VH, and VL regions can
be further subdivided into regions of hyparvariability, termed complementarity datermining regions (CDRs),
interspersed with regions that are more conserved, termed framework regions (FR). Each VH and VL is
composed of three CDRs and four FRs, arranged from amino-terminus to carboxyl-terminus in the foliowing
order: FR1, CDR1, FR2, CDR2, FR3, CDRE, FR4. The variable regions of the heavy and light chains contain a
binding domain that interacts with an antigen. The constant regions of the antibodies can madiate the binding of
the immunoglobulin to host tissues or factors, including various cells of the immune system (e.g., effector cells)
and the first component (Clg) of the classical complement system.

The term “antigen-binding fragment,” or “antigen binding portion” of an antibody, as used herein, refers
to one or more portions of an antibody that retain the ability to specifically bind to a target antigen. Tha antigen-
binding function of an antibody can be performed by fragmenis of a full-length antibody. The antibody
fragments can be, for example, a Fab, F{ab'}2, scFv, diabody, a trigbody, an affibody, a nanobedy, an aptamer,
or a domain antibody. Examples of binding fragmenis encompassed of the term “antigen-binding fragment” of
an antibody include, but are not limitad {o: (i} a Fab fragment, a monovalent fragment consisting of tha VL, VH,
CL, and CH1 domains; (i) a F{ab')2 fragment, a bivalent fragment containing two Fab fragments linked by a
disulfide bridge at the hinge region; (i) a Fd fragment consisting of the VH and CH1T domains; {iv) a Fv fragment
consisting of the VL and VH domains of a single arm of an antibody, (v} a dAb including VH and VL domains;
{vi) a dAb fragment that consists of a VH domain (see, e.g., Ward et al., Nature 341:544-546, 1989); (vii) a dAb
which consists of a VH or a VL domain; {vili) an isclated complementarity determining region (CDR); and {ix) a
combination of two or more {8.q., two, three, four, five, or six) isolated CDRs which may optionally be joined by a
synthetic linker. Furthermore, although the two domains of the Fv fragment, VL and VH, are coded for by
separale genes, they can be joined, using recombinant methods, by a linker thal enables them to be made as a
single protein chain in which the VL and VH regions pair to form monovalent molecules (known as single chain

Fv {(scFv); see, for exampie, Bird et al,, Science 242:423-426, 1983 and Huston et al,, Proc. Natl. Acad. Sci.
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USA 85:5879-5883, 1988). These antibody fragments can be obtained using conventional techniquas known to
those of skill in the art, and the fragments can be screened for utility in the same manner as intact antibodies.
Antigen-binding fragments can be produced by recombinant DNA fechnigues, enzymatic or chemical cleavage
of intact immunogiobuling, or, in cartain casss, by chemical peplide synthesis proceduras known in the art

An “intact” or “ull length” antibody, as used herein, refers o an antibody having two heavy (H) chain
polypeptides and two light (L) chain polypeptides interconnected by disulfide bonds. in certain embodiments, a
foxin can be conjugated to an intact anti-CD45 antibody having heavy and/or light chain amino acid sequencas
described herein.

The term "monoclonal antibody” as used herein refers to an antibody that is derived from a single
clone, including any eukaryotic, prokaryotic, or phage clone, by any means available or known in the art, and is
not limited to antibodies produced through hybridoma technology. Monoclonal antibodies useful with the present
disclosure can be prepared using a wide variety of techniguas known in the art including the use of hybridoma,
recombinant, and phage display technologies, or a combination thereof.

The terms “Fc region,” "Fc domain,” and "igG Fc domain” as used herein refer to the portion of an
immunoglobuiin, e.g., an IgG molecule, that correlates to a crystallizable fragment obtained by papain digestion
of an IgG molecule. The Fe region comprises the C-terminal half of two heavy chains of an igG moleculs that
are linked by disulfide bonds. It has no antigen binding activity but contains the carbohydrate moiety and binding
sites for complement and Fc receplors, including the FeRn receptor (see below). For example, an F¢ domain
contains the entire second constant domain CH2 {residuas at EU positions 231-340 of igG1) and the third
constant domain CH3 (residues at EU positions 341-447 of human IgG1). As used herein, the Fc domain
includes the “lowsr hinge region” (residues at £EU positions 233-239 of IgG1).

Fc can refer to this region in isolation, or this region in the context of an antibody, antibody fragment, or
Fc fusion protein. Polymorphisms have been observed at a number of positions in Fc domains, including but not
limited to EU positions 270, 272, 312, 315, 356, and 358, and thus slight difierences betwesn the ssquences
presented in the instant application and sequences known in the art can exist. Thus, a "wild type IgG Fc
domain” or "WT lgG Fc domain” refers to any naturally occurring lgG Fe region (i.e., any aliele). Ths sequences
of the heavy chains of human IgG1, igG2, IgG3 and IgG4 can be found in a number of sequance databases, for
example, at the Uniprot databass {(www uniprot.org) under accassion numbers PG1857 (IGHGT_HUMAN],
PO1859 (IGHG2_HUMAN), PO1860 (IGHG3_HUMAN), and PO1861 (IGHGT_HUMAN), respectivaly.

The terms "modified Fc region” or "variant Fc region” as used herein refars to an IgG Fc domain
comprising one or more amino acid substitutions, deletions, insertions or modifications introduced at any
position within the Fc domain. In certain aspects a variant 1gG Fc domain comprises one or mors aming acid
substitutions resulting in decreased or ablated binding affinity for an Fe gamma R and/or Clg as compared to
the wild type Fc domain not comprising the one or more amino acid substitutions. Further, Fo binding
interactions are essential for & variety of effector functions and downstream signaling evenis including, but not
limited to, antibody dependent celi-meadiated cylotoxicity (ADCC) and complement dependent cytotoxicity
{CDC). Accordingly, in certain aspects, an antibody comprising a variant Fc domain (e.g., an antibody, fusion
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protein or conjugate) can exhibit altered binding affinity for al least one or more Fe ligands (e.g., Fe gamma Rs)
reiative 10 a corresponding antibody otharwise having the same amino acid sequence but not comprising the
one or more amino acid substitution, deletion, insertion or modifications such as, for example, an unmodified Fe
region containing naturally occurring amine acid residues at the corresponding position in the Fc ragion.

Variant F¢ domains are defined according to the amino acid modifications that compose them. For ail
amino acid substitutions discussed herein in regard to the Fc region, numbering is always according to the EU
index as in Kabat. Thus, for example, D285C is an Fc variant with the aspartic acid (D} at EU position 265
substituted with cysteine (C) relative to the parent F¢ domain. |t is noted thal the order in which substitutions are
provided is arbitrary.

The terms "Fc gamma receptor” or "Fc gamma R" as used herein refer to any member of the family of
proteins that bind the IgG antibody Fe region and are encoded by the FegammaR genes. In humans this family
inciudes but is not limited to FegammaRi (CD64), including iscforms FegammaRia, FegammaRib, and
FegammaRle; FegammaRi (CD32), including isoforms FegammaRiia (including allotypes H131 and R131),
FegammaRHb (including FegammaRiib-1 and FegammaRiib-2), and FegammaRlic; and FegammaRiii {CD16),
including isoforms FegammaRHia (including allotypes V158 and F158) and FegammaRiib (including allotypes
FegammaRHb-NAT and FegammaRIb-NAZ), as well as any undiscovered human FegammaRs or FegammaR
ispforms or allotypes. An FegammaR can be from any organism, including but not limited to humans, mice, rats,
rabbits, and monkeys. Mouse FegammaRs include but are not limited {o FegammaRi (CD84), FegammaRll
{CD3&2), FegammaRill (CD16), and FegammaRil-2 (CD16-2), as well as any undiscovered mouse FegammaRs
or FegammaR iscforms or allotypes.

The term "sffector function” as used herein refers to a biochemical event that resulis from the interaction
of an Fc domain with an Fe receptor. Effector functions include but are not limited to ADCG, ADCP, and CDC.
By "effector cell” as usad herein is meant a cail of the immune systam that expressas or cne or more F¢
receptors and mediatas one or more effector functions. Effector cells include but are not limited to monocytes,
macrophages, neutrophils, dendritic cells, sosinophils, mast cells, plateiets, B cells, large granular lymphocyles,
Langerhans' cells, natural killer (NK) cells, and gamma-delta T cells, and can be from any organism included but
not fimited to humans, mice, rats, rabbits, and monkeys.

The term "silent”, "silenced”, or “silencing” as used herain refars to an antibody having a modified F¢
region described herein that has decreased binding to an Fc gamma receptor (FeyR) relative to binding of an
identical antibody comprising an unmodified Fc region to the FeyR {e.g., a decrease in binding to a FeyR by at
least 70%, at least 80%, at least 90%, al ieast 95%, at least 98%, at least 89%, or 100% relative to binding of
the identical antibody comprising an unmodified Fc region to the FoyR as measurad by, e.g., BLE. Insoms
embodiments, the Fc silenced antibody has no detectable binding to an FeyR.  Binding of an antibody having a
modified Fc region {o an FeyR can be determined using a variely of technigueas known in the art, for example but
not limited to, equilibrium methods (g.g., enzyme-linked immunoabsorbent assay (ELISA); KinExA,
Rathanaswami et al. Analytical Biochemistry, Vol. 373:52-80, 2008; or radicimmunoassay (RIA}), or by a
surface plasmon resonance assay or other mechanism of kingtics-based assay (e.g., BIACORE.RTM. analysis
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or Octet™ analysis (forteBIO)), and other methods such as indirect binding assays, competitive binding assays
fluorescence resonance energy transier (FRET), gel elecirophorasis and chromatography (e.g., gel filtration).
These and other methods may utilize a label on one or more of the components being examined and/or employ
a variety of detection methods including but not limitad to chromogenic, fluorescent, luminescent, or isotopic
labels. A detailed description of binding affinities and Kinetics can be found in Paul, W. &, ed., Fundamental
immunology, 4th Ed., Lippincoti-Raven, Philadeiphia (1898}, which focuses on antibody-immunogen
interactions. One example of a competitive binding assay is a radicimmunoassay comprising the incubation of
labeled antigen with the antibody of intarest in the presence of increasing amounts of unlabeled antigen, and the
detection of the antibody bound to the labeled antigen. The aifinity of the antibody of interast for a particular
antigen and the binding off-rates can be determined from the data by scatchard plot analysis. Competition with a
second antibody can also be determined using radicimmunecassays. In this case, the antigen is incubated with
antibody of interest conjugated tc a labeled compound in the presence of increasing amounts of an unlabeled
sacond antibody.

As used herein, the term “identical antibody comprising an unmodified Fc region” refers {o an antibody
that lacks the recited amino acid substitutions (e.g., D285C,H435A), but otherwise has the same aminc acid
sequence as the Fc modified antibody to which it is being compared.

The terms "antibody-dependent cell-mediated cytotoxicity” or "ADCC” refer to a form of cytotoxicity in
which a polypeptide comprising an F¢ domain, e.g., an antibody, bound onto Fc receptors (FcRs) present on
ceriain cytotoxic calls (e.g., primarily NK cells, neutrophils, and macrophages) and enables these cylotoxic
efiector cells to bind specifically to an antigen-bearing "target cell" and subsequently kill the target cell with
cytotoxing. (Hogarth et al., Nature review Drug Discovery 2012, 11:313} it is contemplated that, in addition to
antibodies and fragmenis thereof, other polypeptides comprising Fc domains, e.g., Fe fusion proteins and Fe
conjugate protains, having the capacity o bind specifically to an antigen-bearing target cell will be able to aflect
cell-meadiated cylotoxicity.

For simpilicity, the cell-madiated cylotoxicity resulting from the activity of a polypeptide comprising an Fc
domain is aiso referred to herein as ADCC aclivity. The ability of any particular polypeptide of the present
disciosure 1o madiate lysis of the target cell by ADCC can be assayed. To assess ADCC activity, a polypeptide
of interast (e.g., an antibody) is added to target cells in combination with immune effector cells, resulting in
cytolysis of the target cell. Cytolysis is generally detected by the release of label (e.g., ragdicactive substrates,
fluorescent dyes or natural intraceltular proteins) from the lysed cells. Useful effector cells for such assays
include peripheral blood mononuclear cells (PBMC) and Natural Killer (NK) cells. Specific examples of in vitro
ADCC assays are described in Bruggemann et al., J. Exp. Med. 166:1351 (1987); Wikkinson et al., J. immunol.
Methods 258:183 {2001); Patel et al., J. Immunol. Methods 184:29 (1995). Alternatively, or additionally, ADCC
activity of the antibody of interest can be assessed in vivo, e.g., in an animal model such as that disclosad in
Clynes et al,, Proc. Natl. Acad. Sci. USA 95:652 (1998).

As used herein, the terms “condition” and “conditioning” refer to processes by which a patient is
prepared for receipt of a transplant, e.g., a transplant containing hematopoietic stem celis. Such procedures
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promote the engraftment of a hematopoietic stem cell transplant (for instance, as inferred from a sustained
increase in the guantity of viable hemalopoietic stem cells within a blood sample isolated from a patient
following a conditioning procedure and subsequent hematopoistic stem cell transplantation. According to the
methods describad herein, a patient may be conditionad for hematopoiatic stem cell transplant therapy by
administration to the patient of an ADGC, antibody or antigen-binding fragment thereof capable of binding CD45
expressad by hematopoietic stem cells. As described harein, the antibody may be covalently conjugated to a
cylotoxin so as to form a drug-antibody conjugate. Adminisiration of an antibody, antigen-binding fragment
thereof, or ADC capable of binding the foregoing antigen 1o a patient in need of hematopoistic stem celi
transplant therapy can promote the engraftiment of a hematopoistic stem celi graft, for example, by selectively
depieting endogenaus hematopoietic stem cells, thereby creating a vacancy filled by an exogencus
hematopoietic stem cell transplant.

As used herein, the term “effective amount” or "therapeutically effective amount” refers to an amount of
a therapeutic agent, e.g., an anti-CD45 ADC, that is sufficient to achieve the desired result in the contexd of
treating, preventing, amelicrating, or reducing the symptoms of a disease or disorder in a patient. For example,
in some smbodiments, a therapeutically effective amount of an anti-CD45 antibody or ADC is an amount
sufficient to reduce or deplete a population of CD45+ cells in a patient. In other embodiments, a therapeutically
effective amount of an anti-CD45 antibody or ADC is an amount sufficient to condition a patient for receipt of a
hematopoietic stern cell transplant. In such embodiments, the therapeutically etfective amount can be, for
example, an amount sufficisnt to selectively deplete endogencus hamaiopoietic stem cells from the patient,
ard/or an amount sufficient o promoete the engraliment of a hematopoietic stem cell transplant in the patient. In
other embodiments, a therapeutically effective amount of an anti-CD45 antibody or ADC is an amount sufficient
o have an effect on an autoimmune disease or cancer in a human patient.

As used herein, the term “half-life” refers to the time it takes for the plasma concentration of the antibody
drug in the body to be reduced by one half or 50% in a subjact, e.g., a human subject. This 50% reduction in
sarum concentration reflects the amount of drug circulating.

As used herein, the phrase “substantially cleared from the blood” refers o a point in time following
administration of a therapautic agent (such as an anti-CD45 antibody, or antigen-binding fragment thersof) tc a
patient when the concentration of the therapeutic agent in a blood sample isolaled from the patient is such that
the therapeutic agent is not detectable by conventional means {(for instance, such that the therapeutic agent is
not detectable above the noisa threshold of the device or assay used to delect the therapeutic agent). A variety
of technigues known in the art can be used to detect antibodies, or antibody fragments, such as ELISA-based
detection assays known in the art or described herein. Additional assays that can be used to detect antibodies,
or antibody fragments, include immunoprecipitation techniques and immunobiot assays, among others known in
the arl.

The terms "specific binding” or "specifically binding", as used herein, refers to the ability of an antibody
to recognize and bind to a speciiic protein structure (epitope) rather than to protsins generally. If an antibody is
specific for epitope "A", the prasence of a molecule containing epitope A (or free, unlabeled A), in a reaction
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containing labeled "A" and the antibody, will reduce the amount of labeled A bound to the antibody. By way of
example, an antibody "binds specifically” o a target if the antibody, whean labeled, can be competed away from
its targst by the corresponding non-labeled antibody. In one embodiment, an antibody specificaliy binds to a
target, e.g., CD45, if the antibody has a Kp for the targst of at isast about 104 M, 10° M, 106 M, 107 M, 108 M,
100 M, 10719 M, 1077 M, 102 M, or less (less meaning a number that is less than 1072 e.g. 1073, In one
embodiment, the term "specific binding 1o CD45” or "specifically binds to CD45," as used herein, refers to an
antibody or that binds to CD45 and has a dissociation constant (Ko) of 1.0 x 107 M or less, as determinad by
surface plasmon rescnance. In one embodiment, Ko (M) is determinad according to standard bio-layer
interferometery (BLD. In one embodiment, Kor (1/8) is delermined according to standard bio-layer
interferometery (BL1). It shall be understood, however, that the antibody may be capable of specifically binding
o two or more antigens which are related in sequence. For example, in one embodiment, an antibody can
specifically bind to both human and a non-human (e.g., mouse, cynomoigus or non-human primate) orthologs of
CD45. Thusg, as used hersin, an antibody that "specifically binds to human CD45" is inlended to rafer to an
antibody that binds to human CD45 (and possibly CD45 from ong or more non-human species, such as
cynomolgus) but does not substantially bind to non-CD45 proteins. Preferably, the antibody binds o human
CD45 with a Ko of 1x107 M or less, a Ko of 5x10¢ M or less, a Ko of 3x10% M or less, & Ko of 1x10° M or less,
or a Kp of 5x10° M or less.

Asg used herein, the term “human antibody” is intended {o include antibodies having variable regions
derived from human germiing immunoglobulin sequences. In embodiments in which a human antibody contains
a constant region, the constant region can likewise be derived from human germiine immunogiobulin
saguences. A human antibody may include amino acid residues not encoded by human germline
immunoglobulin seqguences {e.g., mutations introduced by random or site-specific mutageneasis in vitro or during
gene rearrangement or by somatic mutation in vivo). However, the term "human antibody”, as used hergin, is
not intended to include antibodies in which CDR seguences darived from the garmiine of another mammalian
species, such as a mouse, have been grafied onto human framework sequencas. A human antibody can be
produced in a human cell {for example, by recombinant expression) or by a non-human animal or a prokaryotic
or eukaryotic cell that is capable of expressing functionally rearranged human immunogicbulin {(such as heavy
chain and/or light chain) genes. When a human antibody is a single chain antibody, it can include a linker
peptide that is not found in native human antibodies. For example, an Fv can contain a linker peptide, such as
two te about eight glycine or other amino acid residuas, which connecis the variable region of tha heavy chain
and the variable region of the light chain. Human antibedies can be made by a variety of methods known in the
art including phage display methods or yeast display methods using antibody libraries derived from human
immuncglobulin seguences. Human antibodies can also be produced using transgenic mice that are incapable
of expressing functional endogencus immunoglobuling, but which can express human immunoglobulin genes
{see, for example, PCT Publication Nos. WO 1998/24893; WO 1992/01047; WO 1996/34096; WO 1996/33735;
U.S. Patent Nos. 5,413,823; 5,625,128; 5,633,425; 5,569,825; 5,661,018, 5,545,806; 5,814,318, 5,885,793;
5,916,771; and 5,939,598).
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The term "chimeric antibody” is intended to refer to antibodies in which the variable region sequences
are derived from one species and the constant region sequences are derivad from another specias, such as an
antibody in which the variable ragion sequences are derived irom a rat antibody and the constant region
sequencas are derived from a human aniibody.

"Humanized” forms of non-human (e.g., murine or rat) antibodias are immunoglobulins that contain
minimal seguences derived from non-human immunogiobulin. In general, a humanized antibody will comprise
substantially all of at Isast one, and typicaily two, variable domains, in which ali or substantially all of the CDR
regions correspond to those of a non-human immunoglobuiin and all or substantially all of the FR regions are
those of a human immunoglobulin sequence. The humanized antibody can also comprise all or a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin consensus sequence. Methods
of antibody humanization are known in the art. Ses, e.g., Riechmann st al., 1988, Nature 332:323-7; U.3. Pat.
Nos. 5,530,101; 5,585,089; 5,693,761, 5,693,762; and 5,180,370 to Queen et al.; EP239400; PCT publication
WO 81/09967; U.S. Pal. No. 5,225,539; EP592108; EP518598; Padlan, 1891, Mol. immunol., 28:488-498;
Studnicka et al., 1994, Prot. Eng. 7:805-814; Roguska et al., 1994, Proc. Nati. Acad. S¢i. 81:968-973; and U.S.
Pat. No. 5,565,332,

Also provided are "conservative sequence modifications” of the sequences set forth in SEQ ID NOs
described herain. Conservative sequence modifications include nuclectide and amino acid sequence
moditications which do not abrogate the binding of an antibody or antigen binding portion thereof containing an
amino acid sequence, encoded by a nuclectide sequence, provided herein to its cognate antigen (g.g., CD45).
Such conservative sequence modifications include conservalive nucleotide and amine acid substitutions, as weli
as, nuclectide and amino acid additions and deletions. For example, modifications can be infroduced into SEGQ
D NOs described herein by standard technigues known in the arl, such as site-dirscted mutagenesis and PCR-
mediated mutagenesis. Conservative sequence modifications inciude conservative amino acid substitutions, in
which the amino acid residue is replaced with an amino acid residue having a similar side chain. Families of
amino acid residues having similar side chains have been defined in the art. These families include amino acids
with basic side chains {e.g., lysine, argining, histidine), acidic side chains {e.g., aspartic acid, giutamic acid),
uncharged polar side chains (e.g., givcine, asparagine, giutamineg, serine, threonine, tyrosine, cysteine,
tryplophan), nonpolar side chains (e.g., alanine, valing, leucing, isoleucine, proline, phenylalanine, methioning),
bela-branched side chains (2.g., threonine, valine, iscleucine) and aromalic side chains (e.g., tyrosing,
phenylalanine, fryptophan, histidine). Thus, a predicied nonessential amino acid residue in an anti-CD73
antibody is preferably replaced with another amino acid residue from the same side chain family. Methods of
identifying nuclectide and amino acid conservative substifutions that do not eliminate antigen binding are weli-
known in the art (see, e.g., Brummell of al., Biochem. 32:1180-1187 (1993); Kobayashi et al. Protein Eng.
12(10):878-884 (1999); and Burks et al. Proc. Natl. Acad. Sci. USA 94:412-417 (1897)).

As used herein, the term “engraftment potential” is used 1o refer to the ability of hematopoietic stem and
progenitor celis to repopulate a tissue, whether such cells are naturally circulating or are provided by
transplantation. The term encompasses all events surrounding or leading up to engraftment, such as lissue
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homing of cells and colonization of cells within the fissue of interest. The engraitment efficiency or rate of
engrafiment can be evaluated or quantifiad using any clinically acceptable parameter as known to those of skiil
in the art and can include, for example, assessment of competitive repopulating units (CRU); incorporation or
expression of a marker in tissue(s) into which stem cells have homed, colonizad, or become engraited; or by
evaluation of the progress of a subject through disease progression, survival of hemalopoietic stem and
progenitor cells, or survival of g recipient. Engraitment can also be determined by measuring white blood cell
counis in peripheral blood during a post-transplant period. Engraitment can also be assessed by measuring
recovery of marrow cells by donor cells in a bone marrow aspirate sample.

As used harein, the term "hematopoietic stem cells” ("HSCs”) refers to immature blood cells having the
capacily to seif-renew and to differentiate into mature blood cells comprising diverse lineages including but not
limited lo granulocytes (e.g., promyelocytes, nautrophils, eosinophils, basophils), ervihrocytes (e.g.,
reticulocytes, eryihrocytes), thrombocytes (e.g., megakaryoblasis, platelet producing megakaryocyles,
plateiets), monocytas (e.g., monocytes, macrophages), dendritic cells, microgiia, osteoclasts, and lymphocytes
{(e.g., NK cells, B ceils and T ceails). Such celis may include CD34* cells. CD34+ cells are immalure cells that
express the CD34 cell surface marker. In humans, CD34+ cells are believed to include a subpopulation of cells
with the stem cell properties defined above, whereas in mice, HSCs are CD34-. In addition, HSCs aiso refer to
long term repopulating HSCs {LT-HSC) and short term repopulating HSCs (ST-HSC). LT-HSCs and §T-HSCs
are differentiated, based on functicnal potential and on cell surface marker expression. For example, human
HSCs ars CD34+, CD38-, CD45RA-, CD90+, CD48F+, and lin- {(nagative for matura lineage markers including
CD2, CD3, CD4, CD7,CD8, CD10, CD11B, CD19, CD20, D58, CL235A). In mice, bone marrow LT-HSCs
are CD34-, SCA-1+, C-kit+, CD135-, Slamil/CD 150+, CD48-, and lin- (negative for mature lineage markars
including Tert18, CB11b, Gri, CD3, CD4, CD8, B220, IL7ra), whereas ST-HSCs are CD34+, SCA-1+, C-kit+,
CD135-, Slamil/CD150+, and lin- (negative for mature lineage markears including Teri19, CD11b, Gri, CD3,
CD4, CD8, 8220, IL7ra). In addition, ST-HSCs are lsss quiescent and more proliferative than LT-HSCs under
homeostatic conditions. However, LT-H3C have greater self-renewal potential {i.e., they survive throughout
aduithood, and can be sarially transplanted through successive recipients), whereas ST-HSCs have limited saif-
renewal (i.e., they survive for only & limitad period of time, and do not possess serial transpiantation potential).
Any of these HSCs can b used in the methods dascribed herein. 8T-HSCs are particularly useful bacause
they are highly proliferative and thus, can more quickly give rise to differentiated progeny.

As used herein, the term “hematopoistic stem cell functional potential” refers to the functional properties
of hematopoietic stem celis which include 1) multi-potency (which refers o the ability to differentiate info multiple
different biood linsages including, but not limited to, granulocyles (e.g., promyelocytes, neutrophils, sosinophils,
basophils}), ervthrocytes (2.g., reticulocytes, ervthrocyles), thrombocytes (e.g., megakaryoblasts, platelet
producing meagakaryocytas, platelets), monocytes {g.g., monocytes, macrophages), dendriic calls, microglia,
osteoclasts, and lymphocyles (e.g., NK celis, T cells and B cells), 2) self-renewal (which refers fo the ability of
hermatopoistic stem cells to give rise {o daughter cells that have equivalent potential as the mother celf, and
further that this ability can repeatedly cccur throughout the lifelime of an individual without exhaustion), and 3)
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the ability of hematopoigtic stem cells or progeny theresof 1o be reinfroduced into & transplant recipient
whereupon they home (o the hematopoietic stem cell niche and re-establish productive and sustained
hematopoiesis.

As used herain, the terms "subject” and “patient” refer to an organism, such as a human, that receives
treatment for a particular disease or condition as describad herein. In some embodiments, the subject or patient
referenced in the methods provided herein is a human subject.

As used herein, the term “recipient” refers {o g patient that raceives a transplant, such as a transplant
containing a popuiation of hematopoietic stem cells. The transplantad ceils administerad {o a recipient may be,
2.g., autologous, syngeneic, or allogeneic cells.

As used herein "to treal” or "trealment”, refer to any improvement of any conseguence of disease, such
as prolonged survival, less morbidity, and/or a lessening of side effects which are the byproducts of an
alternative therapeutic modality; as is readily appreciated in the ari, full eradication of disease is a preferred but
albeit not a requirement for a treatment act. For example, freatment can refer {o reducing the severity and/or
frequency of disease symptoms, eliminating disease sympioms and/or the underlying cause of sald symptoms,
reducing the frequency or tikelihood of disease symploms and/or their underlying cause, and improving or
remediating damage caused, directly or indirectly, by disease. Beneficial or desired clinical resulls inciude, but
are not limited to, promoting the sngraftment of exogenous hemalopoietic cells in a patient following antibody
conditioning therapy as described herein and subseguent hematopoietic stem cell transplant therapy Additional
beneficial resuits include an increase in the cell count or relative concantration of hematopoietic stemcelisin a
patient in need of a hematopoietic stern cell transplant following conditioning therapy and subsequent
administration of an exogencus hamaiopoietic stem ceall grait to the patient. Beneficial resulis of therapy
described harein may also include an incraase in the cell count or relative concentralion of one or more cells of
hematopoietic lineage, such as a megakaryocyle, thrombocyie, plateist, erythrocyte, mast cell, myeloblast,
basophil, neutrophil, sosinophil, microglial cell, granulocyle, monocyls, osteoclast, antigen-prasenting cell,
macrophage, dendritic celi, natural killer cell, T-lymphocyte, or B-lymphocyte, foliowing conditioning therapy and
subsequent hematopoietic stem cell transplant therapy. Additional beneficial resuils may include ths reduction
in quantity of a disease-causing cell population, such as a population of cancer cells (e.g., CD45+ leukemic
calis) or autoimmune cells {8.g., C045+ autoimmune lymphocytes, such as a CD45+ T-cell that expresses a T-
cell receptor that cross-reacts with a self antigen). Insofar as the mathods of the present invention are directed
o praventing disorders, itis understood that the term "pravent” does not require that the disease stats bs
compietely thwarted. Rather, as used herein, the term preventing refers o the ability of the skilled artisan to
identify a popuiation that is susceptible to disorders, such thal administration of the compounds of the present
invention may occur prior io onset of a disease. The {erm does not imply that the disease siate is completely
avoided.

As used herein, patients that are “in need of” a hemalopoietic stem cell transplant include patients that
exhibit a defect or deficiency in one or more blood cail types, as well as patienis having a stem cell disorder,
autoimmune disease, cancer, or other pathclogy described herein. Hematopoietic stem cells generally exhibit
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1) muiti-potency, and can thus differentiate into multiple different blood linsages including, but not limited fo,
granulocytes {e.g., promyelocytes, neutrophils, eosinophils, basophils), erythrocytes (e.g., reticuiocyles,
erythrocyies), thrombocytes (e.9., megakaryoblasts, platelet producing megakaryocyies, plateiets), monocytes
{e.g., monocytas, macrophages), dendritic celis, microglia, osteociasts, and iymphocytes {g.g., NK cells, B-cells
and T-cells), 2) seif-renewal, and can thus give rise o daughter cells that have squivalent potential as the
mother call, and 3) the ability to be reintroduced into a transplant recipient whereupon they home to the
hematopoietic stem cell niche and re-establish productive and suslained hematopoiesis. Hematopoietic stem
celis can thus be administered to a patient defactive or deficient in one or more cell types of the hematopoistic
lineage in order to re-constitule the defective or deficient population of cells in vivo. For example, the patient
may be suffering from cancer, and the deficiency may be caused by adminisiration of a chemotherapeutic agent
or other medicament that depletes, either selactively or non-specifically, the cancerous cell population.
Additionally or alternatively, the patient may be sulfering from a hemoglobinopathy {e.g., a non-malignant
hemoglobinopathy), such as sickle cell anemia, thalassemia, Fanconi anemia, aplastic anemia, and Wiskott-
Aldrich syndrome. The subject may be one that is suffering from adenosine deaminase severe combined
immunodeficiency (ADA SCID), HIV/AIDS, metachromatic leukodystrophy, Diamond-Blackian anemia, and
Schwachman-Diamond syndrome. The subject may have or be affected by an inherited biood disorder (e.q.,
sickle cell anemia) or an autoimmune disordar. Additionally or alternatively, the subject may havs or be affected
by a malignancy, such as neurobiastoma or a hematologic cancer. For instance, the subject may have a
leukemia, lymphoma, or myeloma. In some embaodiments, the subject has acute myeloid leukemia, acute
lymphoid leukemia, chronic myeloid leukemia, chronic lymphoid leukemia, multiple myeloma, diffuse large B-cell
lymphoma, or non-Hodgkin's tymphoma. In some embodiments, the subject has myelodysplastic syndrome. In
some embodiments, the subject has an autoimmune disease, such as scleroderma, mulliple sclerosis,
ulcerative colitis, Crohn's disease, Type 1 diabstes, or another autoimmune pathology described herein. in
some embodiments, the subject is in need of chimeric antigen raceptor T-cell (CART) therapy. in some
embodiments, the subject has or is otherwise affected by a metabolic storage disorder. The subject may suffer
or otherwise be aifected by a metabolic disorder selecied from the group consisting of giycogen storage
diseases, mucopolysaccharidoses, Gaucher's Dissase, Hurlers Disease, sphingolipidoses, metachromatic
leukodystrophy, or any other diseases or disorders which may beneiit from the treaiments and therapies
disciosed herein and including, without limitation, severe combined immunodeficiency, Wiscoti-Aldrich
syndrome, hyper immunogiobulin M (igM) syndrome, Chediak-Higashi disease, hereditary lymphohistiocytosis,
osteopetrosis, osteogenesis imperfecta, slorage diseases, thalassemia major, sickie cell disease, systemic
sclerosis, systemic lupus erythematosus, multiple sclerosis, juvenile rhsumatoid arthritis and those diseases, or
disorders described in "Bone Marrow Transplantation for Non-Malignant Disease," ASH Education Book, 1:319-
388 (2000), the disclosure of which is incorporated herain by reference in is entirely as it pertains to pathologies
that may be treated by administration of hematopoietic stem cell transplant therapy. Additionally or alternatively,
a patient “in need of” a hematopoistic stem cell transpiant may ona that is or is not suffering from one of the

foregoing pathologies, but nonetheless exhibits a reduced level (.9., as compared to that of an otherwise
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nealthy subject) of one or more endogenous cell types within the hematopoietic lineage, such as
megakaryocytes, thrombocytes, platelets, erythrocyles, mast cells, myechiasts, basophils, neutrophils,
eosinophils, microglia, granulocytes, monocylies, osteociasts, antigen-presenting celis, macrophages, dendritic
cells, natural killer cells, T-lymphocytes, and B-lymphocytas. One of skill in the art can readily detarmine
whether one’s level of one or more of the foregoing cell types, or other blood cell type, is reduced with respect to
an otherwise healthy subject, for instance, by way of flow cytomelry and fluorescence activated cell sorting
{FACS) methods, among other procadures, known in the art.

As used herein, the phrase "stem cell disordar” broadly refers i¢ any disease, disorder, or condition that
may be treated or cured by conditioning a subject's target tissues, and/or by ablating an endogenous stem cell
population in a target tissue (e.g., ablating an endogenocus hematopoietic stem or progenitor cell popuiation from
a subject's bone marrow tissue) and/or by engraiting or transplanting stem cells in a subject's target lissues.

For example, Type | diabetes has been shown o be cured by hematopoietic stem cell ransplant and may
benefit from conditioning in accordance with the compositions and methods described herein. Additional
disorders that can be treated using the compesitions and methods described herein include, without limitation,
sickle cell anemia, thalassemias, Fanconi anemia, aplastic anemia, Wiskott-Aldrich syndrome, ADA SCID,
HIV/AIDS, metachromatic leukodystrophy, Diamond-Blackian anemia, and Schwachman-Diamond syndrome.
Adgitional diseases that may be treated using the patient conditioning and/or hemalopoietic stam csll transplant
methods described herain include inherited blood disorders (e.g., sickle cell anemia) and autoimmune disorders,
such as sclerodarma, multiple scierosis, ulcerative colitis, and Grohn's disease. Additional diseases that may be
freated using the conditioning and/or transplantation methods described herein include a malignancy, such as a
neurcblastoma or a hematologic cancer, such as leukemia, lymphoma, and myeloma. For instance, the cancer
may be acute myeloid leukemia, acule lymphoid leukemia, chronic myeloid leukemia, chronic lymphoid
lzukemia, multiple myeloma, diffuse large B-cell lymphoma, or non-Hodgkin's lymphoma. Additional diseases
treatable using the conditioning and/or transplantation methods described herein include myelodysplastic
syndrome. In some embodiments, the subject has or is otherwise affected by a metabolic storage disorder. For
example, the subject may suffer or otherwise be affecied by a metabolic disorder selecied from the group
consisting of glycogen storage diseases, mucopolysaccharidoses, Gauchaer's Disease, Hurlers Disease,
sphingolipidoses, metachromalic leukodystrophy, or any other diseases or disorders which may beneiit from the
treatments and therapies disclosed herein and including, without limitation, severe combined immunodeiiciency,
Wiscolt-Aldrich syndrome, hyper immunoglobulin M (IgM) syndrome, Chediak-Higashi dissase, hereditary
iymphohistiocytosis, osteopetrosis, osteogenesis imperiecta, slorage diseases, thalassemia major, sickle celi
disease, systemic sclarosis, systemic lupus erythematosus, multiple sclerosis, juvenile rheumatoid arthritis and
those diseases, or disorders described in "Bone Marrow Transpiantation for Non-Malignant Disease,” ASH
Education Book, 1:318-338 {2000}, the disclosure of which is incorporated herein by raference in its antirety as it
pertains o pathologies that may be freated by administration of hemalopoietic stem ceil transplant therapy.

As used herein, the term “vecior” includas a nucleic acid vector, such as a plasmid, a DNA veclor, a

plasmid, a BNA vector, virus, or other suitable replicon. Expression veclors described herein may contain a
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polynucieotide sequence as well as, for example, additional sequence elements used for the expression of
proteins and/or the integration of these polynucleotide sequences into the genome of a mammalian call. Certain
vactors that can be used for the expression of antibodies and antibody fragments of the invention include
plasmids that contain regulatory sequences, such as promoter and enhancer regions, which direct gens
franscription. Other useful vectors for expression of antibodies and antibody fragments contain polynucieotide
saquences that enhance the rale of transiation of these genes or improve the stability or nuclear export of the
mBNA that resulls from gene transcription. These seqguence elemenis may include, for example, 5" and 3’
untranslated regicns and a polyadenyiation signal site in order to direct efficient transcription of the gene carried
on the expression vector. The expression vectors described hergin may alse contain a polynucieotide encoding
a markar for selection of cells that contain such a vector. Examples of a suitable marker include genes that
encode resistance o antibiotics, such as ampicillin, chloramphenicol, kanamycin, and noursaothricin.

As used herein, the term “conjugate” or “antibody drug conjugate” or “ADC” refers to an antibody which
is linked to a cylotoxin or toxin, used interchangeably throughout. In one embodiment, an ADC is formed by the
chemical bonding of a reactiva functional group of one molecule, such as an antibedy or antigen-binding
fragmeant theraof, with an appropriately reactive functional group of another moleculs, such as a cylotoxin
described herein. Non-limiting exampies of cylotoxing that can, in some embodiments, be used in a conjugale
provided herein include a small crganic moleculs (e.g., MW 1500Da or less), a biomolecule {e.g., a protein), a
drug filled nanoparticle, or a radionucleide. Conjugates may include a linker between the two molecules bound
to one another, 6.g., between an antibody and a cytotoxin. Examples of linkers that can be used for the
formation of a conjugate include peptide-containing linkers, such as those that contain naturally occurring or
non-naturally occurring amine acids, such as D-amino acids. Linkers can be prepared using a variety of
strategies described herein and known in the art. Depending on the reactive components therein, a linker may
be cleaved, for example, by enzymatic hydrolysis, photolysis, hydrolysis under acidic conditions, hydrolysis
under basic conditions, oxidation, disulfide reduction, nucleophilic cleavage, or grganomestallic cleavags (see, for
example, Leriche et al., Bicorg. Med. CGhem., 20:571-582, 2012).

The term “conjugate”, “conjugate 10” or “conjugate with”, when used in the sense of ai least two
molecules being conjugatad together, refers to one molecule, e.¢., an antibody, being linked to or combinad with
a second molecule, e.g., a loxin. Anti-CD45 antibodies, and fragments thersof, can be conjugated to cther
molecules, including toxins, labelling agents (e.g., fiuorescein or bictin}, drug-loaded nanoparticies. Conjugated
molecules may be conjugated via covalant or non-covalent interactions. In cartain embodimants, an anti-CGD45
antibody, or fragment thereof, is conjugated {o a protein toxin to form a protein fusion, e.g., an scFv-toxin
chimera. In some embodiments, the conjugated molecules can be coupled via the non-covalent interaction of a
first interacting moiaty (e.g., biotin) and a second interacting moiaty (e.g., streptavidin) associated with the
conjugated molecules.

As used herein, "drug-to-antibody ratio” or "DAR" refers to the number of drugs, e.g., amatoxin,
attached to the antibody of a conjugate. The DAR of an ADC can range from 1 o 8, although higher loads are
also possible depending on the number of linkage sites on an antibody. In certain embodiments, the conjugate
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hasaDARof1,2,3,4,5,6,7, 0r8.

As used herein, the term “microtubule-binding agent” rafers {0 a compound which acts by disrupting the
microtubular network that is essential for mitotic and interphase celiular function in a cell. Examples of
microtubule-binding agents include, but are not limited to, maytasing, maytansincids, and derivatives thersof,
such as those described herein or known in the art, vinca alkaloids, such as vinblasting, vinblastine sulfate,
vincristing, vincristine sulfate, vindesine, and vinorelbing, taxanes, such as docetaxel and paclitaxel, macrolides,
such as discodermolidas, cochicine, and aepothilones, and derivatives theraof, such as epothiione Bor a
derivative thereof.

As used herein, the term "amaloxin® refers 1o a member of the amatoxin family of peptides produced by
Amanita phalloides mushrooms, or derivative thereof, such as a variant or derivative thereof capable of
inhibiting RNA polymerase H activity. Amatoxins useful in conjunction with the compositions and methods
described herein include compounds described herein, e.g., g-amanitin, -amanitin, y-amanitin, e-amanitin,
amanin, amaninamide, amanullin, amanullinic acid, or proamanullin. As described harein, amaloxins may be
conjugated to an antibody, or antigen-binding fragment thereof, for instance, by way of a linker moiety {L) (thus
forming an ADC). Exemplary methods of amatoxin conjugation and linkers useful for such procasses are
described below. Exemplary linker-containing amatoxing useful for conjugation 1o an antibody, or antigen-
binding fragment, in accordance with the compaositions and methods are also described herein.

The term "acyl” as used herein refers {o -C{=0)R, wherein R is hydrogen (“aldehyde”), C1-C12 alkyl,
£2-CG12 alkenyi, G2-C12 alkynyl, C3-C7 carbocyclyi, G6-C20 aryl, 5-10 membered heteroaryl, or 5-10
membered helerocyclyl, as defined herein. Non-limiting examples include formyl, acetyl, propanoyl, benzoyl,
and acryloyl.

The term "C1-C12 alkyl" as used herein refers to a straight chain or branched, saturated hydrocarbon
having from 1 1o 12 carbon atoms. Representative C1-C12 alkyl groups inciude, but are not iimited to, -methyi, -
ethyl, -n-propyl, -n-butyl, -n-pentyl, and -n-hexyl; while branchad C1-C12 alkyls include, but are not limited to, -
isopropyl, -sec-butyl, -iscbutyi, -tart-butyl, -isopentyl, and 2-methylbutyl. A C1-C12 alkyl group can be
unsubstituied or substituted.

The term "alkenyl” as used herain refers to C2-G12 hydrocarbon containing normal, secondary, or
tertiary carbon aloms with al least one silte of unsaturation, i.e., a carbon-carbon, sp2 double bond. Examples
include, but are not limited to: ethylene or vinyi, -allyl, -1-butenyl, -2-butenyl, -iscbutylenyl, -1-pentenyi, -2-
pentenyi, -3-methyl-1-butenyt, -2-methyi-2-butenyl, -2 3-dimethyl-2-buteny!, propenyl, isopropenyl, bulenyl, tert-
butylenyl, hexeny! and the like. An alkenyl group can be unsubstituled or substituted.

“Alkynyl" as used herein rafers to a C2-C12 hydrocarbon containing normal, secondary, or tertiary
carbon atoms with at least one sile of unsaturation, i.e., a carbon-carbon, sp triple bond. Examples include, but
are not limited to acstylanic and propargy!, butynyl, pentynyl, hexynyl, and the like. An alkynyl group can be
unsubstituted or substituted.

"Aryl" as used herein refers to a C6-C20 carbocyclic aromatic group. Examples of ary! groups include,
but are not limited to, phenyl, naphihy! and anthracenyl. An aryl group can be unsubstituted or substituied.
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"Arylalkyl” as used herein refers 10 an acyclic alkyl radical in which one of the hydrogen atoms bonded
to a carbon atom, typically a terminal or sp3 carbon atom, is replaced with an aryl radical. Typical arylalkyl
groups include, but are not limited to, benzyl, 2-phenylethan-1-yl, 2-phenyiethen-1-vi, naphthyimethyl, 2-
naphthyisthan-1-vi, 2-naphthylethen-1-vi, naphthobenzyl, Z-naphthophenylethan-1-yt and the like. The arylalkyl
group comprises 6 to 20 carbon atoms, e.g. the alkyl moiety, including alkanyl, atkenyl or alkyny! groups, of the
arviaikyl group is 1 to 6 carbon atoms and the aryl moiety is 5 1o 14 carbon atoms. An alkary! group can be
unsubstituied or substituted.

“Cycloalkyl” as used herein refers to a saturated carbocyclic radical, which may be mono- or bicyclic.
Cycloalkyl groups include a ring having 3 to 7 carbon atoms as a monocycle or 7 to 12 carbon atoms as a
bicycle. Examples of monocyclic cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycioheplyl, and cyclooctyl. A cycloalkyl group can be unsubstituted or substiluted.

“Cycloalkenyl” as used herein refers to an unsaturated carbocyclic radical, which may be mono- or
bicyclic. Cycloalkenyl groups include a ring having 3 to 6 carbon aloms as a monocycle or 7 10 12 carbon atoms
as a bicycla. Examples of monocyclic cycloalkeny! groups include 1-cyclopent-1-enyl, 1-cyclopent-Z-enyl, 1-
cyclopent-3-enyl, 1-cyclohex-1-anyl, 1-cyclohex-2-enyl, and 1-cyclohex-3-enyl. A cycloalkeny! group can be
unsubstituted or substituted.

"Heteroaralkyl” as used herain refars to an acyclic alkyl radical in which one of the hydrogen atoms
bonded to a carbon atom, typically a terminal or sp3 carbon atom, is replaced with a heleroary! radical. Typical
heteroarylalkyl groups includs, but are not limited to, 2-benzimidazolylmethyl, 2-furylethyl, and the like. The
neteroarylalkyl group comprises 6 1o 20 carbon atoms, e.g. the alkyl moiety, including alkanyl, alkenyl or alkynyl
groups, of the heteroarylalky! group is 1 to 8 carbon atoms and the hetercaryl moiety is 5 to 14 carbon atoms
and 1 to 3 heteroatoms sslected from N, O, P, and 8. The heteroaryl moiety of the hetercarylaikyl group may be
a monacycie having 3 to 7 ring members (2 to 6 carbon atoms or a bicycle having 7 to 10 ring members (410 9
carbon atoms and 1 to 3 heterpatoms selected from N, O, P, and 8}, for example: a bicyclol4 5], (5,51, [5.8], or
[6,8] system.

"Heteroaryl” and "helerocycloalkyl” as used hersin refer io an aromalic or non-aromaiic ring system,
respectively, in which one or more ring atoms is a hetercatom, e.g. nitrogen, cxygen, and suifur. The hetaroaryl
or helerocycloalkyl radical comprises 2 o 20 carbon atoms and 1 to 3 heterpatoms selected from N, G, P, and
S. A heteroaryl or heterocycloaikyl may be a monocycle having 3 1o 7 ring mambers (2 {o 8 carbon atoms and 1
to 3 heteroatoms selected from N, O, P, and S} or a bicycle having 7 to 10 ring mambers (4 to 8 carbon atoms
and 1 o 3 heteroatoms selected from N, O, P, and 8), for example: a bicyciol4,5], [5,5], [5,6], or [8,8] system.
Hetercaryl and heterocycloalkyl can be unsubstituted or substituted.

Heteroaryt and heterocycloalkyl groups are described in Paguetie, Laeo A.; "Principies of Modern
Heterocyclic Chemistry” {(W. A, Benjamin, New York, 1968), particularly Chapters 1,3, 4,86, 7, and 8; "The
Chemistry of Heterocyelic Compounds, A series of Monographs” (John Wiley & Sons, New York, 1950 to
present), in particular Volumes 13, 14, 16, 18, and 28; and J. Am. Chem. Soc. (1860) 82:5566.
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Examples of heteroary! groups include by way of example and not iimitation pyridyl, thiazolyl,
tetrahydrothiophanyl, pyrimidinyi, furanyi, thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, benzofuranyl,
thianaphthaienyl, indolyl, indolanyl, guincliny!, iscquinclinyl, benzimidazolyl, isoxazolyl, pyrazinyl, pyridazinyl,
indelizinyl, isoindolyi, 3H-indolyl, 1H-indazoly!, purinyl, 4H-gquinoclizinyl, phthalazinyl, naphthyridinyl, quinoxalinyl,
quinazolinyl, cinnolinyl, pteridiny!, 4aH-carbazolyl, carbazolyl, phenanthridinyl, acridinyl, pyrimidinyi,
phenanthrolinyl, phenazinyl, phenothiazinyl, furazanyl, phenoxazinyl, isochromanyt, chromanyi, imidazolidinyt,
imidazolinyl, pyrazolidinyl, pyrazolinyl, benzotriazolyl, benzisoxazolyi, and isatinoyl.

Examples of heterocycioalkyls include by way of example and not limitation dihydroypyridyi,
tetrahydropyridyl (piperidyl), tetrahydrothiophenyl, piperidinyl, 4-piperidonyi, pyrrolidiny, 2-pyrrolidonyl,
tetrahydrofuranyl, tetrahydropyranyl, bis-tetrahydropyranyl, tetrahydroguinolinyd, tetrahydroisoguinoliny,
decahydroguinolinyl, octahvdroisoguinolinyl, piperazinyl, quinuclidinyl, and morpholinyl.

By way of example and not limitation, carbon bonded heteroaryls and heterocycloalkyls are bonded at
position 2, 3, 4, 5, or € of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position 2, 4, 5, or & of a pyrimiding,
position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a furan, tetrahydrofuran, thicfuran, thiophene, pyrrole
or tetrahydropyrrole, position 2, 4, or 5 of an oxazole, imidazole or thiazole, position 3, 4, or 5 of an isoxazole,
pyrazole, or isothiazole, position 2 or 3 of an aziridine, position 2, 3, or 4 of an azelidine, position 2, 3,4, 5,6, 7,
or 8 of a quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an isoquincline. 3till more typically, carbon bonded
heterocycies include 2-pyridyl, 3-pyridyl, 4-pyridyl, S-pyridyl, 8-pyridyl, 3-pyridazinyl, 4-pyridazinyl, S-pyridazinyl,
6-pyridazinyl, Z-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-
pyrazinyl, 2-thiazolyl, 4-thiazoivi, or 5-thiazolyl.

By way of example and not limitation, nitrcgen bonded heteroaryls and heterocycloalkyls are bonded at
position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrrolineg, 3-pyrroline, imidazole, imidazolidine, 2-
imidazoline, 3-imidazoline, pyrazole, pyrazoling, 2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole,
indgoling, 1H-indazole, position 2 of a iscindole, or isoindoline, position 4 of a morpholing, and position 9 of &
carbazole, or beta-carboline. Still more typically, nitrogen bonded heterocycles include 1-aziridyl, 1-azetedyi, 1-
pyrrolyl, 1-imidazolyl, 1-pyrazolyl, and 1-piperidinyl.

"Substituted” as used herein and as applied to any of the above alkyi, alkenyi, alkynyl, aryl, arylalkyl,
cycloalkyl, heteroaryl, halerocyclyl, and the like, means that one or more hydrogen aloms are sach
independently replaced with a substituent, Typical substituents include, but are not limited to, -X, -R, -OH, -OR, -
SH, -SR, NH2, -NHR, -N(R)2, -N+(R)3, -CX3, -CN, -OCN, -SCN, -NCO, -NCS, -NO, -NO2Z, -N3, -NC(=O)H, -
NC(=0)R, -C(=O)H, -C{=0)R, -C(=0O)NH2, -C{=0IN(R)2, -808-, -803H, -8(=0)2R, -0O5(=0)20R, -
S{=0)2NH2Z, -S{=0)2N(R}2, -3{(=0}R, -OP(=0){OH)2, -OP(=0)(0OR)2, -P{=C}(OR}2, -PO3, -PO3HZ, -C{=C)X, -
C(=8)R, -CO2H, -COZR, -CO2-, -C{=8)0R, -C{=0)8R, -C(=8)8R, -C(=0)NH2, -C(=0)N(R)2, -C(=8)NH2, -
C(=SN{R)2, -C{=NH}NH2, and -C(=NR)N(R})2; wharein each X is independently selectad for each occasion
from F, Cl, Br, and I; and each R is independently selected for each occasion from C1-C12 alkyl, C6-C20 aryl,
C3-C14 heterocycloalkyl or heterparyl, protecting group and prodrug moiety. Whaerever a group is described as
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"optionally substituted,” that group can be substituted with one or more of the above substituents, indepandently
for each occasion.

It is to be understood that cerfain radical naming conventions can include sither a mono-radical or a di-
radical, depanding on the context. For example, where a substituent reguires two points of attachment to the
rest of the molecule, it is undersiood that the substifuent is a di-radical. For example, a substituent identified as
alkyl that requires two points of attachment includes di-radicals such as -CH2-, -CH2CH2-, -CH2CH{CH3)CH2-,
and the like. Other radical naming conventions clearly indicate that the radical is a di-radical such as "alkylene,”
"alkenylene,” “arylene,” “heterocycloalkyiane,” and the like.

Wherever a substituent is depicted as a di-radical (i.e., has two points of attachment to the rest of the
molecule), it is {0 be understood that the substituent can be attached in any directional configuration unless
otherwise indicated.

"lsomearism” means compounds that have identical molecular formulae but differ in the seguence of
bonding of their atoms or in the arrangement of their atoms in space. Isomers that differ in the arrangement of
their atoms in space are termed "sterecisomers.” Sterecisomers that are not mirror images of ona ancther are
termad "diastersoisomers,” and sterepisomers that are non-supsarimposable mirror images of sach other are
termed "enantiomers,” or sometimes "optical isomers.”

A carbon atom bonded to four non-identical substituents is termed a "chiral center.” "Chiral isomer”
means a compound with at least one chiral center. Compounds with more than one chiral center may exist
either as an individual diastarecmer or as a mixture of diastereomers, termed "diastereomeric mixture.” When
one chiral center is present, a sterecisomer may be characterized by the absoiute configuration (R or 8) of that
chiral center. Absolute configuration refers to the arrangement in space of the substituents attached to the chiral
center. The substituents attached to the chiral center under consideration are ranked in accordance with the
Sequence Rule of Cahn, Ingoid and Prelog. (Cahn et al., Angew. Cham. inter. £dit. 1968, 5, 385; errata 511;
Cahn et al., Angew. Chem. 1966, 78, 413; Cahn and Ingold, J. Chem. Soc. 1851 (London), 812; Cahn et al,,
Experientia 1956, 12, 81; Cahn, J. Chem. Educ. 1964, 41, 116). A mixiure containing equal amounts of
individual enantiomeric forms of opposite chirality is termed a "racemic mixiura.”

The compounds disciosed in this description and in the claims may comprise one or more asymrmetric
centers, and differant diastereomers and/or enantiomers of each of the compounds may exist. The description
of any compound in this description and in the ciaims is meant to include all enantiomers, diastereomers, and
mixiures thereof, unless staled otherwise. In addition, the description of any compound in this description and in
the claims is meant to include both the individual enantiomers, as well as any mixture, racemic or otherwise, of
the enantiomers, unless stated otherwise. When the structure of a compound is depicted as a specific
enantiomer, it is to be understood that the disclosure of the present application is not limited 1o that specific
enantiomer. Accordingly, enantiomars, optical isomers, and diastereomers of each of the structural formulae of
the present disclosure are contermnplated herein. In the prasent specification, the structural formula of the
compound represents a certain isomer for conveniance in some cases, but the prasent disclosure includes ali

isomers, such as geometrical isomers, optical isomers based on an asymmetrical carbon, sierecisomers,
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tautomers, and the like, it being undersicod that not all isomers may have the same level of activity. The
compounds may occur in different tautomeric forms. The compounds according fo the disclosure are meant io
include all tautomeric forms, unless stated otherwise. When the structure of a compound is depicted as a
specific tautomer, it is 1o be understood that the disclosure of the present application is not limited to that
specific tautomer,

The compounds of any formula described harein includs the compounds themseaives, as wall as their
salts, and their solvales, if applicable. A salt, for example, can be formed between an anion and a positively
charged group (e.g., amino} on a compound of the disclosure. Suitable anions inciude chloride, bromide, iodide,
sulfate, bisulfate, sulfamate, nitrate, phosphate, citrate, methanesulionate, trifluorocacetale, glutamale,
glucuronate, glutarate, malate, maleate, succinate, fumarate, tarirale, tosylate, salicylate, lactate,
naphthalenssulfonate, and acetate (e.g., trifluorpacetate). The term "pharmaceutically acceptable anion” raiers
{o an anion suitabie for forming a pharmaceutically acceptable salt. Likewise, a salt can also be formed betwaen
a calion and a negalivaly charged group {e.g., carboxylate) on a compound of the disclosure. Suitable cations
include sodium ion, potassium ion, magnesium ion, calcium ion, and an ammonium cation such as
tetramethylammonium ion. Examples of some suitable substituted ammaonium ions are those derived from:
ethylamine, diethylamine, dicyclohexylaming, triethylamine, bulylamine, ethylenediamine, ethanolamine,
diethanolaming, piperazine, benzylamine, phenylbenzylamine, choline, megiumine, and tromethamine, as well
as amino acids, such as lysine and arginine. The compounds of the disclosure also include those salls
containing quaternary nitrogen atoms. Examples of suitable inorganic anions include, but are not limited to,
those derived from the following inorganic acids: hydrochioric, hydrobromic, hydroiodic, suifuric, sulfurous, nitric,
nitrouis, phosphoric, and phosphorous. Examples of suitable organic anions include, but are not limited lo, those
derived from the following organic acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic,
camphorsuifonic, cinnamic, cilric, edetic, ethanedisulionic, ethanasulfonic, fumaric, glucheptonic, gluconic,
glutamic, giycolic, hydroxymaleic, hydroxynaphthalene carboxylic, isethionic, lactic, lactobionic, lauric, malsic,
malic, methanesulicnic, mucic, cleic, oxalic, paimitic, pamoic, pantcthenic, phenylacstic, phenyisulionic,
propionic, pyruvic, salicylic, stearic, succinic, sulfanilic, tartaric, toluenesulfonic, and valeric. Examples of
suitable polymeric organic anions include, but are not limited to, those derived from the following polymeric
acids: fannic acid, carboxymethyl cellulose.

Additionally, the compounds of the prasent disclosure, for example, the saits of the compounds, can
exist in either hydrated or unhydrated (the anhydrous) form or as sclvales with other solvent molecules. Non-
limiting exampies of hydrates include monohydrales, dinydrates, ele. Non-limiting examples of solvales include
ethanol solvates, acetone solvates, ete. "Solvate” means solvent addition forms that contain eithar
stoichiometric or non-stoichiometric amounts of soivent. Some compounds have a tendency o trap a fixed
molar ratio of solvent molecules in the crystaliine solid state, thus forming a solvate. If the solvent is water the
solvate formed is a hydrate; and if the solvent is alechol, the solvale formed is an alecholate. Hydrates are

formed by the combination of one or more molecules of water with one molecule of the substance in which the
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water retains its molecular state as Hz0. A hydrate refers o, for example, a mono-hydrate, a di-hydrate, a tri-
hydrate, eic.

In addition, a crystal polymorphism may be present for the compounds or salls thereof represented by
the formulae disclosed herein. It is noted that any crysial form, crystal form mixture, or anhydride or hydrate

thereoi, is included in the scope of the present disclosura.

Anti-CD45 Antibodies

Contemplated herein are antibodies, or antigen-binding fragments thereof, capable of binding CD4E,
that can be used as therapeutic agenis alone or as conjugates {ADCs) to, for example, (i) treat cancers and
autoimmune diseases characterized by CD45+ celis and (i) promote the engrafiment of transplanted
hematopoietic stem cells in a patient in need of transplant therapy. These tharapeutic activities can be caused,
for instance, by the binding of isolated anti-CD45 antibodies, antigen-binding fragments thersof, or ADCs that
bind to CD45 expressed on the surface of a cell, such as a cancer cell, autoimmune cell, or hematopoietic stem
cell and subsequently inducing cell death. The depletion of endogenous hematopoietic stem cells can provide a
niche toward which transplanted hematopoietic stem cells can homs, and subsaquently establish productive
hematopoiesis. In this way, transplanied hemalopoistic stem cells may successfully engrait in a patient, such
as human patient suffering from a stem cell disorder described herain. Additionally, depletion of leukocytes ina
patient in need thereot in combination with HSC transpliant can reset the patient’s immune system, thereby, for
example, curing the patient of an autoimmune disease.

CD45, also known as lsukocyte common antigen and receptor-type tyrosine-protein phosphatase G, is a
nhematopoistic cell-spacific transmembrane protein tyrosine phosphatase essential for T and B cell antigen
recaptor-mediated signaling. CD45 includes a large extracellular domain, and a phosphatase containing
cytosolic domain. CD45 may act as both a positive and negative regulator depending on the nature of the
stimulus and the cell type invoived. Aithough there are a large number of parmutations possible in the CD45
gene, only six isoforms are traditionally identified in humans. The isoforms are RA, RO, RB, RAB, RBC and
RABC (Hermiston et al. 2003 “CD45: a critical regulator of signaling thresholds in immune cells.” Annu Rev
Immunod. 2:107-137.). CD45RA is expressed on nalve T cells, and CD45R0 is expressed on activated and
memory T calls, some B cell subsets, activatad monoceyies/macrophages, and granulocytes. CD45RB is
expressed on paripheral B cells, naive T cells, thymaocytes, weakly on macrophages, and dendritic celis. An
amino acid sequence of CD45RABC is provided herein as SEQ ID NO:112. An amino acid sequence of
CD45RA is provided herein as SEQ ID NO:107. An amino acid sequence of CD45R0O is provided herein as
SEQ ID NO:108. An amino acid sequence of CD45RB is provided herein as SEQ ID NO:108. An amino acid
sequence of CD45RAB is provided herein as SEQ 1D NO:110. An amino acid sequence of SEQ ID NO:RBC is
provided herain as SEQ D NO:111.

As described below, in certain embodiments, novel anti-human CD45 (hCD4E) antibodies were
identifiad by screening a yeast display library that displays fully human antibodies. Seven human antibodies
{designated Antibody 1 (Ab1), Antibody 2 (Ab2), Antibody 3 (Ab3), Antibody 4 (Ab4), Antibody 5 (Ab5), Antibody
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5 (AbB), and Antibody 7 (Ab7)) were identified in the screen, which bind to human CD45 (all isoforms), and
which cross-react with CD45 from non-human primates {(8.g., cynomolgus CD45 and/or rhesus CD45).

in other embediments, humanized and affinity matured antibodies were preparad from three rat anti-
D45 antibodias. In this manner, thres additional antibodies (designated Antibody A {(AbA), Antibody B (AbB),
and Antibody C {AbC) were identified, which bind o human CD45 (all isoforms), and which cross-react with
CD45 from non-human primates (e.g., cynomolgus CD45 and/or rhaesus CD45). The identified antibodies have
diagnostic and therapeutic characteristics, as described herain.

Accordingly, provided herein are antibodies, or antigen-binding portions thereof, that specifically bind te
human CD45, and which cross-react with C345 from non-human primates.

in one embodimant, the invention provides an antibody, or antigen binding portion thereol, that binds 1o
human CD45 (SEQ 1D NO:112) and to cynomolgus CD45 (SEQ 1D NO:145) and/or o rhesus CD45 (SEQ 1D
NO:148). In some embodiments, the antibody, of antigen-binding portion thereof, can bind to human CD45 with
a Ko of about 100 nM or less, e.g., about 100 nM or less, about 30 nM or less, about 80 nM or less, abgut 70 nM
or less, about 60 nM or less, about 50 nM or less, about 40 nM or less, about 30 nM or less, about 20 nM or
imss, about 10 nM or less, about 10 nM or less, or about 0.1 nM or less, as determined by Bic-Layer
interferometry (BLI). In some embodiments, the antibody, of antigen-binding portion thereof, can bind to
cynomolgus CD45 with a Ko of about 100 nM or less, e.g., about 100 nM or less, about 90 nM or less, about 80
nM or less, about 70 nM or less, about 60 nM or less, about 50 nM or less, about 40 nb or less, aboul 30 nM or
lass, about 20 nM or less, about 10 nM or less, about 10 nM or less, or about 0.1 nM or less, as determined by
Bio-Lavyer Interferometry (BLI). In some embodiments, the antibody, of antigen-binding portion thereof, can bind
to rhesus CD45 with a Ko of about 100 nM or less, e.g., about 100 nM or less, about 80 nM or less, about 80 nM
or less, about 70 nM or less, about 60 nM or less, about 50 nM or less, about 40 nM or less, about 30 nM or
izss, about 20 nM or less, about 10 nM or less, about 106 nM or less, or about 0.1 nM or less, as determined by
Bio-Layer Interferometry (BLI). In some embodiments, the antibody is a fully human antibody, or antigen-
binding portion thereof. In cther embodiments, the antibody is a humanized antibody, or antigen-binding portion
thereof. In some embodiments, the antibody is a chimeric antibody, or antigen-binding portion thereof. In some
embodiments, the antibody is a deimmunized antibody, or antigen-binding portion thereof.

The extraceilular region of human CD45 includes a mucin-like domain, and four fibronectin-like domains
{d1, d2, d3, and d4}. Without wishing to be bound by any theory, it is believed that antibodies Abt, Ab2, Ab3,
Ab4, AbS, AbB, and Ab7 interact with residues of human CD45 located within the d3 and d4 fibronectin-like
domains. In particular, these antibodies may interact with a fragment of human CD45 set forth in SEQ D
NO:115, and a fragment of human CD45 set forth in SEQ 1D NO:117. Crosslinking studias describad herein
suggest that the antibodies can specifically interact with one or more CD45 amino acid residues, which are
conserved betweean human CD45, cynomolgus CD45, and rhesus CD45. These rasiduas includs 40587, 407K,
419Y, 425K, and 505R (numbered with reference to the fragment of hCD45 set forth in SEQ ID NC:113). In
addition, these antibcdies may interact with residues 481R and/or 509H in human CD48 (numbered with
reference fo the fragment of hCD45 set forth in SEQ 1D NO:113). Accordingly, in some embodiments, provided
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herein is an antibody, or antigen-binding portion thereof, that binds o human CD45 at an epitope located in the
d3 and/or d4 fibronectin-like domains. in some embodimeants, provided herein is an antibody, or antigen-binding
portion thereof, that binds fo CD45 at an epitope of human CD45 located within CD45 fragment 2 (SEQID
NO:115 and/or CD45 fragment 4 (SEQ 1D NG:117). In some embodiments, provided herein is an antibody, or
antigen-binding portion thereoi, that binds to CD45 at an epitope of human CD45 located within CD45 fragment
1 (SEQ ID NG:114 and/or CD45 fragment 3 (SEQ ID NO:116). In some embodiments, provided herein is an
antibody, or antigen-binding portion thereot, that binds to CD45 at an epitope comprising at lsast one, at lsast
two, at least three, at least four, or least five amino acid residues that are conservaed among human CD45,
cynomolgus CD45, and/or rhesus CD45. For example, in some embodiments, the antibody, or antigen-binding
portion thereof, can bind to at least one, at least two, at least three, at least four, or all five of the following amino
acid residues in human CD45: 40587, 407K, 418Y, 425K, and 505R (numbered with reference o the fragmant of
hCD45 set forth in SEQ 1D NO:113). In some embodiments, the antibody, or antigen-binding portion thereof,
can bind to one or morg, two or more, thres or more, four or more, five or more, six or more, or seven of the
following amino acid residues in human GD45; 4057, 407K, 418Y, 425K, 481R, and 505R, 508H {numbered
with reference to the fragment of hCD45 set forth in SEQ 1D NO:113). Also provided herein is an antibody, or
antigen-binding portion thereoi, that competes with Ab1, Ab2, Ab3, Ab4, AbS, AbS, and/or Ab7 for binding io
human GD45 (SEQ 1D NO:112). In some embodiments, the antibody, or antigen-binding portion thereof, can
also compete with Ab1, Ab2, Ab3, Ab4, A5, AbS, and/or Ab7 for binding to cynomolgus CD45 (SEQ ID
NO:145), and/or rhesus CD45 (SEQ 1D NO:146). In some embodiments, the antibody is a fully human antibody,
or antigen-binding pertion thereof. In other embodiments, the antibody is a humanized antibody, or antigen-
binding portion thereof. In some embodiments, the antibody is a chimeric antibody, or antigen-binding portion
thereof. In some embodiments, the antibody is a deimmunized antibody, or antigen-binding portion thereof.

Without wishing to be bound by any theory, it is believed that antibody AbA, described herein, also
binds 1o the d4 fibronectin-like domain of CD43, but does not compste with any of Ab1-Ab7 for binding to CD45.
Epitope mapping expariments described herein suggest that AbA binds to the d4 fibronectin-iike domain at the
opposiie face of the molecule, relalive to Ab1-Ab7. In particular, this antibody is believed to interact with a
fragment of human CD45 set forth in SEGQ 1D NO:118. Crosslinking studies described herein suggest that AbA
can specifically interact with ons or more CD45 amino acid residuss, which are consarvad between human
CP45, cynomoigus CD45, and rhesus CD45. These residues include 493Y and 5027 (numbered with reference
to the fragmant of hCD45 set forth in SEQ 1D NO:113). In addition, this antibody may interact with residue 486R
in human CD45 (numbered with reference to the fragment of hCD45 set forth in SEQ 1D NO:113). Accordingly,
in some embodiments, provided herein is an antibody, or antigen-binding portion thereof, that binds 1o human
CD45 at an epitope located in the d4 fibronectin-like domain. In some embodiments, provided hereinis an
antibody, or antigen-binding portion thereof, that binds to CD45 at an epitope of human CD45 located within
CD45 fragment 5 (SEQ ID NO:118). In some embodiments, provided herein is an antibody, or antigen-binding
portion therecf, that binds tc CD45 at an epitope comprising at least ong or at least two amino acid residuas that
are conserved among human CD45, cynomolgus CD45, and/or rhesus CD45. For example, in some
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embodiments, the antibody, or antigen-binding portion thereof, can bind o one or both of the following amino
acid residues in human CD45: 483Y and 5027 {numbered with refarence to the fragment of hCD45 set forth in
SEQID NO:113). In some embodiments, the antibody, or antigen-binding portion thereof, can bind to one or
more, two or more, or three of the following amino acid residues in human CD45: 4861, 493Y and 502T
(numbered with reference 1o the fragment of hCD45 set forth in SEQ 1D NO:113). Also provided herein is an
antibody, or antigen-binding portion thereof, that compeates with AbA for binding to human CD45 (SEQ ID
NO:112). in some embodiments, the antibody, or antigen-binding portion therecf, can also compete with AbA
for binding to cynomoigus CD45 (SEQ 1D NQ:148), and/or rhesus CD45 (SEQ 1D NQ:1486). In some
embodiments, the antibody is a fully human antibody, or antigen-binding portion thereof. In other embodiments,
the antibody is a humanized antibody, or antigen-binding portion theresi. In some embodiments, the antibody is
a chimeric antibody, or antigen-binding portion thereof. In some embodiments, the antibody is a deimmunized
antibody, or antigen-binding portion thereof.

in other embodiments, providad harein is an antibody, or antigen-binding portion theresi, that binds to
the same epitope of human GD45 as AbB. In some embodiments, the antibody, or antigen-binding portion
thereof, cross-raacts with cynomolgus CD45 and/or rhasus CD45. Also provided herein is an antibody, or
antigen-binding portion thereoi, that competes with AbB for binding to human CD45 (SEQ 1D NO:112). Insome
embodiments, the antibody, or antigen-binding portion thereof, can also compete with AbB for binding 1o
cynomolgus CD45 (SEQ 1D NO:145), and/or rhesus CD45 (SEQ 1D NO:148). In some embodiments, the
antibody is a fully human antibody, or antigen-binding portion thereof. in other embodiments, the antibody is a
humanized antibody, or antigen-binding portion thereol. In some embodiments, the antibody is a chimeric
antibody, or antigen-binding portion thereof. In some embodiments, the antibody is a deimmunized antibedy, or
antigen-binding portion thareof.

in other embodiments, provided herain is an antibody, or antigen-binding partion thereof, that binds {o
the same epitope of human CD45 as AbC. in some embodiments, the antibody, or antigen-binding portion
thereof, cross-reacts with cynomolgus CD45 and/or rhesus CD45. Also provided herein is an antibody, or
antigen-binding portion thereof, that competes with AbC for binding to human CD45 (SEQ ID NO:112). In some
embodiments, the antibody, or antigen-binding portion thersof, can also compete with AbC for binding to
cynomolgus CD45 (SEQ 1D NO:1458), and/or rhesus CD45 (SEQ 1D NO:148). In some embodimeants, the
antibody is a fully human antibody, or antigen-binding portion theraof. in other embodiments, the antibody is a
humanized antibody, or antigen-binding portion thareof. In some embodiments, the antibody is a chimeric
antibody, or antigen-binding portion thereof. In some embodiments, the antibody is a deimmunized antibody, or
antigen-binding portion thersof.

The amino acid sequences of the various binding regions of anti-CD45 antibodies Ab1, Ab2, Ab3, Ab4,
Ab5, AbB, Ab7, AbA, AbB, and AbC are described in Table 27. In various aspeact, the invention provides an
antibody comprising the heavy chain and/or light chain CDR sequences of an antibody described in Table 27.
in some aspacts, the invantion provides an antibody comprising the heavy chain variable ragion and/or the light
chain variable region of an antibody described in Table 27. In some aspecis, the invention provides an antibody
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comprising the heavy chain and/or the light chain of an antibody described in Table 27. Additional features of
the antibodies, and antigen-binding portions thereof, provided herein are describad below.

Ab1

Antibody 1 {(Ab1) cross reacts with human CD45, cyno CD45 and rhesus CD45, and can bind the
varicus iscforms of human CD45.

The amino acid sequences for the various binding regions of anti-CD45 Abt are described in Table 27.
included in tha invention are anti-CD45 antibodies based on Abl, e.g., that comprise the CDRs as set forth in
Table 27.

In one embodiment, the invention provides an anti-CD45 antibedy, or antigen-hinding fragment thereof,
comprising antigen binding regions, e.g., CDRs and/or variable regions, corresponding o those of Abl. The
heavy chain variable region (VH) amino acid sequence of Ab1 is set forth in SEQ 1D NO:t (ses Table 27). The
VH CDR domain amine acid sequances of Abt are set forth in SEQ 1D NO:2 (VH CDRE1); SEQ ID NO:3 (VH
CDR2), and SEQ ID NO:4 (VH CDR3).  The light chain variable region (VL) amino acid sequence of Ab1 is
described in SEQ ID NO:5 {see Table 27). The VL CDR domain amino acid sequences of Ab1 are set forth in
SEQ 1D NO:6 (VL CDR1); SEG D NO:7 (VL CDR2), and SEQ 1D NO:8 (VL CDR3).

Accordingly, in some embodiments, provided herein is an anti-GD45 antibody, or antigen-binding
portion thereof, comprising a heavy chain variable region comprising a CDBR1 domain comprising the amino acid
sequence as set forth in SEQ 1D NO:2, a CDR2 domain comprising the amino acid sequence as set forth in
SEQ ID NG:3, and a CDR3 domain comprising the amine acid sequence as set forth in SEQ 1D NO:4; and/or a
light chain variable region comprising & CDR'1 domain comprising the amino acid sequence as set forth in S3EQ
1D NO8, a CBDR2 domain comprising the amino acid sequence as set forth in SEQ 1D NO:7; and a CDR3
domain comprising the amino acid sequence as set forth in SEQ 1D NOG:8. In certain embaodiments, an anti-
D45 antibody comprisas tha CORs dascribed hersin (SEG D Nos: 2 to 4 and 8 to 8) wherein the CDR
comprises a conservative amino acid substitution {or 2, 3, 4, or 5 amino acid substitutions) while retaining the
D45 specificity of the antibody (i.e., specificity similar o Abt).

in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding portion therect,
comprising a heavy chain variable region comprising the amino acid seguence as set forth in SEQ 1D NO:t,
and/or a ight chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:5. In certain
embodiments, an antibody can comprise a modifiad heavy chain (HC) variable region comprising an HC
variable domain comprising SEQ ID NO:1, or a variant of SEQ ID NO:1, which variant (i) differs from SEQID
NO:1in 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; (i) differs from SEQ 1D NO:1 in al most
5,4, 3,2, or 1 amino acids substitutions, additions or deletions; (iii) differs from SEQ 1D NO:1 in 1-5, 1-3, 1-2, 2-
5 or 3-5 amino acids substitutions, additions or deletions and/or (iv) comprises an aming acid sequsnce that is
at least about 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:1, wherein in any of
{i}-(iv}, an amino acid substitution may be a conservative amino acid substitution or a non-conservative amino

acid substitution; and wherein the modified heavy chain variable region retains the CD45 specificity of the
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antibody {i.e., specificity similar fo Ab1), or has an enhanced biological aclivity relative 1o that of another Abi
heavy chain variable region. In certain embodiments, an antibody comprises a maodified light chain {LC) variable
region comprising an LC variable domain comprising SEQ 1D NO:5, or a variant of SEQ 1D NO:5, which variant
(i} differs from SEQ ID NO:5 in 1, 2, 3, 4 or 5 amino acigs substitutions, additions or deletions; (i} differs from
SEQID NOC:Sinatmost 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (iii) difiers from SEQ 1D
NO5 in 1-5,1-3, 1-2, 2-5 or 3-5 amino acids substitutions, additions or deletions and/or (iv} comprises an aming
acid sequence that is at least aboul 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or 88% identical to SEQ ID
NO:5, wherein in any of (i}-(iv}), an amino acid substitution may be a conservative amino acid substitution or a
non-conservative amino acid substitution; and wherein the moditied light chain variable region retains the CD45
specificity of the antibody (i.e., spacificity similar to Abt), or has an enhanced biological activity relative to that
of another Abt light chain variable region.

Antibcdies comprising the CDR and/or variable region seguences of Ab1 can be in the form of full-
length antibodies, bispecific antibodies, dual variable domain antibodies, mulliple chain or single chain
antibodies, and/or binding fragments that specifically bind human CD45, including but not limited to Fab, Fab',
{Fab"2, Fv), scFv {single chain Fv}, surrobodies (including surrogate light chain construct), singls domain
antibodies, camelized antibodies and the like. They also can be of, or derived from, any isolype, including, for
example, IgA (2.g.. IgAt or lgA2), IgD, IgE, IgG {e.g. IgGH1, IgG2, 1gG3 or IgG4), or igM. In some embaodiments,
the anti-45 antibody is an IgG (e.g. IgG1, 1gG2, IgG3 or igG4).

in some embodiments, an antibody comprising the CDR and/or variable region sequences of Ab1 can
further comprise a heavy chain constant region and/or a light chain constant region. In some embodiments, the
constant region is a human lgG1 constant region, a human lgG2 constant region, a human lgG8 constant
region, or a human igG4 constant region. In some embodiments, the heavy chain constant region can be a
modified constant region. Exemplary constant regions substitutions and/or modifications are described herein,
and include, but are not limited to, substitutions at one or more of the {ollowing positions: 234, 235, 265, and 435
(EU index according to Kabat). In some embodiments, an antibody comprising the CDR and/or variable region
sequencas of Ab1 can further comprise an IgG1 heavy chain constant region containing one or more of the
following substitutions: L234A, L235A, D265C, and H435A (EU index according to Kabat). Insome
embodimenis, an antibody comprising the CDR and/or variable region sequences of Ab1 can further comprise a
heavy chain constant region set forth in SEQ 1D NG:102, SEQ 1D NO:103, SEQ ID NO:104, SEQ 1D NO:105 or
SEQ ID NO:108. In some embodiments the antibody comprises a light chain constant region set forth in SEQ
1D NO:101.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a heavy
chain comprising the amino acld sequence as set forth in SEG 1D NO9. In certain embodiments, an antibody
comprises a modified heavy chain (HC) region comprising an HC domain comprising SEQ 1D NO:9, or a variant
of SEQ ID NO:G, which variant (i) differs from SEQ ID NO:8in 1, 2, 3, 4 or 5 amino acids substitutions, additions
or deigtions; (i} differs from SEQ 1D NGO in at most 5, 4, 3, 2, or 1 amino acids substitutions, adiditions or
deletions; (ill) differs from SEQ ID NO:Q in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions, additions or
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deletions and/or (iv) comprises an amino acid sequence that is at least about 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98% or 98% identical to SEQ 1D NO:8, whersin in any of {i)-(iv}, an amino acid substitution may be a
conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the modified
heavy chain ragion retains the CD45 specificity of the antibody (i.e., specificity similar to Ab1), or has an
enhanced biclogical activity relative to that of another Ab1 heavy chain region.

In certain emboediments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain comprising the amino acid sequence as set forth in SEG 1D NO:10. In ceriain embodiments, an antibody
comprises a modified light chain {L.C) region comprising an L.C domain comprising SEQ 1D NO:10, or a variant
of SEQ 1D NO:10, which variant (i} differs from SEQ 1D NO:10 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NGOG in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or deletions; (i) differs from SEQ ID NO:10 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions,
additions or deletions and/or (iv) comprises an amino acid sequence that is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% idsntical to SEQ 1D NO:10, wherein in any of (1}-{iv), an amino acid substilution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified light chain region retains the CD45 specificity of the antibody (i.e., spacificity similar to Ab1), or has an
enhanced biological activity relative to that of another Ab1 light chain region.

In some embodiments, antibodies comprising the CDR regions and/or variable regions of Ab1 can be
incorporated into antibody-drug conjugates, as described herein. In addition, antibodies comprising the CDR
regions and/or variable regions of Ab1 can be used in the mathods described hersin, e.g., for depletion of
CDA5+ cells in a subject.

Ab2

Antibedy 2 (Ab2) cross reacts with human CD45, cyno CD45 and rhesus CD45, and can bind the
various isoforms of human CD45.

The amino acid sequences for the various binding regions of anti-CD45 Ab2 are described in Table 27,
Included in tha invention are anti-CD45 antibodies based on Ab2, e.g., that comprise the CDRs as set forth in
Table 27.

in one embodiment, the invention provides an anti-CD45 antibody, or antigen-binding fragment thereof,
comprising antigen binding regions, e.g., CORs and/or variable regions, corresponding o those of Ab2. The
heavy chain variable region (VH) amino acid sequence of Ab2 is set forth in SEQ ID NO:11 (see Table 27). The
VH CDR domain amino acid sequences of Ab2 are set forth in SEQ 1D NO:12 (VH CDR1); SEQ 1D NO:13 (VH
CDR2), and SEQ ID NO:14 (VH CDR3).  The light chain variable region (VL) amino acid sequence of Ab2 is
described in SEQ 1D NO:15 {(see Table 27). The VL CDR domain amino acid sequences of Ab2 are set forth in
SEQ D NO:16 (VL CDR1); SEQ ID NO:17 (VL CDR2), and SEQ (D NO:18 (VL CDRS3).

Accordingly, in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding
portion thersof, comprising a heavy chain variable region comprising a CBR1 domain comprising the amino acid
sequence as set forth in SEQ ID NO:12, a CDR2 domain comprising the amino acid seguence as set forth in
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SEQ ID NO:1S, and a CDR3 domain comprising the amine acid sequence as set forth in SEQ 1D NO:14; and/or
a light chain variable region comprising a CDR1 domain comprising the amino acid sequence as set forth in
SEQ ID NO:18, a CDR2 domain comprising the amino acid sequence as set forth in SEQ ID NO:117; and a
CDRS domain comprising the amino acid seguence as sel forth in SEQ 1D NO:18. In certain embodiments, an
anti-CD45 antibody comprises the CDRs described herein (SEQ ID NOs: 12 to 14 and 16 1o 18} wherein the
CDR comprises a conservative amino acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while retaining
ine CD45 specificity of the antibody (Le., specificity similar to AbZ}.

in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding portion therecf,
comprising a heavy chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:11,
and/or a Hght chain variabie region comprising the amino acid sequence as set forth in SEQ 1D NO:15. In
certain embodiments, an antibody can comprise a modified heavy chain (HG) variable region comprising an HC
variable domain comprising SEQ 1D NO:11, or a variant of SEQ 1D NO:11, which variant (i) differs from SEQ 1D
NO:1t1in 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; (i) differs from SEQ 1D NO:11 inat
most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; {iii) differs from SEQ ID NOG:11in 1-5, 1-3,
1-2, 2-5 or 3-5 amino acids substitutions, additions or delstions and/or {iv) comprisas an amino acid seguence
that is at least about 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:11, wherein in
any of (i-{iv), an amino acid substitution may be a conservative aminc acid substiiution or a non-conservative
amino acid substitution; and wherein the modified heavy chain variable region retains the CD45 specificity of the
antibody {i.e., specificity similar o Ab2), or has an enhanced biological activity refative to that of another Ab2
heavy chain variable region. In certain embodiments, an antibody comprises a maodified light chain {LC) variable
ragion comprising an LC variable domain comprising SEQ D NO:15, or a variant of SEQ ID NO:15, which
variant (i) diffiers from SEQ 1D NG:15in 1, 2, 3, 4 or 5 amino acids substitutions, additions or dalations; {ii) differs
from SEQ ID NO:15 inat most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (i) differs from
SEQID NO:15in 1-5, 1-3, 1-2, 2-5 or 3-5 aming acids substitutions, additions or deletions and/or (v} comprises
an amino acid seguence that is at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical io
SEQ D NO:15, wherein in any of (i)-{iv), an amino acid substitution may be a conservative amino acid
substitution or a non-conservative amino acid substitution; and wherein the maodified light chain variable region
retains the CD45 specificity of the antibody (i.e., specificity similar to Ab2), or has an enhanced biclogical activity
relative o that of another Ab2 light chain variable region.

Antibodies comprising the CDR and/or variable region sequences of Ab2 can be in the form of full-
length antibodies, bispecific antibodies, dual variable domain antibodies, multiple chain or single chain
antibodies, and/or binding fragments that specifically bind human CD45, including but not limited to Fab, Fab',
(Fab2, Fv), scFv {(single chain Fv), surrobedies (including surrogate light chain construct), single domain
antibodies, camelized antibodies and the like. They also can be of, or derived from, any isotype, including. for
example, IgA {e.g., IgAT orlgA2), gD, IgE, IgG (e.g. lgG1, IgG2, 1gQ3 or igG4), or IgM. In some embodiments,
the anti-45 antibody is an IgG (e.g. IgG1, 1gG2, IgG3 or IgG4}.
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In some embodiments, an antibody comprising the CDR and/or variable region sequences of Ab2 can
further comprise a heavy chain constant region and/or a light chain constani region. In some embodiments, the
constant region is a human IgG1 constant region, a human IgG2 constant region, a human IgG3 constant
region, or a human igG4 constant region. In some embodiments, the heavy chain constant region can be a
modified constant region. Exemplary consiant regions substitutions and/or modifications are described herein,
and include, but are not limited o, substitutions at one or more of the following positions: 234, 285, 265, and 435
{EU index according o Kabat}. In some smbodimants, an antibody comprising ths CDR and/or variable region
sequences of Ab2 can further comprise an IgG1 heavy chain constant region containing one or more of the
following substitutions: L234A, L235A, D2650, and H435A (EU index according to Kabat). Insome
embodimentis, an antibody comprising the CDR and/or variable region sequences of Ab2 can further comprise a
heavy chain constant region set forth in SEQ 1D NO:102, SEQ 1D NO:103, SEQ 1D NO:104, SEQ 1D NO:105 or
SEQ D NG:108. In some embodiments the antibody comprises a light chain constant region set forth in SEQ
iD NG:101.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:19. In ceriain embodiments, an antibody
comprises a modified heavy chain (HC) region comprising an HC domain comprising SEQ 1D NO:19, ora
variant of SEQ 1D NO:18, which variant (8 differs from SEQ 1D NG:18in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) difiers from SEQ ID NO:19in at most 5, 4, 3, 2, or 1 amino acids substifutions,
additions or delelions and/or (iv) comprises an amino acid seguence thal is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% identical to SEQG 1D NO:19, wherein in any of (i)-{iv), an aminc acid substitution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified heavy chain region retains the CD45 specificity of the antibody (i.e., specificity similar to AbZ), or has
an enhanced biological activity relative to that of another Ab2 heavy chain region.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a light
chain comprising the amino acid segquence as set forth in SEQ 1D NO:20. In cerlain embodiments, an antibody
comprises a modified light chain {(1.C) region comprising an LC domain comprising SEQ 1D NO:20, or a variant
of SEQ 1D NO:20, which variant (i) differs from SEQ ID NO:20 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) difiers from SEQ ID NO:20 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or delelions and/or (iv) comprises an amino acid seguence thal is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% identical to SEQG 1D NO:20, wherein in any of (i}-{iv), an aminc acid substitution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
maodified light chain region retains the CD45 specificity of the antibody {i.e., specificity similar to Ab2), or has an
enhanced biological activity relative to that of another Ab2 light chain region.

In some embodiments, antibodies comprising the CDR regions and/or variable regions of Ab2 can be
incorporated into antibody-drug conjugates, as described herein. In addition, antibodies comprising the CDR
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regions and/or variable regions of Ab2 can be used in the mathods described herein, e.g., for depletion of
CD45+ cells in a subject.

Ab3

Antibody 3 (Ab3) cross reacts with human CD45, cyno CD45 and rhesus CD45, and can bind the
varicus iscforms of human CD45.

The amino acid sequences for the various binding regions of anti-CD45 Ab3 are dsascribed in Table 27.
included in tha invention are anti-CD45 antibodies based on Ab3, e.g., that comprise the CDRs as set forth in
Table 27.

In one embodiment, the invention provides an anti-CD45 antibedy, or antigen-hinding fragment thereof,
comprising antigen binding regions, e.g., CDRs and/or variable regions, corresponding 1o those of Ab3. The
heavy chain variable region (VH) amino acid sequence of Ab3 is set forth in SEQ 1D NO:21 (see Table 27). The
VH CDR domain amine acid sequsances of Ab3 are set forth in SEQ 1D NO:22 (VH CDR1); SEQ 1D NO:23 (VH
CDR2), and SEQ ID NO:24 (VH CDR3).  The light chain variabls region (VL) amino acid sequence of Ab3 is
described in SEQ 1D NO:25 (see Table 27). The VL CDR domain amino acid sequences of Ab3 are set forth in
SEQ 1D NO:26 (VL CDR1); SEQ 1D NO:27 (VL CDR2), and SEQ 1D NO:28 (Vi CDR3).

Accordingly, in some embodiments, provided herein is an anti-GD45 antibody, or antigen-binding
portion thereof, comprising a heavy chain variable region comprising a CDBR1 domain comprising the amine acid
sequence as set forth in SEQ 1D NO:22, a CDR2 domain comprising the amino acid sequence as set forth in
SEQ ID NO:28, and a CDR3 domain comprising the amino acid sequence as set forth in SEQ ID NO:24; and/or
a light chain variable region comprising a CDR1 domain comprising the aming acid sequance as set forth in
SEQ D NO:28, a CDR2Z domain comprising the aming acid sequence as set forth in SEQ ID NO:27;and 8
CDRS domain comprising the amino acid seguence as set forth in SEQ 1D NO:28. In certain embodiments, an
anti-CD45 antibody comprisas the CDRs described herein (SEQ ID NOs: 22 to 24 and 28 to 28} whersin the
CDR comprises a conservative amino acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while retaining
the CD45 specificity of the antibody (i.e., speciiicity similar fo Ab3).

in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding portion thereof,
comprising a heavy chain variable region comprising the amino acid seguence as set forth in SEQ 1D NO:21,
and/or a ight chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:25. In
certain embodiments, an antibody can comprise a modified heavy chain (HC) variabis region comprising an HG
variable domain comprising SEQ 1D NG:21, or a variant of SEGQ 1D NO:21, which variant (i) differs from SEQ ID
NO:21in 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; (i) differs from SEQ ID NO21 inat
most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (iii) differs from SEQ ID NO:21 in 1-5, 1-3,
1-2, 2-5 or 3-5 amino acids substitutions, additions or delstions and/or (iv) comprisas an amino acid sequence
that is at least about 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:21, wherein in
any of (i-{iv), an amino acid substitution may be a conservative aminc acid substiiution or a non-conservative

amino acid substitution; and wherein the modified heavy chain variable region retains the CD45 specificity of the
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antibody {i.e., specificity similar fo Ab3), or has an enhanced biological activity relative to that of another Ab3
heavy chain variable region. In certain embodimants, an antibody comprises a modified light chain (LC) variable
region comprising an LC variable domain comprising SEQ 1D NO:25, or a variant of SEQ ID NO:25, which
variant (i} differs from SEQ 1D NG:25 in 1, 2, 3, 4 or 5 amino acids substitutions, additicns or delations; (il) differs
from SEQ ID NO:25 inat most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (i) differs from
SEQID NG:25in 1-5, 1-3, 1-2, 2-5 or 3-5 aming acids substitutions, additions or deletions and/or {iv) comprises
an amino acid seqguencs that is al least about 75%, 80%, 85%, 80%, 95%, 86%, 87%, 88% or 38% identical to
SEQ ID NC:25, wherein in any of (i}-{iv), an amino acid substitution may be a conservative aminc acid
substitution or a non-conservative amino acid substitution; and wherein the modified light chain variable region
retains the CD45 specificity of the antibody (i.e., specificily similar to Ab3), or has an enhanced biclegical activity
relative to that of another Ab3 light chain variable region.

Antibodies comprising the CDR and/or variable region sequences of Ab3 can be in the form of full-
length antibodies, bispecific antibodies, dual variable domain antibodies, mulliple chain or single chain
antibodies, and/or binding fragments that specifically bind human CD45, including but not limited to Fab, Fab',
{Fab"2, Fv), scFv {single chain Fv}, surrobodies (including surrogate light chain construct), singls domain
antibodies, camelized antibodies and the like. They also can be of, or derived from, any isolype, including, for
example, IgA (2.g.. IgAt or lgA2), IgD, IgE, IgG {e.g. IgGH1, IgG2, 1gG3 or IgG4), or igM. In some embaodiments,
the anti-45 antibody is an 1gG (e.g. lgG1, igG2, 1gG3 or IgG4).

in some embodiments, an antibody comprising the CDR and/or variable region sequences of Ab3 can
further comprise a heavy chain constant region and/or a light chain constant region. In some embodiments, the
constant region is a human lgG1 constant region, a human lgG2 constant region, a human lgG8 constant
region, or a human igG4 constant region. In some embodiments, the heavy chain constant region can be a
modified constant region. Exemplary constant regions substitutions and/or modifications are described herein,
and include, but are not limited to, substitutions at one or more of the {ollowing positions: 234, 235, 265, and 435
(EU index according to Kabat). In some embodiments, an antibody comprising the CDR and/or variable region
sequencas of Ab3 can further comprise an IgG1 heavy chain constant region containing one or more of the
following substitutions: L234A, L235A, D265C, and H435A (EU index according to Kabat). Insome
embodimenis, an antibody comprising the CDR and/or variable region sequences of Ab3 can further comprise a
heavy chain constant region set forth in SEQ 1D NG:102, SEQ 1D NO:103, SEQ ID NO:104, SEQ 1D NO:105 or
SEQ ID NO:108. In some embodiments the antibody comprises a light chain constant region set forth in SEQ
1D NO:101.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a heavy
chain comprising the amino acld sequence as set forth in SEG 1D NO:29. In certain embodiments, an antibody
comprises a modified heavy chain (HC) region comprising an HC domain comprising SEQ 1D NO:29, ora
variant of SEQ 1D NO:28, which variant (i) differs from SEQ ID NO:28 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NO:29 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or deletions; (iii) differs from SEQ ID NO:29 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions,
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additions or deletions and/or (iv) comprises an amino acid seguenca that is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 89% identical to SEQ 1D NO:29, wherein in any of (i)-(iv), an aminc acid substitution
may be a conservalive amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified heavy chain region retains the CD45 specificity of the antibody (L.e., specificity simiiar to Ab3}, or has
an enhanced biological activity relative to that of another Ab3 heavy chain region.

In certain emboediments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain comprising the amino acid sequence as set forth in SEG 1D NO:30. in ceriain embodiments, an antibody
comprises a modified light chain {L.C) region comprising an L.C domain comprising SEQ 1D NO:30, or a variant
of SEQ 1D NO:30, which variant (i} differs from SEQ 1D NO:30 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NO:30 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NG:30 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions,
additions or deletions and/or (iv) comprises an amino acid sequence that is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% idsntical to SEQ 1D NO:30, wherein in any of (1}-{iv), an amino acid substilution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified light chain region retains the CD45 specificity of the antibody (i.e., spacificity similar to Ab3), or has an
enhanced biological activity relative to that of another Ab3 light chain region.

In some embodiments, antibodies comprising the CDR regions and/or variable regions of Ab3 can be
incorporated into antibody-drug conjugates, as described herein. In addition, antibodies comprising the CDR
regions and/or variable regions of Ab3 can be used in the mathods described hersin, e.g., for depletion of
CDA5+ cells in a subject.

Ab4

Antibcdy 4 {(Ab4) cross reacts with human CD45, cyno CD45 and rhesus CD45, and can bind the
various isoforms of human CD45.

The amino acid sequences for the various binding regions of anti-CD45 Ab4 are described in Table 27,
Included in tha invention are anti-CD45 antibodies based on Ab4, e.g., that comprise the CDRs as set forth in
Table 27.

in one embodiment, the invention provides an anti-CD45 antibody, or antigen-binding fragment thereof,
comprising antigen binding regions, e.g., CORs and/or variable regions, corresponding o those of Ab4. The
heavy chain variable region (VH) amino acid sequence of Ab4 is set forth in SEQ 1D NO:31 (see Table 27). The
VH CDR domain amino acid sequences of Ab4 are set forth in SEQ 1D NO:32 (VH CDR1); SEQ ID NO:33 (VH
CDR2), and SEQ ID NO:34 (VH CDR3).  The light chain variable region (VL) amino acid sequence of Abd is
described in SEQ 1D NO:35 {see Table 27). The VL CDR domain amino acid sequences of Ab4 are set forth in
SEQ D NO:36 (VL CDR1); SEQ ID NO:37 (VL CDR2), and SEQ (D NO:38 (VL CDRS3).

Accordingly, in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding
portion thersof, comprising a heavy chain variable region comprising a CBR1 domain comprising the amino acid
sequence as set forth in SEQ ID NO:32, a CDR2 domain comprising the amino acid seguence as set forth in

61



o

15

20

25

a3
(93]

WO 2021/087368 PCT/US2020/058373

SEQ ID NO:33, and a CDR3 domain comprising the amine acid sequence as set forth in SEQ 1D NO:34; and/or
a light chain variable region comprising a CDR1 domain comprising the amino acid sequence as set forth in
SEQ ID NO:38, a CDR2 domain comprising the amino acid sequence as set forth in SEQ ID NO37; and a
CDRS domain comprising the amino acid seguence as set forth in SEQ 1D NO:38. In certain embodiments, an
anti-CD45 antibody comprises the CDRs described herein (SEQ ID NOs: 32 to 34 and 36 1o 38) wherein the
CDR comprises a conservative amino acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while retaining
ine CD45 specificity of the antibody (Le., specificity similar to Ab4}.

in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding portion therecf,
comprising a heavy chain variable region comprising the amino acid sequence as set forth in SEQ ID NO:31,
and/or a Hght chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:35. In
certain embodiments, an antibody can comprise a modified heavy chain (HG) variable region comprising an HC
variable domain comprising SEQ 1D NO:31, or a variant of SEQ 1D NO:31, which variant (i) differs from SEQ 1D
NO:31in 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; (i) differs from SEQ ID NO:31 inat
most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; {iii) differs from SEQ ID NOG:31 in 1-5, 1-3,
1-2, 2-5 or 3-5 amino acids substitutions, additions or delstions and/or {iv) comprisas an amino acid seguence
that is at least about 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:31, wherein in
any of (i-{iv), an amino acid substitution may be a conservative aminc acid substiiution or a non-conservative
amino acid substitution; and wherein the modified heavy chain variable region retains the CD45 specificity of the
antibody {i.e., specificity similar 1o Ab4), or has an enhanced biological activity refative to that of another Ab4
heavy chain variable region. In certain embodiments, an antibody comprises a maodified light chain {LC) variable
ragion comprising an LC variable domain comprising SEQ D NO:35, or a variant of SEQ ID NO:35, which
variant (i) diffiers from SEQ 1D NO:E5 in 1, 2, 3, 4 or 5 amino acids substitutions, additions or dalations; {ii) differs
from SEQ ID NO:35 in at most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (i) differs from
SEQ D NO:35in 1-5, 1-3, 1-2, 2-5 or 3-5 aming acids substitutions, additions or deletions and/or (iv) comprises
an amino acid seguence that is at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical io
SEQ D NO:35, wherein in any of (i)-{iv), an amino acid substitution may be a conservative amino acid
substitution or a non-conservative amino acid substitution; and wherein the maodified light chain variable region
retains the CD45 specificity of the antibody (i.e., specificity similar to Ab4), or has an enhanced biclogical activity
relative o that of another Ab4 light chain variable region.

Antibodies comprising the CDR and/or variable region sequences of Ab4 can be in the form of full-
length antibodies, bispecific antibodies, dual variable domain antibodies, multiple chain or single chain
antibodies, and/or binding fragments that specifically bind human CD45, including but not limited to Fab, Fab',
(Fab2, Fv), scFv {(single chain Fv), surrobedies (including surrogate light chain construct), single domain
antibodies, camelized antibodies and the like. They also can be of, or derived from, any isotype, including. for
example, IgA {e.g., IgAT orlgA2), gD, IgE, IgG (e.g. lgG1, IgG2, 1gQ3 or igG4), or IgM. In some embodiments,
the anti-45 antibody is an IgG (e.g. IgG1, 1gG2, IgG3 or IgG4}.
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In some embodiments, an antibody comprising the CDR and/or variable region sequences of Ab4 can
further comprise a heavy chain constant region and/or a light chain constani region. In some embodiments, the
constant region is a human IgG1 constant region, a human IgG2 constant region, a human IgG3 constant
region, or a human igG4 constant region. In some embodiments, the heavy chain constant region can be a
modified constant region. Exemplary consiant regions substitutions and/or modifications are described herein,
and include, but are not limited o, substitutions at one or more of the following positions: 234, 285, 265, and 435
{EU index according o Kabat}. In some smbodimants, an antibody comprising ths CDR and/or variable region
sequences of Ab4 can further comprise an lgG1 heavy chain constant region containing one or more of the
following substitutions: L234A, L235A, D2650, and H435A (EU index according to Kabat). Insome
embodimentis, an antibody comprising the CDR and/or variable region sequences of Ab4 can further comprise a
heavy chain constant region set forth in SEQ 1D NO:102, SEQ 1D NO:103, SEQ 1D NO:104, SEQ 1D NO:105 or
SEQ D NG:108. In some embodiments the antibody comprises a light chain constant region set forth in SEQ
iD NG:101.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:39. In ceriain embodiments, an antibody
comprises a modified heavy chain (HC) region comprising an HC domain comprising SEQ 1D NO:39, or a
variant of SEQ 1D NO:38, which variant (8 differs from SEQ 1D NG:38 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) difiers from SEQ 1D NO:39 in at most 5, 4, 3, 2, or 1 amino acids substifutions,
agdditions or deletions; (i) differs from SEQ ID NG:38 in 1-5, 1-3, 1-2, 2-5 ¢or 3-5 amino acids substitutions,
additions or delelions and/or (iv) comprises an amino acid seguence thal is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% identical to SEQG 1D NO:39, wherein in any of (i}-{iv), an aminc acid substitution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified heavy chain region retains the CD45 specificity of the antibody (i.e., specificity similar to Ab4), or has
an enhanced biological activity relative to that of another Ab4 heavy chain region.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a light
chain comprising the amino acid segquence as set forth in SEQ 1D NO:40. In cerlain embodiments, an antibody
comprises a modified light chain {(1.C) region comprising an LC domain comprising SEQ 1D NO:40, or g variant
of SEQ ID NO:40, which variant (i) differs from SEQ ID NO:40 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) difiers from SEQ ID NO:40 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or delelions and/or (iv) comprises an amino acid seguence thal is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% identical to SEQG 1D NO40, wherein in any of (i-{iv), an aminc acid substitution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
maodified light chain region retains the CD45 specificity of the antibody {i.e., specificity similar to Ab4), or has an
enhanced biological activity relative to that of another Ab4 light chain region.

In some embodiments, antibodies comprising the CDR regions and/or variable regions of Ab4 can be
incorporated into antibody-drug conjugates, as described herein. In addition, antibodies comprising the CDR
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regions and/or variable regions of Ab4 can be used in the mathods described herein, &.g., for depletion of
CD45+ cells in a subject.

AbSs

Antibody 5 (Ab5) cross reacts with human CD45, cyno CD45 and rhesus CD45, and can bind the
various isoforms of human GD45.

The amino acid sequences for the various binding regions of anti-CD45 AbS are dsascribed in Table 27.
included in tha invention are anti-CD45 antibodies based on AbS, e.g., that comprise the CDRs as set forth in
Table 27.

In one embodiment, the invention provides an anti-CD45 antibedy, or antigen-hinding fragment thereof,
comprising antigen binding regions, e.g., CDRs and/or variable regions, corresponding 1o those of AbS. The
heavy chain variable region (VH) amino acid sequence of AbS5 is set forth in SEQ 1D NO41 (see Table 27). The
VH CDR domain amine acid sequsances of AbS are set forth in SEQ 1D NO:42 (VH CDR1); SEQ 1D NO43 (VH
CDR2), and SEQ ID NO:44 (VH CDR3).  The light chain variabls region (VL) amino acid sequence of AbS is
described in SEQ 1D NO:45 (see Table 27). The VL CDR domain amino acid sequences of Abb are set forth in
SEQ ID NO:46 (VL CDR1); SEQ 1D NO:47 (VL CDR2), and SEQ ID NO48 (VL. CDR3).

Accordingly, in some embodiments, provided herein is an anti-GD45 antibody, or antigen-binding
portion thereof, comprising a heavy chain variable region comprising a CDBR1 domain comprising the amine acid
sequence as set forth in SEQ ID NO:42, a CDR2 domain comprising the amino acid sequence as set forth in
SEQ ID NO:48, and a CDR3 domain comprising the amino acid sequence as set forth in SEQ ID NO:44; and/or
a light chain variable region comprising a CDR1 domain comprising the aming acid sequance as set forth in
SEQ 1D NO:48, a CDR2 domain comprising the aming acid sequence as set forth in SEQ 1D NO47;and g
CDR3 domain comprising the amino acid seguence as set forth in SEQ ID NO:48. In certain embaodiments, an
anti-CD45 antibody comprisas the CDRs described herein (SEQ ID NOs: 42 to 44 and 48 to 48} whersin the
CDR comprises a conservative amino acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while retaining
the CD45 specificity of the antibody (i.e., speciiicity similar fo Ab5).

in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding portion thereof,
comprising a heavy chain variable region comprising the amino acid seguence as set forth in SEQ 1D NO4+1,
and/or a ight chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO45. In
certain embodiments, an antibody can comprise a modified heavy chain (HC) variabis region comprising an HG
variable domain comprising SEQ 1D NC:41, or a variant of SEQ 1D NO:41, which variant (i) differs from SEQ ID
NO41in 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; (i) diffars from SEQ 1D NO41 inat
most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (iii) differs from SEQ ID NO:41 in 1-5, 1-3,
1-2, 2-5 or 3-5 amino acids substitutions, additions or delstions and/or (iv) comprisas an amino acid sequence
that is at least about 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:41, wherein in
any of (i-{iv), an amino acid substitution may be a conservative aminc acid substiiution or a non-conservative

amino acid substitution; and wherein the modified heavy chain variable region retains the CD45 specificity of the
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antibody {i.e., specificity similar fo Ab5), or has an enhanced biological activity refative to that of another AbS
heavy chain variable region. In certain embodimants, an antibody comprises a modified light chain (LC) variable
region comprising an LC variable domain comprising SEQ 1D NO:45, or a variant of SEQ ID NO:45, which
variant (i} differs from SEQ 1D NG:45 in 1, 2, 3, 4 or 5 amino acids substitutions, additicns or delations; (i) differs
from SEQ ID NO:45 inat most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (i) differs from
SEQID NG:45in 1-5, 1-3, 1-2, 2-5 or 3-5 aming acids substitutions, additions or deletions and/or {iv) comprises
an amino acid seqguencs that is al least about 75%, 80%, 85%, 80%, 95%, 86%, 87%, 88% or 38% identical to
SEQ 1D NCG:45, wherein in any of (i}-{iv), an amino acid substitution may be a conservative aming acid
substitution or a non-conservative amino acid substitution; and wherein the modified light chain variable region
retains the CD45 specificity of the antibody (i.e., specificity similar to AbS), or has an enhanced biclegical activity
relative o that of another Ab5 light chain variable region.

Antibodies comprising the CDR and/or variable region sequences of AbS can be in the form of full-
length antibodies, bispecific antibodies, dual variable domain antibodies, mulliple chain or single chain
antibodies, and/or binding fragments that specifically bind human CD45, including but not limited to Fab, Fab',
{Fab"2, Fv), scFv {single chain Fv}, surrobodies (including surrogate light chain construct), singls domain
antibodies, camelized antibodies and the like. They also can be of, or derived from, any isolype, including, for
example, IgA (2.g.. IgAt or lgA2), IgD, IgE, IgG {e.g. IgGH1, IgG2, 1gG3 or IgG4), or igM. In some embaodiments,
the anti-45 antibody is an 1gG (e.g. lgG1, igG2, 1gG3 or IgG4).

in some embodiments, an antibody comprising the CDR and/or variable region sequences of Ab5 can
further comprise a heavy chain constant region and/or a light chain constant region. In some embodiments, the
constant region is a human lgG1 constant region, a human lgG2 constant region, a human lgG8 constant
region, or a human igG4 constant region. In some embodiments, the heavy chain constant region can be a
modified constant region. Exemplary constant regions substitutions and/or modifications are described herein,
and include, but are not limited to, substitutions at one or more of the {ollowing positions: 234, 235, 265, and 435
(EU index according to Kabat). In some embodiments, an antibody comprising the CDR and/or variable region
sequencas of AbS can further comprise an IgG1 heavy chain constant region containing one or more of the
following substitutions: L234A, L235A, D265C, and H435A (EU index according to Kabat). Insome
embodimenis, an antibody comprising the CDR and/or variable region sequences of AbS can further comprise a
heavy chain constant region set forth in SEQ 1D NG:102, SEQ 1D NO:103, SEQ ID NO:104, SEQ 1D NO:105 or
SEQ ID NO:108. In some embodiments the antibody comprises a light chain constant region set forth in SEQ
1D NO:101.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a heavy
chain comprising the amino acld sequence as set forth in SEG 1D NO49. In certain embodiments, an antibody
comprises a modified heavy chain (HC) region comprising an HC domain comprising SEQ 1D NO:49, 0ra
variant of SEQ 1D NO:g, which variant (i) differs from SEQ ID NC:49 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NO49 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or deletions; (iii) differs from SEQ ID NO:49 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions,
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additions or deletions and/or (iv) comprises an amino acid seguenca that is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 89% identical toc SEQ 1D NO:49, wherein in any of (i)-(iv), an aminc acid substitution
may be a conservalive amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified heavy chain region retains the CD45 specificity of the antibody (L.e., specificity simiiar to Ab5}, or has
an enhanced biological activity relative to that of another AbS heavy chain region.

In certain emboediments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain comprising the amino acid sequence as set forth in SEG 1D NO:50. in ceriain embodiments, an antibody
comprises a modified light chain {L.C) region comprising an L.C domain comprising SEQ 1D NO:50, or a variant
of SEQ 1D NO:B0, which variant (i} differs from SEQ 1D NO:B0 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NO:B0 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NGB0 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions,
additions or deletions and/or (iv) comprises an amino acid sequence that is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% idsntical to SEQ 1D NO:B0, wherein in any of (1}-{iv), an amino acid substilution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified light chain region retains the CD45 specificity of the antibody (i.e., spacificity similar to AbS), or has an
enhanced biological activity relative to that of another AbS light chain region.

In some embodiments, antibodies comprising the CDR regions and/or variable regions of AbS can be
incorporated into antibody-drug conjugates, as described herein. In addition, antibodies comprising the CDR
regions and/or variable regions of Ab5 can be used in the mathods described hersin, e.g., for depletion of
CDA5+ cells in a subject.

Ab

1)

Antibcdy 6 {(Ab6) cross reacts with human CD45, cyno CD45 and rhesus CD45, and can bind the
various isoforms of human CD45.

The amino acid sequences for the various binding regions of anti-CD45 AbS are described in Table 27,
Included in tha invention are anti-CD45 antibodies based on AbB, e.g., that comprise the CDRs as set forth in
Table 27.

in one embodiment, the invention provides an anti-CD45 antibody, or antigen-binding fragment thereof,
comprising antigen binding regions, e.g., CDRs and/or variable regions, corresponding to those of AbS. The
heavy chain variable region (VH) amino acid sequence of Ab6 is set forth in SEQ 1D NO:51 (see Table 27). The
VH CDR domain amino acid sequences of AbS are set forth in SEQ 1D NO:52 (VH CDR1); SEQ ID NO53 (VH
CDR2), and SEQ ID NO:B4 (VH CDR3).  The light chain variable region (VL) amino acid sequence of AbB is
described in SEQ 1D NO:55 {see Table 27). The VL CDR domain amino acid sequences of Ab6 are set forth in
SEQ D NO:56 (VL CDR1); SEQ ID NO:57 (VL CDR2), and SEQ (D NO:58 (VL CDRS3).

Accordingly, in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding
portion thersof, comprising a heavy chain variable region comprising a CBR1 domain comprising the amino acid
sequence as set forth in SEQ ID NO:52, a CDRZ domain comprising the amino acid seguence as set forth in
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SEQ ID NO:5S, and a CDR3 domain comprising the amine acid sequence as set forth in SEQ 1D NO:54; and/or
a light chain variable region comprising a CDR1 domain comprising the amino acid sequence as set forth in
SEQ ID NO:58, a CDR2 domain comprising the amino acid sequence as set forth in SEQ ID NO57; and a
CDRS domain comprising the amino acid seguence as set forth in SEQ 1D NO:58. In certain embodiments, an
anti-CD45 antibody comprises the CDRs described herein (SEQ ID NOs: 52 to 54 and 56 1o 58) wherein the
CDR comprises a conservative amino acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while retaining
ine CD45 specificity of the antibody (Le., specificity similar to AbS}.

in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding portion therecf,
comprising a heavy chain variable region comprising the amino acid sequence as set forth in SEQ {D NO:51,
and/or a Hght chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:55. In
certain embodiments, an antibody can comprise a modified heavy chain (HG) variable region comprising an HC
variable domain comprising SEQ 1D NO:51, or a variant of SEQ 1D NO:51, which variant (i) differs from SEQ 1D
NO:51in 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; (i) differs from SEQ 1D NO:B1 inat
most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; {iii) differs from SEQ ID NOG:51 in 1-5, 1-3,
1-2, 2-5 or 3-5 amino acids substitutions, additions or delstions and/or {iv) comprisas an amino acid seguence
that is at least about 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:51, wherein in
any of (i-{iv), an amino acid substitution may be a conservative aminc acid substiiution or a non-conservative
amino acid substitution; and wherein the modified heavy chain variable region retains the CD45 specificity of the
antibody {i.e., specificity similar to Ab8), or has an enhanced biological activity refative to that of another AbS
heavy chain variable region. In certain embodiments, an antibody comprises a maodified light chain {LC) variable
ragion comprising an LC variable domain comprising SEQ D NO:55, or a variant of SEQ ID NO:55, which
variant (i) diffiers from SEQ 1D NO:B5 in 1, 2, 3, 4 or 5 amino acids substitutions, additions or dalations; {ii) differs
from SEQ ID NO:55 inat most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (i) differs from
SEQ D NO:B5in 1-5, 1-3, 1-2, 2-5 or 3-5 aming acids substitutions, additions or deletions and/or (v} comprises
an amino acid seguence that is at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical io
SEQ D NO:55, wherein in any of (i)-{iv), an amino acid substitution may be a conservative amino acid
substitution or a non-conservative amino acid substitution; and wherein the maodified light chain variable region
rataing the CD45 specificity of the antibody (i.s., specificity similar to AbS), or has an snhanced biological activity
relative o that of another Ab8 light chain variable region.

Antibodies comprising the CDR and/or variable region sequences of AbS can be in the form of full-
length antibodies, bispecific antibodies, dual variable domain antibodies, multiple chain or single chain
antibodies, and/or binding fragments that specifically bind human CD45, including but not limited to Fab, Fab',
(Fab2, Fv), scFv {(single chain Fv), surrobedies (including surrogate light chain construct), single domain
antibodies, camelized antibodies and the like. They also can be of, or derived from, any isotype, including. for
example, IgA {e.g., IgAT orlgA2), gD, IgE, IgG (e.g. lgG1, IgG2, 1gQ3 or igG4), or IgM. In some embodiments,
the anti-45 antibody is an IgG (e.g. IgG1, 1gG2, IgG3 or IgG4}.
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In some embodiments, an antibody comprising the CDR and/or variable region sequences of Abg can
further comprise a heavy chain constant region and/or a light chain constani region. In some embodiments, the
constant region is a human IgG1 constant region, a human IgG2 constant region, a human IgG3 constant
region, or a human igG4 constant region. In some embodiments, the heavy chain constant region can be a
modified constant region. Exemplary consiant regions substitutions and/or modifications are described herein,
and include, but are not limited o, substitutions at one or more of the following positions: 234, 285, 265, and 435
{EU index according o Kabat}. In some smbodimants, an antibody comprising ths CDR and/or variable region
sequences of AbS can further comprise an IgG1 heavy chain constant region containing one or more of the
following substitutions: L234A, L235A, D2650, and H435A (EU index according to Kabat). Insome
embodimentis, an antibody comprising the CDR and/or variable region sequences of AbS can further comprise a
heavy chain constant region set forth in SEQ 1D NO:102, SEQ 1D NO:103, SEQ 1D NO:104, SEQ 1D NO:105 or
SEQ D NG:108. In some embodiments the antibody comprises a light chain constant region set forth in SEQ
iD NG:101.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:59. In ceriain embodiments, an antibody
comprises a modified heavy chain (HC) region comprising an HC domain comprising SEQ 1D NO:59, or a
variant of SEQ 1D NO:59, which variant (3 differs from SEQ 1D NGB8 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) difiers from SEQ 1D NO:B9 in at most 5, 4, 3, 2, or 1 amino acids substifutions,
agdditions or deletions; (i) differs from SEQ ID NGB8 in 1-5, 1-3, 1-2, 2-5 ¢or 3-5 amino acids substitutions,
additions or delelions and/or (iv) comprises an amino acid seguence thal is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:59, wherein in any of (i}-{iv), an aminc acid substitution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified heavy chain region retains the CD45 specificity of the antibody (i.e., specificity similar to Ab8), or has
an enhanced biological activity relative to that of another Ab8 heavy chain region.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a light
chain comprising the amino acid segquence as set forth in SEQ 1D NO:B0. In cerlain embodiments, an antibody
comprises a modified light chain {(1.C) region comprising an LC domain comprising SEQ 1D NO:60, or a variant
of SEQ 1D NO:80, which variant (i) differs from SEQ ID NO:80 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) difiers from SEQ ID NO:60 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or delelions and/or (iv) comprises an amino acid seguence thal is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% identical to SEQG 1D NO:B0, wherein in any of (i-{iv), an aminc acid substitution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
maodified light chain region retains the CD45 specificity of the antibody {i.e., specificity similar to Ab8), or has an
enhanced biological activity relative to that of another AbS light chain region.

In some embodiments, antibodias comprising the CDR regions and/or variable ragions of AbS can be
incorporated into antibody-drug conjugates, as described herein. In addition, antibodies comprising the CDR
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regions and/or variable regions of AbS can be used in the mathods described herein, e.g., for depletion of
CD45+ cells in a subject.

Ab7

Antibody 7 (Ab7) cross reacts with human CD45, cyno CD45 and rhesus CD45, and can bind the
varicus iscforms of human CD45.

The amino acid sequences for the various binding regions of anti-CD45 Ab7 are described in Table 27.
included in tha invention are anti-CbD45 antibodies based on Ab7, e.g., that comprise the CDRs as set forth in
Table 27.

In one embodiment, the invention provides an anti-CD45 antibedy, or antigen-hinding fragment thereof,
comprising antigen binding regions, e.g., CDRs and/or variable regions, corresponding o those of Ab7. The
heavy chain variable region (VH) amino acid sequence of Ab7 is set forth in SEQ 1D NO:B1 (see Table 27). The
VH CDR domain amine acid sequsances of Ab7 are set forth in SEQ 1D NO:62 (VH CDR1}; SEQ 1D NO:B3 (VH
CDR2), and SEQ ID NO:$B4 (VH CDR3).  The light chain variable region (VL) amino acid sequence of Ab7 is
described in SEQ 1D NO:65 (see Table 27). The VL CDR domain amino acid sequences of Ab7 are set forth in
SEQ 1D NO:66 (VL CDR1); SEQ 1D NO:87 (VL CDR2), and SEQ 1D NO:88 (Vi CDR3).

Accordingly, in some embodiments, provided herein is an anti-GD45 antibody, or antigen-binding
portion thereof, comprising a heavy chain variable region comprising a CDBR1 domain comprising the amine acid
sequence as set forth in SEQ 1D NO:62, a CDR2 domain comprising the amino acid sequence as set forth in
SEQ ID NO:88, and a CDR3 domain comprising the amino acid sequence as set forth in SEQ ID NO:€4; and/or
a light chain variable region comprising a CDR1 domain comprising the aming acid sequance as set forth in
SEQ D NO:88, a CDR2Z domain comprising the aminge acid sequence as set forth in SEQ 1D NOB7; and g
CDR3 domain comprising the amino acid seguence as set forth in SEQ ID NO:68. In certain embaodiments, an
anti-CD45 antibody comprisas the CDRs described herein (SEQ ID NOs: 82 to 84 and 68 to 68} whersin the
CDR comprises a conservative amino acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while retaining
the CD45 specificity of the antibody (i.e., speciiicity similar fo Ab7).

in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding portion thereof,
comprising a heavy chain variable region comprising the amino acid seguence as set forth in SEQ 1D NO:@8H,
and/or a ight chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:#B5. In
certain embodiments, an antibody can comprise a modified heavy chain (HC) variabis region comprising an HG
variable domain comprising SEQ ID NO:81, or a variant of SEQ 1D NO:81, which variant (i) differs from SEQ 1D
NQOB1in 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; (i) diffars from SEQ ID NO®$S1 inat
most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (iii) differs from SEQ ID NO:61 in 1-5, 1-3,
1-2, 2-5 or 3-5 amino acids substitutions, additions or delstions and/or (iv) comprisas an amino acid sequence
that is at least about 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:61, wherein in
any of (i-{iv), an amino acid substitution may be a conservative aminc acid substiiution or a non-conservative

amino acid substitution; and wherein the modified heavy chain variable region retains the CD45 specificity of the

Y



o

15

20

25

a3
(93]

WO 2021/087368 PCT/US2020/058373

antibody {i.e., specificity similar fo Ab7), or has an enhanced biological activity relative to that of another Ab7
heavy chain variable region. In certain embodimants, an antibody comprises a modified light chain (LC) variable
region comprising an LC variable domain comprising SEQ 1D NO:€5, or a variant of SEQ ID NO:85, which
variant (i} differs from SEQ 1D NG:B5 in 1, 2, 3, 4 or 5 amino acids substitutions, additicns or delations; (il) differs
from SEQ ID NO:B85 in at most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (i) differs from
SEQID NG:85In 1-5, 1-3, 1-2, 2-5 or 3-5 aming acids substitutions, additions or deletions and/or {iv) comprises
an amino acid seqguencs that is al least about 75%, 80%, 85%, 80%, 95%, 86%, 87%, 88% or 38% identical to
SEQ ID NC:65, wherein in any of (i}-{iv), an amino acid substitution may be a conservative aming acid
substitution or a non-conservative amino acid substitution; and wherein the modified light chain variable region
retains the CD45 specificity of the antibody (i.e., specificily similar to Ab7), or has an enhanced biclegical activity
relative o that of another Ab7 light chain variable region.

Antibodies comprising the CDR and/or variable region sequences of Ab7 can be in the form of full-
length antibodies, bispecific antibodies, dual variable domain antibodies, mulliple chain or single chain
antibodies, and/or binding fragments that specifically bind human CD45, including but not limited to Fab, Fab',
{Fab"2, Fv), scFv {single chain Fv}, surrobodies (including surrogate light chain construct), singls domain
antibodies, camelized antibodies and the like. They also can be of, or derived from, any isolype, including, for
example, IgA (2.g.. IgAt or lgA2), IgD, IgE, IgG {e.g. IgGH1, IgG2, 1gG3 or IgG4), or igM. In some embaodiments,
the anti-45 antibody is an 1gG (e.g. lgG1, igG2, 1gG3 or IgG4).

in some embodiments, an antibody comprising the CDR and/or variable region sequences of Ab7 can
further comprise a heavy chain constant region and/or a light chain constant region. In some embodiments, the
constant region is a human lgG1 constant region, a human lgG2 constant region, a human lgG8 constant
region, or a human igG4 constant region. In some embodiments, the heavy chain constant region can be a
modified constant region. Exemplary constant regions substitutions and/or modifications are described herein,
and include, but are not limited to, substitutions at one or more of the {ollowing positions: 234, 235, 265, and 435
(EU index according to Kabat). In some embodiments, an antibody comprising the CDR and/or variable region
sequencas of Ab7 can further comprise an IgG1 heavy chain constant region containing one or more of the
following substitutions: L234A, L235A, D265C, and H435A (EU index according to Kabat). Insome
embodimenis, an antibody comprising the CDR and/or variable region sequences of Ab7 can further comprise a
heavy chain constant region set forth in SEQ 1D NG:102, SEQ 1D NO:103, SEQ ID NO:104, SEQ 1D NO:105 or
SEQ ID NO:108. In some embodiments the antibody comprises a light chain constant region set forth in SEQ
1D NO:101.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a heavy
chain comprising the amino acld sequence as set forth in SEG 1D NO:B9. in certain embodiments, an antibody
comprises a modified heavy chain (HC) region comprising an HC domain comprising SEQ 1D NO:69, ora
variant of SEQ 1D NO:68, which variant (i) differs from SEQ ID NO:@in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NOB9 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or deletions; (iii) differs from SEQ ID NO:89 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions,
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additions or deletions and/or (iv) comprises an amino acid seguenca that is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 89% identical toc SEQ 1D NO:89, wherein in any of (i)-(iv), an aminc acid substitution
may be a conservalive amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified heavy chain region retains the CD45 specificity of the antibody (i.e., specificity simiiar to Ab7), or has
an enhanced biological activity relative to that of another Ab7 heavy chain region.

In certain emboediments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain comprising the amino acid sequence as set forth in SEG 1D NO:70. in ceriain embodiments, an antibody
comprises a modified light chain {L.C) region comprising an L.C domain comprising SEQ 1D NO:70, or a variant
of SEQ 1D NO:70, which variant (i} differs from SEQ ID NO:70in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NO:70 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or deletions; (i) differs from SEQ ID NG:70 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions,
additions or deletions and/or (iv) comprises an amino acid sequence that is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% idsntical to SEQ 1D NO:70, wherein in any of (1}-{iv), an amino acid substilution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
maodified light chain region retains the CD45 specificity of the antibody (i.e., spacificity similar to Ab7), or has an
enhanced biological activity relative to that of another AbY light chain region.

In some embodiments, antibodies comprising the CDR regions and/or variable regions of Ab7 can be
incorporated into antibody-drug conjugates, as described herein. In addition, antibodies comprising the CDR
regions and/or variable regions of Ab7 can be used in the mathods described hersin, e.g., for depletion of
CDA5+ cells in a subject.

AbA

Antibcdy A (AbA) cross reacts with human CD45, cyno CD45 and rhesus CD45, and can bind the
various isoforms of human CD45.

The amino acid sequences for the various binding regions of anti-CD45 AbA are described in Table 27.
Included in tha invention are anti-CD45 antibodies based on AbA, a.g., that comprise the CDRs as set forth in
Table 27.

in one embodiment, the invention provides an anti-CD45 antibody, or antigen-binding fragment thereof,
comprising antigen binding regions, e.g., CORs and/or variable regions, corresponding to those of AbA. The
heavy chain variable region (VH) amino acid sequence of AbA is set forth in SEQ 1D NO71 (see Table 27). The
VH CDR domain amino acid sequences of AbA are set forth in SEQ ID NO:72 (VH CDR1}; SEQ ID NO:73 (VH
CDR2), and SEQ ID NO:74 (VH CDR3).  The light chain variable region (VL) amino acid sequence of AbA is
described in SEQ 1D NO:75 (see Table 27). The VL CDR domain amino acid sequences of AbA are set forth in
SEQ D NO:76 (VL CDR1); SEQ ID NO:77 (VL CDR2), and SEQ (D NO:78 (VL CDRS3).

Accordingly, in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding
portion thersof, comprising a heavy chain variable region comprising a CBR1 domain comprising the amino acid
sequence as set forth in SEQ ID NO:72, a CDR2 domain comprising the amino acid seguence as set forth in
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SEQ ID NO:73, and a CDR3 domain comprising the amine acid sequence as set forth in SEQ 1D NO:74; and/or
a light chain variable region comprising a CDR1 domain comprising the amino acid sequence as set forth in
SEQ ID NO:78, a CDR2 domain comprising the amino acid sequence as set forth in SEQ ID NO77; and a
CDRS domain comprising the amino acid seguence as sel forth in SEQ 1D NO:78. In certain embodiments, an
anti-CD45 antibody comprises the CDRs described herein (SEQ ID NOs: 72 to 74 and 76 1o 78) wherein the
CDR comprises a conservative amino acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while retaining
ine CD45 specificity of the antibody (Le., specilicily simiiar to AbA).

in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding portion therecf,
comprising a heavy chain variable region comprising the amino acid seqguence as set forth in SEQ ID NO:71,
and/or a Hght chain variabie region comprising the amino acid sequence as set forth in SEQ 1D NO:75. In
certain embodiments, an antibody can comprise a modified heavy chain (HG) variable region comprising an HC
variable domain comprising SEQ 1D NO:71, or a variant of SEQ 1D NO:71, which variant (i) differs from SEQ 1D
NO:71in 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; (i) differs from SEQ ID NO71 in at
most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; {iii) differs from SEQ ID NOG:71 in 1-5, 1-3,
1-2, 2-5 or 3-5 amino acids substitutions, additions or delstions and/or {iv) comprisas an amino acid seguence
that is at least about 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:71, wherein in
any of (i-{iv), an amino acid substitution may be a conservative aminc acid substiiution or a non-conservative
amino acid substitution; and wherein the modified heavy chain variable region retains the CD45 specificity of the
antibody {i.e., spacificity similar to AbA), or has an enhanced biological activity relative to that of another AbA
heavy chain variable region. In certain embodiments, an antibody comprises a maodified light chain {LC) variable
ragion comprising an LC variable domain comprising SEQ D NO:75, or a variant of SEQ ID NO:75, which
variant (i) diffiers from SEQ 1D NG:75in 1, 2, 3, 4 or 5 amino acids substitutions, additions or dalations; {ii) differs
from SEQ ID NO:75 in at most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (i) differs from
SEQID NO:781in 1-5, 1-3, 1-2, 2-5 or 3-5 aming acids substitutions, additions or deletions and/or (iv) comprises
an amino acid seguence that is at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical io
SEQ D NO:75, wherein in any of (i)-{iv), an amino acid substitution may be a conservative amino acid
substitution or a non-conservative amino acid substitution; and wherein the maodified light chain variable region
refains the CD45 specificily of the antibody (i.e., specificity similar to AbA), or has an enhanced biological
activity relative to that of another AbA light chain variable region.

Antibodies comprising the CDR and/or variable region sequences of AbA can be in the form of full-
length antibodies, bispecific antibodies, dual variable domain antibodies, multiple chain or single chain
antibodies, and/or binding fragments that specifically bind human CD45, including but not limited to Fab, Fab',
(Fab2, Fv), scFv {(single chain Fv), surrobedies (including surrogate light chain construct), single domain
antibodies, camelized antibodies and the like. They also can be of, or derived from, any isotype, including. for
example, IgA {e.g., IgAT orlgA2), gD, IgE, IgG (e.g. lgG1, IgG2, 1gQ3 or igG4), or IgM. In some embodiments,
the anti-45 antibody is an IgG (e.g. IgG1, 1gG2, IgG3 or IgG4}.
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In some embodiments, an antibody comprising the CDR and/or variable region sequences of AbA can
further comprise a heavy chain constant region and/or a light chain constani region. In some embodiments, the
constant region is a human IgG1 constant region, a human IgG2 constant region, a human IgG3 constant
region, or a human igG4 constant region. In some embodiments, the heavy chain constant region can be a
modified constant region. Exemplary consiant regions substitutions and/or modifications are described herein,
and include, but are not limited o, substitutions at one or more of the following positions: 234, 285, 265, and 435
{EU index according o Kabat}. In some smbodimants, an antibody comprising ths CDR and/or variable region
sequences of AbA can further comprise an IgG1 heavy chain constant region containing one or more of the
following substitutions: L234A, L235A, D2650, and H435A (EU index according to Kabat). Insome
embodiments, an antibody comprising the CDR and/or variable region sequences of AbA can further comprise a
heavy chain constant region set forth in SEQ 1D NO:102, SEQ 1D NO:103, SEQ 1D NO:104, SEQ 1D NO:105 or
SEQ D NG:108. In some embodiments the antibody comprises a light chain constant region set forth in SEQ
iD NG:101.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:79. In ceriain embodiments, an antibody
comprises a modified heavy chain (HC) region comprising an HC domain comprising SEQ 1D NO:79, or a
variant of SEQ 1D NO:79, which variant (i) differs from SEQ 1D NG:78 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) difiers from SEQ ID NO:79 in at most 5, 4, 3, 2, or 1 amino acids substifutions,
additions or delelions and/or (iv) comprises an amino acid seguence thal is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:79, wherein in any of (i}-{iv), an aminc acid substitution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified heavy chain region retains the CD45 speacificity of the antibody (i.e., specificity similar to AbA), or has
an enhanced biological activity relativs to thal of another AbA heavy chain ragion.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a light
chain comprising the amino acid segquence as set forth in SEQ 1D NO:80. In cerlain embodiments, an antibody
comprises a modified light chain {(L.C) region comprising an LC domain comprising SEQ 1D NO:80, or a variant
of SEQ 1D NO:80, which variant (i) differs from SEQ ID NO:80 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) difiers from SEQ ID NO:80 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or delelions and/or (iv) comprises an amino acid seguence thal is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% identical to SEG 1D NO:80, wherein in any of (i}-{iv), an aminc acid substitution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
maodified light chain region retains the CD45 specificity of the antibody (i.e., specificity similar to AbA), or has an
enhanced biological activity relative to that of another AbA light chain region.

In some embodiments, antibodias comprising the CDR regions and/or variable regions of AbA can be
incorporated into antibody-drug conjugates, as described herein. In addition, antibodies comprising the CDR
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regions and/or variable regions of AbA can be used in the methods described herein, e.g., for depletion of
CD45+ cells in a subject.

AbB

Antibody B (AbB) cross reacts with human CD45, cyno CD45 and rhesus CD45, and can bind the
various isoforms of human GD45.

The amino acid sequences for the various binding regions of anti-CD45 AbE are described in Table 27.
included in the invention are anti-CD45 antibodies based on AbB, e.g., that comprise the CDRs as setiorth in
Table 27.

In one embodiment, the invention provides an anti-CD45 antibedy, or antigen-hinding fragment thereof,
comprising antigen binding regions, e.g., GCDRs and/or variable regions, corresponding o those of AbB. The
heavy chain variable region (VH) amino acid sequence of AbB is set forth in SEQ 1D NOB1 (see Table 27). The
VH CDR domain amino acid sequences of AbB are set forth in SEQ 1D NO:82 (VH CDR1); SEQ 1D NO:83 (VH
CDR2), and SEQ ID NO:B4 (VH CDR3). The light chain variable region (VL) amino acid sequence of AbB is
described in SEQ 1D NO:B5 (see Table 27). The VL CDR domain amino acid sequences of AbB are set forth in
SEQ 1D NO:8e (VL CDR1); SEQ 1D NO:87 (VL CDR2), and SEQ 1D NO:88 (Vi CDR3).

Accordingly, in some embodiments, provided herein is an anti-GD45 antibody, or antigen-binding
portion thereof, comprising a heavy chain variable region comprising a CDBR1 domain comprising the amine acid
sequence as set forth in SEQ 1D NO:82, a CDR2 domain comprising the amino acid sequence as set forth in
SEQ ID NO:88, and a CDR3 domain comprising the amino acid sequence as set forth in SEQ ID NO:84; and/or
a light chain variable region comprising a CDR1 domain comprising the aming acid sequance as set forth in
SEQ 1D NO:88, a CDR2Z domain comprising the aminge acid sequence as set forth in SEQ 1D NO87; and g
CDR3 domain comprising the amino acid seguence as set forth in SEQ ID NO:B8. In certain embaodiments, an
anti-CD45 antibody comprisas the CDRs described herein (SEQ ID NOs: 82 to 84 and 88 to 88} whersin the
CDR comprises a conservative amino acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while retaining
the CD45 specificity of the antibody (i.e., speciiicily similar to AbE).

in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding portion thereof,
comprising a heavy chain variable region comprising the amino acid seguence as set forth in SEQ 1D NO:8t,
and/or a ight chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:B5. In
certain embodiments, an antibody can comprise a modified heavy chain (HC) variabis region comprising an HG
variable domain comprising SEQ ID NO:81, or a variant of SEQ 1D NO:81, which variant (i) differs from SEQ 1D
NO:81in 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; (i) diffars from SEQ ID NO:81 inat
most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (iii) differs from SEQ ID NO:81 in 1-5, 1-3,
1-2, 2-5 or 3-5 amino acids substitutions, additions or delstions and/or (iv) comprisas an amino acid sequence
that is at least about 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:81, wherein in
any of (i-{iv), an amino acid substitution may be a conservative aminc acid substiiution or a non-conservative

amino acid substitution; and wherein the modified heavy chain variable region retains the CD45 specificity of the
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antibody {i.e., specificity similar o ADB), or has an enhanced biological activity reiative o that of ancther AbB
heavy chain variable region. In certain embodimants, an antibody comprises a modified light chain (LC) variable
region comprising an LC variable domain comprising SEQ 1D NO:85, or a variant of SEQ ID NO:85, which
variant (i} differs from SEQ 1D NG:85 in 1, 2, 3, 4 or 5 amino acids substitutions, additicns or delations; (il) differs
from SEQ ID NO:85 inat most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (i) differs from
SEQID NG5 In 1-5, 1-3, 1-2, 2-5 or 3-5 aming acids substitutions, additions or deletions and/or {iv) comprises
an amino acid seqguencs that is al least about 75%, 80%, 85%, 80%, 95%, 86%, 87%, 88% or 38% identical to
SEQ 1D NO:85, wherein in any of (i}-{iv), an amino acid substitution may be a conservative aminc acid
substitution or a non-conservative amino acid substitution; and wherein the modified light chain variable region
retains the CD45 specificity of the antibody (i.e., specificily similar to AbB), or has an enhanced biological
activity relative to that of another AbB light chain variable region.

Antibodies comprising the CDR and/or variable region sequences of AbB can be in the form of full-
length antibodies, bispecific antibodies, dual variable domain antibodies, mulliple chain or single chain
antibodies, and/or binding fragments that specifically bind human CD45, including but not limited to Fab, Fab',
{Fab"2, Fv), scFv {single chain Fv}, surrobodies (including surrogate light chain construct), singls domain
antibodies, camelized antibodies and the like. They also can be of, or derived from, any isolype, including, for
example, IgA (2.g.. IgAt or lgA2), IgD, IgE, IgG {e.g. IgGH1, IgG2, 1gG3 or IgG4), or igM. In some embaodiments,
the anti-45 antibody is an 1gG (e.g. lgG1, igG2, 1gG3 or IgG4).

in some embodiments, an antibody comprising the CDR and/or variable region sequences of AbB can
further comprise a heavy chain constant region and/or a light chain constant region. In some embodiments, the
constant region is a human lgG1 constant region, a human lgG2 constant region, a human lgG8 constant
region, or a human igG4 constant region. In some embodiments, the heavy chain constant region can be a
modified constant region. Exemplary constant regions substitutions and/or modifications are described herein,
and include, but are not limited to, substitutions at one or more of the {ollowing positions: 234, 235, 265, and 435
(EU index according to Kabat). In some embodiments, an antibody comprising the CDR and/or variable region
sequencas of AbB can further comprise an lgG1 heavy chain constant region containing one or more of the
following substitutions: L234A, L235A, D265C, and H435A (EU index according to Kabat). Insome
embodiments, an antibody comprising the CDR and/or variable region sequences of AbB can further comprise a
heavy chain constant region set forth in SEQ 1D NG:102, SEQ 1D NO:103, SEQ ID NO:104, SEQ 1D NO:105 or
SEQ ID NO:108. In some embodiments the antibody comprises a light chain constant region set forth in SEQ
1D NO:101.

In certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a heavy
chain comprising the amino acld sequence as set forth in SEG 1D NO:89. in certain embodiments, an antibody
comprises a modified heavy chain (HC) region comprising an HC domain comprising SEQ 1D NO:89, ora
variant of SEQ 1D NO:88, which variant (i) difiers from SEQ ID NO:89 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NO:8% in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or deletions; (iii) differs from SEQ ID NO:89 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions,
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additions or deletions and/or (iv) comprises an amino acid seguenca that is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 89% identical toc SEQ 1D NO:89, wherein in any of (i)-(iv), an aminc acid substitution
may be a conservalive amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified heavy chain region retains the CD45 specificity of the antibody (L.e., specificity similar to AbB), or has
an enhanced biological activity relative to that of another AbB heavy chain region.

In certain emboediments, the anti-CD45 antibody, or antigen binding portion thereof, comprises a light
chain comprising the amino acid sequence as set forth in SEG 1D NO:90. in ceriain embodiments, an antibody
comprises a modified light chain {L.C) region comprising an L.C domain comprising SEQ 1D NO:90, or a variant
of SEQ 1D NO:80, which variant (i} differs from SEQ 1D NO:S0 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NO:QC in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or deletions; (i) differs from SEQ 1D NGB0 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions,
additions or deletions and/or (iv) comprises an amino acid sequence that is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% idsntical to SEQ 1D NO:90, wherein in any of (1}-{iv), an amino acid substilution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified light chain region retains the CD45 specificity of the antibody {i.e., specificity similar to AbB), or has an
enhanced biological activity relative to that of another AbB light chain region.

In some embodiments, antibodies comprising the CDR regions and/or variable regions of AbB can be
incorporated into antibody-drug conjugates, as described herein. In addition, antibodies comprising the CDR
regions and/or variable regions of AbB can be used in the methods described herein, e.g., for depletion of
CDA5+ cells in a subject.

AbC

Antibedy G (AbC) cross reacts with human CD45, cyno CD45 and rhesus CD45, and can bind the
various isoforms of human CD45.

The amino acid sequences for the various binding regions of anti-CD45 AbC are described in Table 27.
Included in tha invention are anti-CD45 antibodies based on AbC, e.g., that comyprise the CDRs as set forth in
Table 27.

in one embodiment, the invention provides an anti-CD45 antibody, or antigen-binding fragment thereof,
comprising antigen binding regions, e.g., CORs and/or variable regions, corresponding o those of AbC. The
heavy chain variable region (VH) amino acid sequence of AbC is set forth in SEQ 1D NO:81 (see Table 27). The
VH CDR domain amino acid sequences of AbC are set forth in SEQ 1D NO:92 (VH CDR1); SEQ 1D NO:93 (VH
CDR2), and SEQ ID NO:94 (VH CDR3).  The light chain variable region (VL) amino acid sequence of AbC is
described in SEQ 1D NO:95 {see Table 27). The VL CDR domain amino acid sequences of AbC are set forth in
SEQ D NO:96 (VL CDR1); SEQ ID NO:87 (VL CDR2), and SEQ (D NO:88 (VL CDRS3).

Accordingly, in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding
portion thersof, comprising a heavy chain variable region comprising a CBR1 domain comprising the amino acid
sequence as set forth in SEQ ID NO:92, a CDRZ domain comprising the amino acid seguence as set forth in
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SEQ 1D NO:93, and a CDR3 domain comprising the amine acid sequence as set forth in SEQ 1D NO:84; and/or
a light chain variable region comprising a CDR1 domain comprising the amino acid sequence as set forth in
SEQ ID NO:98, a CDR2 domain comprising the amino acid sequence as set forth in SEQ ID NO:97; and a
CDRS domain comprising the amino acid seguence as sel forth in SEQ 1D NO:98. In certain embodiments, an
anti-CD45 antibody comprises the CDRs described herein (SEQ ID NOs: 82 to 94 and 96 1o 98} wherein the
CDR comprises a conservative amino acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while retaining
ine CD45 specificity of the antibody (Le., specilicily simiiar to AbC).

in some embodiments, provided herein is an anti-CD45 antibody, or antigen-binding portion therecf,
comprising a heavy chain variable region comprising the amino acid sequence as set forth in SEQ 1D NO:89t,
and/or a Hght chain variabie region comprising the amino acid sequence as set forth in SEQ 1D NO:85. In
certain embodiments, an antibody can comprise a modified heavy chain (HG) variable region comprising an HC
variable domain comprising SEQ 1D NO:81, or a variant of SEQ 1D NO:91, which variant (i) differs from SEQ 1D
NO:91in 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; (i) differs from SEQ 1D NO:S1 in at
most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; {iii) differs from SEQ ID NG:91 in 1-5, 1-3,
1-2, 2-5 or 3-5 amino acids substitutions, additions or delstions and/or {iv) comprisas an amino acid seguence
that is at least about 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or 99% identical to SEQ 1D NO:91, wherein in
any of (i-{iv), an amino acid substitution may be a conservative aminc acid substiiution or a non-conservative
amino acid substitution; and wherein the modified heavy chain variable region retains the CD45 specificity of the
antibody {i.e., spacificity similar to AbC), or has an enhanced biological activity relative to that of another AbC
heavy chain variable region. In certain embodiments, an antibody comprises a maodified light chain {LC) variable
ragion comprising an LC variable domain comprising SEQ D NO:95, or a variant of SEQ ID NO:85, which
variant (i) diffiers from SEQ 1D NG:85 in 1, 2, 3, 4 or 5 amino acids substitutions, additions or dalations; {ii) differs
from SEQ ID NO:85 in at most 5, 4, 3, 2, or 1 amino acids substitutions, additions or deletions; (i) differs from
SEQ D NO:®5In 1-5, 1-3, 1-2, 2-5 or 3-5 aming acids substitutions, additions or deletions and/or (iv) comprises
an amino acid seguence that is at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical io
SEQ D NO:85, wherein in any of (i)-{iv), an amino acid substitution may be a conservative amino acid
substitution or a non-conservative amino acid substitution; and wherein the maodified light chain variable region
rataing the CD45 specificity of the anlibody (i.s., specificity similar to AbC), or has an snhanced biclogical
activity relative to that of another AbC light chain variable region.

Antibodies comprising the CDR and/or variable region sequences of AbC can be in the form of full-
length antibodies, bispecific antibodies, dual variable domain antibodies, multiple chain or single chain
antibodies, and/or binding fragments that specifically bind human CD45, including but not limited to Fab, Fab',
(Fab2, Fv), scFv {(single chain Fv), surrobedies (including surrogate light chain construct), single domain
antibodies, camelized antibodies and the like. They also can be of, or derived from, any isotype, including. for
example, IgA {e.g., IgAT orlgA2), gD, IgE, IgG (e.g. lgG1, IgG2, 1gQ3 or igG4), or IgM. In some embodiments,
the anti-45 antibody is an IgG (e.g. IgG1, 1gG2, IgG3 or IgG4}.
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In some embodiments, an antibody comprising the CDR and/or variable region sequences of AbC can
further comprise a heavy chain constant region and/or a light chain constani region. In some embodiments, the
constant region is a human IgG1 constant region, a human IgG2 constant region, a human IgG3 constant
region, or a human igG4 constant region. In some embodiments, the heavy chain constant region can be a
modified constant region. Exemplary consiant regions substitutions and/or modifications are described herein,
and include, but are not limited o, substitutions at one or more of the following positions: 234, 285, 265, and 435
{EU index according o Kabat}. In some smbodimants, an antibody comprising ths CDR and/or variable region
sequences of AbC can further comprise an IgG1 heavy chain constant region containing cne or more of the
following substitutions: L234A, L235A, D2650, and H435A (EU index according to Kabat). Insome
embodiments, an antibody comprising the CDR and/or variable region sequences of AbC can further comprise a
heavy chain constant region set forth in SEQ 1D NO:102, SEQ 1D NO:103, SEQ 1D NO:104, SEQ 1D NO:105 or
SEQ D NG:108. In some embodiments the antibody comprises a light chain constant region set forth in SEQ
iD NG:101.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion thersof, comprises a heavy
chain comprising the amino acid sequence as set forth in SEQ 1D NO:99. In ceriain embodiments, an antibody
comprises a modified heavy chain (HC) region comprising an HC domain comprising SEQ 1D NO:99, ora
variant of SEQ 1D NO:99, which variant (i) differs from SEQ 1D NG:88 in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (i) difiers from SEQ 1D NO:99 in at most 5, 4, 3, 2, or 1 amino acids substifutions,
agdditions or deletions; (i) differs from SEQ ID NG9S in 1-5, 1-3, 1-2, 2-5 ¢or 3-5 amino acids substitutions,
additions or delelions and/or (iv) comprises an amino acid seguence thal is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% identical to SEQG 1D NO:99, wherein in any of (i}-{iv), an aminc acid substitution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
modified heavy chain region retains the CD45 speacificity of the antibody (i.e., specificity similar to AbC), or has
an enhanced biological activity relative to that of another AbC heavy chain region.

in certain embodiments, the anti-CD45 antibody, or antigen binding portion theraof, comprises a light
chain comprising the amino acid segquence as set forth in SEQ 1D NO:100. In certain embodimants, an antibody
comprises a modified light chain {L.C) region comprising an LC domain comprising SEQ 1D NO:100, or a variant
of SEQ 1D NO:100, which variant (i) differs from SEQ ID NO:100in 1, 2, 3, 4 or 5 amino acids substitutions,
additions or deletions; (il) difiers from SEQ ID NO:100 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or delelions and/or (iv) comprises an amino acid seguence thal is at least about 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% identical to SEG 1D NO100, wherein in any of {i)-(iv), an amino acid substitution
may be a conservative amino acid substitution or a non-conservative amino acid substitution; and wherein the
maodified light chain region retains the CD45 specificity of the antibody (i.e., specificity similar to AbC), or has an
enhanced biological activity relative to that of another AbC light chain region.

In some embodiments, antibodias comprising the CDR regions and/or variable ragions of AbGC can be
incorporated into antibody-drug conjugates, as described herein. In addition, antibodies comprising the CDR
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regions and/or variable regions of AbC can be used in the methods described herein, e.g., for depletion of
CD45+ cells in a subject.

Consensus CDRs

A comparison of the amine acid sequences of the CDRs of Ab1, Ab2, Ab3, Ab4, AbS, AbE, and Ab7 is
provided as Fig. 32. These antibodies bind to the same epitope on human CD45, and share certain consensus
residues in their CDR regions. Consensus heavy chain amino acid CDR seguences are presented in SEQ 1D
NO:119, SEQ ID NO:120, and SEQ 1D NC:121; and consensus light chain amino acid CDR sequences are
preseried in SEQ 1D NO:122, SEQ 1D NO:12G, and SEQ 1D NO:124.

Accordingly, in some emboediments, the invention provides an isolated anti-CD45 antibody, or antigen-
binding portion thereoi, comprising a haavy chain variable region comprising a CDR1 domain comprising the
amino acid sequence as set forth in SEQ 1D NO:119, a CDR2 domain comprising the amino acid sequence as
sal forth in SEQ ID NO:120, and a CDR3 domain comprising the amino acid sequence as set forth in SEQ ID
NGC:121; and a light chain variable region comprising a CDR1 domain comprising the amino acid seguence as
set forth in SEQ 1D NO:122, a COR2 domain comprising the amino acid segquence as sai forth in SEQ 1D
NO:123; and a CDR3 domain comprising the amino acid sequence as set forth in SEQ 1D NO:124. The
foregoing antibody can, in some embodiments, further comprise a heavy chain constant region and/or a light
chain constant region. For example, in some embodiments, the foregoing antibody can further comprise a
heavy chain constant region selected from that set forth in any one of SEQ 1D NG:102, SEQ 1D NO:103, SEQ D
NO:104, SEQ 1D NO:105, or SEQ ID NO:106, and/or a light chain constant region set forth in SEQ 1D NO:101.

Fe-Modified Antibodies

Contemplatad herein are antibodias, or antigen-binding fragments thereot, capable of binding CD45 and
having Fc modifications that allow Fc silencing, where such antibodies, or antigen-binding fragments thereof,
can be used as therapeutic agents alone or as ADCs to deplete cells expressing CD45 in a patient in need
thereof. For example, in some embodiments, such antibodiss, or antigen-binding fragments thereof,
contemplated herain may be used to deplete certain cell types, including HSCs and leukocytes. Thus, in certain
embodiments, the antibodies, or antigen-binding iragments thereof, contemplated herein may be usad {0
condition a patient for HSC transplant. In some embodiments, the antibodies, or antigen-binding fragments
thereof, contemplaled herein may be used to reset the immune systemn of a patient by, for exampls, depleting
HSCs and ieukocytes in the patient and administering an HSC transplant io the patient. In some embodiments,
the antibodies, or antigen-binding fragments thereof, contemplated herein may be used {o freat a disease
associated with CD45 positive celis, including but not limited to cancer and autoimmune disease, by aliminating
disease-causing CD45+ cells from the patient.

For exampile, contemplated herein are antibodies, or antigen-binding fragments thereof, capable of
binding an antigen exprassad by hematopoietic stem cells, such as CD45, and having Fc madifications that
aliow F¢ silencing, where such antibodies, or antigen-binding fragments thereoi, can be used as therapsutic
agents alons or as ADCs to (i) treat cancers and autoimmune diseases characierized by CD45+ hematopoistic
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stem cells; and (i) promote the engrafiment of transplanted hematopoietic stem cells in a patient in need of
transplant therapy. These therapeutic activities can be caused, for instance, by the binding of an anti-CD45
antibody, or antigen-binding fragment thereof, that binds to expressed by a hematopoietic cell (e.g.,
hematopoietic stem cell or mature immune cell (e.g., T cell})}, such as a cancer csll, autoimmunes cell, or
hematopoistic stem cell and subseguently inducing cell death. The depletion of endogenous hematopoietic
stem cells can provide a niche toward which transplanted hematopoietic stem cells can home, and subseguently
establish productive hemalopoiesis. In this way, transplanted hematopoietic stem celis may successtully engrafl
in a patient, such as human patient suffering from a stem cell disorder described herein. The Fe-modified
antibodies and ADCs contemplated herein not only allow jor selective depletion of endogenous hemalopoietic
stemn cells but also have reduced cytotoxic effects on the exogencus hematopoietic stem cell fransplant, thereby
further promoting engraitment of the hematopoistic stem cell graft.

The antibodies or binding fragments described herain may alsc include modifications and/or mutations
that alter the propertiss of the antibodies and/or fragmeanis, such as those that increase or decrease half-liie, or
increase or decrease ADCOC. In one embediment, antibodies comprising one or more radiolabeled aminc acids
are provided. A radislabeled antibody may be used for both diagnostic and therapeutic purposss {conjugation io
radiolabeled molecules is ancther possibie feature). Non-limiting exampiles of labsls for polypeptides include,
but are not limited to 3H, 14C, 15N, 358, 80Y, 98T¢, and 1251, 1311, and 186Rs. Methods for preparing
radiolabeled amino acids and related peplide derivatives are known in the art (see for instance Junghans et al,
in Gancer Chemotherapy and Biotherapy 655-686 (2d edition, Chafner and Longo, eds., Lippincoilt Raven
(1998)) and U.S. Pat. No. 4,681,581, U.S. Pal. No. 4,735,210, U.S. Pat. No. 5,101,827, U.S. Pat. No. 5,102,990
(U.5. RE35,500), U.S. Pat. No. 5,648,471 and U.S. Pat. No. 5,697,902. For example, a radioisctope may be
conjugated by a chioramine T method.

in one embodiment, the anti-CD45 antibady, or binding fragment thereof, comprises a modified Fo
region, wherein said modified Fe region comprises at least one amino acid modification relative to a wild-type Fe
region, such that said molecule has an altered affinity for or binding 10 an FcgammaR (FoyR). Certain amino
acid positions within the Fe region are known through cryslallography studies to make a direct contact with
FoyR. Specifically amine acids 234-239 (hinge region), amino acids 265-2689 (B/C loop), amino acids 297-299
{CYE lnop), and amino acids 327-332 (F/G) loop. {see Sondarmann et al., 2000 Nature, 406: 267-273}. The
antibodies described harein may comprise variant F¢ regions comprising modification of at least one residue
that makes a diract contact with an FcyR based on structural and crystaliographic analysis. in one embodiment,
the Fe region of the anti-CD45 antibody (or fragment thereof) comprises an amine acid substitution at aminoe
acid 265 according to the EU index as in Kabat &t al., Sequences of Proteins of immunological Interest, 5th E£d.
Public Heaith Service, NH1, MD (1891}, expressly incorporated herein by references. The "EU index as in
Kabat” refers o the numbering of the human IgG1 EU antibody. In one embediment, the Fe region comprisas a
D265A mutation. In one embodiment, the Fe region comprises a D265C mutation. In some embodiments, the
Fc region of the antibody {or fragment thereof) comprises an amino acio substitution at amino acid 234

according to the EU index as in Kabat.
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in one embodiment, the Fc region comprises a mulation at an amino acid position of D265, V205, H435,
1253, and/or H310. For example, specific mutations at these positions include D265C, V205G, H435A, 1253A,
and/or H310A.

in one embodiment, the Fc¢ region comprisas a L234A mutation. In some smbodimants, the Fc region of
the anti-CD45 antibody (or fragment thereof) comprises an amino acid substitution at amino acid 235 according
to the EU index as in Kabat. In one embodiment, the Fc region comprises a L235A muiation. In yet anothar
embodiment, the Fc region comprises a L234A and L235A mutation. In a further embodiment, the F¢ region
comprises a D265C, L234A, and L235A mutation. In yet a further embodiment, the Fc region comprises a
D2650, L234A, L235A, and H435A mutation. In a further embodiment, the Fc region comprises a D265C and
H435A mutation.

in some embodiments, tha anti-CD45 antibody herein comprisas an Fe region comprising one of ths
following modifications or combinations of modifications: D265A, D265C, D265C / H4A35A, D265C / LALA,
D2a5C 7 LALA / H438A, D2685C 7 N297G, D265C / N297G / H435A, D285C (IgG2™), D265C (IgG2) / H435A,
D265C / N297Q / HAB5A, D265C / N297Q, EPLVLAMEIG / H4354A, N287A, N2Z87G, or N297Q (EU index
according to Kabat).

Binding or affinity between a modified Fc region and a Fe gamma receplor can be determined using a
variety of techniques known in the art, for exampie but not limited to, equilibrium methods {&.g., enzyme-linked
immunocabsorbent assay (ELISA); KinkExA, Rathanaswami et al. Analytical Biochemistry, Vol. 373:52-80, 2008;
or radicimmunoassay (RIA}), or by a surface plasmon resonance assay or other mechanism of kinetics-based
assay (e.g., BIACORE.RTM. analysis or Octet™ analysis (forteBIO)), and other methods such as indirect
binding assays, competitive binding assays fluorescence resonance energy transfer (FRET), gel electrophoresis
and chromatography (e.g., gel filtration). These and other methods may utilize a label on one or more of the
components being examinad and/or employ a variety of detection methods including but not limited to
chromogenic, flucrescent, luminascent, or isolopic labels. A detailed description of binding affinities and kinetics
can be found in Paul, W. £, ed., Fundamental Immunology, 4th Ed., Lippincett-Raven, Philadeiphia {1998},
which focuses on antibody-immunogen interactions. One exampie of a compaetitive binding assay is a
radioimmuno assay comprising the incubation of labeled antigen with the antibody of interest in the presence of
increasing amounts of unlabeled antigen, and the detection of the antibody bound to the labeled antigen. The
affinity of the antibody of interest for a particular antigen and the binding ofi-rates can be determined from the
data by scaichard plot analysis. Competition with & second antibody can also be determined using
radioimmunoassays. In this case, the antigen is incubated with antibody of interest conjugated to a labeled
compound in the presence of increasing amounts of an unlabeled second antibody.

in one embaodiment, an antibody having the Fe modifications described herein (e.g., D265C, L234A,
L235A, and/or H435A) has at lsast a 70% decrease, at least a 80% decrease, at least a 30% decreass, at least
a 95% decrease, at least a 98% decrease, at least a 99% decrease, or about a 100% decrease inbinding to a
Fc gamma receptor relative to binding of the identical antibody comyprrising an unmodified Fc region {o the Fc
gamma receplor (e.g., as assessed by biclayer interferometry (BLIY).
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Fe region binding interactions with a Fo gamma receplor are essential for a variety of effector funclions
and downsirsam signaling events including, but not limited to, antibody dependsnt cell-mediatad cytotoxicity
(ADCC) and complement dependent cytotoxicity (CDC). Accordingly, in certain aspects, an antibody comprising
a modified Fc region (e.g., comprising a L234A, L235A, and/or a D265C mutation) has substantially reduced or
abolished efiector functions. Effector functions can be assayed using a variety of methods known in the art,
e.g., by measuring cellular responses (e.g., mast cell degranulation or cylokine release) in response to the
antibody of interest. For example, using standard methods in the art, the Fe-modified antibodies can be
assayed for their ability 1o trigger mast celi degranuiation in or for their ability to trigger cytokine release, e.g. by
human peripheral blood mononuciear cells.

Thus, in one embodiment, the Fc region comprises a mutation resulting in a decrease in half life {e.g.,
relative to an antibody having an unmodified Fc region). An antibody having a short half lifs may be
advantagecus in certain instances where the antibody is expected to function as a short-lived therapeautic, e.g.,
the conditioning step described herein where the antibody is adminisiered {ollowed by H5Cs. Typically, the
antibody would be substantially cleared prior to delivery of the H3Cs, which also generally express a targst
antigen {e.g., CD45) but are not the target of the anti-CD45 antibody uniike the endogenous stem cells. Inone
embodiment, the Fc regions comprises a mutation at position 435 (EU index according to Kabat). inone
embodiment, the mutation is an H435A mutation.

in one embodiment, the anti-CD45 antibody described herein has a hali-life (e.g., in humans) egual to or
lass than 24 hours, equal {o or less than 23 hours, equal to or less than 22 hours, squal o or less than 21 hours,
aqual to or less than 20 hours, equal to or less than 19 hours, equal to or less than 18 hours, equal o or less
than 17 hours, equal {o or less than 16 hours, equal to or less than 15 hours, aqual 1o or less than 14 hours,
equal to or less than 13 hours, equal to or less than 12 hours, or egual to or less than 11 hours.

in one embodiment, the anti-CD45 antibody described herein has a hali-life {e.g., in humans) of about
about 1-2 hours, about 1-3 hours, about 1-5 hours, about 1-10 hours, about 5-10 hours, about 5-15 hours, about
10-15 hours, about 10-20 hours, about 15-20 hours, about 15-25 hours, or about 20-25 hours.

In some aspects, the Fc region comprises two or more mutations that conier reduced haif-life and
reduce an effector function of the antibody. In some embodimants, the Fc region comprises a mutation resulting
in a decrease in hall-life and a mutation of at least one residue that can make direct contact with an FeyR (e.g,,
as based on structural and crystallographic analysis). in one embcediment, the F¢ region comprises a H435A
muiation, a LZ34A mutation, and a L235A mutation. In one embodiment, the Fc region comprises a H435A
mutation and a D265C mutation. In one embodiment, the Fe region comprises a H435A mutation, a L234A
mutation, a8 L235A mutation, and a D285C mutation.

In some embodiments, the antibody or antigen-binding fragment thereof is conjugated 1o a cytoloxin
{e.g., amaloxin} by way of a cysteine residue in the Fc domain of the antibody or antigen-binding fragment
thereol. In some embodiments, the cysieine residue is introduced by way of a mutalion in the Fc domain of the
antibody or antigen-binding fragment thergof. For instance, the cysieing rasidue may be selected from the
group consisting of Cys118, Cys238, and Cys285. In one embodiment, the Fc region of the anti-CD45 antibody
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{or fragment thereof) comprises an amino acid substitution al amino acid 265 according to the EU index as in
Kabat. In one embodiment, the F¢ region comprises a D285C mutation. In one ambodiment, the Fc region
comprises a D265C and H435A mutation. In one embodiment, the Fe region comprises a D265C, a L2344, and
a L235A mutation. In ons embodiment, the Fc region comprises a D265C, a L234A, a L235A, and a H435A
mutation.

Notably, Fc aminoc acid positions are in reference to the EU numbering index unless otherwise
indicated.

The disclosures of each of the foregoing publications are incorporated herein by reference as they
pertain to anti-CD45 antibody. Antibodies and antigen-binding fragments that may be used in conjunction with
the compositions and methods described herain include the above-describad antibedies and antigen-binding
fragments thereof, as well as varianis of those non-human antibodies and antigen-binding fragments described
above and antibodies or antigen-binding fragments that bind the same epilope as those described above, as
assessed, for instance, by way of a competitive antigen binding assay.

Methods of engineering antibodies to include any of the Fc modifications herein are well known in the
art. These methods include, but are not limited to, preparation by site-directed (or oligonuclectide-mediated)
mutagenesis, PCR mutagenesis, and cassette mutagenesis of a prepared DNA molecule encoding the antibody
or at lsast the constant region of the antibody. Site-directed mutagenasis is well known in the art (see, e.g.,
Carter et al., Nucleic Acids Res., 13:4431-4443 (1985) and Kunkel et al., Proc. Natl. Acad. Sci. USA, 82:488
{1987}). PCR mutagenesis is also suitable for making amino acid sequence variants of the starting polypeptide.
See Higuchi, in PCR Protocols, pp. 177-183 {Academic Press, 1930); and Valietie et al., Nuc. Acids Res.
technique described by Wells st al., Gene, 34:315-323 (1885).

in certain embodiments, an anti-CD45 antibody, or binding-fragment thereot, describad herein may be
conjugated to a label. Labels include, but are not limiled to, labsls or moisties that are detecled dirsetly {such
as fluorascent, chromophoric, electron-dense, chemiluminescent, and radicactive labels), as well as moieties,
such as enzymes or ligands, that are detected indirectly, e.g., through an enzymatlic reaction or molecular
interaction. Exemplary labels include, but are not limited to, the radiocisotopes 2R, G, 195}, *H, and ¥,
fluorophores such as rare earth chelates or fiuorescein and its derivatives, rhodamine and ils derivatives,
dansyl, umbelliferone, luceriferases, e.g., firefly luciferase and bacterial luciferase (1J.8. 4,737 ,456), iuciferin,
2,3-cthydrophihalazinediones, horseradish peroxidase (HRP), alkaline phosphalase, 3-galaciosidase,
glucocamylase, lysozyme, saccharide oxidases, e.¢., giucose oxidase, galactose oxidase, and glucose-6-
phosphate dehydrogenase, haterocyclic oxidases such as uricasa and xanthine oxidase, coupled with an
enzyme that employs hydrogen peroxide o oxidize & dye precursor such as HRP, lactoperoxidase, or
microperoxidase, biotin/avidin, spin labels, bacteriophage labels, stable free radicals, and the lks.
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Nucleic Acids, Vectors, and Host Cells

Also provided hersin are nucleic acid molacules {e.g., DNA or mRNA) thal comprise a nucleic acid
seguence which encodes an anti-CD45 antibody described herein, or an antigen binding portion thereof.

Accerdingly, in some embodiments, provided herein is an isolated nucleic acid moleculs that encodes a
heavy chain variable region comprising heavy chain CDR1, CDR2, and CDRS3 of Ab1, Ab2, Ab3, Ab4, AbS, AbS,
Ab7, AbA, AbB, or AbC. In other embodiments, provided herain is an isolatad nucleic acid molecule that
aencodes a heavy chain variabls region of Abt, AbZ, Ab3, Ab4, AbS, AbB, Ab7, AbA, AbB, or AbC. In other
embodiments, provided herein is an isolated nucleic acid moiecule that encodes a heavy chain of Abt, Ab2,
Ab3, Ab4, Ab5, AbS, Ab7, AbA, AbB, or AbC.

in some embodiments, provided herein is an isolated nucleic acid molecule that encodes a light chain
variable region comprising light chain CDR1, CDR2, and CDR3 of Abt, Ab2, Ab3, Ab4, AbS, AbB, Ab7, AbA,
AbB, or AbC. in other embodiments, provided herein is an isolated nucleic acid molecule that encodes a light
chain variable region of Abt, AbZ, Ab3, Ab4d, AL, AbB, Ab7, AbA, AbB, or AbC. In other embodiments,
provided herein is an isolated nucieic acid molecule that encodes a light chain of Ab1, Ab2, Ab3, Ab4, AbS, Abs,
Ab7, AbA, AbB, or AbC.

in some embodiments, provided herein is an isolated nucleic acid molecule that encodes a heavy chain
variable region comprising heavy chain CDR1, CDR2, and CDR3, and a light chain variable region comprising
light chain CDR1, CDR2, and CDR3 of Ab1, Ab2, Ab3, Ab4, AbS, AbS, Ab7, AbA, AbB, or AbC. In other
embodiments, provided herein is an isolated nucleic acid molecule that encodes a heavy chain variable region
and a light chain variable region of Ab1, Ab2, Ab3, Ab4, Ab5, AbS, Ab7, AbA, AbB, or AbC. Inother
embpodiments, provided herein is an isclated nucleic acid molecule that encodes a heavy chain and a light chain
of Ab1, Ab2, Ab3, Ab4, AbS, AbS, Ab7, AbA, AbB, or AbC.

A nucleic acid encoding an antibody heavy chain, or a portion thereof, may be present in the same
nucleic acid molecule {e.g., expression vector) as a nuclsic acid encoding an antibody light chain, or a portion
thereof. Alternatively, the heavy and light chain seguences may be present on separate nucleic acid moleculas
{e.g., separate sxpression veclors).

in one embodiment, the invention provides an isociated nucleic acid molecule comprising:

(a) a nucleic acid segquence set forth in SEQ 1D NO:125;

{(b) a nucleic acid seguence set forth in SEQ 1D NO:1286;

(¢} a nucleic acid sequence set forth in SEQ 1D NOM27;

(d) a nucleic acid sequence set forth in SEQ 1D NO:128;

(e) a nucleic acid seguence set forth in SEQ 1D NO:129;

() a nucleic acid sequeance set forth in SEQ 1D NO:130;

(g) & nucleic acid sequenca set forth in SEQ 1D NG:131;

(h) a nucleic acid seguence set forth in SEQ 1D NO:132;

(i) a nucleic acid sequence set forth in SEQ 1D NO:133;

(i) a nucleic acid sequence set forth in SEQ ID NO:134;
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(k} a nucieic acid sequence set forth in SEQ 1D NO:135;
(iy a nucleic acid sequence set forth in SEQ D NO:136;
{m) a nucleic acid sequence set forth in SEQ 1D NO137;
() a nucleic acid sequence set forth in SEQ 1D NO:138;
(0) & nucleic acid sequence set forth in SEQ 1D NO:139;
(p) a nucleic acid seguence set forth in SEQ 1D NO:140;
{q) a nucleic acid sequencs set forth in SEQ 1D NG:141;
() a nucleic acid sequence set forth in SEQ 1D NO:142;
(8} a nucteic acid sequance sat forth in SEQ ID NO:148; and/or
{1} a nucleic acid sequence set forth in SEQ 1D NO:144;
wherein the isolated nucleic acid encodes an anti-CD45 antibody, or a portion thereot.
in another embodiment, the invention provides an isolated nucleic acid molecule comprising:
(a) a nucleic acid sequencs set forth in SEQ 1D NO:150;
{(b) a nucleic acid sequence set forth in SEQ 1D NOI151;
(e} a nucleic acid sequence set forth in SEG 1D NO:152;
(d) a nucleic acid sequences set forth in SEQ 1D NO:153;
(e) a nucleic acid sequence set forth in SEQ {D NG:154;

o

(f} a nucleic acid sequence set forth in SEQ 1D NO:155;
(@) anucleic acid sequence set forth in SEQ 1D NO:156;
(h) a nucleic acid seqguence set forth in SEQ 1D NO:157;

(iy a nucleic acid sequencs set forth in SEQ 1D NO:158;

a nucleic acid sequence set forth in SEQ 1D NO:159;

(]
(k} a nucleic acid sequence set forth in SEQ 1D NO:160; and/or
)

wherein the isclated nucleic acid encodes an anti-CD45 antibody, or a portion therasof,

a nucleic acid sequence set forth in SEQ 1D NO:161;

Antibodies may be produced using recombinant methods and compositions, e.g., as described in U.S.
Pat. No. 4,818,587. In one smbodiment, isclated nucleic acid encoding an anti-C345 antibody described herein
is provided. Such nucleic acid may enccde an aming acid seguence comprising the VL and/or an amino acid
sequence comprising the VH of the antibody (e.g., the light and/or heavy chains of the antibody). in a further
embodiment, one or more veciors (e.q., exprassion vectors) comprising such nucleic acid are provided. In a
further embodiment, a host cell comprising such nucleic acid is providad. In one such embodimeant, & host cell
comprises (e.g., has been transformed with): (1) a vector comprising a nucleic acid that encodes an amino acid
sequence comprising the VL of the antibody and an amino acid seguence comprising the VH of the antibody, or
(2} a first vector comprising a nucleic acid that encodes an amino acid sequenca comprising the VL of the
antibody and a second vector comprising a nucleic acid that encodes an amino acid seguence comprising the

VH of the antibody. In one embodiment, the host cell is eukaryotic, e.g. a Chinese Hamster Ovary ({CHO) celi or
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iymphoid cell (e.g., Y0, NSO, Sp20 cell). In one embodiment, & method of making an anti-CLL-1 antibody is
providad, wharein the method comprises culturing a host cell comprising a nuclsic acid encoding the antibody,
as provided above, under conditions suitable for expression of the antibody, and optionally recovering the
antibody from the host call (or host cell culture medium).

For recombinant production of an anti-CD45 antibody, nucieic acid encoding an antibody, e.g., as
described above, is isolated and inserted into one or more vectors for further cloning and/or exprassion in a host
celi. Such nucteic acid may be readily isolaled and sequenced using conventional procedures {(s.g., by using
oligonuclectide probes that are capable of binding specifically to genas encoding the heavy and light chains of
the antibody).

Suitable host cells for cloning or expression of antibody-encoding vectors include prokaryotic or
eukaryoiic cells described herein. For example, antibodies may be produced in bacteria, in particular when
glycosylation and Fc effector function are not needed. For expression of antibody fragments and polypeptides in
bactaria, see, e.g., U.S. Pal. Nos. 5,848,237, 5,789,199, and 5,840,523. (See also Charlion, Methods in
Molecular Biology, Vol. 248 (B.K.C. Lo, ed., Humana Press, Totowa, N.J., 2003), pp. 245-254, describing
expression of antibody fragments in E. coli.) After expression, the antibody may be isolated from the bacterial
cell paste in a soluble fraction and can be further purified.

Vartebrate cells may alsc be used as hosts. For sxample, mammalian cell lines that are adapted to
grow in suspension may be useful. Other examples of useful mammalian host cell lines are monkey kidney CVi
ling transformed by SV40 (CGS-7); human embryonic kidney line (293 or 293 cells as described, 8.g., in
Graham et al., J. Gen Virol. 38:58 (1977)}; baby hamster Kidney cells (BHK); mouse sertoli cells (TM4 celis as
described, 8.g., in Mather, Biol. Reprod. 23:243-251 (1880}}: monkey Kidney cells (CV1); African green monkay
kidney celis (VERC-78); human cervical carcinoma cells (HELA); canine kidnsay celis (MDCK; buffalo rat liver
celis {(BRL 3A); human lung celis (W138); human liver calis (Hep G2); mouse mammary tumoer (MMT (60562);
TR cells, as describad, e.g., in Mather st al,, Annals N.Y. Acad. Sci. 383:44-88 (1982); MRC 5 cells; and F34
calis. Other useful mammalian host cell lines include Chinese hamstar ovary (CHO) cells, including DHFR- CHO
celis (Urlaub et al., Proc. Nail. Acad. Sci. USA 77:4216 (1980)); and myeloma cell linas such as Y0, NS0 and
Sp2/0. For a review of certain mammalian host cell lines suitable for antibody production, see, &.g., Yazaki and
Wu, Methods in Molscular Biology, Vol. 248 (B. K. C. Lo, ed,, Humana Press, Tolowa, N}, pp. 255-268
{Z003}.

in one embodiment, the anti-CD45 antibody, or antigen binding fragment thereof, comprises variable
regions having an amino acid sequence that is at least 95%, 96%, 97% or 89% identical to the SEQ 1D Nos
disciosed herein.  Alternatively, the anti-GD45 antibody, or antigen binding fragment thereof, comprises CORs
comprising the SEQ ID Nos disclosed herein with framework regions of the variable regions described herein
having an amino acid sequence that is at lsast 95%, 96%, 97% or 99% idantical to the SEQ D Nos disclosed
herein,

In one embodiment, the anti-CD45 antibody, or antigen binding fragment thereof, comprises a heavy
chain variable region and a heavy chain constant region having an amino acid seqguence that is disclosed

86



o

15

20

25

a3
(93]

WO 2021/087368 PCT/US2020/058373

herein. in another embodiment, the anti-CD45 antibody, or antigen binding fragment thereof, comprises a light
chain variable region and a light chain constant region having an amino acid sequence that is disclosed herein.
In yet another embodiment, the anti-CD45 antibody, or antigen binding fragment thereof, comprises a heavy
chain variable region, a light chain variable region, a hsavy chain constant region and a light chain constant

region having an amino acid sequence that is disclosed herein.

Methods of Ideniifying Antibodies

Provided herein are novel anti-CD45 antibodies that may be used, for example, fo deplete CD45+ cells
in a patient. These antibodies can be useful, e.g., in conditioning methods for stem cell transplantation. In view
of the disclosure provided herein, other anti-CD45 antibodies can be identified.

Methods for high throughput screening of antibody, or antibody fragment libraries capable of binding
CD45 expressed by hematopoietic stem can be used to identify anti-CD45 antibodies useful for treating
cancers, autoimmune diseases, and conditioning a patient (e.g., a human patient) in need of hemalopoietic
stem cell tharapy as described harein. Such methods can be used 1o identify improved versions of the anti-
D45 antibodies describad harein. Such methods include in vitro display technigues known in the art, such as
phage display, bacterial display, yeast display, mammalian cell display, ribosome display, mRNA display, and
cDNA display, among others.

The use of phage display to isolate antibodies, or antigen-binding fragments, that bind biclogically
relevant molecules has been reviewed, for exampie, in Felici et al., Biotechnol. Annual Rev. 1:148-183, 1995;
Katz, Annual Rev. Biophys. Biomol. Struct. 26:27-45, 1897; and Hoogenboom et al., Immunotechnology 4:1-20,
1998, the disclosures of each of which are incorporated herein by reference as they periain to in vitro display
fechniques. Randomized combinatorial peptide libraries have been consiructed to select for polypeptides that
bind cell surface antigens as described in Kay, Perspect. Drug Discovery Des. 2:251-268, 1895 and Kay et al.,
Mol. Divers. 1:139-140, 1986, the disclosures of sach of which are incorporated hersin by reference as they
pertain to the discovery of antigen-binding molecules. Proteins, such as multimeric proteins, have been
successiully phage-displayed as functional molecules (see, for example, EP 0348578; EP 4527839; and EF
0589877, as well as Chiswell and McCafierty, Trends Biotechnol. 10:80-84 1992, the disclosuras of each of
which are incorporated herein by raference as they pertain to the use of in vilro display technigues for the
discovery of antigen-binding melacules. in addition, functional antibody fragments, such as Fab and scFv
fragments, have been expressad in in vitro display formais (see, for exampie, McCafferty et al., Nature 348:552-
554, 1990; Barbas et al., Proc. Natl. Acad. Sci. USA 88:7978-7982, 1891; and Clackson et al., Nature 352:624-
628, 1891, the disclosures of each of which are incorporated harein by reference as they pertain {o in vitro
display platforms for the discovery of antigen-binding molecules). Human anti-CD45 antibodies can also be
generated, for example, in the HuMAb-Mouse® or XenoMouse™. These techniguss, among others, can be
used to identify and improve the affinity of antibodies, antibody or fragments, capable of binding CD45
expressed by hematopoietic stem cells in turn be used to deplels endogenous hematopoietic stem cellsina
patient (&.g., a2 human patient) in need of hematopoietic stemn cell transplant therapy.
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in addition to in vitre display technigues, computational modeling techniques can be used 1o design and
identify antibodies capable of binding an antigen {e.g., CD45) expressed by hematopoistic stem cells. For
example, using computational modeling techniques, one of skili in the art can screen libraries of antibodies, or
antibody fragments, in silice for molecules capable of binding spacific epilopes on an antigen expressed by
hematopoistic stem cells (e.g., CD45), such as exiracellular epitopes of the antigen.

Additional technigues can be used to identify aniibodias, or antibody fragments, capable of binding
D45 expressad by hematopoigtic stem cells and that are internalized by the call, for instance, by receptor-
mediated endocytosis. For exampie, the in vitro display fechniques described above can be adapted to screen
for antibodies, or antibody fragments, that bind CD45 and that are subsequently internalized. Phage display
represents one such technique that can be used in conjunction with this screening paradigm. To identify an
anti-CD45 antibody, or antibody fragment, that can be internalizad by hematopoietic stem cells, one of skill in
the art can use the phage dispiay technigues described in Williams et al., Leukemia 19:1432-1438, 2005, the
disclosure of which is incorporated harein by reference in its snlirely. For example, using mutagenssis methods
known in the art, recombinant phage libraries can be produced that encode antibodies, antibody fragments,
such as scFv fragments, Fab fragments, diabodies, triabodies, and 19Fn3 domains, among others, or ligands
that contain randomized amino acid casssttes (s.g., in one or more, or ali, of the CDRs or equivalent regions
thereof or an antibody or antibody fragment). The framework regions, hinge, Fc domain, and other ragions of
the antibodies or antibody fragments may be designed such that they are non-immunogenic in hurnans, for
instance, by virtue of having human germline antibody seguences or seguences that exhibit only minor
variations relative to human germiine antibodies.

Using phage display tachnigues described herain or known in the art, phage tibraries containing
randomized antibodies, or antibody fragments, covalently bound io the phage particles can be incubated with
CD45 for instance, by first incubating the phage library with biocking agents (such as, for instance, milk protein,
bovine serum albumin, and/or IgG 50 as to remove phage encoding antibodies, or antibody fragments, that
exhibit non-specific protein binding and phage that encode antibodies or fragments thereof that bind Fe
domains, and then incubaling the phage library with a population of cells, e.g., hematopoietic stem cells, which
express CD45. The phage library can be incubated with the hematopoietic stem cells for a time sufficient to
aliow anti-C45 antibodies, or antibody fragments, to bind the cognate cell-surface antigen and o subsequently
be internalized by the hematopoistic stem cells {e.g., from 30 minuies o 6 hours at 4° C, such as 1 hour at 4°
). Phage containing antibodies, or antibody fragmenis, that do not exhibit sufficient affinity for the CD45 so as
to permit binding to, and internalization by, hematopoistic stem cells can subsequently be removed by washing
the celig, for instance, with cold (4° C) 6.1 M glycine buffer at pH 2.8. Phage bound to antibodies, or antibody
fragments, that have been internalized by the hematopoietic stem cells can be identified, for instance, by lysing
the cells and recovering internalized phage from the cell culiure medium. The phage can then be amplified in
bacterial celis, for example, by incubaling baclerial cells with recovered phage in 2xYT medium using methods
known in the art. Phage recovered from this medium can then be characterized, for instance, by determining

the nucleic acid sequence of the gene{s) encoding the antibodias, or antibody fragments, inserted within the
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phage genome. The encoded antibodies, or antibody fragments, can subseguently be prepared de novo by
chemical synthesis (for instance, of antibody fragmentis, such as sckv fragments) or by recombinant expression
{for instance, of full-length antibodies).

The internalizing capacity of the prepared antibodies, or aniibody fragments, can be assessed, for instance,
using radionuciide infernalization assays known in the art. For example, anti-CD45 antibodies, or antibody
fragments, identified using in vitro display technigues described herain or known in the art can be functionalized by
incorporation of a radioactive isotope, such as BF, 75Br, 77Br, 122], 128] 124] 125] 129] 181 211AL 67(5 1, 99T ¢, 189YD,
185Re, $4Cy, S7Cu, 177y, TTAs, 72As, B8y S0V 897y 210R| 28R or 225Ac. For instance, radioactive halogens, such as
TBE TSRy, 7Ry, 122, 123 124} 125) 129) 31| 2UIAL ean be incorporated into antibodies, or antibody fragments, using
beads, such as polystyrena beaads, containing electrophilic halogen reagents {e.g., lodination Beads, Thermo Fisher
Scisntific, Inc., Cambridge, MA). Radiolabsled antibodies, iragments thareof, or ADCs, can be incubated with
hematopeistic stem cells for a time sufficient to permit internalization {e.g., from 30 minutes 1o 8 hours at 4° C, such
as 1 hour at 4° C). The calls can then be washed to remove non-internalized antibodies or fragments thereol, (e.g.,
using cold (4° C) 0.1 M glycine buffer at pH 2.8}, Internalized antibodies, or antibedy fragments, can be identified by
detecting the emitted radiation (e.g., y-radiation} of the resulting hematopoistic stem cells in comparison with the
amitted radiation {e.g., y-radiation) of the recovered wash buifer. The foregoing internalization assays can also be
used to charactarize ADCs.

Antibodies may be produced using recombinant methods and compositions, e.g., as described in U.S, Pat.
Nc. 4,816,567, In one embodiment, isolated nucleic acid encoding an anti-CD45 antibody described herein is
provided. Such nucleic acid may encode an amino acid sequence comprising the VL and/or an amino acid sequence
comprising the VH of the antibody {(e.g., the light and/or heavy chains of the antibody). in a further embodiment, one
or more vectors {(e.g., expression vactors) comprising such nuciaic acid are provided. In a further embodiment, a
host celi comprising such nucleic acid is provided. in one such embodiment, a host cell comprises (e.g., has been
transformed with): (1) a vector comprising a nucleic acid that encodes an amine acid sequence comprising the VL of
the antibody and an amino acid sequence comprising the VH of the antibody, or (2} a first vector comprising a
nuclsic acid that encodes an aming acid sequence comprising the VL of the antibody and a second veclor
comprising a nucleic acid that encodes an amino acid sequence comprising the VH of the antibody. In one
embodiment, the host call is eukaryotic, e.g. a Chinese Hamsler Ovary (CHO} cell or iymphoid cell (e.g., YO, NSQ,
Sp20 cell). In one embodimant, a method of making an anti-CLL-1 antibody is provided, wherein the methed
comprises culiuring a host cell comprising a nucieic acid encoding the antibody, as provided above, under conditions
suitable for expression of the antibody, and optionally recovering the antibody from the host cell (or host cell culture
medium).

For recombinant production of an anti-CD45 antibody, a nucleic acid encoding an antibody, e.g., as
described above, is isclated and insertad into one or more vectors for further cloning and/or expression in a host cell.
Such nucleic acid may be readily isolated and sequenced using conventional procedures {(e.g., by using
oligonuclectide probes that are capabie of binding specifically to genes encoding the heavy and light chains of the

antibody).
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Suitable host cells for cloning or exprassion of antibody-encoding vectors include prokaryotic or sukaryotic
calis described herein. For example, antibodies may be produced in bacteria, in particular when glycosylation and Fc
effector function are not nesded. For expression of antibody fragmenis and polypeptides in bacteria, see, e.g., U.S.
Pat. Nos. 5,648,237, 5,789,199, and 5.840,523. (See alsc Charlion, Mathods in Molacular Biology, Vol 248 (B.K.C.
Lo, ed., Humana Press, Totowa, N.J., 2003), pp. 245-254, describing expression of antibody fragments in &. coli)
After expression, ths antibody may be isolated from the bacterial cell paste in a soluble fraction and can be further
purified.

Veriebrate cells may also be used as hosts. For example, mammalian cell lines that are adapted to grow in
suspansion may be useful. Othar examples of useiul mammalian host cell lines are monkay kidnay CV1 ling
transformed by SV40 {COS-7); human embryanic kidnay line (293 or 293 celis as described, e.g., in Graham st al,,
J. Gen Virol. 368:58 (1977)}; baby hamster Kidney calls (BHK); mouss sertoli cells (TM4 cells as dascribed, s.g., in
Mather, Biol. Reprod. 23:243-251 (1880}); monkey Kidney calls (CV1); African green monkeay kidney cells (VERG-
76); human carvical carcinoma cells (HELA); canine kidney cells (MDCK; buffalo rat liver cells (BRL 3A); human lung
celis (W138}; human liver celis {Hep G2); mouse mammary tumor (MMT 060562); TRI cells, as described, 8.g., in
Mather st al., Annals N.Y. Acad. Sci. 383:44-68 (1982); MRC 5 cells; and F54 ceails. Cther useful mammalian host
cell lines include Chinese hamster ovary (CHO) cells, including DHFR- CHO cells {(Urlaub et al., Proc. Natl. Acad.
Sci. USA 77:4216 (1980)); and myeloma cell lines such as YO, NS0 and Sp2/0. For a review of cartain mammalian
host cell lines suitable for antibody production, see, e.g., Yazaki and Wu, Methods in Molecular Biclogy, Vol. 248 (B.
K. C. Lo, ed., Humana Press, Totowa, N.J.}, pp. 255-268 (2003). In one embodiment, the host call is eukaryotic, e.g.
a Chinese Hamster Ovary (CHO) cell or iymphoid cell (e.g., Y0, NSQ, Sp20 celi).

Antibody Drug Conjugates {ADCs)

Anti-CD45 antibodies, or antigen-binding fragments thereof, described herein can be conjugated
{linked) to a cytotoxin via a linker. In some embodiments, the cytotoxic molecule is conjugated to a cell
internalizing antibody, or antigen-binding fragment therecf as disclosed herein such that following the callular
uptake of the antibody, or fragment thareof, the eyiotoxin may access its intracellular target and mediate
hematopoietic cell death. In cartain ambodiments, an anti-CD45 scFv comprising VH and VL variable ragions
described herain (o variable regions comprising light chain and heavy chain CDR sets described hersin are

canjugated 1 a toxin to form an scfv foxin.

Cytoloxins

Various cytotoxins can be conjugated 1o an anti-CD45 antibody via a linker for use in the therapies
described herein. In particuiar, the anti-CD45 ADCs include an anti-CD45 antibody {or an antigen-binding
fragment theraof) conjugaled (i.e., covalently attached by a linker) to a cytotoxic moiety (or cytotoxin). In various
embodiments, the cytotoxic moiety exhibits reduced or no cytotoxicity when bound in & conjugate, but resumes
cytotoxicity after cleavage from the linker. in various embodimants, the cytoloxic moisty maintains cytotoxicity

without cleavage from the linker. In some embodiments, the cylotoxic molecule is conjugated 1o a cell
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internalizing antibody, or antigen-binding fragment thereof as disclosed harein, such that following the caliuiar
uptake of the antibody, or fragmant thereof, the cytotoxin may access iis intraceliular target and, e.g., mediate T
celi death.

ADCs of the present invention therefore may be of the general formuia

Ab-(Z-L-Djn

wherein an antibody or antigen-binding fragment thereof (Ab) is conjugated (covalently linked) to linker
{L}, through a chamical molety {2), to a cytoloxic moisty (*drug,” D, or "Cy").

Accordingly, the anti-CD45 antibody or antigen-binding iragment thereof may be conjugatedic a
number of drug moieties as indicated by integer n, which represents the average number of cytotoxing per
antibody, which may range, e.g., from about 1 to about 20. in some embodiments, nis from 1 to 4. In some
embodiments, i is 1. The average number of drug moietiss per antibody in preparations of ADC from
conjugation reactions may be characterized by conventional means such as mass spectroscopy, ELISA assay,
and HPLC. The guantitative distribution of ABC in terms of n may also be determined. in some instancss,
saparation, purification, and characterization of homogeneous ADC where n is a certain value from ADC with
other drug ioadings may be achieved by means such as reverse phase HPLC or electrophoresis.

For some anti-CD45 ADCs, they may be limited by the number of attachment sites on the antibody. For
example, where the attachment is a cysteine thiol, an antibody may have only one or several cysteine thiol
groups, or may have only one or several sufficiently reactive thicl groups through which a linker may be
attached. Generally, antibodies do not contain many free and reactive cysieina thiol groups which may be linked
fo a drug moiety; primarily, cysteine thiol residues in antibodies exist as disuifide bridges. In certain
embodiments, an antibody may bs reduced with a reducing agant such as dithiothreite! (BTT) or
iricarbonylethylphosphine (TCEP), under partial or total reducing conditions, to generats reactive cysieine thiol
groups. In certain embodiments, higher drug loading (DAR), e.g. n>5, may cause aggregation, insolubility,
toxicity, or loss of cellular permeability of cartain antibody-drug conjugates.

In certain embodiments, fewear than the theoretical maximum of drug moisties are conjugated fo an
antibody during a conjugation reaction. An antibody may contain, for example, lysine residuas that do not react
with the drug-linker intermediate or linker reagent, as discussed below. Only the most reactive lysine groups
may react with an amine-reaciive linker reagent. in certain embodiments, an antibody is subjacted to denaturing
conditions to reveal reactive nuclecphilic groups such as lysine or cysteine.

The loading (drug/antibody ratio) of an ADC may be controlled in different ways, e.g., by: (i} limiting the
reaction fime or tempearature, (iii} partial or limiting reductive conditions for cysteine thiol modification, {iv)
engineering by recombinant techniques the amine acid sequence of the antibody such that the number and
position of cysieine rasidues is modified for conirol of the number and/or position of linker-drug attachments.

Cylotoxing suitable for use with the compositions and methods described herein include DNA-
intercalating agents, (e.g., anthracyclings}, agents capabile of disrupting the mitolic spindie apparatus {(e.g.,
vinca alkaloids, maytansine, maytansinoids, and derivatives thereof), BNA polymerase inhibiiors (e.g., an
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amatoxin, such as a-amanitin, and derivatives therect), and agents capable of disrupting protein biosynthesis
{8.g., agsnts that exhibit rfRNA N-glycosidase activity, such as saporin and ricin A-chain), among others known
in the art.

in some embodiments, the cytotoxin is a microtubuile-binding agent (for instance, maytansing or a
maytansinoid), an amaloxin, pseudomonas exotoxin A, deBouganin, diphtheria toxin, saporin, an auristatin, an
anthracycling, a calicheamicin, irinotecan, SN-38, a duocarmycin, a pyrrolobenzodiazepine, a
pyrrolobenzodiazepine dimer, an indolinobenzodiazepine, an indolinobenzodiazepine dimer, or a variant thereof,
or another cytotaxic compound described herein or known in the art.

in some embodiments, the cytotoxin of the antibody-drug conjugate is an RNA polymerase inhibitor. In
some embodiments, the RNA polymerase inhibitor is an amatoxin or derivative thereof. In some embodiments,
ihe cytotoxin of the antibody-drug conjugaie as disclosed hersin is an amatoxin or derivative thersof, such as an
g-amanitin, B-amanitin, y-amanitin, s-amanitin, amanin, amaninamide, amanuliin, amanuliinic acid, precamanuilin
or a derivative thereof.

Additional details regarding cytotoxing that can be used in the anti-CD45 ADCs usefulin the
compositions and mathods of the invention are described below.

Amatoxins
In some embodiments, the cytotoxin of the antibody-drug conjugate is an amatoxin, or a derivative
thereof, which is an RNA polymerase inhibitor. In some smbodiments, the cytoloxin of the antibody-drug
conjugate as disclosed herein is an amaloxin or derivative thereci, such as an c-amanitin, B-amanitin, y-
amanitin, e-amanitin, amanin, amaninamide, amanuilin, amanullinic acid, proamanullin or a derivative thereof.
The structure of an exemplary amatoxins representad by Formula IV below; axamples are also
disclosed in, e.g., Zanotti et al., Int. J. Peplide Protein Res. 30, 1987, 450-459.

().
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The below table provides additional amatoxin structures:

Name R Rz Ra, Ra Rs Rs, A7 Hs Re
o-amanitin OH OH H OH H NH:2 OH
B-armanitin OH OH H OH H OH OH
y-amanitin OH H H OH H NH2 OH
e-amanitin OH H H OH H OH OH
Amanin OH OH H H H OH OH
Amaninemide | OH OH H H H NH:z OH
Amanullin H H H OH H NH2 OH
Amanullinic

acid H H H OH i OH OH
Proamanullin H H H OH H NH: H

Amatoxins ussaiul in conjunction with the compositions, e.g., anti-CDB45 ADCs, and methods described

5 herein include compounds according to, but are not limited to, Formula (¥},

wharein:
Riis H, OH, or ORa;
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Re is H, OH, or ORs;
Raand Rs, when prasent, together with tha oxygen atoms to which they are bound, combing to
form an optionally substituled 5-membered helerocycloalkyl group;
Rsis H or Ro;
Rsis H, OH, ORg, or Rp;
Rsis H, OH, CRo, or Fp;
R is H, OH, ORb, or Rp;
Ry is H, OH, CRb, or Rp;
Re is OH, NHz, or ORp;
10 Re is H, OH, or ORp;
Xis -8, -8(0)-, or -80z-; and
Rp is optionally substituted alkyi {(e.g., C:-Cs alkyl), optionally substituted heteroalkyl (e.g., Ci-Ce

o

heteroalkyl), optionally substitutad alkenyl (8.g., C2-Ge alkenyl), optionally substituled heleroatkenyl {e.g., C-Cs
heteroalkenyl), optionally substifuted alkynyl {(e.g., C2-Cs atkynyl), optionally substituted heteroalkynyl (e.g., Co-
15 s heteroalkynyl), optionally substituted cycloalkyi, optionaily substitutad hetarccycloalkyi, optionaily substituted
aryl, or optionally substituted heteroaryl.
For instance, in one embodiment, amatoxins usaiful in conjunction with the compositions and methods
described herein include compounds according to Formula (VA)
HO

= O ‘;E{
Rs™\\ HN__ "
Ra pn—X HN

~X O

N H O
P N L.
o g’\« NN
O O H
Re (va),

20 wherein R, Bs, X, and Rs are sach as deiined above.

For instance, in one embodiment, amatoxins useful in conjunction with the compositions and methods

described herein include compounds according to Formula (VB), below:
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wharein:
R1is H, OH, or ORx;
Rz is H, OH, or ORg;
5 Ra and Re, when present, fogether with the oxygen atoms to which they are bound, combine to
form an optionally substituted 5-membered heterocycloalkyl group;
Rsis H or Bp;
Reis H, OH, CRb, or Rp;
Rsis H, OH, CRo, or B
10 Rs is H, OH, ORp, or Fo;
Rz is H, OH, ORb, or Re;
Rs is OH, NHz, or ORp;
Re is H, OH, or ORp;
X ig -8-, -8§(0)-, or -80=-; and
15 Ro is optionally substituted alkyi {e.g., C:-Cs alkyl), optionally substituted hateroalkyl (e.g., C1-Gs
heteroalkyl), optionally substituted alkenyl (a.g., C2-Cs alkenyl), optionally substituted heteroalkenyl (e.g., C2-Cs
neteroalkenyi), optionally substituted alkynyl {e.g., Ce-Cs alkynyl), optionally substituted heteroalkynyl (e.g., Ce-
Cs hetercalkynyl), optionally substituted cycloalkyl, optionally substituled helerocycloalkyi, optionally substituted
aryl, or optionally substituted heteroaryl.
20 in one embodiment, amatoxing useful in conjunction with the compositions and methods described

herein also include compounds according to Formula (VG), below:
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(VC)

wherain:

Riis H, OH, or ORa;

Rzis H, OH, or ORs;

Faand Rs, when present, logether with the oxygen atoms o which they are bound, combine o

form an optionally substituted 5-membered heterocycloalkyl group;

Rais H or Ro;

Rais H, OH, ORb, or Ro;

Bsis H, OH, ORb, or Rp;

Re is H, OH, ORc, or Rp;

Rris H, OH, ORep, or Rp;

Rs is OH, NMHz, or OFp;

Reis H, OH, or ORp;

Xis -&-, -8(0)-, or -802-; and

Ro is optionally substituted alkyl {e.g., C1-Cs alkyi), optionally substituted heteroalkyl {(e.g., C1-Ce
heteroalkyl), optionally substituted alkenyl (8.g., C2-Cs alkenyl), optionally substituted heteroalkenyl (e.g., C2-Ce
heteroalkenyl), optionally substituted alkynyl (e.g., G2-Ce alkynyl), optionally substituted heteroalkynyl (e.g., Co-
Ce hateroatkynyl), optionally substituted cycloalkyl, optionaily substituted heterocycioalkyl, optionally substituted
aryl, or optionaily substituted hetarocaryl.

Additional examples of amatoxins that may be used in the conjugales described harein includs those
described in WO 2020/216927, the contents of which are incorporated by reference herein. In one embodiment,
an anti-CD45 antibody, or antigen-binding fragment thereof, is conjugated to an amatoxin via a linker, where the

ADC has the structure of formula (VI
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HC

Ab—Z— E.

N / g
HON QN%N NH

NHQ (VE),

or a starecisomer thereof;
wherein:
5 Qis 3;
L is alinker;
Z is a chemical moiety formed by a coupling reaction between a reactive substituent present on L and
a reactive substituent presaent within the antibody, or antigen-binding fragment thereof; and
Ab is the anti-CD45 antibody, or the antigen binding fragment thereof. In one embodiment, the linker
10 is a cleavable linker. In another embodiment, the linker is a non-cleavable linker. In one embodiment, wherein
L comprisas a -{CHz)r- unit, where n is an integer from 2-6. In one embadimeant, L is -(CHz)n-, where nis 6.
in one embodiment, Ab, Z, and L, taken logether as Ab-Z-L, is represenied by the formula:

s\//f};O

15
wharein S s the sulfur atom of a cysteine residue present in the anti-CD45 antibody, or the antigen-binding
fragment thareof.
in ong smbodiment, an ADC comprises an anti-CD45 antibody conjugated to an amatoxin, the ADC
having a structure according to formula (Vi):
20
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Vi),
or a stersoisomer thersof.

5 in one embaodiment, an ADC comprises an anti-CD45 antibody conjugated to an amatoxin, the ADC

having a structure according to formula (VHA):

ll“xb
S
L

S ~N

0
A
HO s’
O

NH; (VIIA).
in one embodiment, an ADC comprises an anti-CD45 antibody conjugated to an amatoxin, the ADC
140 having a structure according to formula (VHB):
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NHz (VIIB).

Synthetic methods of making amatoxin are described in U.S. Patent No. 8,675,702, which is
incorporated by reference herein.

in other embodiments, an anti-CD45 antibody, or antigen-binding fragment thereof, described herein
may be bound o an amatoxin so as 1o form a conjugate representad by the formula Ab-Z-L-Am, wherain Ab is
the anti-CD45 antibody, or antigen-binding fragment thereof, L is a linker, Z is a chemical moisty and Am is an
amaloxin. Many positions on amatoxins or derivatives thereof can serve as the position {o covalently bond the
linking moiety
L, and, hence the antibodies or antigen-binding fragments thersol. In some embodiments, Am-L-Z is

represenied by Formula ()

wharein R is H, OH, ORa, or ORg;

Rz is H, OH, ORas, or ORc;

Raand RBs, when present, together with the oxygen aloms o which they are bound, combine fo form an
optionally substituted 5-membered heterocycloalkyl group;

Rs is H, Re, or Rp;

Rais H, OH, ORc, OFp, Hc, or Ro;

Rsis H, OH, ORc¢, ORp, Re, or Re;

He is H, OH, ORc, ORp, Re, or Rb;

Ry is H, OH, GRc, OFp, Rc, or Ro;

Rs is OH, NH2, ORc, ORp, NHRc, or NRcRo;

Ry is H, OH, ORg, or ORp;

Xig -8, -5(Q)-, or -802-;

Reis -L-Z;

Ro is optionally substituied alkyi {e.qg., Ci-Cs alkyl), optionally substituted heleroalkyl (e.g., C1-Cs
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heteroalkyl), optionally substifuled alkenyl (e.g., C2-Cs alkenyl), optionally substituted heteroalkenyl (e.g., C=-Cs
heteroalkenyl), optionally substituted alkynyl (e.g., C=-Cs alkynyl), optionally substituied heteroatkynyl (e.g., Ce-
Cs heteroalkynyl), optionally substituted cycloalkyl, optionally substituted helerocycloalkyl, optionally substituted
aryi, or optionally substitiied heteroaryl;

L is a linker, such as optionally substituted alkylene (e.g., C1-Ce alkylens), optionally substituted

o

heteroalkylene (C+-Cs heteroalkylene), optionally substituted alkenylene (e.g., Co-Ce alkenylane), optionally
substituted heteroalkenylene (e.g., C=-Cs hetercalkenylane), optionally substituted alkynyiene {e.g., Cz-Cs
alkynylena), optionally substituted hetercalkynylene (e.g., Co-Cs heteroakynyleng), opticnally substituted
cycloalkylene, optionally subsiitutad hetarocycloalkyiene, oplionally substituted arylene, optionally substituted
10 heteroarylene, a peptide, a dipeptide, -(C=0}-, a disulfide, a hydrazone,, or a combination thereof;
and
Z is a chemical moiety formed from a coupling reaction between g reactive substituent present on L and
a reactive substituent present within an antibody, or antigen-binding fragment thereof, that binds a target antigen
(e.g., CD45).
15 in some embodiments, Am contains exactly one Re substituent.

in some embodiments, L-Z is

where 5 is a sulfur atom which represenis the reactive substituent present within an antibody, or antigen-binding
fragment thereof, that binds a target antigen {e.g., from the -SH group of a cysteine residus).
in some embodiments, the conjugate is reprasented by one of Formulas i, 1A, or HIB:
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where X is 8, 80 or 802, and the Ab is shown to indicate the point of Ab atiachment.

in some embodiments, Am-L-Z-Ab is

HO
N

HO

H

N~

/ *,»,'-NH o)
IR

H :
QNW‘“"'N\[WKNA\/NH
1o oy 5 H

i E /Eei:ﬁ‘--g"\b
o S
5 where Ab is shown to indicate the point of Ab attachment.
in some embodiments, Am-L-Z-Abis
HO
where Al is shown to indicate the point of Ab attachment.
10 in some embodiments, Am-L-Z-Abis
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whare Ab is shown 1o indicate the point of Ab attachment.

in some embodiments, the Am-L-Z-Ab precursor, Am-L-Z', is

o
S SN

whergin the maleimide reacts with a thiol group found on a cysieing in the antibody.

in some embodimeants, the Am-L-Z-Ab precursor, Am-L-Z', is
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wherein the maleimide reacts with a thiol group found on a cysieine in the antibody.

in some embodiments, Am-L-Z is reprasented by Formula (14)

wherein Ry is H, OH, ORa, or ORc;
B2is H, OH, ORg, or ORc:

Raand Bs, when present, together with the oxygen atoms to which they are bound,

combing to form an optionally substituied 5-membered heterocycloalkyi group;
Rais H, Be, or Ro;
Rsis H, OH, ORc, ORp, Bc, or Ro;
Rsis H, OH, ORc, ORp, Re, or Ro;
Fsis H, OH, ORc, ORp, Rc, or Ro;
R7is H, OH, ORc, ORp, Re, or Ro;
R is OH, NH», GRc, ORp, NHRc, or NRcRo;
Rs is H, OH, ORc, or ORp;
Xis -8-, -B(0)-, or -S02-;
Reis -L-Z;

Ao is optionally substituted alkyl (e.g., C:-Ce alkyl), optionaily substituted heteroakkyi (e.g.,
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C1-Cs heteroalkyl), optionally substituted alkenyl {e.g., C2-Cs alkenyt), optionally substituted
heteroalkenyl (e.g., C2-Ce hetsroalkenyi), optionally substituted alkyny! (e.q., C2-Cs alkynyl),
optionally substituted heterocalkynyl (e.g., C2-Gs heteroalkynyl), optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally substituied aryl, or optionally substituted
heteroaryl;

L is a linker, such as optionally substituted alkylens {s.q., C:-Cs alkylene}, optionally
substituted heteroalkylens (C+-Ce heteroalkylene), optionally substituted alkenylens (a.g., C2-Cs
alkenviene}, opticnally substituted heleroalkenylane (e.g., Ce-Cs heteroalkenylene), optionally
substituted alkynylene (e.g., Cz-Cs alkynylene), optionally substitutad heteroalkynylene (e.g., Cz-Cs
heteroalkynylane), optionally substituied cycioalkylene, optionally substituted heterocycloalkyiene,
optionally substituted arylene, optionally substituted hetercarylene, a peptide, a dipeptide, -(C=0}-,
a disulfide, a hydrazone, or a combination thereof;

Z is a chemical moiety formed from a coupling reaction between a reactive substituent
prasent on L and a reactive substituent present within an antibody, or antigen-binding fragment
thereof, that binds CD45; and

wherein Am contains exactly one Re substituent.

in some embodiments, L-Z is

oy
i

ST
3

in some embodiments, Am-1-Z is represented by Formula (IB)

wherein Ry is H, OH, ORa, or ORc;

Rz is H, OH, ORs, or ORg;

Haand Rs, when present, iogsther with the oxygen atoms o which they are bound,
combine to form an optionally substituted 5-membered heterocycloalkyi group,

Rsis H, Re, or Ro;

H4is H, OH, ORc, ORb, Re, or Ro;

Rs is H, OH, ORc, CRo, Re, or Ro;

Ae is H, OH, ORc, CRb, Re, or Ro;
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B7is H, OH, ORg, ORp, B, or Ro;

Fa is OH, NHz, ORc, ORp, NHRc, or NRcRo;

Rois H, OH, ORc, or ORo;

Xig -5+, -8(0)-, or -80p-;

Reis -L-Z;

Rr is optionally substituted alkyt (e.g., C:-Cs alkyl), optionally substituted hetsroakkyl (e.g.,
Ci-Cs heteroalkyl), optionally substituted alkenyl (.g., C2-Cs alkenyl}, optionally substituted
hetercalkenyl (e.g., C2-Cs hetsroalkenyl), optionally substituted alkyny! (e.q., C2-Ce alkynyl},
optionally substituted heteroalkynyl {e.g., Cz-Cs heteroalkynyl), optionally substituted cycloalkyi,
optionally substituted heterocycloalkyl, optionally substituied aryl, or optionally substituted
heteroaryi;

L is a linker, such as optionally substituted alkylens {a.g., C:-Cs alkylens}, optionally
substituted heteroalkyleng (C1-Cs heteroalkylene}, optionally substituted alkenylens {e.g., C2-Cs
alkenviene}, optionally substituted heteroalkenylene (e.g., Ce-Cs heteroalkenviene), optionally
substituted alkynylene (e.g., Co-Cs alkynylene), opticnally substituted hateroakynylene (e.g., C2-Cs
heteroalkynylene), optionally substituted cycloalkylene, optionally substituted heterocycloalkylene,
optionally substituted arylene, optionally substituted heteroarylene, a peptide, a dipepiide, -(C=C}-,
a disulfide, a hydrazone, or a combination thereof;

Z is a chemical moiety formed from a coupling reaction between a reactive substituent
present on L and a reactive substituent present within an antibody, or antigen-binding fragment
thereof, that binds CD45; and

wherein Am containg exactly one Be substituent.

in some embodiments, L-Z i3

in some embodiments, Ra and Re, when present, fogether with the oxygen atoms o which
they are bound, combine to form a 5-membered heterocycloalkyl group of formula:

Y,O
g

wherein Y is «(C=0)-, -{C=8)-, -(C=NRg-, or -{CReRe}-; and

Re and Re are each indspendently optionally substituted C+-Cs alkylene-Rc, optionally
substituted C1-Cs heteroalkylens-RBe, optionally substituted Ca-Ce alkanyiene-Re, optionally
substituted Ce-Cs heteroalkenylene-Re, optionally substituted Ce-Cs alkynylane-Re, optionally
substituted Ce-Cs heteroalkynylene-Rc, optionally substituted cycloalkylene-Re, optionally
substituied heterocycloalkylene-Re, optionally substitutad arviene-Re, or optionally substituted

heteroarylene-Re.
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in some embodiments, Am-L-Z is rapressnied by Formula (&) or Formuia (IB),
wherein Ry is H, OH, ORa, or ORc;

Rois H, OH, ORg, or ORc;

Raand Rs, when present, together with the oxygen atoms to which they are bound,

Yo
o\i
Rais Hor Rc;

R4 is H, OH, ORc, CRo, Re, or Ro;
Rsis H, OH, ORc, GRbp, Re, or Rop;
Re is H, OH, ORc, CRo, Re, or Bo:
Rz is H, OH, ORc, GRb, Re, or Ro;
Re is OH, NHe, ORc, or NHRg;

Re is H or OH;

Xis -8-, -8(0)-, or -8C2-; and

wherein Re and Rp are each as defined above.

combing to forn:

in some embodiments, Am-L-Z is represented by Formula (I8} or Formula (B},
wherein Ry is H, OH, ORa, or ORc;

Rz is H, OH, ORs, or ORg;

Raand Rs, when present, together with the oxygen atoms to which they are bound,

combineg 1o form:

G

Y °
oi
RsisHor Re;

R4 and Rs are each independently H, OH, CRe, Re, or ORp;

s and Ry are each H;

Rs is OH, NHz, ORe, or NHRc;

Rs is H or OH;

Xis -5-, -5(0)-, or -80»-; and

wherein Rg is as defined above.

in some embodiments, Am-L-Z is representied by formula (18) or formuia (iB),
wherein R is H, OH, or ORa;

Rz is H, OH, or ORg;
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Raand Be, when present, together with the oxygen atoms to which they are bound,

combineg 1o form:

O
2
Rs, R4, Re, and Ry are each H;
5 Rs is ORe;
Hs is OH or NHz;
Fo is H or OH;
Xis -8-, -8(0)-, or -802-; and
wherein Rc is as defined above. Such amatoxin conjugates are described, for example, in
HY US Patent Application Publication No. 2016/0002298, the disclosure of which is incorporaied
herein by reference in its entiraty.
in some embodiments, Am-L-Z is represented by Formula (1A) or Formula (18),
wherein R and Re are each independently H or OH;
Rsis Re;
R4, Re, and Ry are each H;
Rsis H, OH, or OC1-Cs alkyl;
Re is OH or NH2;
Re is H or OH;
Xis -8, -8(0)-, or -8C2-; and

20 wherein Rce is as defined above. Such amatoxin conjugates are described, for example, in

—d
[y}

US Patent Application Publication No. 2014/0294865, the disclosure of which is incorporaied
herein by reference in it entirety.
in some embodiments, Am-L-Z is reprasented by Formula {(1A) or Formula (iB),
wherein Ri and Re are each independently H or OH;
25 Rs, Fs, and Ry are each H;
R4 and Rs are each independantly H, OH, CRc, or Re;
Re is OH or NHy;
Reis H or OH;
Xis -8-, -8(0}-, or -80¢-; and
30 wherein Rc is as defined above. Such amatoxin conjugates are described, for example, in
US Patent Appilication Publication No. 2015/0218220, the disclosure of which is incorporated
herein by reference in iis entirety.
in some embodiments, Am-L-Z is represented by Formula (18} or Formuia (I8},
wherein Ry and Re are each independently H or OH;
35 Rs, Rs, and A7 are each H;
R4 and Bs are each independently H or OH;
Reais OH, NHz, ORc, or NHRc¢;
R is H or OH;
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Xis -8-, -8(0)-, or -800-; and

wherein Re is as defined above. Such amatoxin conjugaies are described, for exampls, in
US Patent Nos. 9,233,173 and 9,398,681, as well as in US 2016/0089450, the disclosures of each
of which are incorporated herein by reference in their entirely.

in some embodiments, the Am-L-Z-Ab precursor Am-L-Z' i

| Hl‘eu\
HO ,M k}
\\rx‘ ] V {..‘
D~ 7 \&
{ HN
~ & “:*'*m. {
o B H
é\v/ 3\" R O S
\}‘\ \(, \ W -‘i'\v P
Gy ;3 o H

Additional amatoxins that may be used for conjugation to an antibody, or antigen-binding
fragment thereof, in accordance with the compositions and methods described herein are
described, for example, in WO 2016/142049; WO 2016/071856; WO 2017/148077; WO
2018/115468; and WO 2017/046658, the disclosures of which are incorporated herein by reference
in their eniirety.

in some embodiments, Am-L-Z is reprasented by Formula (), Formuia (&), or Formula
(iB)
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(HB)
wharein X is 8, SO, or 802; Ry is H or a linker covalently bound o the antibody or antigen-binding
fragment thereof through a chemical moiely Z, formed from a coupling reaction belween a reactive
substituent Z' present on the linker and a reactive substituent present within an antibody, or
antigen-binding fragment thereof; and Rz is H or a linker covalently bound to the antibody or
antigen-binding fragment thereof through a chemical moiely Z, formed from a coupling reaction
between 3 reactive substituent Z' present on the linker and a reactive substituent present within an
antibody, or antigen-binding fragment thereof; wherein when Ry is H, Rz is the linker, and when R
is H, R1 is the linker.

In some embodiments, B is the linker and Rz is H, and the linker and chemical moiety,

togetheras L-Z, is

in some embodiments, K. is the linker and Rz is H, and the linker and chemical molety,

together as L-Z, is
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in one smbodiment, Am-L-Z-Ab is:

in one smbodiment, Am-L-Z-Ab is:
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; wherein the maleimide reacts with a thiol group found on a cysteine in the antibedy to form the

conjugate Am-L-Z-Ab.
in some embodiments, the cytoloxin is an g-amanitin. In some embodiments, the o-
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arnanitin is attached to an anti-CD45 antibody via a linker L. in some embodiments, the a-amanitin
is a compound of Formula V. The linker L may be atiached 1o the a-amanitin of Formula ¥ at any
one of several possible positions (e.g., any of R'-R®) to provide an a-amanitin-linker conjugate of
Formuia |, 1A, 1B, §f, lIA, or HB. In some embodiments, the linker includes a hydrazine, a disuifide,
a thiosther or a dipeptide. in some embodiments, the linker includes a dipeptide selected from Val-
Ala and Val-Cit. In some embodiments, the linker includes a para-aminobenzyl group (PAB). In
some embodimsnis, the linker includes the moiety PAB-Cit-Val. In some embodiments, the linker
includes the moisty PAB-Ala-Val. In some embodiments, the linker includes a —~({C=0){CHgz)n —
unit, wherein n is an integer from 1-6.

in some embodiments, the linker includes a -{CHzajn— unit, whers n is an integer from 2-6.
in some embodiments, the linkar is -PAB-Cit-Val-(C=0}{CHa). —. In some embodiments, the linker
is -PAB-Ala-Val-{C=0O}{CHz}n—. in some embodiments, the linker L and the chemical molety Z,
taken together as L-Z, is

PR

. 3
Y e Y
3 2
gy HE R
G ;\ ’
s o,
& > N 9
" 0 &f

in some embodiments, the cytofoxin is a B-amanitin. In some embodiments, the § -
amanitin is attached to an anti-CD45 antibody via a linker L. In some embodiments, the B-amanitin
is a compound of formuia ¥. The linker L may be attached to the $-amanitin of Formuia ¥ at any
one of several possible positions {e.g., any of R'-R®) o provide an B-amanitin-tinker conjugate of
Formula §, 1A, 18, i, lIA, or HB. In some embodiments, the linker includes a hydrazine, a disulfide,
a thioether or a dipeptide. in some embodiments, the linker includes a dipeplide selecied from Val-
Ala and Val-Cit. In some embodiments, the linker includes a para-aminobenzyl group (PAB). In
some smbodiments, the linker includes the molety PAB-Cit-Val. In some embodiments, the linker
includes the moiety PAB-Ala-Val. In some embodimentis, the linker includes a —{C=0}{CHz)n— unit,
whersin n is an integer from 1-6.

in some embodimenis, the linker includes a -{CHz)n— unit, where n is an inieger from 2-6.
In some embodiments, the linker is ~-PAB-Citl-Val-(C=0}{CHz)n—. In some embodiments, the linker
is ~PAB-Ala-Val-(C=0}CHz):~. In some smbodiments, the linker L and the chemical moisty Z,
faken together as L-2, is

U ar

in some embodiments, the cytotoxin is a y-amanitin. In some embodiments, the vy -

arnanitin is attached to an anti-CD45 aniibody via a linker L. In some embodiments, the y-amanitin
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is 8 compound of Formula V. The linker L may be attached 1o the yv-amanitin of Formula V at any
ong of several possible positions (e.g., any of R'-R?) to provide an y-amanitin-linker conjugate of
Formuia §, 14, 1B, #, 4 or B, In some embodiments, the linker includes a hydrazine, a disulfide,
a thioether or a dipeptide. In some embodiments, the linker includes a dipeptide selected from Val-
Ala and Val-Cit. In some embodiments, the linker includes a para-aminobenzyl group (PAB}. In
some embodimsnis, the linker includes the moiety PAB-Cit-Val. In some ambodiments, the linker
includes the moisty PAB-Ala-Val. In some embodiments, the linker includes a —~(C=C}(CHz)r — unit,
whearein 11 is an integer from 1-6.

in some embodiments, the linker includes a -{CHa)n— unit, whers n is an integer from 2-6.
in some embodiments, the linkar is ~-PAB-Cit-Val-(C=CHCHz)n . In some embodiments, the linker
is ~PAB-Ala-Val-({C=0}(CHz}» —. In some embodiments, the linker L and the chemical moisty Z,

taken together as L-Z, is

in some embodiments, the cytotoxin is a e-amanitin. In some embodiments, the £-amanitin
is attached to an anti-CD45 antibody via a linker L. In some embodiments, the e-amanitin is a
compound of Formula V. The linker L may be attached to the e-amanitin of Formula V at any one of
several possible positions (e.g., any of B'-R®) to provide an e-amanitin-iinker conjugate of Formula
LA B, I HA, or B, Ih some embodiments, the linker includes a hydrazine, a disulfide, a
thioether or a dipeptide. In some embodimenis, the linker inciudes a dipeplide selected from Val-
Ala and Val-Cil. In some embodiments, the linker includes a para-aminobenzyl group (PAB). In
some embodimenis, the linker includes the moiely PAB-Cit-Val. In some embodiments, the linker
includes the molsty PAB-Ala-Val. In some embodiments, the linker includes a ~(C=CHCHa)n — unit,
whearein 1 is an integer from 1-6.

in some embodiments, the linker includes a -{CHajn— unit, whers n is an integer from 2-6.
in some embodiments, the linkar is ~-PAB-Cit-Val-(C=CHCHz)n . In some embodimants, ths linker
is ~PAB-Ala-Val-({C=0}{CHz}» —. In some embodiments, the linker L and the chemical moiety £,

in some embodiments, the cytotoxin is an amanin. In some embodiments, the amanin is
attached to an anti-CD45 antibody via a linker L. In some embodiments, the amanin is a compound
of Formula V. The linker L may be attached 1o the amanin of Formula V at any one of several

possible positions {e.g., any of R'-R%) {0 provids an amanin-linker conjugats of Formula |, 1A, 1B, §
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A, or HB. In some emboedimentis, the linker includes a hydrazine, a disulfide, a thicethsr or a
dipeptide. In some embodiments, the linker includes a dipeptide selecied from Val-Ala and Val-Cit.
In some embodiments, the linker includes a para-aminobenzyl group (PAB). In some
embodiments, the linker includes the molety PAB-Cit-Val. In some embodiments, the linker
includes the moisty PAB-Ala-Val. In some embaodiments, the linker includes a ~(C=0}{CHz)n — unit,
wherein 11 is an integer from 1-6.

in some embodiments, the linker includes a -{CHajn— unit, whers n is an integer from 2-6.
in some embodiments, the linker is ~-PAB-Cit-Val-(C=0}{CHa)n —. In some embodiments, the linker
is ~PAB-Ala-Val-(C=0){CHa)n—. In some embodiments, the linkar L and the chemical moiety Z,

taken together as L-Z, is

in some embodiments, the cytotoxin is an amaninamide. In some embodiments, the
amaninamide is attached to an anti-CD45 antibody via a linker L. In some embodiments, the
amaninamide is a compound of Formula ¥. The linker L may be attached to the amaninamide of
Formuia V at any one of several possible position. In some embodiments, the linker inciudes a
hydrazine, a disulfide, a thicether or a dipeptide. In some embodiments, the linker includes a
dipeptide selectad from Val-Ala and Vai-Cit. In some embodiments, the linker includes a para-
aminobenzyl group {(PAB}. In some embodiments, the linker includes the moiety PAB-Cit-Val. In
some embodiments, the linker includes the moiety PAB-Ala-Val. In some embodiments, the linker
includes a —(C=0){CHe)n— unit, wharein n is an integer from 1-6.

in some embodiments, the linker includes a -(CHz)n— unit, where n is an integer from 2-8.
in some embodiments, the linker is -PAB-Cit-Val-(C=0}{CH2)»~. In some embaodiments, the linker
is —PAB-Ala-Val-(C=0}{CHz)n—. In some embodiments, the linker L and the chemical moiety Z,

taken together as L-Z, is

Q §
% oo~
R W N
G ’ R &

in some embodiments, the cytoloxin is an amanuliin. In some embodiments, the amanuliin
is attached to an anti-CD45 antibody via a linker L. In some embodiments, the amanullinis a
compound of formula V. The linker L may be attached io the amanullin of Formula ¥ at any one of
several possible positions (e.g., any of R'-R9) to provide an amanullin-linker conjugate of Formula
i1A IR, I A or HIB. In some embodiments, the linker includes a hydrazine, a disuifide, a

thioether or g dipeptide. In some embodiments, the linker includes a dipeplide selected from Val-
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Ala and Val-Cit. In some embodiments, the linker includes a para-aminobenzyl group (PAB). In
some embodimenis, the linker includes the moiely PAB-Cit-Val. In some embodiments, the linker
includes the moisty PAB-Ala-Val. In some embodiments, the linker includes a ~{(C=0}{CHz)n — unit,
wherein i is an integer from 1-6.

in some embodiments, the linker includes a -(CHz)n— unit, where n is an integer from 2-6.
in soms embodiments, the linkar is ~-PAB-Cit-Val-(C=C}{CHz)n . In some embodimanis, ths linker
is ~PAB-Ala-Val-({C=0}{CHzjn—. In some embodiments, the linker L and the chemical molety Z,

taken together as L-Z, is

{f

in some embodiments, the cytotoxin is an amanuliinic acid. In some embodiments, the
amanuliinic acid is attached to an anti-CD45 antibody via a linker L. In some embodimenis, the
amanuliinic acid is a compound of formula ¥. The linker L may be attached o the amanullinic acid
of Formula ¥V at any ong of several possible positions {e.g., any of R'-R®) to provide an amanullinic
acid-linker conjugale of Formula §, 1A, 1B, #, HA, or IB. In some smbodiments, the linker includes
a hydrazine, a disulfide, a thioether or a dipeptide. In some embodiments, the linker includes a
dipeptide selected from Val-Ala and Val-Cit. In some embodiments, the linker includes a para-
aminobenzy! group (PAB). In some embodimeanis, the linker includes the molely PAB-Cit-Val. In
some embodimeanis, the linker includes the molety PAB-Ala-Val. In some embodiments, the linker
inciudes a —(C=0){CHz)n— unit, wherain n is an integer from 1-6.

in some embodiments, the linker inciudes a -{CHajn— unit, where n is an integer from 2-6.
in some embodiments, the linker is -PAB-Cit-Val-(C=0}CHa)n —. In some embodiments, the linker
is ~PAB-Ala-Val-(C=0){CH2)n—. In some embodiments, the linker L and the chemical moiety Z,

taken together as L-Z, is

in some embodiments, the cytotoxin is a proamanullin. In some embodiments, the
proamanullin is attachad to an anti-CD45 antibody via a linker L. In some embodiments, the
proamanullin is a compound of Formula V. The linker L may be attachead to the proamanuliin of
formula ¥ at any one of several possible positions {s.g., any of R'-R®} to provide an proamanullin-
linker conjugate of Formula |, 14, 1B, ii, HA, or #B. In some embodiments, the linker includes a
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hydrazing, a disulfide, a thioether or a dipeptide. In some embodiments, the linker includes a
dipeptide selected from Val-Ala and Val-Cit. In some embodimenis, the linker inciudes a para-
aminobenzy! group (PAB). In some embodimenis, the linker includes the molely PAB-Cit-Val. In
some embodiments, the linker includes the moiety PAB-Ala-Val. In some embaodiments, the linker
includes a —~(C=0){CHz)n— unit, wherein n is an integer from 1-6.

in some embodiments, the linker includes a -(CHajn— unit, whers n is an integer from 2-6.
in soms embodiments, the linkar is ~-PAB-Cit-Val-(C=CHCHz)n . In some embodiments, ths linker
is ~PAB-Ala-Val-(C=0){CHz)n—. In some embodiments, the linkar L and the chemical moiety Z,

taken togethsr as L-Z, is
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Synithetic methods of making amatoxins are described in .S, Patent No. 8,676,702, which
is incorporated by reference herein.

Antibodies, and antigen-binding fragments, for use with the compositions and methods
described herein can be conjugated to an amatoxin, such as an a-amanitin or a variant thereof,
using conjugation technigues known in the art or described herein. For instances, antibodies, and
antigen-binding fragments thersof, that recognize and bind a target antigen (an anti-CD45 antibody
can bs conjugatsd to an amatoxin, such as a-amanitin or a variant thereof, as describad in US
2015/0218220, the disclosure of which is incorporatad herein by reference as it pertains, for
example, o amatoxins, such as a-amanitin and variants thereof, as well as covalent linkers that

can be used for covalent conjugation.

Auristatins

An anti-CD45 antibody or antigen-binding fragment thereof, described herein can be
conjugatad 1o a cytotoxin that is an auristatin {U.S. Pat. Nos. 5,635,483, 5,780,588). Auristating are
anti-mitotic agents that interfere with microtubule dynamics, GTP hydrolysis, and nuclear and celiular
division (Wovke et al (2001) Antimicrob. Agents and Chemother. 45(12}:3580-3584) and have
anticancer (UJ.S. Pat. No. 5,663,148} and antifungal activity {Pettit et al (1998} Antimicrob. Agenis
Chernother. 42:2861-2965). (U.8. Pat. Nos. 5,635,483; 5,780,588). The auristatin drug moiety may be
attached to the antibody through the N (amino) terminus or the C (carboxyl) terminus of the peptidic
drug moisty (WO 02/088172).

Exempiary auristatin embodiments include the N-terminus linked monomethylauristatin drug
moieties DE and DF, disclosed in Senter et al, Procesdings of the American Association for Cancer
Research, Volume 45, Absiract Number 623, presenied Mar. 28, 2004, the disclosure of which is

expressly incorporated by reference in its entirety.
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An exemnplary auristatin embodiment is MMAE, wherein the wavy line indicates the point of
covalent attachment to the linker of an antibody-linker conjugate (-L-Z-Ab or -L-Z', as described
herein).

Another exemplary auristatin embodiment is MMAF, wherein the wavy line indicates the point
of covalent attachment to the linker of an antibody-linker conjugate {-L-Z-Ab or -L-Z', as described
herein), as disclosed in US 2005/0238649:

£
&0

& i

R V18

Auristatins may be prepared according to the methods of: U.S. Pat. No. 5,635,483; 1.8, Pat.
No. 5,780,588, Pettit et al (1889) J. Am. Chem. Soc. 111:5463-5465; Pettit et al (1898) Anti-Cancer
Drug Design 13:243-277; Pattit, G. R, et al. Synthesis, 1996, 719-725; Petiit et al (1998) J. Chem.
Soc. Perkin Trans. 15:859-863; and Doronina (2003} Nat. Biotechnol. 21(7).778-784.

Maviansinoids

Antibodies and antigen-binding fragments thereof described herein can be conjugated io a
cytotoxin that is a microtubuie binding agent. In some embodiments, the microtubule binding agent is
a maytansine, a maytansinoid or a maytansinoid anaiog. Maytansinoids are mitotic inhibitors which
bind microtubules and act by inhibiting tubulin polymerization. Maytansine was first isolated from the
east African shrub Maytenus serrata (U.S. Pat. No. 3,896,111). Subseguently, it was discovered that
certain microbes also produce maytansinoids, such as maytansino! and C-3 maytansinol esters (U.S.
Pat. No. 4,151,042}, Synthetic maytansino! and derivatives and analogues theraof are disclosed, for
example, in U.3. Pat. Nos. 4,137,230, 4,248,870, 4,256,746; 4,260,608; 4,265,814, 4,294,757
4,307,016; 4,308,268; 4,308,269; 4,309,428; 4,313,946, 4,315,829, 4,317,821, 4,322,348, 4,331,588,
4.361,650; 4,364,866, 4,424 ,219; 4,450,254, 4,362,663, and 4,371,533, Maytansinoid drug moieties
are attractive drug moisties in antibody drug conjugates because they are: (i) relatively accessible to
prepare by fermentation or chemical maodification, derivatization of fermentation products, (i)
amenable to derivatization with functional groups suitable for conjugation through the non-disulfide

linkers o antibodies, (iil} stable in piasma, and (iv) effective against a variety of tumor ceil lines.
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Examples of suitable maytansinoids include esters of maytansinol, synthetic maylansinol,
and maytansinol analogs and derivatives. Included herein are any cylotoxins that inhibit microtubule
formation and that are highly ioxic 1o mammalian cells, as ars maytansinoids, maytansinol, and
maytansinol analogs, and derivatives.

5 Examples of suitable maytansinol esters include those having a modified aromatic ring and
thosg having modifications at other positions. Such suitable maytansinoids are disclosed in U.S. Pat.
Nos. 4,137,230, 4,151,042; 4,248,870, 4,256,746, 4,260,608; 4,265,814, 4,284,757, 4,307,016,
4.308,268; 4,308,269; 4,309,428; 4,313,846; 4,315,929, 4,317,821, 4,322,348, 4,331,598, 4,361,650;
4.362,603; 4,.364,866; 4,424,219 14,450,254, 4 322,348; 4,362,663; 4,371,533, 5,208,020; 5,416,064;

10 5475,002; 5,585,409; 5,846,545; 6,333,410, 7,276,497, and 7,473,798, the disclosures of each of
which are incorporated hergin by reference as they pertain to maytansinoids and derivatives thereof.
in some embodiments, the antibody-drug conjugates (ADCs) of the present disciosure utilize
the thici-containing maytansinoid (DM1}, formally termed N¥'-deacetyl-NZ-(3-mercapio-t-oxopropyl)-

maytansing, as the cytotoxic agent. DM1 is represented by the following structural formula:

15
in another embodiment, the conjugates of the present invention utilize the thiol-containing
maytansinoid N¥-deacetyl-N?'(4-methyl-4-mercapto-1-oxopeniyl)-maytansine (e.g., DM4) as the
cytotoxic agent. DM4 is represented by the following siructural formula:

0

,'ﬁ‘jf\\ . j,f ‘,’SH:
o a

20
Another maytansinoid comprising & side chain that contains a sterically hindered thiol bond is
N?-deacetyl-N-2'(4-mercapto-1-oxopentyli-maytansine (termed DM3), representad by the foliowing

structural formula:
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Each of the maytansinoids taught in U.S. Pat. Nos. 5,208,020 and 7,276,497, can also be
used in the conjugates of the present disclosure. In this regard, the entire disclosure of 5,208,020 and
7,276,697 is incorporated herein by refarence.

Many positions on mayiansinoids can serve as the position {o covalently bond the linking
moiety and, hence the antibodies or antigsn-binding fragments thereof (-L-Z-Ab or -L-Z', as described
herein}. For example, the C-3 position having a hydroxyl group, the C-14 position modified with
hydroxymethyl, the C-15 position modified with hydroxy and the C-20 position having a hydroxy group
are ali expected o be useful. in some embeodiments, the C-8 position serves as the position to
covaiently bond the linker moiety, and in some particular embodiments, the C-3 position of
maytansinol serves as the position to covalently bond the linking moiety. There are many linking
groups known in the art for making antibody-maytansinoid conjugates, including, for example, those
disclosed in L1.S. Pat. Nos. 5,208,020, 6,441,163, and EP Patent No. 0425235 B1; Chari st al,,
Cancer Research 52:127-131 (1992); and .S, 2005/0169933 A1, the disclosures of which are hersby
exprassly incorporated by reference. Additional linking groups are described and exemplified herein.

The present invention also includes various isomers and mixturas of maytansinoids and
conjugates. Certain compounds and conjugates of the present invention may exist in various
sterecisomeric, enantiomeric, and diastersomeric forms. Several descriptions for producing such
antibody-maytansinoid conjugates are provided in U.S. Pat. Nos. 5,208,020; 5,416,064, 6,333,410;
6,441,163; 6,716,821, and 7,368,565, each of which is incorporated herein in its entirety.

Anthracyclines

in other embodiments, the antibodies and antigen-binding fragmenis thereof described herein can be
conjugated to a cytotoxin that is an anthracycline moleculs. Anthracyciines are antibiotic compounds
that exhibit cytotoxic activity. Studies have indicated that anthracyclines may operate to kili celis by
a number of different mechanisms including: 1} intercalation of the drug molecuies into the DNA of
the cell thereby inhibiting DNA-dependent nucleic acid synthesis; 2) production by the drug of free
radicals which then react with cellular macromolecules 1o cause damage to the celis or 3}

interactions of the drug molecules with the csll membrane [see, e.g., C. Peterson et al.,” Transport

And Storage Of Anthracycline In Experimental Systems And Human Leukemia” in Anthracycline
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Aniibictics in Cancer Therapy: N.R. Bachur, "Free Radical Damage" id. at pp.87-102]. Because of

their cytotoxic potential anthracyclines have been used in the treaiment of numerous cancers such
as leukemia, breast carcinoma, lung carcinoma, ovarian adenocarcinoma and sarcomas [see e.g.,

P.H- Wiernik, in Anthracycline: Current Status And New Devslopments p 111 Commonly used

anthracyclines include doxorubicin, epirubicin, idarubicin and daunomycin. In some embodiments,
the cytotoxin is an anthracycline selected from the group consisting of daunorubicin, doxorubicin,
epirubicin, and idarubicin. Representalive examples of anthracyclines include, but are not limited 1o
daunorubicin (Cerubidine; Bedford Laboratories), doxorubicin {Adriamycin; Bedford Laboratories;
also referred o as doxorubicin hydrochioride, hydroxy-daunorubicin, and Rubex), epirubicin
(Elience; Pfizer), and idarubicin (Idamycin; Pfizer inc.)

The anthracycline analog, doxorubicin (ADRIAMYCIN) is thought to interact with DNA by
intercalation and inhibition of the progression of the enzyme topoisomerase H, which unwinds DNA for
transcription. Doxorubicin stabilizes the topoisomerase Il complex after it has broken the DNA chain
for replication, praventing the DNA double helix from being resealed and thereby stopping the process
of replication. Doxorubicin and dauncrubicin (DAUNOMYCIN) are prototype cytotoxic natural product
anthracyciine chemotherapeutics {Sessa et al., (2007) Cardiovasc. Toxicol. 7:75-79}.

One non-limiting example of a suitable anthracycline for use herain is PNU-159682 ("PNU™.
PNU exhibits greater than 3000-fold cytotoxicity relative to the parent nemorubicin (Quintieri et al.,
Clinical Cancer Research 2005, 11, 1608-1617). PNU is represented by structural formula:

o ox QoM

F“OH

Multiple positions on anthracyclines such as PNU can serve as the position o covalently bond
the linking moiety and, hence the anti-CD45 antibodies or antigen-binding fragments thereof as
described herein. For example, linkers may be introduced through modifications to the hydroxymethyl
ketone side chain.

in some embodiments, the cytotoxin is a PNU derivative represented by structural formula:
jO\
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wherein the wavy ling indicates the poini of covalent atiachment fo the linker of the ADC as
described herein.
in some embodiments, the cylotoxin is a PNU derivative represented by structural formula:

wherein the wavy ling indicates the point of covalent attachment to the linker of the ADC as

described herein.

Benzodiazepines

in other embodimeants, the anti-CD48 antibodies, or antigen-binding fragments thereof,
described herein can be conjugated o a cytotoxin that comprises a benzodiazepine maoisty, such as a

PBD or an IGN, as described herein.

Pyrrolobenzodiazepines (PBDs)

in some emboediments, the antibodies, or antigen-binding fragments thereof, that bind
CD45 as described herein can be conjugated to a cylotoxin that is a pyrrolobenzodiazepine ("PBD") or
a cytotoxin that comprises a PBD. PBDs are natural products produced by certain actinomycetes and
have been shown to be sequence selective DNA alkylating compounds. PBD cytotoxing include, but
are not limited to, anthramycin, dimeric PBDs, and those disclesed in, for example, Hartley, JA (2011},
"The deveiopment of pyrrolobenzodiazepines as antifumor agents™ Expert Opin. Inv. Drug, 20(8),
733-744; and Antonow, D). and Thursion, D.E. (2011) "Synthesis of DNA-interactive pyrroini2,1-
cli1,4ibenzodiazepines (PBDs)". Chem. Rev. 111: 2815-2864.

PBDs are of the general structure:

They differ in the number, type and position of substituanis, in both their aromatic ("A") rings
and pyrrolo ("C") rings, and in the degree of saturation of the C ring. in the diazeping B-ring there is
gither an imine (N=C), a carbinolamine (NH-CH{OH)}, or a carbinclaming methyl sther (NH-CH{OMae))
at the N10-C11 position. This position is the electrophilic moiety responsible for DNA alkylation. All of
the known natural product PBDs have an {8)-configuration at the chiral C11a position which provides
them with a right-handed twist when viewed from the C ring fowards the A ring. This provides the

appropriate three-dimensional shape for ischelicity with the minor groove of B-form DNA, leading o a
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tight fit at the binding site {Kohn, In Antibiotics i, Springer-Verlag, New York, pp. 3-11 (1875); Hurley
and Needham-VanDevanter, Acc. Chem. Res., 18, 230-237 {(1986)). The ability of PBDs io form
adducts in the minor groove enables them {o interfere with DNA processing, resulting in anti-tumor
activity.

it has been previgusly disclosed that the biclogical activity of these moleculss can be
potentiated by joining two PBD units together through their C8-hydroxy! functignalities via a flexible
alkylene linker (Bose, D. 8., et al,, J. Am. Chem. Soc.,, 114, 4338-4941 (1992}; Thurston, D. E., st al,,
J. Org. Chem., 61, 8141-8147 (1996)}. The PBD dimers are thought {o form sequence-selective DNA
lesions, such as the palindromic 5'-Pu-GATC-Py-3' inter-strand cross-link {(Smellie, M., et al,,
Biochemistry, 42, 8232-8239 (2003}; Martin, C., et al., Biochemistry, 44, 4135-4147) which is thought
to be mainly responsible for their biological activity. An advantageous dimeric pyrrolobenzodiazepine
compound has been described by Gregson et al. (Chem. Commun. 1889, 797-788; "compound 17,
and by Gregson et al. (J. Med. Chem. 2001, 44, 1161-1174; "compound 4a"). This compound, aiso
known as SG2000, is of the structural formula:

/ \/"\\/"\/
N o {\\«)\ OMe MeO /E/N\/L\

Generally, modifications to the pyrroliding alkene moiety provide the handie with which o
covalently bond the linking moiely and, hence the antibodies or antigen-binding fragments thereof {-L-
Z'and -L-Z-Ab, respectively, as described herain). Alternatively, a linker may be attached at position
N10.

in some embodimenis, the cytoloxin is a pyrrolobenzodiazepine dimer represented by the

O {CHzj—0O ‘ N 4
(8] O
| if
O

structural formula:

wherein n is an integer from 2 to 5. The compound of this formula wherein n is 3 is knownt as
DEB-120 (Bose st al., J. Am. Chem. Soc. 1992, 114, 4939-4941).

in some embodiments, the cytotoxin is a pyrrolobenzodiazepine dimer represented by the

H fN O (CHy )0 Nay H
Pl JCUA
| o

)
O
wherein n is an integer from 2 to 5. The compound of this formula wherein n is 3 is known as
SJG-136 (Gregson et al., J. Med. Chem. 2001, 44, 737 — 748). The compound of this formula wherein
nis 5 is known as DRG-16 (Gregson et al., Med. Chem. 2004,47:1161-1174).

structural formula:

-0
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in some embodiments, the cylotoxin is a pyrrolobenzodiazepine dimer represented by the

structural formula:

5
wherein the wavy line indicates the point of covalent attachment to the linker of the ADC as
described herein. ADCs based on this PBD are disclosed in, for example, Sutheriand et al., Biocod
2013 122:1455-1463, which is incorporated by reference herein in its entirety.
in some embodiments, the cytotoxin is a PBD dimer represented by the structural formula:
*-,«,
O {CH)n- N:BL
/k\/ ‘(\)\OM& MeO
10 ;
wherein nis 3 or 5, and wherein the wavy line indicates the point of covalent attachment to
the linker of the ADC as described herein.
In some embodiments, the cyiotoxin is a PBD dimer represented by the structural
formula:
N,
E:f N! O
/;%/N. OMe MeO”
15 O :
wherein the wavy line indicates the point of covalent attachment to the linker of the ADC as
described herein.
in a specific embodiment, the cylotoxin may be a PBD dimer, which, when taken together with
a linker and a reactive moiety Z', each as described herein, may be represented by the structure:
20
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This particular cylotoxin-linker conjugate is known as tesirine (8G3249), and has been described in,
for example, Howard et al., ACS Med. Chem. Leit. 2016, 7(11), 983-987, the disclosure of which is
incorporated by reference herein in its entirety.
in some embodiments, the cytotoxin-linker conjugate, prior to conjugation to the antibody and
5  including the reactive substituent Z', taken togethsr as Cy-L-Z', has ths structure:

J/
-
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O{A\?H
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This particular cytotoxin-linker conjugate is known as talirine, and has been described, for example, in

connection with the ADC Vadastuximab {alirine (SGN-CD33A4), Maniaj ef al., Angewandte Chemie

International Edition English 2017,58, 462-488, the disclosure of which is incorporated by reference
10 herein in its entirety.

indotinobenzodiazepines (IGNs}
in some embodiments, the antibodies, or antigen-binding fragments thereof, that bind CD45
as described herein can be conjugated o a cytotoxin that is an indolincbenzodiazening ("IGN") or a
15 cytotoxin that comprises an IGN. In some embodimsnis, the IGN cytotoxin is an
indolinobenzodiazepine dimer or an indolinobenzodiazeping pseudodimer.
indolinobenzodiazepine dimers represent a relatively new chemical class of cylotoxing with
high in vitro potency (iow pM range 1Cso values) towards cancer cells. Similar to the PBD dimer SJG-
136, IGN dimers bind to the minor groove of DNA, and covalently bind to guanine residues via the two
20 imine functionalities in the dimer, resulting in crossiinking of the DNA. An IGN dimer {I{GN §; replacing
the methylene groups of the PBD moiety with phenyl rings) demonstrated ~10-fold higher potency in
vitro as compared to 8JG-136, possibly due to faster rate of adduct formation with DNA IGN (see,
e.g., Miller et al., "A New Ciass of Antibody-Drug Conjugates with Potent DNA Alkylating Activity” Mol.
Cancer Ther. 2016, 15(8}, 1870-1878). In conirast, IGN pssudodimers comprise a single reactive
25 indolinobenzodiazepine imine; the second indolinobenzodiazepine in the dimeric cytotoxin is present
in reduced (amine) form. Accordingly, IGN pseudodimers alkylate DNA through the single imine
moiety present in the dimer, and do not crosslink DNA,

in some embodiments, the cytotoxin is an IGN pseudodimer having a structure of formula:
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wherein the wavy line indicates the atlachment point of the linker.
in some embodimenis, the cytotoxin-linker conjugate, prior 1o conjugation io the antibody and

including the reactive substifuent Z', taken together as Cy-L-Z', has the structure:

ol

This cytotoxin-linker conjugate is referred to herein as DGNB48, and is present in the ADC

)

IMGNSG32, both of which are disclosed in, for exampls, International Patent Application Publication No.
WO2017004026, which is incorporated by reference herein.
in some embodiments, the cyictoxin is an indolinobenzodiazepine pseudodimer having a

10 structure of formula:
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wherein the wavy line indicates the attachment point of the linker. This IGN pseudodimer
cytotoxin is referred o herein as DGN462, disciosed in, for exampis, U.S. Patent Application
15 Publication No. 20170080102, which is incorporated by reference herein.
in some embodiments, the cytotoxin-linker conjugate, prior to conjugation 1o the antibody and

including the chemical moiety Z, taken together as Cy-L-Z, has the structure:
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wherein the wavy line indicates the point of attachment io the antibody {e.g., an anti-CD45
antibody or fragment thereof). This cyiotoxin-linker conjugate is present in the ADC IMGN779,
disclosed in, for example, U.S. Patent Application Publication No. 20170080102, previously

incorporated by reference herein.

Calicheamicin

in other embodiments, the antibodies and antigen-binding fragments thersof described herein
can be conjugated to a cylotoxin that is an snediyne antitumor antibiotic (e.q., calichearnicins,
ozogamicin). The calicheamicin family of antibiofics are capable of producing double-siranded DNA
breaks at sub-picomolar concentrations. For the preparation of conjugates of the calicheamicin family,
see LS. Pal. Nos. 5,712,374, 5,714,586, 5,739,116, 5,767,285, 5,770,701, 5,770,710, 5,773,001; and
5,877,296 (all to American Cyanamid Company). Structural analogues of calicheamicin which may be
used include, but are not limited to, those disclosed in, for example, Hinman et al., Cancer Ressarch
53:3336-3342 (1993}, Lode et al., Cancer Raesearch 58:2925-2928 (1998), and the aforementioned
U.S. patents to American Cyanamid.

An exemplary calicheamicin is designated yi, which is herein referenced simply as gamma,

and has the sfructural formula:

in some embodimenis, the calicheamicin is a gamma-calicheamicin derivative or an N-acetyl
gamma-calicheamicin derivative. Structural analoguss of calicheamicin which may be used include,
but are not limited to, those disclosad in, for example, Hinman et al., Cancar Research 53:3336-3342
{1893}, Lode et al., Cancer Rasearch 58:2925-2928 (1998), and the aforementioned U.S. patents.
Calicheamicins contain a methyltrisulfide moiety that can be reacted with appropriate thiols o form

disuifides, at the same time introducing a functional group that is useful in attaching a calicheamicin
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derivative to an anti-CD45 antibody or antigen-binding fragment thereof as described herein, via a
linker. For the preparation of conjugates of the calicheamicin family, see U.S. Pat. Nos. 5,712,374;
5,714 ,586; 5,738,116, 5,767,285, 5,770,701, 5,770,710, 5,773,001, and 5,877,296 {all io American
Cyanamid Company). Structural analogues of calicheamicin which may be used include, but are not
limited 10, those disclosed in, for example, Hinman et al., Cancer Rasearch 53:3336-3342 (1993},
Lode et al., Cancer Ressarch 58:2925-2828 (1998}, and the aforementicned U.8. patents to American
Cyanamid.

in one embodiment, the cytoloxin of the ADC as disclosed herein is a calicheamicin disulfide
derivative represented by the formuia:

Y o

}""" TNHCO,Me
H = \\\:\
\?O S

=0

wherein the wavy line indicates the attachment point of the linker.

Ribosome Inactivating Proteins (RiPs}

in some embodiments, the cytotoxin conjugated to an anti-CD45 antibody, or fragment
thereof, described herein, is a ribosome-inaciivating protein (RiP). Ribosome inactivating proteins are
protein synthesis inhibitors that act on ribosomes, usually irreversibly. RiPs are found in plants, as
well as bacieria. Examples of RIPs include, but are not limited to, saporin, ricin, abrin, gelonin,
Pseudomonas exotoxin {or exofoxin A), trichosanthin, luffin, agglutinin and the diphtheria toxin.

Another exampie of an RIP thal may be used in the anti-CD45 antibody conjugates and
methods disclosed herein are a Shiga toxin (Stx) or a Shiga-like toxins (SLT). Shiga toxin (Six}is a
potent bacterial toxin found in Shigelia dysenieriae 1 and in some serogroups {including serotypes
Q187:H7, and 0104:H4) of Escherichia coli (called Stx1 in £. coll. In addition to Stx1, some E. coli
strains produce a second type of Stx (8ix2) that has the same mode of action as Six/Six1 butis
antigenically distinct. SLT is a historical term for similar or identical toxins produced by Escherichia
coli. Because subtypes of each toxin have been identified, the prototype {oxin for each group is now
designated Stxia or Six2a. Stxia and Stx2a exhibit diffarencas in cytotoxicity to various call types,
bind dissimilarly to recepior analogs or mimics, induce differential chemokine responses, and have
several distinctive structural characteristics.

A member of the Shiga toxin family refers to any member of a family of naturally occurring
protein toxins which are structurally and functionally related, notably, toxins isclatad from S.
dysenieriae and E. coli {Johannes L, Romer W, Nat Rev Microbiol 8: 105-16 {2010)). For exampie, the

Shiga toxin family encompasses frue Shiga foxin {Stx) isolated from S. dysenteriae serotype 1, Shiga-
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like toxin 1 variants (SLT1 or 8tx1 or SLT-1 or Sit-1) isolated from serotypes of enterchemorrhagic E.
coli, and Shiga-like toxin 2 variants (SLT2 or Stx2 or 8LT-2) isolated from serotypes of
enterchemorrhagic E. coli. SLT1 differs by only one residue from Six, and both have been referrad to
as Verocytoloxins or Verotoxins (VTs) (OU'Brien A et al., Curr Top Microblo! Immunol 180: 65-84
{1882);. Although SLT1 and SLT2 variants are reporied to be only about 53-60% similar 1o each other
at the amino acid sequence leval, they share mechanisms of enzymatic activity and cytotoxicity
common o the members of the Shiga toxin family (Johannes, Nat Rev Microbiol 8: 105-16 {2010)).

Members of the Shiga toxin family generally have two subunits; A subunit and a B subunit.
The B subunit of ths toxin binds 1o a compoenent of the cell membrane known as glycolipid
globotriaosyiceramide (Gb3). Binding of the subunit B to Gb3 causes induction of narrow tubular
memibyrane invaginations, which drives formation of inward membrane tubules for the bacterial uptake
into the cell. The Shiga toxin {a non-pore forming toxin) is transferred to the cytosol via Golgi network
and ER. From the Goigi toxin is trafficked to the ER. Shiga toxins act to inhibit protein synthesis within
target celis by a mechanism similar to that of ricin {Sandvig and van Deurs {2000} EMBO J
19(220:5943). After entering a celi the A subunit of the foxin cleaves a specific adening nucleobase
from the 288 RNA of the 60S subunit of the ribosome, thereby haiting protein synthesis {Donohue-
Rolfe et al. (2010) Reviews of infectious Diseases 13 Suppl. 4(7). S293-287}.

As used herein, reference to Shiga family toxin refers {¢ any member of the Shiga toxin family
of naturaily occurring protein toxins {e.g., foxins isolated from 5. dysenteriae and £. cofi) which are
structurally and functionally related. For exampie, the Shiga toxin family encompasses true Shiga
toxin (Six) isolated from §. dysenteriae serctype 1, Shiga-like toxin 1 variants (SLT1 or Stx1 or SLT-1
or Sit-1} isolated from serotypes of enterchemorrhagic £. cofi, and Shiga-like toxin 2 variants (SLT2 or
Stx2 or 8LT-2) isolated from serotypes of enterchemorrhagic £. coli.  As used herein, “subunit A from
a Shiga family toxin” or "Shiga family toxin subunit A" refers to a subunit A from any member of the
Shiga toxin family, including Shiga toxins or Shiga-like {oxins.

in one embodiment, an anti-CD45 ADC comprises an anti-CD45 aniibody conjugated to a
Shiga family toxin subunit A, or a portion of a Shiga family toxin subunit A having cytotoxic activity,
i.e., ribosome inhibiting activity. Shiga toxin subunit A cytotoxic activiies include, for exampls,
ribosome inactivation, protein synthesis inhibition, N-glycosidase activily, polynucleotide:adenosine
glycosidase activity, RNAse activity, and DNAse activity. Non-limiting examples of assays for Shiga
{oxin effector activity measure protein synthesis inhibitory activity, depurination activily, inhibition of
cell growth, cyiotoxicity, supercoiled DNA relaxation activity, and nucisase activity.

in certain embodiments, an anti-CD45 antibody, or an antigen binding fragment thereof, is
conjugated 1o Shiga family toxin A subunit, or a fragment thereof having ribosome inhibiting activity.
An example of a Shiga family toxin subunit A is Shiga-like toxin 1 subunit A (SLT-1A), the amino acid

sequence of which is provided below
KEFTLDFSTAKTYVDSLNVIRSAIGTPLOTISSGGTSLLMIDSGSGDNLFAVDVRGIDPEEGRF

NNLRLIVERNNLYVTGFVNRTNNVFYRFADFSHVTFPGTTAVTILSGDSSYTTLORVAGISRTG
MOINRHSLTTSYLDLMSHSGTSLTGSVARAMLRFVTVTAEALRFRQIQRGFRTTLDDLIGRS
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YVMTAEDVDLTLNWGRLSSVLPDYHGQDSVRVGRISFCSINAILGESVALILNCHHHASRVAR
MASDEFPSMCPADGRVRGITHNKILWDSSTLGAILMRRTISS (SEQ 1D NO:147).

Another example of a Shiga family toxin subunit A is Shiga toxin subunit A {StXA), the amino acid

saquencs of which is provided below

KEFTLDFSTAKTYVDSLNVIRSAIGTPLOTISSGGTSLLMIDSGTGDNLFAVDVRGIDPEEGRF
NNLRLIVERNNLYVTGFVYNRTNNVFYRFADFSHVYTFPGTTAVTLSGDSSYTTLARVAGISRTG
MQINRHSLTTSYLDLMSHSGTSLTQSVARAMLRFVTVTAEALRFRQIQRGFRTTLDDLSGRS
YVMTAEDVDLTLNWGRLSSVLPDYHGQDSVRVCRISFGSINAILGSVALILNCHHHASRVAR

MASDEFPSMCPADGRVRGITHNKILWDSSTLGAILMRRTISS (SEQ 1D NO:148).

Another example of a Shiga family toxin subunit A is Shiga-iike toxin 2 subunit A (SLT-24), the amino

acid sequencs of which is provided below

DEFTVDFSSQKSYVDSLNSIRSAISTPLEGNISOGGVSVSVINHVLGGNYISLNVRGLDPYSERF
NHLRLIMERNNLYVAGFINTETNIFYRFSDFSHISVPDVITYVSMTTDSSYSSLQRIADLERTGM

QIGRHSLVGSYLDLMEFRGREMTRASSRAMLRFVTVIAEALRFRQIORGFRPALSEASPLYT

MTAQDVDLTLNWGRISNVLPEYRGEEGVRIGRISFNSLSAILGSVAVILNCHSTGEYSVRSVS
QKOKTECOQIVGDRAAIKVNNVLWEANTIAALLNRKPQDLTEPNQ (SEQ 1D NO:149).

in certain circumstances, naturally occurring Shiga family toxin subunits A may comprise
precursor forms containing signal sequences of about 22 amino acids at their amino-igrminals which
are removed to produce maiure Shiga family toxin A subuniis and ars recognizable to the skille
worker. Cytotoxic fragmenis or fruncated versions of Shiga family toxin subunit A may also be used in
the ADCs and methods disclosed herein.

in certain embodiments, a Shiga family ioxin subunit A differs from a naturally occurring Shiga
foxin Asubunitbyupto 1,2,3,4,5,6,7, 8,9, 10, 15, 20, 25, 30, 35, 40 or mors amino acid residues
{but by no more than that which retains at least 85%, 80%, 95%, 99%, or morg amino acid sequence
identity). In some ambodiments, the Shiga family toxin subunit A differs from a naturally cceurring
Shiga family toxin A subunitby upto 1,2, 8, 4,5, 6,7, 8, 8,10, 15, 20, 25, 30, 35, 40 or more aming
acid residuas {but by no more than that which rataing at least 85%, 80%, 95%, 88% or more aming
acid sequence idantity). Thus, a polyvpeptide region derived from an & Subunit of a member of the
Shiga twin family may comprise additions, deletions, truncations, or other alterations from tha original
sequence as long as at isast 85%, 80%, 85%., 84% or more amino acid sequence identily is
maintained o a naturally sccurring Shiga family toxin subunit A,

Accordingly, in certain embuodiments, the Shiga family {oxin subunit A comprises or consists
assantially of amine acid seguences having at least 55%, 50%, 65%, 70%, 75%, 80%, 85%, 90%,
895%, 97%, 98%, 898%, 98.5% or 89.7% overall segquence identily to a naturally cccurring Shiga family

@
foxin subunit A, such as SLT-1A (SEG ID NG 147, StkA (GEQ D NGO 148}, and/or SLT-2A (BEGID
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NOTAG).

Suitable Shiga toxins and RIPs suitable as cylotoxing are disclosed in, for example,
UR201806087544, which is incorporated by reference harein in ifs entirety.

in certain embodiments, an anti-CD48 scfFv comprising VH and VL variable regions described
herain {or variable regions comprising light chain and heavy chain CDR sets described herein} are
conjugatad 1o a toxin o form an scFv toxin, Such an example of a toxin is a Shiga toxin, as described

above.

Additional Cyiotoxing

in other embodiments, the antibodies and antigen-binding fragments thereof described herein
can be conjugated to a cytotoxin other than or in addition to those cytotoxing disclosed herein above.
Additional cytotoxins suitable for use with the compositions and methods described herein include,
without limitation, 5-ethynyluracil, abiraterone, acylfulvene, adecypenol, adozelesin, aldesleukin,
altretamine, ambamustine, amidox, amifostine, aminclevulinic acid, amrubicin, amsacrine, anagrelide,
anastrozole, andrographolide, angicgenesis inhibitors, antarelix, anti-dorsalizing morphogenetic
protein-1, antiandrogen, prostatic carcinoma, antiestrogen, antineoplaston, antisense
oligonuclectidses, aphidicolin glycinate, apoptosis gene modulators, apoptosis regulators, apurinic
acid, asulacrine, atamestane, atrimusting, axinastatin 1, axinastatin 2, axinastatin 3, azasetron,
azatoxin, azatyrosine, baccatin il derivatives, balanol, batimastat, BOCR/ABL antagonists,
benzochlorins, benzoylstaurosporing, beta lactam derivatives, heta-alething, betaclamycin B, betulinic
acid, bFGF inhibitors, bicalutamide, bisantrene, bisaziridinyispermine, bisnafide, bistratene A,
bizelesin, breflate, bleomycin A2, bleomycin B2, bropirimine, budotitane, buthionine sulfoximine,
calcipotriol, calphostin G, campiothecin derivatives (e.g., 10-hydroxy-camptothecin), capecitabine,
carboxamide-amino-triazole, carboxyamidolriazole, carzelssin, casein kinase inhibitors,
castanospermine, cecropin B, cetrorelix, chiorins, chioroquinoxaline sulfonamide, cicaprost, cis-
porphyrin, cladribine, clomifens and analogues thereoi, cloirimazole, collismycin A, collismycin B,
combretastatin A4, combretastatin analogues, conagenin, crambescidin 8186, crisnaiol, cryptophyein 8,
cryptophyein A derivatives, curacin A, cyclopentanthraquinones, cyclopiatam, cypemycin, cylarabine
ocfosfale, cytolytic facior, cylosiatin, daciiximab, decitabine, dehydrodidemnin B, 2'deoxycoformycin
{BCF), deslorslin, dexifosfamide, daxrazoxane, dexveraparnil, diaziquone, didemnin B, didox,
diethylnorsperming, dihydro-5-azacyiidine, dihydrotaxol, dioxamycin, diphenyt spiromustine,
discodermolids, docosanol, dolasetron, doxifluridine, droloxifene, dronabinol, duccarmycin SA,
ebselen, ecomustine, edelfosing, edrecolomab, sficrnithine, elemene, emitefur, epothilones,
gpithilones, epristeride, estramustine and analogues thereof, eloposide, etoposide 4'-phosphate (also
refarred to as etopofos), exemestane, fadrozole, fazarabine, fenretinids, filgrastim, finasteride,
flavopiridol, flezelastine, fluastsrone, fludarabing, flucrodauncrunicin hydrochloride, forfanimex,
formestane, fosiriecin, fotlemustine, gadolinium texaphyrin, galiium nitrate, galocitabine, ganirelix,
gelatinase inhibitors, gemeitabine, glutathione inhibitors, hepsulfam, homeharringtonine (HHT),
hypericin, ibandronic acid, idoxifene, idramantone, itmofosine, lomastat, imidazoacridones,

imiguimod, immunostimulant peptides, iobhenguans, iododoxorubicin, ipomeanol, irinotecan, iroplact,
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irsogladine, isobengazole, jasplakinolide, kahalalide F, lamellarin-N triacetate, lanreotide, leinamycein,
lenograstim, lentinan suifate, leptolstatin, letrozole, lipophilic platinum compounds, lissoclinamide 7,
iobaplatin, lometrexol, ionidamine, losoxantrone, loxoribine, iurtotecan, lutetium texaphyrin, iysofylline,
masoprocol, maspin, matrix metalioproieinase inhibitors, menogaril, rnerbarone, meteralin,
methioninase, metociopramide, MIF inhibitor, ifepristone, miltefosine, mirimostim, mithracin,
mitoguazoene, mitolactol, mitomycin and analogues thereof, mitenafide, mitoxanirone, mofaroiens,
molgramostim, mycaperoxide B, myriaporone, N-acetyldinalineg, N-substituted benzamides, nafarslin,
nagrestip, napavin, naphterpin, nariograstim, nadaplatin, nemorubicin, neridronic acid, nilutamide,
nisamycin, nitrullyn, ocirectide, ckicenone, onapristone, ondansetron, oracin, ormapiatin, oxaliplatin,
oxaunomycin, paclitaxe! and analogues thereof, palauamine, palmitoylrhizoxin, pamidronic acid,
panaxytrich, panomifene, parabactin, pazelliptine, pegaspargase, peidesing, pentosan polysulfate
sodium, pentostatin, pentrozole, perflubron, perfosfamide, phenazinomycin, picibanil, pirarubicin,
piritrexim, podophylictoxin, porfiromycin, purine nucleoside phosphorylase inhibitors, raltitrexad,
rhizoxin, rogletimide, rohitukine, rubiginone B1, ruboxyl, safingcl, saintopin, sarcophytol A,
sargramostim, scbuzoxane, sonermin, sparfosic acid, spicamycin D, spiromustine, stipiamide,
suifinosing, tallimusting, tegafur, temozolomide, teniposide, thaliblastine, thiocoraling, tirapazamine,
topotecan, topsentin, triciribing, frimetrexate, veramine, vinorelbine, vinxaitine, vorozole, zenipliatin,

and zilascorb, among others.

Linkers

The term “Linker" as used herein means a divalent chemical moiely comprising a covalent
bond or a chain of atoms that covalently atfaches an anti-CD45 antibody {o a cytotoxin to form an
anti-CD45 antibody drug conjugate (ADC), each as described herein. Suiiable linkers have two
reactive termini, one for conjugation to an antibody and the other for conjugation to a cytotoxin.
The antibody conjugation reactive terminus of the linker (reactive moiety, Z'} is iypically a site that
is capable of conjugation to the antibody through a cysteing thiol or lysine amine group on the
antibody, and so is typically a thiol-rgactive group such as a double bond (as in malsimide) or a
leaving group such as a chiore, bromo, iodo, or an R-sulfanyl group, or an amine-reactive group
such as a carboxyl group; while the antibody conjugation reactive terminus of the linker is
typically a site that is capable of conjugation to the cytoioxin through formation of an amide bond
with a basic amine or carboxyl group on the cytotoxin, and so is typically a carboxyl or basic
amine group. When the term "linker” is used in describing the linker in conjugated form, one or
both of the reactive termini will be absent (such as reactive moiely Z', having been converted to
chemical moiety Z) or incomplete (such as being only the carbony! of the carboxylic acid)
because of the formation of the bonds betweasn the linker and/or ths cyiotoxin, and between the
linker and/or the antibody or antigen-binding fragment thersof. Such conjugation reactions are
described further hergin below.

A variety of linkers can be usad to conjugate the antibodies, or antibody fragments, described
o a cytotoxic molecule. In some embodiments, the linker is cleavable under intracellular conditions,

such that cleavage of the linker releases the drug unit from the antibody in the intraceliuiar
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environment. In yet other embodiments, the linker unit is not cleavable and the drug is released, for
example, by antibody degradation. The linkers useful for the present ADCs are preferably stable
exiracellularly, prevent aggregation of ADC moleculas and keep the ADC fresly soluble in agueous
media and in a monomeric state. Before transport or delivery into a cell, the ADG is preferably stable
and remains intact, i.e. the antibody remains linked {0 the drug moiety. The linkers are stable outside
the target celi and may be cieaved at some efficacious rale inside the cell. An effective linker will: (i)
maintain the specific binding properties of the antibody: (i) allow intraceliular delivery of the conjugate
or drug moiety; (ill) remain stable and intact, i.e. not cleaved, uniil the conjugate has been delivered or
transported to its targeted site; and (iv) maintain a cytotoxic, cell-killing effect or a cytostalic effect of
the cytotoxic moisty. Stability of the ADC may be measured by standard analytical taschnigues such as
mass spectroscopy, HPLC, and the separation/analysis technique LC/MS. Covalent attachment of the
antibody and the drug moiety requires the linker o have two reactive functional groups, i.e. bivalency
in a reactive sense. Bivalent linker reagents which are useful to attach two or more functional or
biclogicaily active moieties, such as peptides, nucleic acids, drugs, toxins, antibodies, haptens, and
reporter groups are known, and methods have been described their resuiting conjugates (Hermanson,
G. T. {1996) Bicconjugate Technigues; Academic Press: New York, p. 234-242).

Suitable cleavable linkers include those that may be cleaved, for instance, by enzymatic
hydroiysis, photoiysis, hydrolysis under acidic conditions, hydrolysis under basic conditions, oxidation,
disuifide reduction, nucleophilic cleavage, or organometallic cleavage (see, for example, Leriche et al,,
Bioorg. Med. Chem., 20:571-582, 2012, the disclosure of which is incorporated herein by reference as
it pertains to linkers suitable for covalent conjugation). Suitable cleavable linkers may inciude, for
example, chemical moieties such as a hydrazine, a disuifide, a thicether or a dipeptide.

Linkers hydrolyzable under acidic conditions include, for example, hydrazones,
semicarbazones, thiosemicarbazones, cis-aconitic amides, orthoesters, acstals, ketals, or the like.
{Ses, e.g., U.S. Pat. Nos. 5,122,368; 5,824,805; 5,622,929; Dubowchik and Walker, 1399, Pharm.
Therapeutics 83:67-123; Nevilie el al., 1989, Biol. Chem. 264:14653-14661, the disclosure of sach of
which is incorporated herein by reference in its entirely as it pertains to linkers suitable for covalent
conjugation. Such linkers ars relalively siable under neutral pH conditions, such as those in the blood,
but are unsiable at below pH 5.5 or 5.0, the approximate pH of the lysosome.

Linkers cleavable under reducing conditions include, for example, a disulfide. A variety of
disulfids linkers are known in the art, including, for example, those that can be formsd using SATA (N-
succinimidyl-S-acetylthioacetate), SPDP (N-succinimidyl-3-(2-pyridyldithio)propionais), SPDB (N-
succinimidyl-3-(2-pyridyidithio}butyrate) and SMPT (N-succinimidyl-oxycarbonyl-aipha-methyl-alpha-
{2-pyridyl-dithiojtoluene}, SPDB and SMPT (See, e.g., Thorpe st al., 1887, Cancer Res. 47:5824-
5931; Wawrzynczak et al., In Immunoconjugates: Antibedy Conjugates in Radicimagery and Therapy
of Cancer {C. W. Vogel ed., Oxford U. Press, 1887. See also U.S. Pat. No. 4,880,935, the disclosure
of each of which is incorporated hergin by reference in its entirety as it pertains to linkers suitable for
covalent conjugation.

Linkers susceptible to enzymatic hydrolysis can be, e.g., a peptide-containing linker that is

cleaved by an intracsliular peptidase or protease enzyme, including, but not limited to, a iysosomal or
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endosomal protease. One advantage of using intracellular proteociviic release of the therapeutic agent
is that the agent is typically altenuated when conjugated and the serum stabilities of the conjugates
arg typicaily high. In some embodiments, the peptidyl linker is at least two amino acids iong or at least
three amino acids long. Exemplary amino acid linkers include a dipeptide, a tripeptide, a tetrapeptide
or a pentapeptids. Examples of suitable peptides include those cortaining amino acids such as
Valing, Alaning, Citrulline (Cit}, Phenylalanine, Lysing, Leucine, and Glycine. Amino acid residues
which comprise an amino acid linker component include those accurring naturally, as weil as minor
amino acids and non-naturally occurring amino acid analogs, such as citrulline. Exemplary dipeptides
include valins-citrulline (ve or val-cil} and alanine-phenylaianine (af or ala-gphe). Exemplary tripeptides
include glycine-valing-citrulline {gly-val-cit} and glycine-glycine-glycine (gly-gly-gly}. In some
embodiments, the linker includes a dipeptide such as Val-Cit, Ala-Val, or Phe-Lys, Val-Lys, Ala-Lys,
Phe-Cit, Leu-Cit, He-Cit, Pha-Arg, or Trp-Cit. Linkers containing dipeptides such as Val-Cit or Phe-Lys
are disclosed in, for example, U.S. Pat. No. 6,214,345, the disclosure of which is incorporated herein
by raferance in its entirety as it pertains to linkers suitable for covalent conjugation. In some
embediments, the linker includes a dipeptide sselected from Val-Ala and Val-Cit.

Linkers suitable for conjugating the antibodies, or antibody fragments, described hereinfo a
cytotoxic molecule include those capable of releasing a cyictoxin by a 1,6-elimination process.
Chemical moieties capable of this elimination process include the p-aminobenzyl {(PAB) group, &-
maleimidohexanoic acid, pH-sensitive carbonates, and other reagenis as described in Jain et al,
Pharm. Res. 32:3526-3540, 2015, the disclosure of which is incorporated herein by reference in its
entirety as it pertains to linkers suitable for covalent conjugation.

in some embodiments, the linker includes a "self-immolative” group such as the afore-
mentioned PAB or PABC (para-amincbenzyloxycarbonyl), which are disclosed in, for example, Carl
et al., d. Med. Chem. {1981) 24:479-480; Chakravarty et al {1983} J. Med. Chem. 26:638-644; U3
6214345; US20030130189; US20030096743; USE759509; US20040052793; US6218519,
US6835807; US6268488; US20040018194; W0S88/13059; USR20040052793; USB677435;
US5621002; US20040121940; W02004/032828). Other such chemical moietiss capable of this
process (“self-immolative linkers”) include methylene carbamailes and heteroaryl groups such as
aminothiazoles, aminoimidazoles, aminopyrimidings, and the like. Linkers coniaining such
heterocyclic self-immolative groups ars disclosed in, for example, U.S. Patent Publication Nos.
20160303254 and 20150079114, and U.8. Patent No. 7,754,681; Hay et al. (1999) Bicorg. Med.
Chem. Lett. 8:22387; US 2005/0256030; de Groot et al (2001) J. Org. Chem. 66:8815-8830; and US
7223837. In some embodimentis, a dipeplide is used in combination with a self-immolative linker.

Linkers suitable for use hergin further may include ons or more groups selected from C1-Ce
alkylens, Ci-Gs hateroalkylens, C2-Ce alkenylene, Ca-Cs hetaroalkkenylene, Cz-Cs alkynylens, C2-Cs
hetercalkynyiene, Cs-Ce cycioalkylene, heterocyclealkylene, arylene, heteroarylene, and combinations
thereof, each of which may be optionally substiiuted. Non-limiting exampias of such groups include
{CHz)p, {CH2CH20)p, and ~(C=0}(CHz)p— units, wherain p is an integer from 1-6, independently

selected for each occasion.
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Suitable linkers may contain groups having solubility enhancing properties. Linkers including
the (CHCH0)p unit {polyethylene giveol, PEG), for example, can enhance solubility, as can alkyl
chains substituled with amino, sulfonic acid, phosphonic acid or phosphoric acid residues. Linkers
including such moieties are disclosed in, for exampls, U.S. Patent Nos. 8,236,319 and 8,504,756, the
disclosure of sach of which is incorporated herein by refarence in iis entirety as it pertains 1o linkers
suitable for covalent conjugation. Further solubility enhancing groups inciude, for example, acyl and

carbamoyl sulfamide groups, having the structure:

99
W7
o
ﬁ"l\{f\o))Lﬁ ’\f,}i
2 Rig
whereinais 0 or 1; and
R0 is selected from the group consisting of hydrogen, Ci-Cas alkyl groups, Cs-Caa cycloalkyl

groups, Ci-Cas (hetero)aryl groups, Ci-Ces alkyl(hetero)aryl groups and Ci-Cos (hetsro)arylalkyl
groups, the Ci-Cag alkyl groups, Cs-Caq cycloalkyt groups, Co-Cas (hetero)aryl groups, C3-Cza
alkyl(heterc)aryl groups and Cs-Ceq (netero}arylalkyl groups, sach of which may be optionally
substituted and/or optionally interrupted by one or mors heteroatoms selected from O, § and NRR12,
wharein R'" and R'? are indspendently selected from ths group consisiing of hydrogen and C1-Ca alky!
groups; or R is a cytotoxin, wherein the cytotoxin is optionaily connected to N via a spacar moiety.
Linkers containing such groups are described, for exampile, in U.S. Patent No. 9,636,421 and U.S.
Patent Application Publication No. 2017/0288145, the disciosures of which are incorporated herein by
reference in their entirety as they pertain to linkers suitable for covalent conjugation to cytotoxins and
antibodies or antigen-binding fragments thereof.

in some embodiments, the linker may include one or more of a hydrazine, a disulfide, a
thicether, a dipeptide, a p-aminobenzyi (PAB) group, a helerocyclic seif-immolative group, an
optionaily substituted C1-Cs alkyl, an optionally substituted C1-Cs hetercalkyl, an optionally substituted
Co-Cs alkenyl, an optionally substituted Cz-Ce heteroalkenyl, an optionally substituted Co-Cs alkynyl, an
optionaily substituted C2-Cs heteroalkynyi, an optionally substituted Cs-Ce cycloalkyl, an optionally
substituied heterocycloalkyl, an optionally substituted aryl, an optionaily substituted heteroaryl, a
sotubility enhancing group, acyl, -{C=0}-, or -(CH2CH20)p- group, wherein p is an integer from 1-6.
One of skill in the art will recognize that one or more of the groups listed may be present in the form of
a bivalent {diradical) species, e.g., C1-Cs alkylene and the like.

in some embodimenis, the linker L comprises the moiety *-Lilo-**, wherein:

L1 is absent or is -{CH2}mNRBC{=0)-, -(CH2)mNR 3~ -(CHz)mXa{CHz)m-,
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Lo is absent or is ~(CHejm-, -NR'3{(CHz)m-, -{(CHe)mNRBC{=0){CHz)m-, -X4, -
{CH2ImNRBC(=0)Xa, - (CHe}mNR'3C{=0)-, -({{CH2)mO)}{ CHa)m-, -{{CH2}mO}n(CHz)mXa{CHz)m-, -
NRB({CH2)mO)Xa(CHz)m-, -NR1IB{{CH2}mO}n{CH2)mX3{CH2)m-, -X1X2l{=0}(CHa)m-, - {CH2}m{O(CH2)mn-
, {(CH2)mNR3{CHz)m-, -(CH2)mNR 3G (=0} CHa}mXs{CHz)m-, -
{CHemC{=0)NR3(CH2)mNRBC{=0OHCHz)m-, (CH2)mC{=0}-, - {CH2)NRB{CHe)mC{=0eX1C{=0)-, -
{CH2ImX{CH2)mC{=0)X2X1 C{=0}-, - ({CHa}C(=0NR B (CH2)m-, -(CH2)mC{=0O)NR'¥{(CHz)mXa{CHz)m-, -
{CH2mX{CH)mNR PC(=0){(CHa)m-, ~{CH2)mXa{CH2)mC{=0OINR3{CHa}n-, -
{CH2ImO)(CH2)mNRBC{=0O}CHz)m-, -(CHe)nC{=OINR'H{CH)m{Q{CHe)m)n-, - (CHe)m(O{CH2)m}C{=0}-,
S(CHo}mNR3(CH)mC{=0)-, ~(CHz)mC{=OINRB¥(CHz2}mNRPBC(=0)-, -{CH2)m{C{CHa}m)nXa(CHe)m-,
{CH2mXa{{ CH2}m O)n{CH2)m-, -{CH2)mX3(CH2}mC{=0})-, - {CH2imC{=O)NRB(CH2)mO}n{ CHe)mXa{ CHakin-, -
{CH2mXs{CH2)m{O{CHejm}nNR BC{=0){CHz) -, {CHz)mXa{ CH2)m(C{CH2)m)nC{=0}-, -
{CH2mXa{CH2)m{(O{CHzjm)n-, -(CH2)mC{=0O)NR*¥CHz)}C(=0)-, -
{CH2mC{=0O)NR3{CH2)m{O(CHz)m}aC(=0)-, ~({CH2)mO)n{CHz2)}mNRBC{=0}CHa)m-, -
{CH2ImC(=0)NR'3(CH2)mC(=OINR"¥{(CHe)m-, {(CH2)mNRBC(=0}{CHz}mNR 2C{=0)(CHa} -
{CH2)mXa{CH2)mC{=OINRB-, (CH2}mC{=0NR3-, -{CHz)mXz-, -C(R¥)2{CHa)m-, -{CH2)mC{R13)NR3- -
{CHoImC{=0O)NRB{CHz)mNR 13-, - (CH2)mC{=OINRB{CHz)mNRBC(=0MNR -, -(CH2)mC(=0) XX 1 C(=0)-,
- C{RSY A CH2)mNR G (=0 CHz)m-, -(CH2)mC(=OINRB{CH2)mC{R13)2NR1%-, - C{R ¥ )o(CH2)mXa{CH2)m-
~(CH2)mX3(CH2}mC(R1)2NR 13- -C{R¥)2{ CH2)mOC{=OINR'¥{CH2)m-, -
{CH2)mNRBC(=0)YO(CH2)mC(R)2NR 8-, -(CH2)mXa{CH2)mNR 13-, ~(CH2)mXa(CHa)m{O{CHa)m}nNR 13-, -
{CH2)mNR'3-, -(CH2)mC(=O)NR¥{CH2)m(O{CH2)m)nNR™ -, {{CH2)m{O{CH2)m}aNR -, -
{CHCHz0)n{CH2)m-, -(CH2)m{ OCH2CHz)n; -(CH2)nO{CH2)m-, -(CHe)mS(=0%-, -
{CHemC{=0)NRB3(CH2)mS(=0)2-, -(CHz}mX3(CH2)mS(=0)2-, -(CH2}mXoX1C{=0)-,
{CH2)m{C{CH2)mInC{=0Xe X1 C{=0)-, ~{CH2)m{OQ{CHe)minX2X1 C{=0)-, ~ (CHe)mXs{CHz)}mX X1 C(=0)-, -
{CH2)mXa{ CH2)m{G{CH2)m)n XXt C(=0)-, - (CHe)mXa{CH2)mC{=O}NR3{CH2)mNR 3C(=0)-,
{CHomXs{CH2)mC{=ONRB{CHz}mC({=0)-, «(CH2)mX3(CH2)mC({=0}NR3{(CH2)m(O{CH2)m}nG(=0}-, -
{CHemC{=0)XeX 1 C{=0)NR3(CHz)m-, -(CHz}mXa{O(CHz)m}nC(=0)-, -
{CHemNRBC{=0)((CH)mO)n{CHz)m-, ~(CHz}m{O{CH2)m inC{=0)NR ¥ {(CHz)m-, -
{CHe)mNRBC{=0)NR'3{CHa)m- or -{CH2)mXs{CH2)mNR3C{=0)-;

wherein

Xiis
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wherein
RS is independently selecied for each occasion from H and C1-Cs alkyl;
10 m is independently selected for each occasionfrom 1,2, 3,4, 5,6,7, 8,9 and 10;
n is independently selected for each occasion from 1,2, 3, 4,5,6,7, 8,9, 10, 11, 12,18 and
14; and
wherein the single asterisk ("} indicates the attachment point to the cylotoxin {e.g., an
amatoxin, and the double asterisk {7} indicates the attachment point 1o the reactive substituent £ or
15 chemical moiety Z, with the proviso that L1 and Lz are not both absent.
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in some embodiments, the linker includes a p-aminobenzyl group (PAB). In one embodiment,
the p-aminobenzyl group is disposed between the cylotoxic drug and a protease cleavage site in the
linker. in one embodiment, the p-aminobenzy! group is part of a p-aminobenzyloxycarbonyl unit. In
ong embodiment, the p-aminobenzy! group is part of a p-amincbenzylamido unit.

in some embodiments, the linker comprisgs PAB, Val-Cit-PAB, Val-Ala-
PAR, Val-Lys(Ac)-PAB, Phe-Lys-PAB, Phe-Lys(Ac)-PAB, D-Val-Leu-Lys, Gly-Gly-Arg, Ala-Ala-Asn-
PAB, or Ala-PAB.

in some embodiments, the linker comprises a combination of
one or more of a peptids, oligosaccharide, -(CHzlp-, «(CHzCHO)p-, PAB, Val-Cit-PAR, Val-Ala-PAB,
Val-Lys(Ac)-PAB, Phe-Lys-PAB, Phe-Lys{Ac}-PAB, D-Val-Leu-Lys, Gly-Gly-Arg, Ala-Ala-Asn-PAB, or
Ala-PAB.

in some embodiments, the linker inciudes ~{(CHz)jn where n is 6. In some embodiments, L-Z is

where S is a sulfur atom which represents the reactive substituent present within an antibody,
or antigen-binding fragment thereof,

in some embodiments, the linker comprises a -(C=0){CHzjp- unit, wherein p is an integer from

in one specific embodiment, the linker comprises the siructure

SRS

wherein the wavy lines indicate attachment points to the cytoloxin and the reactive moiety Z'.

in another specific embodiment, the linker comprises the structure

wheraein the wavy lines indicate attachment points to the cytotoxin and the reactive moiety Z'.
Such PAB-dipeptide-propionyl linkers are disclosed in, e.g., Palent Application Publication No.
WO2017/148077, which is incorporated by reference herein in its entirety. Further, the cytotoxins
disclosed in W(2017/149077 are incorporated by reference hersin.

in certain embodiments, the linker of the ADC is maleimidocaproyl-Val-Ala-para-aminobenzyl
{me-Val-Ala-PAB).

in certain embodiments, the linker of the ADC is maleimidocaproyl-Val-Cit-para-aminobenzyl
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{me-ve-PAB).
in some embodiments, the linker comprises
O

in some embodiments, ths linker comprises MCC (4-[N-maleimidomethyllcycichexane-1-
carboxylate).

in some embodimeanis, ths linker comprises a {{CH2)nO} {CHz)m— group where n and m are
each independeantly selectad from 1, 2, 3, 4,5, 8,7, 8, 8, and 10; and a hetercaryl group, whearein the
hetercaryl group is a triazole. In some embodiments, the {{CHa)mO) n{CHz}m— group and triazole

{ogether comprise

where n is from 1 1o 10, and the wavy lines indicate attachment points o additional linker
components, the chemical moiety Z, or the amatoxin. Other linkers that may be used in the methods
and compositions described hersin ars described in US 2019/0144504, which is incorporated by
refergnce herein.

it will be recognized by one of skill in the art that any one or more of the chemical groups,
moieties and features disclosed herein may be combinad in multiple ways to form linksrs useful for
conjugation of the antibodies and cytoloxins as disclosed herein. Further linkers useful in conjunction
with the compositions and methods dascribed herein, are described, for example, in U.S. Patent
Application Publication No. 2015/0218220, the disclosure of which is incorporated herein by reference
in its entirety.

in certain embodiments, an intermediate, which is the precursor of the linker, is reacted with
the drug moiety under appropriate conditions. In certain emboediments, reactive groups are used on
the drug and/or the intermediate or linker. The product of the reaction between the drug and the
intermediate, or the derivatized drug, is subsequently reacted with the antibody or antigen-binding
fragment under appropriate conditions. Alternatively, the linker or intermediate may first be reacted
with the antibody or a derivatized antibody, and then reacted with the drug or derivatized drug. Such
conjugation reactions will now be described more fully.

A number of different reactions are available for covalent attachment of linkers or drug-linker
conjugates to the antibody or antigen-binding fragment thereof. Suitable attachment points on the
antibody molecule include the amine groups of lysine, the free carboxylic acid groups of glutamic acid
and aspartic acid, the sulfhydry! groups of cysteineg, and the various moieties of the aromatic amino
acids. For instance, non-specific covalent attachment may be underiaken using a carbodiimide
reaction to link a carboxy {or aming) group on a compound to an amino (or carboxy) group on an
antibody moiety. Additionally, bifunctional agents such as dialdehydes or imidoesters may also be

used 1o iink the amino group on a compound to an amino group on an antibody maoisty. Aiso available
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for aitachment of drugs to binding agenis is the Schiff base reaction. This method involves the
periodate oxidation of a drug that contains glycol or hydroxy groups, thus forming an aldehyde which
is then reacted with the binding agent. Attachment occurs via formation of a Schiff base with amino
groups of the binding agent. Isothiccyanatas may also be used as coupling agents for covalently
attaching drugs to binding agents. Cther techniques are known 1o the skilled artisan and within the
scope of the present disclosure.

Linkers useful in for conjugation o the antibodies or antigen-binding fragmenis as described
herein inciude, without limitation, linkers containing chemical moisties £ formed by coupling reactions
as depicted in Table 1, below. Curved lings dasignate points of attachment to the antibody or antigen-
binding fragmsni, and the cytotoxic molscule, raespectivaly.

Table 1. Exemplary chemical moieties £ formed by coupling reactions in the formation of antibody-drug
conjugates

Coupling Reactions

Exemplar
Py Chemical Molety Z Formed by Coupling Reactions

[3+2] Cycloaddition N—

[3+2] Cycloaddition

N
{3+2] Cycloaddition, g\N “;\i o
Esterification — O\/ﬂ\
O
b
N LR o
[3+2] Cycloaddition, NN {
. = /‘sz
Esterification o A I ©
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[3+2] Cycloaddition,
Esierification

[3+2] Cycloaddition,
Esterification

[3+2] Cycloaddition,
Esterification

[3+2] Cycloaddition,

Esterification

[3+2] Cycloaddition,
Esterification
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[3+2] Cycloaddition,

Esterification

[3+2] Cycloaddition,

Esterification

[3+2] Cycloaddition,
Esterification

{3+2] Cycloaddition,
Esterification

[3+2] Cycloaddition,

Etherification
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[3+2] Cycloaddition

Michae! addition N—4

Michael addition N‘%

. " M 8]
Imine condensation,
)&\ ,C?\/JL PN
B N N

Armidation

imine condensation /At
> L0
wONT
Disulfide formation E\S,S\H,J

0
E
Thiol alkylation E/S\/K 5

O
Condensation, NH /{N %
Michael addition ;\ﬁJ«'\\/\SH

O

One of skill in the art will recognize that a reactive substituent £’ attached {o the linker and a
reactive substituent on the antibody or antigen-binding fragment thereof, are engaged in the covaient
cupling reaction to produce the chemical moiety Z, and will recognize the reactive moiety Z'.
Therefore, antibody-drug conjugates useful in conjunction with the methods described herein may be
formed by the reaction of an antibody, or antigen-binding fragment thereof, with a linker or cytotoxin-

linker conjugate, as described herein, the linker or cylotoxin-linker conjugate including a reactive
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substituent 2, suitable for reaction with a reactive substituent on the antibody, or antigen-binding
fragment thereof, to form the chemical moiety 2.

in some embodiments, Z' is -NR'BC{=0)CH=CHz, -N3, -SH, -3(=0}2(CH=CHz), -
{CH2)e3(=0(CH=CHy}, -NR3§(=0)2{CH=CHz}, -NR"3C{=0)CHzR'", -NR 13 C{=C)CHaBr, -
NRIBC(=0)CHzl, -NHC(=0)CH2Br, -NHC(=0)CHzl, -ONHa, -C(O)NHNHz, -CO:H, -NHz, -NH{C=0), -
NC(=S),

3 e o
§~N'»\ §on ~ y R .
}“N },fJ Al i H
Q (¢} .
Zs - = - PN
N (T e L]
Lk\n/N\’rF Q N“"/} RN N NF g7
) o o= O:(\,

3O .
/L\\/ =
\F/\/ 7(&7(\0 OHO OH /\/Eg Nf,k
NH,
b O N

Y\f T\” W St

r:;, & o N
~o o V\[,,?QH?
HOL oW N B

HO“ 0
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h C o
G
wherein

R'3is independently selected for each occasion from H and C1-Cs alkyl;

R4 is -S{CHe)nCHRISNHC(=0}R;

R%is R or -C{(=0)OR'S;

R'% is independently selected for each occasion from H, G+-Ce alkyl, F, Ci, and -OH;

R'7 is independently selected for each occasion from H, Ci-Ce alkyl, F, Ci, -NHz, -OCHa3, -
OCH2CHs, -N(CHa)z, -ON, -NO:2 and-OH; and

R'¢ is independently selected for each occasion from H, Ci-Cs alkyl, F, benzyloxy substituted
with -C(=0)OH, benzyl substituted with -C{=0)OH, C-Cs alkoxy substituted with -C(=0}OH, and Ci-
Cs alkyl substituted with -C{=0)OH.
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Exampies of suitably reactive substituents on the linker and antibody or antigen-binding
fragment thereof include a nucleophile/slectrophile pair (s.g., a thiol/haloalky! pair, an amine/carbonyl
pair, or a thiol/a,B-unsaturaled carbonyl pair, and the like}, a diene/dienophile pair (e.g., an
azide/alkyne pair, or a diene/ a,B-unsaturated carbonyl! pair, among others), and the like. Coupling
reactions between the reactive substituents 1o form the chemical moiety Z include, without limitation,
thiol alkylation, hydroxyl alkylation, amine alkylation, amine or hydroxylamine condensation, hydrazine
formation, amidation, esterification, disulfide formation, cycloaddition {(e.q., [4+2] Diels-Alder
cycloaddition, [3+2] Huisgen cycloaddition, among others), nucisophilic aromatic substitution,
electrophilic aromatic substitution, and other reactive modalitiss known in the art or describad herein.
Preferably, the linker contains an electrophilic functional group for reaction with a nuclgophilic
functional group on the antibody, or antigen-binding fragment thereof.

RHeactive substituents that may be present within an antibody, or antigen-binding fragment
thereof, as disclosed heregin include, without imitation, nucleophilic groups such as (i) N-terminal
amine groups, (i) side chain amine groups, e.g. lysine, (iil} side chain thiol groups, e.g. cysteing, and
{iv) sugar hydroxyl or amino groups where the antibody is glycosylated. Reactive substituents that
may be present within an antibody, or antigen-binding fragment thereof, as disclosed herein includs,
without imitation, hydroxy! moieties of serine, threonine, and tyrosine residues; amine moieties of
lysine residues; carboxy! moieties of aspariic acid and giutamic acid residuss; and thiol moieties of
cysisine residues, as well as propargyl, azido, haloaryt (e.g., flucroaryt), halohsteroary! (2.q.,
fiuorcheteroaryi), haloalkyl, and haloheteroalkyi moieties of non-naturally occurring amino acids. in
some embodiments, the reactive substituents present within an antibody, or antigen-binding fragment
thereof as disclosed herein include, are aming or thiol moieties. Certain antibodies have reducible
interchain disulfides, i.e. cysieine bridgss. Aniibodies may be made reactive for conjugation with linker
reagents by treatment with a reducing agent such as DTT (dithiothreitol). Each cysteine bridge will
thus form, theoretically, two reactive thiol nucleophiles. Additional nucieophilic groups can be
introduced into antibodies through the reaction of lysines with 2-iminothiolane (Trauf's reagent)
resulting in conversion of an amine ino a thiol, Reactive thiol groups may be introduced inio the
antibody {or fragment thereof) by introducing one, fwo, three, four, or more cysteine residues {e.g.,
preparing mutant antibodies comprising one or more non-native cysteine amino acid residuss). U.S.
Pat. No. 7,521,541 teaches enginsering antibodies by introduction of reactive cysieine amino acids.

in some embodimentis, the reactive moiety 2’ atiached 1o the linker is a nucleophilic group
which is reactive with an electrophilic group present on an antibody. Useful elecirophilic groups on an
antibody include, but are not limited to, aldehyde and keione carbonyl groups. The hetercatom of a
nucteophilic group can react with an slsctrophilic group on an antibedy and form a covalsnt bond to
the antibody. Useful nucleophilic groups include, but are not limited to, hydrazide, oxime, amino,
hydroxyl, hydrazine, thiosemicarbazone, hydrazine carboxylats, and arylhydrazids.

in some embediments, £ is the product of a reaction between reactive nucleophilic
substituents present within the antibodies, or antigen-binding fragments thereof, such as amine and

thiol moieties, and a reactive electrophiiic substituent Z'. For instance, Z' may be a Michael acceptor
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{s.g., malsimide), activated esier, electron-deficient carbonyi compound, and aldehyde, among
others.

For instance, linkers suitable for the synthasis of ADCs include, without limitation, reactive
substituents Z' such as maleimide or haloalky! groups. These may be attached 1o the linker by
reagents such as succinimidyt 4-(N-maleimidomeathyl}-cyclohexane-L-carboxyiate (SMCC), N-
succinimidy! iodoacstate (SIA}, sulfo-SMCC, m-maleimidobenzoyl-N-hydroxysuccinimidyl ester
{MBS), sulfo-MBS, and succinimidyl iodoacetate, among others described, in for instance, Liv et al.,
18:690-687, 1879, the disclosure of which is incorporated herein by reference as it periains {o linkers
for chemical conjugation.

in some embodiments, the reactive substituent 2’ attached to linker L is a maleimide, azide, or
alkyne. An example of a maleimide-containing linker is the non-clsavable malsimidocaproyl-based
lirker, which is particularly useful for the conjugation of microtubule-disrupting agents such as
auristatins. Such linkers are described by Doronina et al., Bioconjugate Chem. 17:14-24, 2008, the
disclosure of which is incorporated herein by reference as it pertains to linkers for chemical
conjugation.

in some embaodiments, the reactive substituent Z' is —{C=0}- or -NH{C=0)-, such that the linker
may be joined to the antibody, or antigen-binding fragment thereof, by an amide or urea moisty,
respectively, resulting from reaction of the —~{C=0}- or -NH(C=0}- group with an amino group of the
antibody or antigen-binding fragment thereof.

in some embodiments, the reactive substituent is an N-malsimidy! group, halogenated N-
alkylamido group, suifonyloxy N-aikylamido group, carbonate group, suifonyl halide group, thiol group
or derivative thereof, alkynyl group comprising an internal carbon-carbon triple bond, (het-
erojeycioalkynyl group, bicyciof8.1.0jnon-4-yn-9-yi group, alkeny! group comprising an internal carbon-
carbon double bond, cycloalkenyl group, tetrazinyt group, azido group, phosphine group, nitrile oxide
group, nitrone group, nitrile imine group, diazo group, ketone group, (O-akyljhydroxylamino group,
hydrazine group, halogenated N-maleimidy! group, 1,1-bis (sulfonyimethyiimethyicarbonyl group or
slimination derivatives thersof, carbonyl halide group, or an allenamide group, each of which may be
optionaily substituted. In some embodiments, the reactive substituent comprises a cycloalkene group,
a cycloalkyne group, or an optionally substituted (heterojeycloalkynyl group.

Non-limiling examples of amatoxin-linker conjugates containing a reactive substituent Z°
suitable for reaction with a reactive residue on the antibody or antigen-binding fragment thereof
include, without limitation, 7°C-{4-(6-(maleimido}hexanoyl)piperazin-1-yl}-amatoxin; 7'C-(4-(6-
{malsimido}hexanamido)piperidin-1-yl}-amatoxin; 7°C-{4-(6-(6-
{malsimido}hexanamidoihexanoyl)piperazin-1-yi}-amatoxin; 7'C-{4-{4-
{{maleimido)methyhcyclohexanecarbonylipiperazin-1-yh-amatoxin; 7'C-{4-(6-(4-
{{maleimido)methylcyclohexanecarboxamidojhexanoylipiperazin-1-yl)-amatoxin; 7'C-(4-(2-(6-
{malsimido}hexanamidojethylipiperidin-1-yl}-amatoxin; 7'C-{4-(2-(6-(6-
{maleimido}hexanamidcihexanamido)ethyl}piperidin-i-yl}-amatoxin; 7'C-(4-(2-(4-
{{(maleimido)methyicyclohexanecarboxamidojethyl}piperidin-1-yvi}-amatoxin; 7°'C-(4-(2-(6-(4-

{{maleimido)methyicyclohexanecarboxamidoihexanamido)ethylipiperidin-1-yvi)-amatoxin; 77C-{4-(2-(3-
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carboxypropanamido)ethylipiperidin-1-yl}-amatoxin; 7'C-(4-(2-(2-bromoacetamido)ethylipiperidin-1-
yi}-amaioxin; 7'C-{4-{2-(3-(pyridin-2-yldisuifanylipropanamido)ethylipiperidin-1-yl-amatoxin; 7°C-{4-(2-
{4-{maleimido)butanamido)ethyl)piperidin-1-yl}-amatoxin; 7'C-(4-(2-(maleimidojacetyl)piperazin-1-yl}-
amatoxin; 7'C-(4-(3-{maleimido)propanoyipiperazin-1-yi}-amatoxin; 7°C-{4-(4-
{maleimido)butanoylpiperazin-1-yl}-amatoxin; 7'C-(4-(2-(6-(4-
{{maleimido)methviicyclohexanecarboxamido}hexanamido}sthylpiperidin-1-yvi)-amatoxin; 7°C-{3-{{6-
{maleimido}hexanamido)msthylipyrrolidin-1-yl}-amatoxin; 7°C-{3-{(6-{6-
{maleimido)hexanamido)hexanamido)methylipyrrolidin-1-yl)-amaloxin; 7°C-(3-((4-
{{maleimido)methyiicyclohexanecarboxamido)methypyrrolidin-1-yi}-amatoxin; 7'C-(3-((8-({4-
{maleimido}meathyljcycichexanecarboxamidoihexanamidemethyhpyrrolidin-1-vi}-amatoxin; 7°C-(4-(2-
{6-(2-(aminooxy)acetamido}hexanamido)ethyljpiperidin-1-yl}-amatoxin; 7'C-(4-{2-(4-(2-
{aminooxy)acetamido}butanamido)ethyl)piperidin-1-yl}-amatoxin; 7'C-{4-(4-(2-
{aminooxy}acetamido)butanoylpiperazin-1-yij-amatoxin; 7°C-{(4-(6-(2-
{aminooxy}acetamido)hexanoyl)piperazin-1-yij-amatoxin; 7°C-({4-(6-
{maleimido}hexanamido)piperidin-1-ylimethyi}-amatoxin; 7'C-{{(4-{2-(6-
{maleimido)}hexanamido)ethyl)piperidin-1-ylymethyl}-amatoxin; 7'C-({4-(6-
{maleimido}hexanoylpiperazin-1-ylimethyl}-amatoxin; (R}-7'C-{(3-{(6-
{maleimido}hexanamido)methyipyrrolidin-1-yhimethyl}-amatoxin; (8)-7'C-({3-((6-
{malsimido}hexanamido)msthyipyrrolidin-1-ylymethyi}-amatoxin; 7°C-{{4-(2-(6-{6-
{malsimido}hexanamidohexanamido)ethyl)piperidin-1-ylymethyll-amatoxin; 7'C-({4-{2-(4~
{{maleimido)methyhoyclohexanecarboxamido)ethylipiperidin-1-ylimethyi)-amatoxin; 7'C-{(4-(2-(6-(4-
{{maleimido)methyieyclohexanecarboxamidojhexanamido)ethylpiperidin-1-ylimethyl)-amaioxin; 7C-
{{4-(2-(6-{maleimido}hexanamido)ethylpiperazin-1-ylimethyl}-amaloxin; 7'C-({4-(2-(6-(6-
{malsimido}hexanamidojhexanamido)ethyl)piperazin-1-ylymethyl}-amatoxin; 7'C-{(4-(2-(4-
{{maleimido)methyieyclohexanecarboxamidojethylypiperazin-1-ylymethyl}-amatoxin; 7'C-((4-(2-(6-(4-
{{maleimido)msthybeyclohexanecarboxamido)hexanamido)ethylpiperazin-1-ylimethyl}-amatoxin; 7'C-
{(3-((6-(6-(maleimido)hexanamido)hexanamido)-S-methyl pyrrolidin-1-ylimethyl)-amatoxin; 7'C-({3-((6-
{6-{maleimidojhexanamido)hexanamido)-R-methylipyrrolidin-1-ylimethyl}-amatoxin; 7'C-({(3-{(4-
{{maleimido)msthybeyclohexanecarboxamido)-3-methylpyrrolidin-1-ylymethyl)-amatoxin; 7'C-({3-{(4-
{{(maleimido)methyhcyclohexanecarboxamido)-R-meathylipyrrelidin-1-yiimethyl-amaioxin; 7C-{((3-({6-
{4-{(malsimidojmethyljcyclohaxanecarboxamidojhexanamido)methyl)pyrrolidin-1-yi)methyl)-amaioxin;
7'C-{(4-{2-(3-carboxypropanamido)ethyljpipsrazin-1-ylimethyl}-amatoxin; 7°C-{(4-{6-(6-
{malsimido}hexanamidoihexanoyl)piperazin-1-ylmethyl}-amatoxin; 7'C-((4-(6-(4-
{{maleimido)methyicyclohexanscarboxamido)hexanoyllpiperazin-1-ylymethyl}-amatoxin; 7'C-({4-(2-
{maleimido}acetypiperazin-1-ymethyl)-amatoxin; 7'C-({4-(3-(maleimido)propancyl)piperazin-1-
viimethyl}-amatoxin; 7°C-{{4-(4-(malsimidojbutanoyl}piperazin-1-ylymathyl}-amatoxin; 77C-{{4-(2-(2-
{malsimido)acetamido)ethyl)piperidin-1-ylimethyl}-amatoxin; 7°C-({4-(2-(4-
{maleimido)Ybutanamido)ethylipiperidin-1-yiymethyi)-amatoxin; 7°C-{{4-(2-(6-{4-
{{maleimido)methyicyclohexanecarboxamido)hexanamido)ethylipiperidin-1-yi)methyi)-amatoxin; 7°C-

{(3-{{6-(maleimidcihexanamido)methyliazetidin-1-yhimethyl}-amatoxin; 77C-{(3-(2-(6-
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{maleimido}hexanamido)ethyl)azetidin-1-ylimethyi)-amatoxin; 7'C-({3-({4-
{{(malsimido)methyiicyclohexanecarboxamido)methyllazetidin-1-ylmethyi}-amatoxin; 77C-{(3-(2-(4-
{{maleimido)methyijcyclohexanecarboxamido)ethyliazstidin-t ylymethyl)-amatoxin; 7°C-{(3-(2-(6-(4-
{{maleimide)methyljcyclohsxanecarboxamido)hexanamidojethyliazetidin-1-yl)methyl}-amatoxin; 7°C-
{({2-(8-(maleimido)-N-methylhexanamido)ethyli{methyl}amino)methyl}-amatoxin; 7'C-{{{4-(6-
{maleimido)-N-meathylhexanamido)butyl{methyl}amino}methyl}-amatoxin, 7'C-({2-(2-(6-
{maleimido}hexanamido)ethyl)aziridin-1-ylymesthyl}-amatoxin; 7'C-((2-(2-(6-(4-
{{maleimido)methyijcyclohexanecarboxamido}hexanamido)ethyl)aziridin-1-ylymethyl}-amatoxin; 7'C-
{{(4-{6-{6-(2-(aminooxy)acetamidoihsxanamidoihaxanoylpiperazin-1-ylimsthyh-amatoxin; 7'C-({4-(1-
{aminooxy}-2-0x0-6,8,12,15-tetracxa-3-azaheptadecan-17-oyl)piperazin-1-ylymethyl}-amatoxin; 7°C-
{{(4-(2-{2-{amincoxy)acetamido)acetyl}piperazin-1-ylymethyll-amatoxin; 7'C-{(4-{3-(2-
{aminooxy)acetamido)propanoylipiperazin-1-ylimethyl}-amatoxin; 7'C-({4-(4-(2-
{amincoxy}acetamido)butanoybpiperazin-1-yiymethyl}-amatoxin; 7°C-{{4-(2-(6-{2-
{aminooxy)acetamido)hexanamido}sthvlipiperidin-1-ylymethy-amatoxin; 7°C-{{4-(2-{2-(2-
{aminooxy)acetamido}acetamido)ethyi)piperidin-1-yl)methyl)-amatoxin; 7'C-((4-(2-(4-(2-
{aminooxy)acetamido)butanamido)ethylipiperidin-1-ylmethyl}-amatoxin; 7'C-{(4-(20-(aminooxy}-4,19-
dicxo-6,9,12,15-tetracxa-3, 18-diazaicosyl)piperidin-1-ylimethyi}-amatoxin; 7°'C-{{{2-(6-(2-
{aminooxy}acetamido)-N-methythexanamido)ethyli{methyljamino)methyl}-amatoxin; 7'C-{({4-(6-(2-
{aminooxy}acetarnido)-N-methylhexanamido)butyli{methyllamino)methyll-amatoxin; 7°C-{(3-{(8-(4-
{{maleimido)methyhcyclohexanecarboxamidojhexanamidoymethylipyrrolidin-1-yl)-S-methyl}-amatoxin;
7'C-{(3-{(6-(4-((maleimido)methyhcyclohexanecarboxamido)hexanamido)-R-methylpyrrolidin-1-
yhimethyl}-amatoxin; 7'C-{{4-(2-(2-bromoacetamido)ethylipiperazin-1-yimethyl}-amatoxin; 7C-((4-(2-
{2-bromoacetamido)ethyl)piperidin-1-ylimethyl}-amatoxin; 7'C-({4-(2-(3-(pyridine-2-
vidisulfanyl}propanamido)sthyl}piperidin-1-ylymethyl)-amatoxin; 6'0-(6-(6-
{maleimidoYhexanamidojhexyl}-amatoxin; 6'0-(5-(4-
{{maleimido)msthybeyclohexanecarboxamido)pentyl}-amatoxin; 8'0-(2-((6-(maleimidoyhexyljoxy)-2-
oxoethyl}-amatoxin; 6'0-{{6-{maleimidoihexylicarbamoyi)-amatoxin; 6'0-((6-(4-
{{maleimido)msthyheyclohexanscarboxamido)hexyicarbamoyl}-amatoxin, 6'0-(6-(2-
bromoacetamido)hexyl}-amatoxin; 7'C-(4-(6-(azido)hexanamido)piperidin-1-yl}-amatoxin; 7°C-(4-(hex-
5-ynoyiamino)piperidin-1-yl}-amatoxin; 7'C-(4-(2-{6-{maleimido)hexanamido)ethyl)piperazin-1-vi)-
amatoxin; 7'C-{4-(2-(8-(6-(maleimido}hexanamido}hexanamidejethylipiperazin-1-yl}-amaloxin; 6'0-(6-
{6-(11,12-didehydro-5,6-dihydro-dibanz[b,flazocin-5-yl}-6-oxshexanamidothexyl-amatoxin; 6'0-(6-
{hex-8-ynoylamino)hexyl}-amatoxin; 8'0-(6-(2-(amincoxyjacetylamido)hexyl}-amatoxin; 6'C-((6-
aminooxyyhexyl}-amatoxin; and 6'0-(6-(2-iodoacetamido)hexyl)-amatoxin.

in some embodimentis, the chemical moiety Z is selected from Table 1. In some

Q
Yo S
e
] o ,

where S is a sulfur atorn which represents the reactive substituent present within an antibody,

embaodiments, the chemical moisty Z is
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or antigen-binding fragment thereof, that binds CD45 (e.g., from the -SH group of a cysieine residue).
in some embodiments, the linker-reactive substituent group siructure L-2', prior to conjugation

with the antibody or antigen binding fragment thereof, is:

§
Iff i @ Y ¢ ,
Z\j;o _ g)\fﬁfﬁf\/\ﬁ
g

in some embodiments, an amatoxin as disclosed herein is conjugated to a linker-reactive

moiety -L-Z' having the following formula:

2N i N ; J\\/\ __/O
Y
o P

AL

in some embodiments, an amatoxin as disclosed herein is conjugated io a linker-reactive

moiety -L.-Z' having the following formula:

HN

HNT O
The foregoing linksr moietiss and amatoxin-linker conjugates, among others useful in

conjunclion with the compositions and methods described hersin, are described, for example, in U.S.
Patent Application Publication No. 2015/0218220 and Patent Application Pubtication No.
WO2017/148077, the disclosure of each of which is incorporated herein by raferaence in its entiraty.

Preparation of Antibody-Drug Conjugates

in the ADGCs as disclosad herein, an anti-CD45 antibody, or antigen binding fragment thersof,
is conjugated to ane or more cytotoxic drug moieties (D), e.g. about 1 1o about 20 drug mcieties per
antibody, through a linker L and a chemical moiety Z as disclosed herein. The ADCs of the present
disclosure may be prepared by several routes, employing organic chemistry reactions, conditions, and
reagents known to those skiiled in the art, including: (1) reaction of a reactive substituent of an
antibody or antigen binding fragment thereof with a bivalent linker reagent {o form Ab-Z-L as
described herein above, foliowed by reaction with a drug moiety D; or (2} reaction of a reactive
substituent of a drug moiety with a bivalent linker reagent to form D-L-Z', followed by reaction with a
reactive substituent of an antibedy or antigen binding fragment thereof as described herein above.
Additional methods for preparing ADC are described hersin.
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in another aspect, the anti-CD45 antibody, or antigen binding fragment thereof, has one or
more lysing residues that can be chemically modified to infroduce one or more suifhydryl groups. The
ADC is then formad by conjugation through the sulfhydry! group's sulfur atom as described herein
above. The reagents that can be used to modify lysine include, but are not limited to, N-succinimidyl
S-acstylthioacstate (BATA) and 2-Iminothiclane hydrochioride (Traut's Reagent).

in another aspect, the anti-CD45 antibody, or antigen binding fragment thergof, can have one
or more carbohydraie groups that can be chemically modified t¢ have one or more sulfhydry! groups.
The ADC is then formed by conjugation through the sulfhydryt group's sulfur atom as described herein
above.

in yet another aspect, the anti-GCD48 antibody can have one or more carbohydrate groups that
can be oxidized {0 provide an aldehyde (-CHO) group (see, for e.g., Laguzza, et al., J. Med. Cham.
1989, 32(3), 548-55). The ADC is then formed by conjugation through the corresponding aldehyde as
described herein above. Other protocols for the modification of proteins for the attachment or
association of cytotoxins are describad in Coligan et al., Current Protocols in Protein Science, vol. 2,
John Wiley & Sons (2002), incorporated herein by reference.

Metheds for the conjugation of linker-drug moieties to celi-targeted proteins such as
antibodies, immunocgicbulins or fragmeants thereof are found, for example, in U.S. Pat. No. 5,208,020;
U.S. Pat. No. 6,441,163, WO20050379892; WO2005081711; and WO2006/034488, all of which are
hereby expressiy incorporated by reference in their entirely.

Alternatively, a fusion protain comprising the antibody and cyliotoxic agent may be made,
e.g., by recombinant techniques or peptide synthesis. The length of DNA may comprise respective
regions encoding the two poriions of the conjugate either adjacent oneg another or separated by a
region encoding a linker peptide which does not desiroy the desired properties of the conjugate.

ADCs described herein can be administered o a patient {e.g., a human patient suifering
from an immune diseass or cancer) in a variety of dosage forms. For instance, ADCs described
herein can be adminisiered to a patient suffering irom an immune disease or cancer in the form of
an agueous solution, such as an agqueous soiution containing one or more pharmaceutically
accepiable excipients. Suitable pharmaceutically acceptabls excipients for use with the
compositions and methods described herein inciude viscosity-modifying agenis. The aqueous
solution may be sterilized using techniques known in the art.

Pharmaceutical formulations comprising anti-CD45 ADCs as describaed herein are
prepared by mixing such ADC with ons or more optional pharmaceutically accapiable carriers
{Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1880)}, in the form of lyophilized
formulations or aqueous solutions. Pharmaceutically acceptable carriers are generally nontoxic to
recipients at the dosages and concentrations emploved, and include, but ars not limited to: buffers
such as phosphate, citrate, and other grganic acids; antioxidants including ascorbic acid and
methionine; preservatives (such as octadecyldimethyibenzyl ammonium chioride; hexamethonium
chioride; benzalkonium chloride; benzethonium chioride; phenol, butyl or benzy! alcohol; alkyl
parabens such as methyl or propyt paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-

cresel); iow molecuiar weight (less than about 10 residues) polypeptides; proteins, such as serum
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albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; aming
acids such as glycine, giutamine, asparagine, histidine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydratas including glucoss, mannose, or dextrins; chelaling agents
such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions
such as sodium; metal complexas {e.g. Zn-protein complexes); and/or non-ionic surfactanis such

as polyethylene giycol (PEG).

Therapeutic Uses

CD45 is an important cell surface molecule broadly expressed throughout the
hematopoietic and immuns systems. Describad herein are anti-CD45 antibodies and anti-CD45
ADCs that can be used to treat patients with conditions for which depletion of CD45+ cells is
beneficial, including, but not limited to, leukemias and lymphomas, as well as patients with
autcimmune diseases such as multiple sclerosis and scleroderma. Further, there is currently a
need for compositions and methods for promoting the engraftment of exogenous hematopoietic
stem cell grafts such that the muiti-potency and hematopoietic functionality of these cells is
preserved foliowing transplantation. The compositions and methods disclosed herein further
provide a solution to this challenging problem.

By targeting CD45 with anti-CD45 antibodies, binding fragments thereof, and ADCs
described herein, generally both hematopoietic stemn cells (HSCs) and leukocytes can be depleted
{CD45 is a pan lsukocyte marker). Thus, in certain embodiments, provided herein is a method for
providing an immune reset in a subject in need thereof. For example, by administering an anii-
CD45 antibody or ADC described herein to a patient having a disease associated with disease
causing leukoceyles, e.g., an autoimmune disease, the disease causing leukocyles can be
gliminated (along with the H3Cs) and the patient can then build a new immune system from
subssquently transpianted H8Cs.

An additional benefit of the CD45 specific antibodies and ADCs described herein is that, as
oppossed to the non-targeted highly toxic chemotherapies, red blood cells should be unaffected in
the patient given that red blood celis do not generally express CD45.

Thus, disclosed herein are methods of trealing a variely of disorders, such as diseases of
a cell type in the hematopoietic linsage, cancers, autoimmune diseases, metabolic disorders, and
stem cell disorders, among others. The compositions and methods described herein may (i)
directly deplets a population of cells that give rise 1o a8 pathology, such as a population of cancer
cells (e.g., leukemia cells) and auicimmune cells {e.g., autoreactive T-cells), and/or {ii} deplete a
population of endogenous hematopoietic stem cells so as to promote the engraftment of
fransplanted hematopoistic stem celis by providing a niche to which the transplanted cslls may
homs. The foregoing activities can be achieved by administration of an anti-CD45 ADC, antibody,
or antigen-binding fragment thergof, capable of binding an endogenous disease-causing celi or a
hematopoigtic stem cell. In the case of direct treatment of a disease, this administration can cause
a reduction in the quantity of the cells that give rise to the pathology of interest. In the case of

preparing a patient for hematopoietic stem cell transplant therapy, this administration can cause
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the selective depletion of a population of endogenous hemaiopoistic stem cells, thereby crealing a
vacancy in the hematopoietic tissue, such as the bone marrow, that can subsequently be filled by
transplanted, exogenous hematopoistic stem calls. The ADCs, antibodies, or antigen-binding
fragments thereof described hersin, capable of binding CD45 can be administered 1o a pallent to
effect both of the above aclivities. ADCs, antibodies, or antigan-binding fragments thereof, that
bind CD45 antigen exprassad by immune cslls, e.g., hematopoietic stem cells, can be
administered to a patient suffering from a cancer or autcimmune disease to directly deplete a
popuiation of cancerous cells or auloimmune cells, and can also be adminisiered {o a palient in
nesd of hamatopoietic stam cell transplant therapy in order 1o promote the survival and
engraftment potential of transplanted hematopoietic stem celis.

As described herein, hematopoietic stem cell transplant therapy can be administered to a
subject in need of treatment so as 1o populate or re-populate one or more biood cell types.
Hematopoietic stem cells generally exhibit multi-potency, and can thus differentiate into multiple
different bloed linsages including, but not limited to, granulocytes (e.g., promyslocytes, neutrophils,
eosinophils, basophiis}, erythrocytes (e.g., reticulocytes, erythrocytes}, thrombocyles (e.g.,
megakaryoblasts, platelet producing megakaryocyltes, platelets}, monocytes {e.g., monocytes,
macrophages), dendritic cells, microglia, ostecclasts, and tymphocyies (e.g., NK cells, B-celis and
T-celis). Hematopoietic stem celis are additionally capable of self-renewal, and can thus give rise
o daughter cells that have equivalent potential as the mother cell, and also feature the capacity to
be reintroduced into a transplant recipient whereupon they home to the hemalopoietic stem celi
niche and re-esiablish productive and sustained hemalopoiesis.

Hermatopoietic stem cells can thus be administered to a patient defective or deficient in
one or more call types of the hematopoietic lineage in order to re-constitute the defective or
deficient population of cells in vivo, thereby treating the pathology associated with the defect or
depletion in the endogenous blood cell population. The compositions and methods described
herein can thus be used {o treat a non-malignant hemoglobinopathy {e.g., a hemoglobinopathy
selected from the group consisiing of sickle cell anemia, thalassemia, Fanconi anemia, aplastic
anemia, and Wiskoti-Aldrich syndrome). Additionally or alternatively, the compositions and
methods described herein can be used (o ireat an immunodeficiency, such as a congenital
immunodeficiency. Additionally or alternatively, the compositions and methods described herein
can be used to treat an acquired immuncdeficiency (e.g., an acguired immunodeficiency selected
from the group consisting of HIV and AIDS). The compositions and methods described herein can
be used io freat a metabolic disorder (e.g., a metabolic disorder selected from the group consisting
of glycogen storage diseases, mucopolysaccharidoses, Gauchsr's Disgase, Hurlers Disgase,
sphingolipidoses, and metachromatic lsukodystrophy).

Additionally or aliernatively, the compositions and methods described herein can be used
o treat a malignancy or proliferative disorder, such as a hematologic cancer, myeloproliferative
disease. inthe case of cancer treatment, the compositions and methods described herein may be
administered to a patient so as to deplete a population of endogenous hematopeietic stem cells

prior to hematopoeietic stem cell transplantation therapy, in which case the transplanted celis can
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home 1o a niche created by the endogenous cell depletion siep and establish productive
hematopoiesis. This, in turn, can re-constitute a population of cells depleted during cancer cell
eradication, such as during sysiemic chemotherapy. Exemplary hematological cancers that can be
treated using the compositions and methods described herein include, without limitation, acute
myeloid lsukemia, acute lymphoid lsukemia, chronic myeloid leukemia, chronic lymphoid leukemia,
multiple myeloma, diffuse large B-cell lymphoma, and non-Hodgkin's lymphoma, as well as other
cancerous conditions, including neurcblastoma.

Additional dissases that can be freatsd with the compositions and msthods described
hersin include, without limitation, adenosine deaminase deficiency and severs combinad
immunodeficiancy, hyper immunoglobulin M syndroms, Chediak-Higashi disease, hereditary
lymphohistiocytosis, ostsopetrosis, ostecgenesis imperfecta, storage diseases, thalasssmia major,
systemic sclerosis, systemic lupus erythematosus, multiple sclerosis, and juvenile rheurmnatoid
arthritis.

The antibodies, or antigen-binding fragments thereof, and conjugates described herein
may be used to induce solid organ transplant tolerance. For instance, the compositions and
methods described herein may be used to deplete or ablate a population of cells from a target
tissue {2.g., to deplete hematopoistic stem celis from the bone marrow stem celi niche). Following
such depletion of cells from the target tissues, a population of stem or progenitor cells from an
organ donor {e.g., hemalopoietic stem cells from the organ donor} may be administered o the
fransplant recipient, and foliowing the engraftment of such stem or progenitor cells, a temporary or
stable mixed chimerism may be achieved, thereby enabling long-term franspiant organ tolerance
without the need for further immunosuppressive agents. For example, the compositions and
methods described herein may be used to induce transplant tolerance in a solid organ transplant
recipient (e.g., a kidney transplant, iung transplant, liver transpiant, and heart transplant, among
others). The compositions and methods described herein are well-suited for use in connection the
induction of solid organ iranspiant tolerance, for instance, because a low percentage temporary or
stable donor engrafiment is sufficient to induce long-term tolsrance of the fransplanted organ.

in addition, the compositions and methods described herein can be used fo treat cancers
directly, such as cancers characierized by cells that are CD45+. For instance, the compositions
and methods described herein can be used to ireat leukemia, such as in patients that exhibit
CD45+ leukemic celis. By depleting CD45+ cancerous celis, such as leukamic calls, the
compositions and methods dascribad herein can be used to freal various cancers directly.
Exemplary cancers that may be treated in this fashion include hematological cancers, such as
acute myeloid leukemia, acute lymphoid leukemia, chronic myeloid leukemia, chronic lymphoid
lsukemia, muitiple myeloma, diffuse large B-cell lymphoma, and non-Hodgkin's lymphoma,

in addition, the compaositions and methods described herein can be used to treat
autoimmune disordsrs. For instance, an antibody, or antigen-binding fragment thereof, can be
administered o a subject, such as a human patient suffering from an autoimmune disorder, so as
to kill a CD45+ immune celi. For example, a CD45+ immune cell may be an autoreactive

lymphocyte, such as a T-celi that expresses a T-cell receptor that specifically binds, and mounts an
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immune response against, a self antigen. By depleting sseif-reactive, CD45+, the compositions and
methods described herein can be used to treat autoimmune pathologies, such as those described
below. Additionally or alternatively, the compositions and methods dascribad herein can be used
to treat an autoimmune disease by depieting a population of endogenous hematopoietic stem celis
prior to hematopoietic stem cell ranspiantation therapy, in which case the transplantsd cells can
home 1o a niche created by the endogencus csil depletion step and establish productive
hematopeiesis. This, in turn, can re-constitute a population of cells depletad during autcimmuns
ceil eradication.

Autoimmune diseases that can be treated using the compaositions and methods described
herein include, without limitation, psoriasis, psoriatic arthritis, Type 1 diabetes mellitus {Type 1
diabgtes), rheumatoid arthritis (RA), human systemic lupus (SLE), mulliple sclgrosis (MS),
inflammatory bowel disease (IBD), lymphocytic colitis, acute disseminated encephalomyaelitis
{ADEM), Addison's discase, alopecia universalis, ankylosing spondylitisis, antiphospholipid
antibody syndrome (APS), aplastic anemia, autoimmune hemoiytic anemia, autcimmune hepatitis,
autcimmuneg inner ear disease {AIED), autoimmune iymphoproiiferative syndrome {ALPS),
autcimmune cophoritis, Balo discase, Behcet's disease, bullous pemphigoid, cardiomycpathy,
Chagas' disease, chronic fatigue immune dysfunction syndrome (CFIDS), chronic inflammatory
demyslinating polyneuropathy, Crohn's disease, cicatrical pemphigoid, coeliac sprue-dermatitis
herpetiformis, coid aggiutinin disease, CREST syndrome, Degos disease, discoid lupus,
dysauionomia, endometriosis, essential mixed cryogicbulinemia, fibromyalgia-fibromygesitis,
Goodpasture’ s syndrome, Grave's disease, Guillain-Barre syndrome (GBS), Hashimoto' s
thyroiditis, Hidradenitis suppurativa, idiopathic and/or acute thrombocylopenic purpura, idiopathic
pulmonary fibrosis, IgA nsuropathy, interstitial cystitis, juvenile arthritis, Kawasaki's disease, lichen
planus, Lyme disease, Meniere dissase, mixed connective tissue diseasse (MCTD), myasthenia
gravis, neuromyotionia, opsocionus myoclonus syndrome (OMS), optic neuritis, Ord's thyroiditis,
pemphigus vulgaris, pernicious anemia, polychondritis, polymyositis and dermatomyositis, primary
biliary cirrhosis, polyarteritis nodosa, polyglanduiar syndromes, polymyaligia rheumatica, primary
agammaglobulinemia, Raynaud phenomenon, Reiler' s syndrome, rheumalic fever, sarcoidosis,
scleroderma, Sidgren's syndrome, siiff person syndrome, Takayasu's arteritis, temporal arieritis
{also known as "giant cell arteritis”}, ulcerative colitis, collagenous colitis, uveitis, vasculilis, vititige,
vulvodynia {"vulvar vestibulitis"), and Wegener' s granulomaiosis.

in some embodimentis, the trangplant is allogeneic. in some embodiments, the transplant
is auiologous.

in some embodimenis, the transplant is a bone marrow transplant, a peripheral blood
fransplant, or a cord blood transplant.

in some embodimenis, the transplant includes hematopoietic cells (e.g., hematopoietic
stem cells).

in any of the embodiments described herein, the transplant may be any solid organ or skin
fransplant. In some embodiments, the transplant is selected from the group consisting of kidney

transplant, heart transpiant, liver transplant, pancreas transplant, lung transplant, intestine
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fransplant and skin transplant.

Antibodies, antigen-binding fragments thereof, or ADCs described herein can be
administered to a patient (e.9., a human patient suffering from cancer, an auioimmune disease, or
in heed of hemaiopoistic stem cell transplant therapy) in a variety of dosage forms. For instance,
antibodies, antigen-binding fragments thereof, or ADCs described herein can be administered to a
patient suffering from cancer, an autoimmune disease, or in need of hematopoistic stem cell
transplant therapy in the form of an aqueous solution, such as an agusous soiution containing one
or more pharmaceutically acceptable excipients. Pharmaceutically acceptable excipients for use
with the compositions and methods described herein include viscosity-modifying agenis. The
aqueous solution may be sterilized using techniques Known in the art.

Pharmaceutical formulations comprising an anti-CD45 antibody, or conjugates thereof
{.9., ADCs as described herein} are prepared by mixing such antibedy or ADC with one or more
optionai pharmaceutically acceptable carriers (Remington's Pharmaceutical Sciences 16th edition,
Osoi, A, Ed. (1980)), in the form of lyophilized formulations or aqueous solutions. Pharmaceutically
acceptable carriers are generally nontoxic to recipients at the dosages and concentrations
employed, and include, but are not limited to: buffers such as phosphate, citrate, and other organic
acids; antioxidants including ascorbic acid and methioning; preservatives {such as
octadecyldimethylbenzyl ammonium chioride; hexamethonium chioride; benzalkonium chioride;
benzesthonium chioride; phenol, butyl or benzyl alcohol; alkyi parabens such as methyl or propyi
paraben; catechol; resorcinol; cyciohexanol; 3-pentancl; and m-cresol}; iow moiecular weight (iess
than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobuling; hydrophilic polymers such as polyvinylpyrrolidone; aming acids such as glycine,
glutamine, asparagine, histidine, arginine, or lysine; monosaccharidss, disaccharides, and other
carbohydrates including glucose, mannose, or dexiring; chelating agenis such as EDTA; sugars
such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g. Zn-protein complexes); and/or non-ionic surfaciants such as polyethylene giycol
{(PEG).

The antibodies, antigen-binding fragmenis, or ADCs described herein may be administered
by a variely of routes, such as orally, iransdermally, subculaneously, intranasally, intravenously,
inframuscularly, infraocularly, or parenterally. The most suitable route for administration in any
given case will depend on the particular antibody, or antigen-binding fragment, adminisiered, the
patient, pharmaceutical formulation methods, administration methods {e.¢., adminisiration time and
adminisiration route}, the patient's age, body weight, sex, severily of the diseases being raated,
the patient’s diet, and the patient’s excretion rate.

The sffective dose of an antibody, or antigen-binding fragment thereof, described hersin
can rangs, for example from about 0.001 to about 100 mg/kg of body weight per single {e.g., bolus}
adminisiration, muitiple administrations, or continuous administration, or to achieve an optimal
serum concentration {e.¢., a serum concentration of 0.0001-5000 pug/mL) of the antibody, or
antigen-binding fragment thereof. The dose may be administered one or more times {e.g., 2-10

times) per day, week, or month 1o a subject {e.g., a human) suffering from cancer, an autoimmune
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disease, or undergoing conditioning therapy in preparation for receipi of a hematopoistic stem csll
fransplani. In the case of a conditioning procedure prior fo hematopoietic stem cell transplantation,
the antibody, or antigaen-binding fragment thereof can bg administered io the patient at a time that
optimally promotes engraftment of the exogenous hamatopeietic stem cells, for instance, from 1
hour to 1 wesk {(e.g., 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours,
10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 18
hours, 20 hours, 21 hours, 22 hours, 23 hours, 24 hours, 2 days, 3 days, 4 days, 5 days, 8 days, or
7 days) or mors prior 1o adminisiration of the exogenous hematopoietic stem cell transplant.

Using the methods disclosed harein, a physician of skilt in the arl can administeric a
hurman patient in nesd of hematopoietic stem cell transplant therapy an ADC, an antibody or an
antigen-binding fragment thereof capable of binding CD45 expressed by hematopoietic stem cells.
in this fashion, a population of endogenous hematopoietic stem celis can be depleted prior to
administration of an exogenous hematopoietic stem cell graft so as o promote engrafiment of the
hematopoietic stem cell graft. The antibody may be covalently conjugated to a toxin, such as a
cytotoxic molecuie described herein or known in the art. For instance, an anti-CD45 antibody or
antigen-binding fragment thereof can be covalently conjugated o a cyictoxin, such as
pseudomonas exctoxin A, deBouganin, diphtheria toxin, an amatoxin, such as y-amanitin, a-
amanitin, saporin, maytansing, a maytansinoid, an auristatin, an anthracycline, a calicheamicin,
irincotecan, SN-38, a duocarmycin, & pyrrolobenzodiazepine, a pyrrolobenzodiazepine dimer, an
indolinobenzodiazepine, an indolinobenzediazepine dimer, or a variant thereof. This conjugation
can be performed using covalent bond-forming technigues described herein or known in the art.
The antibody, antigen-binding fragment therecf, or drug-antibody conjugate can subsequently be
administered 1o the patient, for example, by intravencus administration, prior to transplantation of
exogenous hematopoietic stem cells (such as autologous, syngeneic, or allogensic hemalopoietic
stem celis) to the patient.

The anti-CD45 antibody, antigen-binding fragment thereof, or ADC can be administered in
an armount sufficient to reduce the quaniity of the target CDAE expressing cells. For example, the
anti-CD45 antibody, antigen-binding fragment thereof, or ADC can be administered in an amount
sufficient to reduce the guantity of endogenous CD45+ cells in the bone marrow and/or in the
peripheral biood by, for example, about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,
or more. in some embodimenis, the anti-CD45 antibedy, antigen-binding fragment thersof, or ADC
can be administered in an amount sufficient to reduce the guaniity of endogenous hemaiopoistic
stern celis, for example, by 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 30%, 95%, or more prior
{0 hematopoietic stem cell transplant therapy. The reduction in hematopoistic stem cell count can
be monitored using convantional techniques known in the art, such as by FACS analysis of cells
expressing characteristic hamatopoietic stem cell surface antigens in a bloed sample withdrawn
from the patient at varying intervals during conditioning therapy. For instance, a physician of skill
in the art can withdraw a blood sample from the patient at various time points during conditioning
therapy and determine the extent of endegenous hamatopoietic stam celi reduction by conducting

a FACS analysis to slucidats the relative concentrations of hematopoietic stem cells in the sampis
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using antibodies that bind {o hemalopoistic stem cell marker antigens. According io some
embodiments, when the conceniration of hematopoietic stem cells has reached a minimum value
in response to conditioning therapy with an anti-CD45 antibody, antigen-binding fragment thersof,
or ADC, the physician may conclude the conditioning therapy, and may begin preparing the patient
for hematopoistic stem csll ransplant therapy.

The anti-CD45 antibody, antigen-binding fragment thersof, or ADC can be administered to
the patlient in an aqueous solulion containing one or more pharmaceutically acceptable excipients,
such as a viscosity-modifying ageni. The agueous solution may be sterilized using technigues
described herein or known in the art. The antibody, antigen-binding fragment thereof, or drug-
antibody conjugate can be administered o the patient at a dosage of, for example, from 0.001
mg/kg to 100 mg/kg prior to administration of a hematopoietic stem cell graft to the patient. in one
embodiment, the antibody, antigen-binding fragment thereof, or drug-antibody conjugate can be
administered to the patient at a dosage of about £.1 mg/kg to about 0.3 mg/kg. Inone
embodiment, the antibody, antigen-binding fragment thereof, or drug-antibody conjugate can be
administered to the patient at a dosage of about 0.15 mg/kg to about 0.3 mgkg. In one
embodiment, the antibody, antigen-binding fragment thereof, or drug-antibody conjugate can be
administered to the patient at a dosage of about {415 mg/kg to about 8.25 mgkg. in one
embodiment, the antibody, antigen-binding fragment thereof, or drug-antibody conjugate can be
adminisiered to the patient at a dosage of about $.2 mg/kg to about 0.3 mg/kg. In one embodiment,
the antibody, antigen-binding fragment therecf, or drug-antibody conjugate can be administered to
the patient at a dosage of about 0.25 mg/kg o about 0.3 mg/kg. In some embodiments, the
antibody, antigen-binding fragment thereof, or drug-antibody conjugate can be administered to the
patient ai a dosage of about 0.1 mg/kg, 0.2 mg/kg, 0.3 mg/kg, 0.4 mg/kg, 0.5 mg/kg, 0.6 mgkg, 0.7
mg/kg, 0.8 mg/kg, 0.9 mg/kg, or 1.0 mg/ka.

in other embodiments, the antibody, antigen-binding fragment thereof, or drug-antibody
conjugate can be administered {o the patient al a dosage of about 0.001 mg/kg to about 10 mg/kg,
about 0.01 mg/kg to about 8.5 mg/ky, about 0.1 mg/kg to about 9 mg/ky, about 0.1 mo/kg 1o about
8.5 mg/kg, about 0.1 mg/Kg to aboui 8 mg/kg, about 0.1 mg/kg 1o about 7.5 mg/kg, about 0.1
mg/ky to aboul 7 mg/kg, about 0.1 mg/kg to about 6.5 mg/kg, about 8.1 mg/kg to about 6 mg/ka,
about 0.1 mg/kg to about 5.5 mg/kg, about 0.1 mg/kg to about 5 mg/kg, about 0.1 mg/kg to about
4.5 mg/kg, about 0.1 my/kg to about 4 mg/kg, about 0.5 mg/kg o about 3.5 mg/kg, about 0.5
mg/kg to about 3 mg/kg, about 1 mg/kg to about 10 mg/kg, about 1 mg/kg 1o about 8 mg/kg, about
1 mg/kg 1o about 8 mg/kg, about 1 mg/kg to about 7 mg/kg, about 1 mg/kg to about 6 mg/kg, about
1 mg/kg 1o about 5 mg/kg, about 1 mg/kg to about 4 mg/kg, or about 1 mg/kyg to about 3 mg/ky.

in certain embodiments, an anti-CD45 antibady, antigen-binding fragment thereof, or ADC
described herein can be administered 1o the patient at a lime that optimally promotes engraftimant
of the exogenous hematopoietic stem cells, for instance, from about 1 hour to aboul 1 week (e.g.,
abeout 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11
nours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 18 hours, 20 hours,

21 hours, 22 hours, 23 hours, 24 hours, 2 days, 3 days, 4 days, 5 days, 6 days, or 7 days) or more
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prior to adminisiration of the exogenous hematopoietic stem cell transplant.

Following the conclusion of conditioning therapy, the patient may then receive an infusion
{2.g., an intravenous infusion)} of exogenous hamatopoietic stem celis, such as from the same
physician that performed the conditioning therapy or from a different physician. The physician may
administer the patient an infusion of aulologous, syngeneic, or allogeneic hemalopoistic stem calls,
for instance, at a dosage of from about 1 x 10° to about 1 x 10° hematopoietic stem cells/kg. The
physician may monitor the engrafiment of the hematopoietic stem cell fransplant, for exampie, by
withdrawing a blood sample from the patient and determining the increase in concentration of
hematopoietic stem cells or cells of the hematopoietic lineage (such as megakaryocytes,
thrombocytas, piatelels, erythrocytes, mast celis, mysioblasts, basophils, neutrophils, eosinophils,
microglia, granulocytes, monocytes, osteociasts, antigen-presenting cells, macrophages, dendritic
cells, natural Killer celis, T-lymphocytes, and B-lymphocytes) following administration of the
transplant. This analysis may be conducted, for example, from about 1 hour to about 6 months, or
more, following hematopoietic stem cell fransplant therapy {e.g., about 1 hour, 2 hours, 3 hours, 4
hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 hours, 12 hours, 13 hours, 14
hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20 hours, 21 hours, 22 hours, 23 hours,
24 hours, 2 days, 3 days, 4 days, 5 days, § days, 7 days, 2 weeks, 3 waeks, 4 weeks, 5 weeks, 6
weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks, 12 weeks, 13 weeks, 14 weeks, 15
weeks, 16 weeks, 17 weeks, 18 weeks, 19 weeks, 20 wesks, 21 weeks, 22 weeks, 23 weeks, 24
weeks, or more). A finding that the conceniration of hematopoietic stem celis or cells of the
hematopoietic lineage has increased (2.9., by aboul 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 8%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 200%, 500%, or more) following the
fransplant therapy relative to the concentration of the corresponding cell type prior o fransplant
therapy provides one indication that treatment with the anti-CD45 antibody, or antigen-binding
fragment thereof, or ADC has successiully promoted engraftmenti of the transplanted
hematopoietic stem cell grafl. The foregoing may also be used in therapies relating to CD45 celi;
depletion, e.g., HSC and immune cell deplstion for freatment of an autoimmune diseass, or for
freatment of a hemalological cancer.

Engrafiment of hematopoietic stem cell transplants due to the administration of an anti-
CD45 antibody, antigen-binding fragments thereof, or ADCs, can manifest in a variety of empirical
measurements. For instance, engrafiment of transplanted hematopoietic siem cells can be
gvaluated by assessing the guantity of competitiva repopulating units {CRU) present within the
bone marrow of a patient foliowing administration of an anti-CD45 antibody or antigen-binding
fragment thereof, and subseguent administration of a hematopoietic stem cell transplant.
Additionally, ong can observe engraftmeant of a hemalopoistic stem call transplant by incorporating
a reporter gene, such as an enzyme that catalyzas a chemical raaction yisiding a fluorescant,
chromophoric, or luminescent product, inio a vector with which the donor hematopoietic stem celis
have been transfected and subsequently monitoring the corresponding signal in 8 tissue into which
the hematopoietic stem cells have homed, such as the bone marrow. One can also cbserve

hematopoietic stem cell engraftment by evaluation of the guantity and survival of hematopoietic
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stemn and progenitor cells, for instance, as determined by fluorescence activated cell sorting
(FACS) analysis methods known in the art. Engraftment can also be determined by measuring
white biood cell counts in peripheral blood during a post-transpiant period, and/or by measuring

recovery of marrow calls by donor cells in a bone marrow aspirate sample.

Examples
The following exampies are put forth 8o as to provide those of ordinary skill in the art with a
description of how the compositions and methods described herein may be used, made, and
evaluated, and are intended to bs purely exemplary of the invention and ars not intended to timit

the scope of what the inveniors regard as their invention.

Example 1. identification of anti-CD45 antibodies Ab1-Ab7

A fully human library was screened and an anti-human CD45 antibodies Ab1, Ab2, Ab3,
Abd, AbS, Abg, and Ab7 were identified. Each of the foregoing antibodies were able 1o internalize
on D45 expressing cells. Additional detall on the library screen and resulting antibodies is
provided in the examples that follow.

Yeast Display

A yeast display library that dispiays fully human antibodies (either natural or synthetic) was
screened for binding o the ectodomain of human CD45 (Isoform CD45RARBC; Uniprot: P08575-3)
and non-human primate (NHP) CD45. Yeast cells that encoded antibodies that bound to
recombinant CD45 antigen were selected. Nucleic acid sequences representing the antibodies
from the selected yeast cells were isolated according to techniques known in the art.

in particular, the screen was periormed to identify human and NHP cross-reactive anii-
CD45 antibodies. The first screen yielded approximately 55 antibodies, but these only bound to
human CD45 and were not cross-reactive to NHP CD45 antigen. The second screen successfully
yielded 82 human reactive clones, 17 of which were reaciive to human and rhesus CD45, of which
8 were Iriple cross-reactive to human, rhesus and cynomolgus CD45 recombinant antigens.

From the sight triple cross-reactive (human, rhesus, cynomolgus CD45 reactive)
antibodies, four human igG antibodies with distinct CDR3 heavy chain sequences were selecte
for several rounds of affinity maturation for further improvement of affinity by way of diversifying
sequences in CDR1, CDR2, CDR3 in the heavy and light chains and selecting for improved affinity
according to mathods known in the art. A total of 55 human IgG antibedies with improved affinity
and variant sequences were subsequently identified following affinity maturation of the four input
antibodias. From the four parent antibodies input into the affinity maturation process, only one
antibody generated daughter variants that were varified to be true cross-raactive clones on live
cells by binding assays performed on human and cynomolgus peripheral mononuclear cells
{PBMCs} (see Fig. 1).

As shown in Fig. 1, the daughter variants derived from Ab1 had improved binding o
human CD45, relative to the parent antibedy, as evaluated by an Ociet binding assay. In addition,

the affinity matured daughter variants derived from Ab1 showed interspecies cross-reactivity with
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human CD45 and cynomolgus CD45 (Fig. 1). In contrast, the antibodies derived from the other
three parent antibodies were poorly cross-reactive (Fig. 1).

Selected daughter variants derived from Ab1 were expressed and the resulting antibodias
ware further screened to identify anti-CD45 antibodies that were abis to internalize on CD45
expressing cells. Exemplary methods and reagents amenable for use in generating and screening
antibody display libraries can be found in, for example, Boder E.T. and Wittrup K.D., Yeast surface
display for directed evolution of protein expression, affinity, and stability, Methods Enzymol,
328:430-44 (2000} and Boder E.T. and Witirup K.D., Yeast surface display for screening
combinatorial polypeptide libraries, Nat Biotechnol. 15(6):553-7 (June 1897).

From the foregoing screening procass, five human IgG antibodies were selected basad
on desired antigen and live-cell binding properties, including one antibody identified prior to affinity
maturation {Ab1}, and four following affinity maturation (Ab2, Ab3, Ab4, and AbS}. Subsequent
site-specific substitutions were introduced in Ab4, to generate AbS. Similariy, site-specific
substitutions wers introduced in Ab3, to generate Ab7. The amino acid sequences of the variable
regions and CDR regions of the heavy and light chains of the seven selacted antibodies are
provided in Table 27. The seven antibodies include the following: antibody 1 (Ab1), Antibody 2
{Ab2}, Antibody 3 (Ab3), Antibody 4 (Ab4), Antibody 5 (Ab5)}, Antibody 6 (AbS), and Antibody 7
{Ab7}).

Further characterization of Ab1-7 is provided in Examples 2 to 14.

Example 2. in vitro stability analysis of anti-CD45 antibodies

The stability of the antibodies identified in Example 1 was assessed under various stress
conditions. These siudies identified VH/VL framework and CDR amino acids that may be
susceptible to the formation of post-transiational modifications that could affect antibody
heterogeneity and/or binding.

A two-week stability assay was performed by incubating Ab3 and Ab4 at 4°C, 25°C, and
40°C for 15 days, after which the antibodies were analyzed by hydrophilic interaction
chromatography (HIC). Briefly, 25 micrograms of the indicated antibody were injected onio a
Tosoh TSKgel Phenyl-5PW 7.5 mm 1D x 7.5 cm 10-micron column (Catalog # 07573) on a Walers
ARC HPLC/UPLC system. The HIC slution profiles of the antibodies exhibited a relatively
hydrophilic pre-peak that increased as a function of thermal stress. This hydrophilic pre-peak was
indicative of a potential site of post-translational modification (e.g., oxidation or deamidation).
Peptide mapping was subseguently performed to identify which amino acids were modified in each
antibody upon exposure 1o stress (high pH, low pH, and oxidative stress}. The peptide mapping
analysis identified a potential site of deamidation at an asparagine in CDR-L1 (N30 position) in
response o high pH conditions (e.g., pH 8 or greater).

Comparison of other clones identified following affinity maturation suggested that a serine
may be tolerated at the N30 position of CDR-L1. Accordingly, variants of Ab3 and Ab4 wers
generated in which the asparagine in CDR-L1 (e.g., at position 30B} was substituted with a serine.

The resuiting antibodies were named Ab7 and Abb respectively. The pre-peak corresponding to
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deamidated speciss was notf observed in the HIC profile of AbS following exposure o high pH

freatment, confirming that this substitution removes this potential site of deamidation.

Example 3. In vitro binding analysis of anti-CD45 antibodies

The antibodies described in Examples 1 and 2 were studied to determine thair binding
characteristics with respect to human CD45, and o evaluale their ability 1o cross react with rhasus
and cynomolgus CD45.

Antibody binding studies were performed at 25°C in 1x PBS supplementad with 0.1% wiv
bovine serum albumin with a Pall FortgBio Ociet Red36 using biclayer interferometry (BLIE. Each
purified human antibody was immaohbilized onio anti-human Fc biosensors (AHQ; Pali ForieBio 18-
5001) and incubated with 50nM of purified human, rhesus or cynomoigus CD45 ectodomain for
affinity matured clones Ab2-Ab7, and 100nM human CD45 and 300nM of rhesus or cynomeigus
CD45 for parent cione Ab1.

The apparent monovalent affinity (Ko}, apparent association rate (Kon}, and apparent
dissociation rate (Korr} were determined by local full fitting with a 1:1 binding mods! as calculated
by ForteBio data analysis software version 10 of each IgG to purified human, cynomolgus or
rhesus CD45 ectodomain. Ko, Kon, and Kais of each antibody are shown in Table 2. The affinity
matured daughter clones {Ab 2-Ab 7} displayed improved binding to human CD45 relative to the
parent clone Abt. Further, these resulis indicate that the N_30_S substitution of AbS and Ab7 did
not alter CD45 binding. Notably each of the selected antibodies Ab2-Ab7 were able to cross react

with human, cynomolgus and rhesus CD45. Binding was confirmed using

Table 2. Monovalent affinity (Ko), apparent association rate (Kow), and apparent dissociation rate
{Korr or Kais) of the indicated IgG to human CD45 ectodomain, cynomolgus CD45 ectodomain or

rhesus CD45 ectedomain

Human CD45 Cynomolgus CD45 Rhesus CD45
Kd (M) [Kon{1/Ms)|Kdis(i/s}] Kd (M) (Kon(1/Ms)|Kdis{1/s)}{ Kd (M} |Kon{1/Ms)iKdis{1/s)
No No
Ab1 11.09E-07] 4.58E+05 |4.98E-02] Binding Binding

Ab2 11.15E-10}2.45E+05|2.80E-05{1.08E-09{1.19E+05 |1.28E-04{1.42E-08| 1.35E+05 | 1.92E-04

Ab4 11.38E-11]2.36E+05|3.2BE-06{7.21E-10{1.10E+05|7.88E-05{8.67E-10| 1.18E+05 1.02E-04

AbS"® 11.44E-1012.33E+05 |3.36E-05{1.40E-09{1.17E+05 | 1.64E-0441.71E-08| 1.13E+05 {1.93E-04

AbG™ |7 16E-11]2.42E+05|1.73E-05{1.30E-09{1.18E+05 | 1.54E-04{1.44E-08 | 1.22E+05 {1.75E-04

Ab3 {8.66E-1012.60E+052.25E-0411.61E-08]1.20E+051.92E-0411.65E-08| 1.35E+0512.22E-04

Ab7* 12 .33E-09] 2.64E+05 |6.15E-0414.24E-0911.27E+05 |5.37E-0414 39E-09| 1.24E+05 | 5.44E-04

*Clones with N_S amino acid substitution

Example 4. In vitro REH and PBMC cell binding activily of anti-CD45 antibodies

in vifro REH and PBMC cell binding of select ani-CD45 antibodies identified in Examples
1 and 2 (AbS and Ab7) was assessed in this Example. The Fc region of each antibody was
modified with the amino acid substitutions D265C LALA H435A.
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REH-1 (B cell non-Hodgkin's lymphoma cell line, ATCC No. CRL-3004) cslls or primary
human or cynomolgus peripheral blood mononuclear cells (PBMCs) in cell culture media were
incubated with titrated doses of AbS and Ab7 pvernight at 37°C. Bound anti-CD45 antibody was
detected with fluorescently labeled AF488 anti-human IgG secondary antibody using flow
cytometry. iC50s were determined by fitling the data using GraphPad Prism.

As shown in Table 3 and Fig. 2, AbS and Ab7 showed similar IC50s betwsen human and
cynomolgus PBMCs, demonstrating cross-reactive binding to human and cynomolgus CD45 on
live cells. The antibodies also showed potent binding to the REH-1 cell ling expressing human
CD45,

Table 3. ECB0s (nM)

Antibody REH Human Cyno
ADS (D265C LALA HA35A) 0.3 1.4 1.3
AbL7 {D265C LALA HA35A) 0.2 1.0 1.3

Example 5. Epitope Mapping

The epitope bound by an anti-CD45 antibody identified in Examples 1 and 2 (Ab5) was
mapped using crosslinking mass spectrometry. The cross-linking experiments allow the direct
analysis of non-covalent inferaction by High-Mass MALDI mass specirometry. By mixing a protein
sample containing non-covalent interactions with a specially developed cross-linking mixture (Bich,
C et al. Anal. Chem., 2010, 82 (1), pp 172-179}, it is possible o spacifically dstect a non-covalent
complex with high sensitivity. The covalent binding generated by crosslinking allows the interacting
species 1o survive the sample preparation process and ths MALD jonization. A special High-Mass
detection sysiem allows characterization of the interaction in the High-Mass range.

in order to determine the epitope of Ab5 with high resolution, a protein complex was
incubated with deuterated cross-linkers and subjected to multi-enzymatic cleavage. The protein
complex was an Ab5 variant antibody (having the same epitope as Ab5) bound to human CD45.
After enrichment of the cross-linked peptides, the samples were analyzed by high resolution mass
spectrometry (nLC-LTQ-Orbitrap MS) and the data generated were analyzed using XQuest and
Stavrox software.

After Trypsin, Chymotrypsin, ASP-N, Elastase and Thermolysin proteolysis of the protein
complex CD45/AbS with deuterated d0di2, the nLC-orbitrap MS/MS analysis indicated that the
Ab5 epitope includes residues in the peptides TEKDCLNLDKNLIKYDLONLK (SEQ ID NG:114)
and RPPRDRNGPHERYHLEVEAGNTLVRNESH (SEQ 1D NO:116) and, in particular, interacts
with amine acids on human CD45 corresponding 1o 405T, 407K, 418Y, 425K, 481R, 505R, and
509H of SEG 1D NOG:113 (fragment of CD45 isoform corresponding to NP_002829.3). These
results are illustrated in Fig. 3, showing the CD45 amino acid fragments corresponding to SEQ 1D
NQOs: 115 and 117 that encompass the epitope of Ab5 (e.g., the epitope as described in SEG ID
NO:114 and SEQ 1D NO:118), and the spacific sites of interaction.

CD45 includes a mucin-like domain, di-d4 fibronectin-like domain, and transmembrane

and phosphatase domains. Based on the present results, Abb appears fo interact with d3 and d4
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of the fibronectin-like domain of CD45. Residues 4057, 407K, 418Y, 425K, and 505R of the Ab3
epitope are conserved across human, cynomolgus, and rhesus CD45, consisient with the ability of
Abb (and clones derived from Abt) to bind to human, rhesus, and cynomaoigus CD45.

Example §. Cell Internalization of anti-CD48 antibody conjugate

For this study, an anti-CD45 antibody identified in Examples 1 and 2 {Ab5} was assessed
in an in vitro ifternalization assay in human bong marrow celis. AbS having a modified F¢ region
(02650 LALA H435A) was conjugated to an amaloxin {(amatoxin 1 {AM1}) to form an antibody
drug conjugate (Ab5-AM1). AM1, as used throughout unless otherwise speacified, is represented
by Formuia V1 describaed herein.

The anti-CD45 ADC was conjugated to a pHAD dye that is water soiubis, bright, photo-
sansitive, and pH-reactive. Upon internalization, conjugated antibody can move to the acidic
endosome/lysosome, where pHAb dye emits at 563 nM and can be detected by flow cytometry.
Using this method, internalization of Ab5-AM1 ADC was assessed in CD34+ human bone marrow
cells.

This assay was performed by incubating CD34+ human bone marrow cells on ice for two
hours with a saturating concentration of ADC for 0, 2, 24, 48, or 72 hours. The leveis of pHADL (as
measlred by gMFi} was assessed over time (Fig. 4; left panel). At the end of the time courss, a
fiuorophore-iabeled anti-igG molecule was used to assess bound surface higG1 by flow cytometry.
An Isotype igG conjugated to amatoxin 1 {Isotype-AM?1), which does not bind huran CD34+ cells,
was included as a non-internalizing conirol. As the Oh time point represents saturated binding of
Ch45, percent internalized ADC was calculated by comparing the geometric mean fluorescence
intensity (gMF1) of the bound suriace IgG al each time point fo the gMF! of the same ADC at 0
hours {Fig. 4; right panel).

As shown in Fig. 4, the level of detected pHAD in the celis increased over time (Fig. 4, left
panel}, which corresponded to an increase in the percentage of ADC internalization over time (Fig.
4, right panel}. The percent internalization of Ab5-AM1 was markedly higher compared to that of
the Isotype-AM1, indicating that AbB-AM1 was internalized by human CD34+ bone marrow cells,
while the isolype control was not internalized. These results indicate that Ab5-AM1 was

internalized by human CD34+ bone marrow cells.

Example 7. Analysis of anti-CD45 antibody conjugates using an in vitro cell line killing
assays

Antibody-drug conjugates (ADCs} of anti-CD48 antibodies identified in Examples 1 and 2
{Ab2-Ab7) were assessed for in vitro Killing of Jurkat (acute T cell leukemia cell ling, ATCC No.
TiB-152), SKNO-1 (acute myeloid leukemia cell ling JCRB1170}, and REH-1 (B cell non-Hodgkin's
iymphoma cell line, ATCC No. CRL-3004) celi lings, and a REH CD45 -/- knockout cell line. The
anti-CB45 antibodies, which had a modified Fc region (D265C LALA H435A or
D265C.LALA H435A-5G3249), were each conjugated to one of two amatoxins {amatoxin 1 {AM1)
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or amatoxin 2 (AM2}) or PBD (iesirine) to form an ADC. AMZ, as used throughout uniess otherwise
indicated, is represenied by Formula tH, wherein X is 8.

For in vitro Killing assays using cell lines, the cells wers grown according to ATCC
guidelines. More specifically, cells were cultured for seven days in the presence of CB45-ADC or
the Isotype control-ADC. Cell viability was then measured by a Celi-liter Glo assay that measures
adenosine iriphosphate (ATP) content correlating to live cells. Foliowing the cell line Killing assay,
the level of cytotoxicity was quantified and IC50s wers calculated using GraphPad Prism.

The resulis describad in Tables 4 and 5 and in Figs. 5A and 5B indicate that each of the
tasted anti CD45-ADCs were effective at killing CD45 expressing cell lines (s.g., Jurkat, REH-1, or
SKNO-1 cells) in vitro.

Tabie 4. In vitre Jurkat, REH, and SKNO-1 cell line kiliing assay - H050 valuss

ADC Jurkat REH SKNO-1 REH
{CD45+) CD45-/-
1IC50 IC50 50 IC50
AbS-AMT D265C.LALAH435A | 5.8E-10 4.3E-11 Q.10E-11 | N/A
Ab4-AM2 D265C.LALAHA35A | 3.80E-10 8.6E-11 2.378E- -
10

Tabie 5. In vitro REH cell iine killing assay - 1050 values

ADC REH I1C50 (M)
Abd-AMZ (D265C.LALA H4A35A) 6.6E-11
Ab4-AMT (D265C.LALA H435A) 2.8E10
Ab5-AM1 (D265C.LALA H4A35A) 43E11
AbB-AM1 (D265C.LALA H435A) 25E-10
Ab3-AMT {D265C.LALA H4A35A] 18E11
Ab7-AM1 (D265C.LALA H435A) 6.9E-11
Ab5-PBD (D265C.LALA HA35A-SG3249) 0aE-12

Example 8. Analysis of anti-CD45 antibody conjugates using in vitro PEMC and HSC killing
assays

Antibody-drug conjugates (ADCs) of anti-CD45 antibodies identifisd in Examples 1 and 2
{Ab2-Ab7} were assessed for Killing of primary human or cynomolgus peripheral blood
moenonuciear cells (PBMCs) or human hematopaoistic stem calls (HSCs) in vitro. The anti-CD45
antibodies, which had a modified Fc region {02650 LALA H435A or D265C.LALA H4A35A-
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S(G3248), were each conjugaied to one of two amatoxins (amatoxin 1 (AM1) or amatoxin 2 (AM2)},
or to PBD, o form the ADGCs in this study.
PBMCs are CD45 exprassing cells consisting of a haterogenecus call population of
iymphocytes (T cells, B cells, Natural Killer ceils} and monocytes. For in vitro killing assays using
5  call lines, the PBMCs were cultured in RPMI 1640 with 10% fetal bovine serum for seven days in
the presence of CD45-ADC or the lsotype control-ADC. Cell viability was then measured by Cell-
titer Glo assay. Following the PEMC killing assay, the level of cytotoxicity was guantified and IC50s
were calculated using GraphPad Prism.
The resulis describad in Fig. 8A and Tabis 6 indicate that each of the anti CD45-ADCs
10 were effective at killing human and cynomoigus PBMCs in vitro. Exemplary graphs depicting
human and cyno Killing for Ab5-AMT are shown in Fig. 6A and Table 7. Ab5-AM1 exhibited potent
killing of primary PBMCs with an ICse of 8.5 pM for human PBMCs and an 1Cse of 8.1 pm for cyno

PBMCs, indicating that human and cyno PBMCs were equally sensitive to Ab5-AM1.

15 Tabie 6. In vitro cell line killing assay - 1050 values

Abi-Derived ADCs Human PRMC IC50 (M)
Ab2-AMZ (D2650 LALA H435A)

5.5E-12
AR3-AMZ (D265C LALA H435A)

1.0E-09
Ab4-AMZ (D265C.LALA H43BA)

2.5E-11
Ab2-AM1 (D265C . LALA HA35A)

1.1E-11
Ab4-AM1 (D265C.LALA H435A)

2.6E-11
AbS-AM1 {D265C . LALA H435A)

2.5E-12
ADG-AM1 (D265C.LALA H435A)

3.0E-11
Ab3-AM1 (D265C . LALA H435A)

71E-12
AD7-AM1 {D265C.LALA H435A)

3.7E-12
ALS-PBD (D265C . LALA HA35A-8G3249) 1 3E-10

Table 7. In vilro human and cyno PBMC cell Killing assay with Ab5-AM1 ~ IC50 values

ADC CD34+CD9%0+ | Human Cyno
PBMCs PBMCs

IC50 IC5¢ IC50
Ab5-AM1 D2685C LALA H435A 4.9E-10 8.5E-12 9.1E-12
Isctype-AM1 D265C LALA H435A 1.08-07 1.08-07 1.0E-07

For in vifro killing assays using human HSCs, primary human CD34+ bone marrow celis
20  were cultured for 5 days with Ab2-AM2, Ab4-AM2, Ab5-AM1, or Isotype ADC. Live CD34+CD30+

HSC counts were determined by flow cytometry as a function of antibody conceniration. As shown
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in Fig. 6B, Abh-AM1 exhibited potent killing of human H3Cs with 0.49 nm {Cse. As shown in Fig.
6C, and sumimarized in Table 8, Ab2-AMZ2 and Ab4-AM2 also kilied H3Cs in vitro.

Tabie 8. In vitro HSC cell Killing assay - 050 values

ADC DAR | CD34 CDSO

{IC50 ph)
AbZ-AM2 D265C.LALA H435A 1.8 14
Abd-AM2 D265C.LALA H435A 1.6 g
isotype-AMZ D265C H435A 2

Example 9. Analysis of anti-CD435 ADC cell killing activity on stimulated dividing vs non-
stimulated non-dividing PBMCs in vitro

An antibody-drug conjugate (ADC) including an anti-CD45 antibody described in Example
1 (Ab2) was assessed for its ability to kill growth stimulated and non-stimulated primary human
peripheral blood mononuclear cells (PBMCs) in vitro. For this siudy, Ab2 having a modified Fc
region {D265C LALA H435A) was conjugated to amatoxin 2 (AM2)) to form Ab2-AM2.

Cryopreserved Human PBMCs were thawed and split info two. Half the cells were
stimuiated with CD3 CD28 Dyna beads at a celi to bead ratio of 2:1 and the other half of celis were
not stimulated. Both celis were plated into 384 weli plate at 5000 celis/well and treated with ADC
for four days, after which cell viability was measured by Cell Titer-Glo.

The results described in Fig. 7 indicate the anti CD45-ADC with an amatoxin 2 payload
was effective at killing both non-stimulated {non-dividing) and stimulated (dividing) CD45
exprassing human PBMCs in vifro. Table 8 below provides additional data quantifying the EC5{

vaiues obtained in this cel killing assay.

Tabie 9. in vitro HSC PBMC Killing assay (stimuiated vs non-stimulated} - IC50 values

ADC Unstimulated | Stimulated | Fold
PBMC- 1050 PBMC — difierence
IC50
Ab2-AM2 D265C LALA H435A 1.26E-11 2.66E-10 21

Example 10. Analysis of anti-CD45 ADC using in vilro primary monocyte-derived
macrophage assays

An antibody-drug conjugate (ADC) including an anti-CD45 antibody described in Example
1 {AbB) was assessed for in vifro Killing of primary monocyte-derived macrophages. For this study,
Ab6 having a modified Fc region {2650 LALA H435A) was conjugated to amatoxin 1 (AM1)) to
form AbG-AM1.

Human PBMCs were plated and differentiated using recombinant M-CSF for 7 days.
These celis were then lified, assessed for macrophage markers, and piated in a 384 flat bottom

166



10

15

20

25

30

35

40

WO 2021/087368 PCT/US2020/058373

plate at 5x10"3 cell/wsll for the cell killing assay. Celis were treated with a 10-point dilution of AbS-
AM1 for six days after which their viability was assessed using Celi Titer Glo.

As shown in Fig.8, human monocyte derived macrophages were sensitive to Killing by
AbS-AMT.

Example 11. Analysis of anti-CD45 antibody conjugates serum stability using an in vifro
cell killing assay

An antibody-drug conjugate (ADC) including an anti-CD45 antibody described in Examples
1 and 2 (Ab5) was assessed for its stability in serum. For this study, AbS was conjugatsad o
amatoxin 1 (AM1) to form the ADC.

The ADC was pre-incubated in human or cynomolgus serum at 37°C for 0 or 72 houwrs.
After incubating in serum, the ADC was titrated and added tc REH cells in growth culture medium.
The celis were incubated for 7 days and cell viability was assessed by Cell-Titer-Glo.

As shown in Fig. 9, Ab5-AM1 demonstrated similar killing after 72 hours incubation in
human or cynomolgus serum as compared to 0 hours indicating the ADC is stable in human and

cynomolgus serum.

Example 12. In vive hematopoietic stem cell (HSC) and immune cell depletion assay using
short half-life anti-CD45 ADCs in humanized NSG mice

Antibody-drug conjugates (ADCs) of select anti-CD45 antibodies identified in Examples 1
and 2 (Ab2, Ab3, AbB, and ALY} were assessed for in vive HSC and immune cell depletion in
humanized NSG mice (Jackson Laboratories). In this study, Ab2, Ab3, AbB, and Ab7 having
modifications in the Fc region (i.e., D265C LALA H435A amino acid substitutions) wers each
conjugated io one of two amatoxins (amatoxin 1 {AM1) or amaloxin 2 (AM2)) to form ADCs (Ab2-
AM2, Ab3-AM2, AbS-AM1, Ab7-AM1). The H435A amino acid substitution in the Fe region was
introduced to decrease the hali-life of sach antibody.

Abb-AMT and Ab7-AM1 were adminisiered as a single injection of 1 mg/kg, 3 mg/kg, or 6
mg/Kg to the humanized mouse model. Ab2-AM2 (DAR 1.8) and Ab3-AM2Z (DAR 2.0) were
adminisiered as a singie injection of 1 mg/kyg, 2 mg/kg, or 3 mg/kg o the humanized mouse model.
Bone marrow was collected on day 14 and the absolute number of CD34+ cells was determined by
flow cyiometry. Blood was aiso collected on day 7 and 14 and examined by flow cviometry.

The percentage of human CD3+ T-cells, CB19+ B-cells and CD33+ myeloid cells of
traated or control treated mice relative to baseling are shown in Fig. 10A. Humanized NSG mice
freated with Ab2-AM2Z and Ab3-AM2 showed significant depletion of human CD3+ T-celis, CD19+
B-cells, and CD33+ myeloid celis relative o bassline following a single administration of the
freaiment regimen (Fig. 10A). These resulis indicate that the Ab2-AM2 and Ab3-AM2 depleted
immune cells (myeloid, T cells, and B celis}.

in addition, as shown in Fig. 10B-10E, humanized NSG mice treated with a single injection
of 1 mg/kg, 3 mg/kg, or 6 mg/kg of ADCs Ab2-AMZ, Ab3-AM2, AbS-AM1, or Ab7-AM1 showed

significant depletion of target human CD45 celis, including human H3Cs, in the peripheral blood
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and bone marrow, 14 days following a single administration of the ADC when compared {o the
conirol.
These results indicate that the selected short hali-life anti-CD45 ADGs sfficiently deplete

target human cells in the periphary and bone marrow in a dose-dependent manner.

Example 13: Short hali-life anti-CD45-Amatoxin Antibody Drug Conjugates Effectively
Deplete Non-Human Primate HSC and Immune Cells in vivo

Antibody-drug conjugates (ADCs) of select anti-CD45 antibodias described in Examplas 1
and 2 (Ab4, AbB, and Ab7) were assessed for in vivo H3C and immune cell depistion in non-
human primaies (NHP). In this study, Ab4, Ab5, and Ab7 having madifications in the Fc region
{i.e., D265C LALA H435A aminc acid substitutions in the Fc region) were conjugated o amatoxin 1
{AM1) to form ADCs (Ab4-AM1, Ab5-AM1, Ab7-AM1). The modifications in the Fc region were
introduced to decrease the hali-life of each antibody.

NHP HSC and immune depletion were evaluated in male cynomolgus monkeys in single
ascending doses (3/group). HSC content in the bone marrow, and immune deplstion in the
peripheral biood and bone marrow was monitored by flow cytomeatry.

As shown in Fig. 11A, on-target, dose-dependent decreases (>80% depletion) in
lymphocytes were observed in the peripheral blood at 72 hours post-dosing anti-CD45 ADCs (Ab5-
AM1 and Ab7-AMT at 0.5 mg/kg or 2 mg/kg). Further, on-target, dose-dependent decreasss in
WBCs, HSCs, and lymphocytes were observed in the bone marrow at Day 7 post dosing with anti-
CD45 ADCs (Ab4-AM1 at 1 mg/kg and AbB-AM1 at 0.5 and 2 mg/kg; Fig. 118).

These resulis indicate that short hali-life anti-CD45 ADCs Ab4-AM1, AbB-AM1, and Ab7-

AM1 exhibited potent elimination of NHP HSCs and immune cells in vivo,

Example 14: Pharmacokinetics Analysis and serum stability of short half-life anti-CDA45
Antibody Drug Conjugates in NHP

The pharmacokinetics of antibody-drug conjugates (ADCs) inciuding an anti-CD45
antibody described in Example 1 (Ab4) was assessed in non-human primates. In this study, Ab4
having modifications in the Fec region (i.e., D265C LALA H435A amino acid substitutions in the Fe
region} was conjugated 1o one of two amatoxins (amatoxin 1 (AM1) or amatoxin 2 (AM2}) to form
ADCs (Ab4-AM1, Ab4-AMZ). The modifications to the Fg region were introduced to decrease the
hali-life of the antibody.

A commercially availabls ELISA kit was adapted to measure plasma drug concentration in
male cynomaoigus monkeys. Briefly, plales were coated with anti-human IgG capture antibody.
Samples and standards (ADCs} were diluted within the dynamic range of the assay in diluent and
incubated on the plaigs. After incubation, plates were incubated with anti-lgG-HRP (1o calculate
total antibody) or with anti-amatoxin-HRP (1o calculate ADC). Finally, the HRP subsirate TMB was
added followad by a stop solution. The intensity of the color was directly proportional to the amount

of bound IgG (o caiculate total antibody} or IgG/amatoxin (to calculate ADC).
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As shown in Fig. 12, the overlay of the anti-amatoxin detection-based PK with the anti-igG
detection-based PK indicaied the ADC was ssrum stable. The results of the pharmacokinstic
analysis are further summarized in Table 10. The anti-CD45 ADC was rapidly clsared with a half-
life of 3.2-7.4 h, indicating that the ADC had a short-half life in vivo.

Table 10. PK Summary

ADC Dose AUCInt/ Dose Cmax/ | Tmax | Half CL Vss

Dose iife
{mg/kg) {hrkgrug/mlimg) {kgrug/m {hr) {(hr} | {(mbl/hrkg) | (mi/kg)

L/mg)

Ab4- 1 138 14.7 0.083 | 740 7.35 81.8

A2

Abb- 1 96.6 16.5 0.083 | 3.21 10.4 54.3

Al

Exampie 15. Preparation of humanized anti-CD45 monocional antibodies

Human CD45 (specifically the exiraceliuiar region of human CD45 RO) was used o
immunize rais to obiain anti-human CD45 antibodies. Cell lines expressing human CD45R0O,
human full length CD45 (RABC), cyno RABC and mouse CD45 RABC were created, and binding
of 216 antibody clones to CD45 was assessed using flow cytometry.

Ociet Bio-Layer Interferometry (BLI) binding experiments were performed to identify cross-
reactive mAbs. Clones were selected based on the ability of the antibody io bind human CD45R0O
and CD45RABC as well as non-human primate (cynomolgus) CD45RABC. Thres clonss (parent
clone A, parent cicne B, and parent clong C) were identified as having good cross-reactivity 1o
human and non-human primate CD45 RABC. The sequences of Parent Clones A, B, and C ars
described in Internationa! Publication No. WO 2020/082654 Al (e.g., see SEQ ID NOs: 1-30 of
WO 2020/092654 A1), which is hereby incorporated by reference in its entirsty.

Humanization and affinity maturation was employed for each of the three selected cross-
reactive mAbs. 13 humanized clones from parent clone A, 11 humanized clones from parent clone
8, and 5 humanized clones from parent clone  were cobtained.

The humanized and affinity matured clones from parent ciones A, B, and C were also
tested for non-specific binding to a mixture of membrane and cytosolic proteins using a
polyspecificity reagent (PSR) binding assay, in which non-specific binding of biotinylated cell lysate
to sach antibody was assessed. The resulis are described in Fig. 13. As shown in Fig. 13,
humanized and affinity matured variants of parent clone A had low ievels non-specific binding (as
evident from the low PSR score). Humanized varianis of parent clones B and C generally had
higher levals of non-specific binding. However, following affinity maturation, variants wers seiected
that had markedly reduced levels of non-specific binding, comparable to the levels observed with
variants of clone A (Fig. 13}.

The humanized and affinity matured clones were subsequently expressed as IgG1

antibodies and tested for binding and activity against human CB45 ceils. The degree of
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monovalent binding of AbA, AbB, and AbC to human CD45 RABC, cynomelgus {cyno) CD45
RABC and Rhesus CD45RABC was evaluated by BLI, and binding to human and cynomolgus
PBMCs was confirmed by flow cytometry.

From this screening process, 3 humanized IgG1 antibodies were selected based on
desired characteristics including cross-reactivity with human and cynomolgus CDP45 and low non-
specific binding. These antibodies include AbA (humanized and affinity matured variant of parent
clone A), AbB (affinity matured variant of parent clone B}, and AbC (affinity matured variant of
parent clone C}. The amino acid sequences of the variable regions and CDR regions of the heavy

and light chains of the 3 selected antibodies are provided in Table 27.

Example 16. In vitro binding analysis of anti-CD45 antibodies

The humanized and affinity matured anti-CD45 antibodies described in Exampie 15 (AbA,
AbB, and AbC) were studied to determine their binding characteristics with respect to human CD45
and their ability to cross react with cynomeoigus {cyno) CD45. To assess the humanized clones for
the degree of monovalent binding to human CD45 RABC and cynomoigus CD45 RABC, each of
AbA, AbB, and AbC, and the respective parent clones A, B, and © was evaiuated by OCTET
Biolayer Interferometry {BLI).

Briefly, antibody binding studies were performed at 25°C in 1x PBS supplemented with
0.1% wiv bovine serum albumin with a PALL FORTEBRIO OCTET REDS6 using biolayer
interferometry (BLI}. Each purified antibody was immobilized onto anti-human Fc biosensors
(AHQ; PALL FORTEBIO 18-5001) and incubated with 100 nM of purified human or 300 nM of
cynomolgus CD45 ectodomain.

The apparent monovalent affinity (Ko), apparent association rate (Kon), and apparent
dissociation rate (Kois or Korr) were determined by local full fitting with a 1:1 binding model as
calculated by FORTEBIO data analysis software version 10. Kb, Kown, and Kois for each antibody to
purifisd human or cynomolgus CD45 ectodomain are shown in Table 11. As described in Table
11, binding affinities of humanized clones AbA and AbB were similar o that of the respective
parent clones A and B, while humanized clone AbC showed greater than 4-fold improved affinity
over the parent clone C. Each of the selecied humanized antibodies AbA, AbB, and AbC was able
o cross react with human and cynomolgus CD45. In addition, humanized and affinity matured
antibody AbB had a significantly improved polyspecific binding score (Fig. 13}, indicating that AbB

had significantly lower binding to non-specific antigen relative to parent clone B.

TABLE 11. Kb, Kon, and Knis of the indicated IgG to human or cynomoigus CD45 ectodomain

Antibody Human CD45 Cyno CD45

KD W) Kon{1/Ms} | Kpis{t/s) | KD (M) | Kon(1/Ms} | Kns(i/s)
Parentclone A | 2.85E-09 | 5.19E+04 | 1.48E- 2.41E- 1.12E+04 | 2.70E-04
04 08
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AbA 3.60E-09 | 5.03E+04 | 1.81E- 3.41E- 9.44E+03 | 3.22E-04
G4 08

Parentclone B | 5.12E-09 | 4.13E+04 | 2.12E- 2.75E- 1.34E+04 | 3.67E-04
04 08

AbB 5.46E-09 | 4.38E+04 | 2.39E- 5.15E- 8.16E+03 | 4.20E-04
04 08

Parent clone 1.20E-08 | 3.31E+04 | 3.97E- 1.08E- 9.80E+03 | 1.06E-03

G 04 07

AbC 2.93E-09 | 5.08E+04 | 1.49E- 2.53E- 1.11E+04 | 2.82E-04
04 08

Example 17, in vitro PBMC cell binding activity of anti-CD45 antibodies

The humanized and affinity matured anti-CD45 antibodies describad in Example 15 (AbA,
AbB, AbC) were assessed for binding to CD45-expressing celis. To this end, primary human or
cynomolgus (cyno) peripheral blood mononuclear cells (PBMCs) in cell culiure media were
incubated with titrated doses of the anti-CD45 antibodies overnight at 37°C. Briefly, four
concentration points of the ani-CD45 antibodiss were used, with highest concentration of 6.25 nM
that was titrated 4-fold down to establish a log phase dose response curve. Bound anti-CD45
antibody was detected with fluorascently labeled AF488 anti-human IgG secondary antibody using
flow cytometry. 1C50s were determined by fitting the data using GRAPHPAD PRISM. An Isotype
IgG was used as a control.

Using the above method, PBMC binding activity of humanized clones AbA, AbB, and AbC
was determined. The results are described in Fig. 14 and Table 12. As described in Fig. 14,
compared to the isotype control, humanized ciones AbA, AbB, and AbC showed strong binding to
both human PBMCs and cyno PBMCs. Also, as described in Fig. 14 and Table 12, AbA, AbB, and
AbC bound CB45 at low nM ECse across each cell type, thus demonstrating cross-reactive binding
to human and cynomoigus CD45 on live cells. However, an overall higher binding signal was

observed in human over cyno PBMUCs.

TABLE 12. Binding of humanized ciones to human or cynomoigus PBMC

Antibody Cyno Human Fold Cyno vs
clione EC50 (nM) ECS0 (nhh) Human

AbA 1.25 0.58 2.2

AbB 112 0.67 1.7

AbC 0.88 0.51 1.7

Next, using the above method, binding of the humanized clones AbA, AbB, and AbC to

human and cyno PBMCs was compared o that of the respective parentai clones A, B, and C. As
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shown in Table 13, binding of humanized clones AbA and AbB io human and cyno PBMCs was

similar to that of the respective pareni clones A and B, while humanized clone AbC showed

improvement in binding over the parent clone C.

TABLE 13. Binding of humanized ciones and parent chimera to human or eynomolgus PBMC

Antibody Human Cyno Foid Cyno
EC50 (nh) EC50 (ni) /s Human

Parent clone A (.63 1.82 3.1

AbA 0.78 1.37 1.8

Parentclone B (.85 1.52 1.8

AbB 0.76 1.42 1.9

Parent cione 0.98 1.98 20

AbC 0.64 1.34 2.1

isotype n/a n/a

Nexi, using the above method, PBMUC binding activity of Fc variants of the humanized
clones AbA (i.e., AbA_D265C_LALA_H435A), AbB (i.e., AbB_D265C_LALA_H43BA), and AbC
{i.e., AbC_D265C_LALA_H435A) was determined. These antibodies contain the Fc substilutions
D265C, L234A/23BA ("LALA™), and H43BA. The results are shown in Table 14. Compared fo the
isotype control, Fo variants of the humanized clones showed strong binding to human PBMCs and

cyno PBMCs. Alsg, as shown in Table 14, Fe variants of the humanized clones bound CD45 at

low nM ECse across each cell type, thus demonstrating cross-reactive binding to human and

cynomolgus CD45 on live cells. Howeaver, an overall higher binding signal was observed in human
over cyno PBMCs. Thus, the resulis described in Table 14 indicate that D265C, L234A/L235A
{LALA)}, and H435A modifications do not affect PBMC binding of the humanized clones.

TABLE 14. Binding of Fc variants of humanized clones to human or cynomolgus PBMC

Cyno Human Cyno/Human
Antibody EC50 (ni) EC50 (k) Ratio
AbA_D265C_LALA _H435A 3.4 2.3 1.49
AbB_D265C _LALA _H435A 2.8 2.2 1.36
AbC_D265C LALA_H435A 2.3 22 1.49

Exampie 18. Epliope mapping of AbA

The epitope bound by AbA was mapped using crosslinking mass spectrometry. Cross-

linking experiments allow direct analysis of non-covalent intgraction by High-Mass MALDI mass
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spectromeiry. By mixing a protein sample containing non-covalent interactions with a specially
developed cross-linking mixture (Bich et al., Anal Cherm 82:172-178 (2010)}, it is possibie 1o
specifically detect non-covalent complex with high-sensitivity, as described in Example 5, above.

in order to determine the epitope of AbA with high resolution, a protein complex was
incubated with deuteraied cross-linkers and subjected to multi-enzymatic cleavage. The protein
complex was an AbA variant antibody (having the same epitope as AbA) bound to human CD45.
After enrichment of the cross-linked peptides, the samples were analyzed by high resolution mass
spectromelry (nLC-LTQ-Orbitrap MS) and the data gensrated were analyzed using XQUEST and
STAVROX software.

After Trypsin, Chymotrypsin, ASP-N, Elastase and Thermolysin proteolysis of the proiein
complex CD45/AbA with deuterated d0d1 2, the nL.C-orbitrap MS/MS analysis indicated that the
AbA epitope includes residues in the peptide RNGPHERYHLEVEAGNT (SEQ 1D NO:118) and, in
particular, interacts with amino acids on human CD45 corresponding to 486R, 493Y, and 502T of
SEQ D NO:113 (fragment of CD45 isoform corresponding to NP_{(02829.3). Thase results are
illustrated in Fig. 15. Fig. 15 describes the amino acid fragment containing the epitope of AbA, in
particular, region RNGPHERYHLEVEAGNT (SEQ 1D NO:118).

Basad on the present results, AbA interacts with the fibronectin d4 domain of CD45 which
is conserved amongst alternatively spliced CB45 isoforms {2.g. RO, RA, RB, RC, RABC, etc.).
Residues 493Y and 5027 of the AbA epitope are conserved acress human, cynomolgus, and

rhesus CD45, consistent with the cross-species reactivity of AbA.

Exampie 19. Internalization of AbA Fo variant (AbA_D265C_LALA H4354) ADC

An Fe variant of AbA ("AbA_D265C_LALA_H435A" was conjugated to an amatoxin (AM1)
o form an antibody drug conjugate (ADC) ("AbA_D265C_LALA_H435A-AM17}). The internalizing
capacity of AbA_D265C_LALA_H435A-AM1 was assessed in an in vifro antibody internalization
assay.

For this assay, the anti-CD45 ADC was conjugated to a pHAb dye. Upon internalization,
the conjugaisd antibody/ADC moves to the acidic endosome/iysosome, whers the pHAb dye can
be detecied by flow cytometry in the PE channel, as described above. Using this method,
internalization of the AbA_D265C_LALA_H435A amatoxin ADC was assessed in vifro using
human CD34+ bone marrow cells.

CD34+ human bone marrow cells were incubatad on ice for two hours with a saturating
concentration of the ADC for 0, 2, 24, 48, or 72 hours. The level of pHAD {as measured by gMF1)
was assessed over time. At the end of the time course, a fluorophore-labeled anti-lgG molecule
was used t0 assess bound surface human IgG1 (higG1) by flow cytometry. An Isotype igG
conjugated o amaloxin 1 {sotype-AM1}, which does not bind human CB34+ celis, was included as
a non-internalizing control. As the 0h time point rapresents saiuraied binding of CD45, percent
internalized ADC was calculated by comparing the geometric mean fluorescence intensity (ghMFi}
of the bound surface igG at each time point to the gMFI of the same ADC at 0 hours. The results

are described in Fig. 16.
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As shown in Fig. 16, the level of detecied pHAD in the cells increased over time (Fig. 16,
teft panel}, which corresponded to an increase in the percentage of ADC internalization over fime
{Fig. 18, right panel). The percent internalization of AbA_D265C_LALA_H435A-AM1 ADC was
markedly higher compared to that of the Isolype-AM1, indicating that AbA_D265C_LALA_HA435A-
AM1 was internalizad by human CD34+ bone marrow cells, while the isotype control was not

internalized.

Exampie 20. Analysis of CD45 ADCs using in vitro cell line killing assays

Fc variants of AbA (e.g., AbA_D265C_LALA _H435A, AbA_D265C_LALA IHH, and
AbA_5238C_LALA_IHH) were conjugated to pyrrolobenzodiazepine (PBD) or 1o one of two
amatoxins, i.e., amatoxin 1 (AM1) or amatoxin 2 (AM2) to form ths following ADCs:
AbA_D265C_LALA_IHH-PBD, AbA_S238C_LALA IHH-PBD, AbA_D265C LALA H435A-AMT, or
AbA_D265C_LALA _H435A-AMZ2. The following exampie describes in vitro cell killing assays o
tast the ability of these ADCs to kil CD45-positive cancer cel lines, such as SKNG-1 {acute
myeloid leukemia cell line JCRB1170), Jurkat (acute T cell leukemia cell line, ATCC No. TiB-152},
and REH-1 (B cell non-Hodgkin's lymphoma cell line, ATCC No. CRL-3004) in vitro.

For the in vitro killing assays using SKNO-1, Jurkat, and REH-1 cell lines, the cells were
grown according to ATOC guidelines. More spacifically, cells were cultured (in RPMI-1840 (1X)
medium supplemsanied with 10% FBS and 1% Pen-Strep} for seven days in the presance of CD45
ADC (e.g., AbA_D265C_LALA_IHH-PBD, AbA_S239C_LALA_IHH-PBD,
AbA_D265C_LALA_HA35A-AMT, or AbA_D265C_LALA_H4B5A-AM2) or the Isotype control-ADC,
i.e., lgG1 isotype conjugated to amatoxin ("Isotype-AM”) or IgG1 isotype conjugated to PBD
{"Isotype-PBD"). Cell viability was then measured by CELL-TITER GLO assay that measures
adenosine triphosphate (ATP) content correiating to live cells. The percentage of live cells (y-axis)
was measured by CELL-TITER GLO (CTG) as a function of antibody concentration (x-axis).
Following the cell line killing assay, the level of cylotoxicity was guantified and 1C50s were
caiculated using GRAPHPAD PRISM. The resulis ars described in Table 15.

As described in Table 15, each of the various anti CD45 ADCs tesied was effective at
killing CD45 expressing cell lines (i.e., SKNOG-1, Jurkat, and REH-1 cell lines) in vitro.

TABLE 5. /n vitro cell line killing assays

SKNO-1 REH
{Passage 8.1) Jurkat {Passage 6.1)
% o %
Efficia Efficie Efficie
ADCs 1050 ncy IC5¢ ney 1050 ney

AbA_D265C_LALA_HH-PBD 8.185E-10 | 99.0 | 3.60E-10 | 99.8 | 4.20E-11 | 100.0

AbA_5239C_LALA_IHH-PBD 7442E10 | 992 | 3.70E10 | 996 4.0E-11 99.9

isotype-PBD 9.624E-09 | 995 | 1.20E-08 | 989 | 3.80E-08 | 998
AbA_D265C_LALA_H435A-
AM2Z 6.071E-10 | 98.8 4.2E-10 99.5 | 1.20E-10 | 9938
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SKNO-1 REH
{Passage 8.1} Jurkat {Passage 6.1}
% % %
Efficie Efficie Efficie
ADCs ICSG ney 1050 noy G50 ney
AbA_D265C _LALA_HA35A-
A 1.365E-08 | 75.0 | 1.10E-08 | 98.0 | 3.60E-10 | 986
isotype-AM -17.0 -1.7
Blank -15.3 -5.1

Example 21. Analysis of CD45 ADCs using in vitro PBMC killing assays

Antibody-drug conjugates (ADCs) of the humanized anti-CD45 antibodies described in

Example 15 were assessed for the ability to kill primary peripheral blood mononuclear cells

{PBMCs} in vitro.

An Fc variant of AbA, AbA_D265C_LALA_H435A, was conjugated to amatoxing AMT or
AMZ2 fo form ADCs AbA_D265C_LALA_H435A-AM1 and AbA_D265C_LALA_H435A-AM2Z. The
ability of these ADCs to kill primary human or cynomolgus PBMCs was assessed by in vifro PBMC

killing assays. PBMCs are CD45 exprassing ceils consisting of a heterogeneous celi population of

iymphocytes (T celis, B celis, Natural Killer cells) and monocytes. For in vifro killing assays using

human or cynomoigus PBMCs, the PBMUCs were cultured in RPMI-1640 medium with 10% fetal

bovine serum for seven days in the presence of the CD45 ADCs, or an Isolype control-ABRC, e,

an antibody of IgG1 isotype conjugated to AM1 (“Isotype-AM1") or IgG1 isotype conjugated to AM2

{("Isotype-AM27). Cell viability was then measured by CELL-TITER GLO {CTG) assay. Foliowing

the PBMC Killing assay, the level of cytotoxicity was quantified and 1C50s were calculated using
GRAPHPAD PRISM. The resuits are described in Figs. 17A-178, Tabie 16 and Table 17.
As described in Figs. 17A-17B, Table 16 and Table 17, each of the AM1-conjugaied or

AMZ-conjugated anti CD45 ADCs were sffective at killing human and cynomoigus PBMCs in vitro.

Tables 16 and 17 below provide additional data relating to quantification of the cell killing assay.

As evident from Figs. 17A-178, Table 16 and Table 17, human and cyno PBMCs were equally
sensifive to AM1-conjugated CD45 ADGCs and AM2-cnjugated CD45 ADCs.

TABLE 16. /n vitro PBMC killing assays: ADCs conjugated to AM1

ADC Human PBMCs Cyno PBMCs

IC56 coEtficiency | IC50 %Eticiency
AbA_D265C LALA H435A-AMT 1.26- | 99.0 2.3k- 97.4

i1 11
isotype-AM1 33.8 29.8

TABLE 17. In vitro PBMC Killing assays: ADCs conjugated o AM2
ADC Cyno PBMC Human PBMC
IC50 (M) G50 (M)

AbA D265C LALA HA35A-AM2 8.0E-13 5.0E-13
isotype-AM2 1.0E-7 1.0E-7
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in addition, an Fc variant of AbA was conjugated to PBD {AbA_D265C LALA 1HH-PBD),
and an Fg¢ variant of AbC was conjugated to AM1 (AbC_D265C_LALA_ H435A-AM1). The ability
of thesa ADCs, along with the ADCs described in the preceding paragraphs
{AbA_D265C_LALA_H435A-AM1 and AbA_D265C_LALA_H435A-AM2) to kill primary human
PBMCs and a REH cell line was assassed. The resulis arg provided in Table 18 balow.

As described in Table 18, PBD-conjugated ADCs showed highsar potency against REH
calls, while AM1-conjugated or AM2-conjugated ADCs showed highsr potency against PBMCs.

TABLE 18. /n vitro cell killing assays: ADCs conjugated to AM1, AM2, or PBD

REH Human PBMC
Humanized ADCs Payicad IC50 (M) IC50 (M)
AM2
AbA_D265C_LALA_H435A-AM2 1.6E-10 3.3E-11
AM1
AbA_D265C_LALA H435A-AM1 71E-10 1.2E-11
AT
AbC_D265C_LALA H435A-AM1 42E-10 6.5E-11
AbA D265C LALA IHH-PBD PED 4.2E-11 53E-08

Next, antibody-drug conjugates (ADCs} of the humanized anti-CD45 antibodies described
in Example 15 were tested for the ability to kili growth stimulated and unstimulated primary human
PBMCs in vifro. Cryopreserved human PBMCs were thawed and split into two. Half of the cells
were stimulated with CD3 CD28 DYNA BEADS at a cell to bead ratio of 2:1 and the other half of
ceils were ieft unstimulated. Both stimuiated and unstimulated celis were plated into 384 well plate
at a concentration of 5000 cells/well and treated with CD45 ADC (AbA_D265C_LALA_H435A-
AMZ) or Isotype control ADC {(isolype-AM2) at varying concentrations for 4 days, after which cell
viability was measured by CELL TITER-GLO (CTC) assay. Following the cell Killing assay, the
level of cytotoxicity was quantified and 1C50s were calculated using GRAPHPAD PRISM.
Reprasentative resulls are described in Table 19.

As described in Table 19, AbA_D265C_LALA_H435A-AM2 was effective at killing both

unsiimulated (non-dividing) and stimulated (dividing) CD45 expressing human PBMCs in vitro.

TABLE 18. in vitro PBMC killing assays: ADCs conjugated to AM1, PBD, or IGN

Ch45 ADC iC50
Unstimulated | Stimulated Fold ditference
AbA D265C LALA H4A35A- 1.73E-11 5.38E-10 31
AM2

Example 22. Analysis of CD45 ADCs using in vitro HSC killing assays
Next, antibody-drug conjugates (ADCs} of select anti-CD45 human igG antibodies
described in Example 15 were tested for the abiiity to kill human hematopoietic stem cells (HSCs)

in vitro.
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Fo variants of AbA were conjugated o AM1, AM2, or PBD to form ADCs
AbA_D265C_LALA_H435A-AM1, AbA_D265C_LALA_ H435A-AMZ, and AbA_D265C_LALA_IHH-
PBD, respectively. The ability of these ADGCs {o kill human bone marrow (BM) H3Cs was
assessed. CD34+ human BM cells were cultured in SFEM media with SCF, IL-6, FLT3, and TPC
for 8 days in presence of the one of the foregoing ADCs, or in the presence of an isotype control-
ADC containing an isotype control antibody coupled to AM1 (isotype-AM1), AM2 (Mlsotypse-AM27),
or PBD ("isotype-PBD”). Viability of CD34+CD80+ human BM HSCs was measured by 7-AAD.
Following the cell killing assay, the leval of cytoloxicily was guantified and IC50 values were
calculatad using GRAPHPAD PRISM. The results are described in Fig. 18, which provides
representative resuits showing killing of human CD34+CD80+ BM HSCs by AbA ADCs conjugated
to AM1, AM2 or PBD. IC50 values are provided in Table 20 and Table 21.

These results confirm that AbA ADCs effectively kill human bone marrow HSCs.

TABLE 20. /n vitro BM HSC Killing assay: ADCs conjugated to AM1 or PBD

ADC CD34+CDY0+

IC50 Y%Eficiency
AbA_D265C LALA IHH-PBD 2.94E-11 98.5
isotype-PBD 1.69E-09 99.7
AbA D265C LALA _H435A-AM1 3.72E-10 86.5
isotype-AM1 N/A 252

TABLE 21. In vitro BM HSC killing assay: ADCs conjugated to AM2

ADC DAR CD34CDB0 (1050 ph)
AbA_D265C LALA H435A-AMZ2 2.2 280
isotype-AMZ 2

Example 23. Analysis of CD45 ADCs using in vitro primary monocyte-derived macrophage
{(MDRE) assays

Nexi, an antibody-drug conjugate (ADC) containing an Fc variant of AbA conjugatad to
AM1 (AbA_D265C_LALA_H43BA-AM1) was tested for the ability to kill human monocyte derivaed
macrophages (MDMs) in vitro. Briefly, human PBMCs were plated and differentiated using
recombinant M-CSF for 7 days. These cells were then lifted, assessed for macrophage markers,
and plated in a 384-well flat bottom plate at a concentration of 5x10° cell/well for G100 Killing
assay. The celis were then treated with 10-point dilutions of the CD45 ADC (i.e.,
AbA_D265C LALA_H4A35A-AMT1) or Isotype control-ADC, 1.8, IgG1 isotype conjugated to
amatoxin 1 (“lsotype-AM1”) for 7 days, after which thair viability was assessed using CELL TITER
GLO (CTG) assay. The results are describad in Fig. 19,

As described in Fig. 19, human MDMs were sensitive to kiilling by
AbA_D265C_LALA_H435A-AM1.
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Example 24. In vivo efficacy of an anti-CD45-PBD ABC in a2 humanized NSG mouse model

An anti-CD45 antibody drug conjugate (ADC) comprising an antibody capable of
specifically binding human CD45 (AbA) conjugated to a PBD cytotoxin (tesiring) was assessad in
this Example ("CD45-PBD"). The anti-CD45 antibody of the ADC included the amino acid
substitutions L234A L235A D265C and H435A in the Fe region.

CD45-PBD was assessed for its ability to deplste peripheral blood lymphocytas, bong
marrow (BM) HSCs, or mature single posilive (5P} thymocytaes in humanized NSG mice (Fig. 20).
hNSG mice were administered the indicated single doses of either vehicle (PBS), an isotype
conirol antibody conjugated to PBD {"lso-PBD”), or CD45-PBD. CD45-PBD was administered to
mice al a single dose of 0.3 mg/kg, 1 mg/kg, 3 mgkyg, or 6 mgkg ADC. 1so-PBD was administered
to mice at a single dose of 1 mg/ky, 3 mg/kg, or 6 mag/kg ADC.

Peripheral blood was coliscted at Day 0, Day 7, and Day 14 and evaluated for total human
hematopoietic celi content (hB2M+), myeloid cell content (CD33+), B celi content (CD18+), and T cell
content (CD3+). The results from the peripheral bicod studies are presented in Fig. 20. These
results indicate that dose-dependent depletion of human cells was achieved in peripheral bicod at
tolerated doses of CD45-PBD. CD45-PBD doses greater than or equal to 3 mg/kg were not
tolerated.

To assess bone marrow depletion, bone marrow samples were collected from mice at Day
14 post-treatment and evaluated for human progenitor cell/H3C content. The results from the
bone marrow studies are described in Fig. 21, and are presentad as the percentage of human cells
{"Percentage”) or absolute number of cells per femur ("Count”). These resuits indicated that CD45-
PBD mediated targeted, dose-dependent and dsep deplstion of human progenitor celis and HSCs
in the bone marrow after CD45-PRD treatment. isotype-PBD had significani platform toxicity in
bone marrow at elevaled dosss of 3 mg/kg and 6 mg/kg.

Nexti, deplstion of double positive (DP) thymocytes and mature single positive (SP)
thymocytes by CD45-PBD was assessed. hNSG mice were randomized and treated with
increasing doses of isotype-FPBD, CD45-PBD, or vehicle (PBS). The resulls of the thymocyte
depletion study are shown in Fig. 22. A dose-dependent depletion of human CD45+ cells and
human double positive (DP) thymocyles was observed in animals freaied with CD45-PBD.
Incomplste targeted depletion of mature CD4 and CD8 SP thymocytes was observed at ioleraied
doses of CD45-PBD. Depletion of doubls positive (DP) thymocytes observad at elgvatad doses of

isotype-PBD is consistent with the known platform toxicity of PBD.

Example 25: In vivo efficacy of an anti-CD45-IGN ADC in a humanized NSG mouse model

An anti-CD45 antibody drug conjugate (ADC) comprising an antibody capable of
specifically binding human CD45 (AbA) conjugated to an IGN cytoloxin (DGNB4G) was assessed in
this Example (“CD45-IGN”). The anti-CD45 antibody of the ADC included the amino acid
substitutions L234A L235A D265C and H435A in the Fc region.

hNSG mice werg administered single doses of either vghicle (PBS), an isotype control
antibody conjugated o IGN (“1so-IGN"), or CD45-1GN. CD45-1GN was administered to mice at a
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single dose of 0.3 mg/kyg, 1 mag/kg, 3 mg/kg, or 6 mg/kg ADC. Iso-IGN was administered to mice at
a single dose of 1 mg/kg, 3 mg/kg, or 6 mg/kg ADC.

Peripheral blood was colisetad at Day 0, Day 7, and Day 14 and evaluated for iotal human
hematopeietic cell content (h2M+), myeloid cell contant (CD33+), B cell content (CD18+), and T call
conignt (CD3+). The results from the peripheral blood studies are presented in Fig. 23. These
rgsults indicate that dosae-dependent depletion of human cells was achieved in peripheral bico

following administration of a single dose of CD45-IGN. CD45-1GN was well-tolerated at all testad

Bone marrow depletion was assessed by collection of bone marrow samples from mice at
Day 14 post-treaiment. Samplas were evaluated for human progsnitor cel/HSC contant. The
rasults from the bone marrow studies are described in Fig. 24, and are presented as the
percentage of human cells ("Percentage”} or absolute number of cells per femur ("Count”). These
results indicated that CD45-IGN mediated targeted, dose-dependent and deep depletion of human
progenitor celis and H3Cs in the bone marrow after CD45-IGN treatment. Isotype-IGN had no
significant effect at any tested dose.

Depletion of double positive (DP) thymocytes and mature singie positive {8P) thymocytes
by CD45-1GN was also assassad. hNSG mice were randomized and treated with increasing doses
of isotype-iGN, CD45-IGN, or vehicle control (PBS). The results of the thymocyte depletion study
are shown in Fig. 25. A dose-dependent depletion of huran CD45+ cells and human double
positive (DP) thymocytes was observed in animals treated with CD45-IGN. In addition, targeting
via CD45-1GN resulted in deeper depletion of CD4 and CD8 SP thymoocytes as compared with
Isotype-IGN at matched doses, demonstraiing that CD45-IGN ADCs achisve robust and targeled

depletion of human thymocyles.

Example 26. CD45 ADCs deplete non-human primate (NHP) H8Cs and immune celis in vivo

An anti-CD45 antibody drug conjugate (ADC) comprising an antibody capable of
specifically binding human CD45 (AbA) was tested for the ability to depiete hematopoietic siem
cells (HSCs) and immune cells from non-human primates (NHP) in vivo. An Fo variant of AbA
containing a H435A modification in the Fe region o decrease haif-lifs (AbA_D285C_LALA_H435A)
was conjugaied to amatoxin AM1 or amatoxin AM2 {o form CD45 ADCs
AbA_D265C_LALA_H435A-AMT (“CD45 ADC-AM1T™) and AbA_D265C_LALA_H435A-AM2 (“CD45
ADC-AMZ"), respectively. HSC and immune cell depletion efficacy of these CD45 ADCs was
tesied in NHP in vivo.

Male cynomolgus monkeys were administered a single injection of 1 mg/kg of CD45 ADC-
AM1, CD45 ADC-AM2, or vehicle controf (PBS). HSC content in the bone marrow, and immune
cell depletion in peripheral blood were monitored by flow cytomeiry at the indicated times.
Hemaiology and clinical chemistries were evaluated throughout the study. The results are
described in Fig. 26.

As dascribed in Fig. 26, on-target depletion of WBCs, HSCs, and lymphocytes was
observed in BM of NHPs following treatment with the CD45 ADCs. In conclusion, ADCs CD45
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ADC-AMT and CD45 ADC-AM2, containing AbA having modifications in the Fo region to decrsase
the antibody half-lifg, exhibited potent slimination of NHP HSCs and immune cells in vivo.

Example 27. Pharmacokinetics Analysis and serum stability of CD458 ADC in NHP

ADCs containing anti-CD45 antibody AbA were tested to assess serum stability and
pharmacokinstics in non-human primates. A commercially available ELISA kit was adapied to
measure plasma drug conceniration of CD45 ADC-AMT and CD45 ADC-AM2 (described in
Example 26) in male cynomolgus monkeys.

Briefly, ELISA platas were coated with anti-human IgG capture antibody. Plasma samples
and standards (CD45 ADCs) were diluted within the dynamic range of the assay in diluent and
incubated on the plates. Alter incubation, platas were incubated with anti-igG-HRP (o calculate
total antibody} or with anti-amatoxin-HRP (to calculate CD45 ADCs). Finally, the HRP substraie
TMB was added followed by a stop solution. The intensity of the color was directly proportional to
the amount of bound IgG {fo calculate iotal antibedy) or igG/amatoxin (to calculate AM1- or AM2-
conjugated CD45 ADC). The results are described in Fig. 27 and Table 22.

The overlay of the anti-amatoxin detection-based PK with the anti-igG detection-based PK
indicates that the ADCs were serum stable in vivo in NHPs. The CD45 ADCs were rapidly clearad

with a half-life of 3.78-14.4 h, indicating that the CD45 ADCs had a short-haif life in vivo.

TABLE 22. Mean CD45 ADC PK

ADC Dose AUCInt/ Cmax/ | Tmax | Hali- | CL Yss
Dose Dose iife
{mg/kg) | (hkg'ug/ml | (kg'ug/ | (hr) {hr} {mi/hrk | (ml/kg
/mg) mb/mg) ) }
CD45 1 143 22.9 0.083 | 144 |8.20 76.8
ADC-AM2
D45 1 122 8.7 0.083 | 3.79 | 846 442
ADC-AM1

Example 28. A Single Dose of AbA-AM is Cyloreductive on Patient-Derived Tumors and
Extends Survival Beyond Standards of Care in Multipls Pre-Clinical Modesls of Hematologic
Malignancy

The targeted antibody drug conjugaie (ADC) approach described in this example is
designed fo improve the safely of current conditioning profocols by specifically depleting CD45+
cells. An anti-human CD45-targeted short half-life ADC comprising AbA conjugated to an
amatoxin {ADA-AM1} was used in this study. CD45 may be targeted for allo-HSCT conditioning
because it is expressed on all hematopoietic cells {(except erythrocytes, plasma cells and platelets),
and most hemaiologic malignanciss. Given their targeted specificity, anti-CD45-AM can provide
dual benefit to leukemia patients by combining effective conditioning for HSCT with depletion of
target-bearing tumor calls.

To damonsirate that AbA-AM has anti-leukemic activity, the ADC was tested in human
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leukemic xenograft murine models. A panel of models were evaluaied fo mimic untreated and
refraciory disease: AML patient derived xenograft (PDX) models {from treatment naive and
relapsed post allogeneic HCT patients; all FLT-3+NPM1+}, ALL celis from an immortalized cell ling
{REH-Luc), and T-ALL patieni-derived xenograft (PDX) mode! (from a patient progressing post
DHAP chemaotherapy).

AML #1 was derived from a treatment naive patient (J000106134) and AML #2 was
derived from a heavily pre-treated relapsed refectory patient post allogenic HSCT (JOOG106132),
The T-ALL was derived from a patient progressing post DHAP chemotherapy. The cell line-derived
ALL was transduced to express firefly luciferase. Cells of each tumor type were systemically
incculated into immune deficient mice (NSG-SGM3, or NSG).

Treatment began when peripheral tumor burden of PDX (n=3-5/group), and CDX mice
reached 2-16% blast in the peripheral blood or day 5 post implant for the REH-luc model
{n=10/group). Single doses of the anti-CD45-ADC (1, 3, 8, or 10 mg/kg} were compared o vehicle
{PBS3) or isotype-AM1 (8, or 10 mg/kg}, and comparable to clinically validated standard of care
regiments of Ara-c {30 mg/kg QDx35, IV), dexamethasone (5 mg/kg Q3Dx9, 1P}, or doxorubicin (3
mg/kg QWx3, IV). Tumor burden over the course of the study is shown in Fig. 28.

in the REH-Luciferase model call line derived (CDX) model of human ALL, single doses of
AbA-AM1 were well iolerated, and cytoreductive resulting in delayed tumor growth and extended
median survival by at least double (2.2-2.8x) compared to vehicle (PBS), isotype-AM1, or standard
of care (SoC) doxorubicin (Fig. 28; bottom left panel and Fig. 29B). As shown in Fig. 29A and
Tabie 23, a singie injection of AbA-AM1 {1, 3, or 10 mg/kg) on day 5 after ALL inoculation resuited
in longer survival by a median of 55-66 days compared o PES, or Isotype-ADC treated controls,
and similar to doxorubicin, which is used clinical as a standard of care trealment for ALL (n=10
mice/group). Bioluminescence signal was measured using the IVIS imaging sysiem (PerkinElmer).
Radiance (mean + SEM) was captured over a time course of the study. Repressniative
bioluminescence signal pseudo colored images were captured on day 22-23 post-implantation for

all treatment groups, as shown in Fig. 29C.

Table 23. Median Survival in REH-Luciferase ALL Xenograft Model

Treatment Groups Median Survival
{Bays Post implant)

PBS 23

3 ma/kg QWx3 Doxorubicin 50t

1 mgkg 49t

3 mg/kg i , 52t

CD45-ADC (AbA-AM) -
10 mg/kg 6ot
10 mg/kg isotype-ADC 24%

log-rank test tp £ 0.001 compared to PBS or isotype-ADC; Tp < 0.05 compared to doxorubicin

in the T-ALL patient-derived xenograft (PDX) model, a single injection of short half-life
CD45-ADC (AbA-AMT at 3, or 6 mg/kg) on day 5 after T-ALL inoculation resulied in longer survival
by a median of 66-67 days comparad to PBS (28 days), or Isotype-ADC (28 days) ireated conirols,
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or dexamethasone {47 days, n=5 mice/group; Fig. 30A and Table 24). Further, as shown in Fig.
308, AbA-AM treatment significantly decreased peripheral tumor burden resulting in delayed tumor
growth compared {o vehicle, isotype-ADC, and comparable to two clinically validated standards of
care {Ara-C, and dexamsthasone respectively) in the T-ALL PDX model. Thase results indicate
that treatment with a single dose of a short hali-life CD45-ADC decreases paripheral leukemia cells

resulting in tumor growth delay and results in a doubling of the median survival.

Table 24. Median Survival in T-ALL PDX Modea!

Treatment Groups

Median Survival
{Days Post Implant)

g RES
PBS o8

30 mg/kg QDx5 AraC I

77"
5 mg/kg O3Dx9 Dexamsthasone 47}
3 mg/kg 56*t
- { - y
& makg CD45-ADC (ADA-AM} pon
6 mg/kg Isotype-ADC 28*ﬁ

log-rank test p < 0.009 compared o *PBS, or Isolype ADC; tDexamethasone; § compared to Ara-
C

in the AML patient derived xenograft (PDX) models from treaiment naive and relapsed
post allogensic HCT patients, treatment began when 2-16% blasts were detected in the periphary
{n=3-5 mice/group/AML PDX model). Mice were treated with a single infravenous dose of anti-
human CD45-ADC (AbA-AM}, isotype-ADC, or vehicie (PBS). Ara-c was administered
intravenously once daily for five consecutive days. As shown in Figs. 31A and 318 (and Tables 25
and 26), PDX AML mice treated with a single intravenous dose of ADC, (anti-CD45-ADC (AbA-
AM), Isotype-ADC), vehicle (PBS) resulted in ionger survival in recipients of anti-CD45-ADC as
compared to PBS controls. Further, as shown in Figs. 31C and 31D, a single dose of a short hali-
life CD45-ADC effectively decreases tumor burden of human acute myeloid leukemic cells across
the two patlient derived xenograft models compared to vehicle (PBS) or isotype-ADC, and was

comparable to a clinically validated standard of care regiment (Ara-c).

Table 25. Median Survival of PDX Mode! (AML #1)

Treatment Groups Median Survival
(Days Post Implant)
PRS et
i3]

30 mokg ODxE Ara-C 97‘F
: 7 T+
3 mg'kg CD4s-ADC 150

f T
10 mg/kg 151
10 mg/ky Isotype-ADC 8 A

Log-rank test Tp< 0.02 compared to PBS or Isotyps-ADC; # p< 0.005 compared fo Ara-C
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Table 26. Median Survival of PDX Model (AML #2)

Treatmeant Groups Median Survival
{Days Post Implant)
PRS s
a3
30 mg/kg QDx5 Ara-C SOT
3 mg/kyg CD45-ADC 55f
/ 3
10 mg/kyg a3
10 mg/kg Isotype-ADC Aq*’

Log-rank iest T pg 0.008 compared t¢ PBS; ¥ p< 0.008 compared 1o isotype ADC; *p< 0.012
compared to Ara-C.

These results demonstrated that a single dose administration of short haif-life CD45-ADC

{AbA-AM) is well iolerated and capable of reducing tumor burden by potently targeting leukemia

cells in multiple xgnograft modsis (ALL, T-All, AML) and significantly prolonging the median

survival of established leukemia xenograft models {cell line and patient derived) compared o

conirols and clinical validated standards of care.

ABbA-AM treatment in the PDX AML, and T-ALL significantly decreased peripheral tumor

burden resulting in delayed tumor growth compared to vehicle, isotype-AM, and comparable o two

clinically validated standards of care (Ara-C, and dexamethasone respectively; Fig. 28). As

designed for the transplant indication, the ADC had a reduced half-life compared to wild type

antibody controls (16 vs 78h).

These data in humanized murine xenograft models demonstrate that the short half-life

AbA-AM ADC is a potent targsted anti-leukemia agent. These non-genctoxic ADCs may be useful

in reducing disease burden and inducing durable remissions in patients after transplant particularly

those whe receive reduced intensity conditioning that are at high risk of relapse.

Sequences referenced throughout this disclosure are provided in Table 27.

Table 27. SEQUENCE TABLE

SEGID NO | Description Sequence
i Ab1 Heavy Chain QVOLVESGGGLVKPGGSLRLSCAASGFTFSSYSMNW
Variable Hegion VROQAPGKGLEWVSYISSSSETIYYADSVKGRFTISRD
{CDRs bolded) NAKNSLYLOMNSLRAEDTAVYYCARGGQYYYDSSRY
GEVAFDIWGQGTMVTVSS
2 Ab1-HC CDR1 FTFSSYSMN
3 Ab1-HC CDR2 YISSSSSTIYYADSVKG
4 Ab1-HC CDR3 ARGGQYYYDSSRYGEVAFDI
5 Ab1 Light Chain Variable | DIVMTQSPLELPVTPGEPASISCRESSGSLLHSNGYNYL
Region DWYLOKPGQSPOLLIYLGSNRASGVPDRFEGSGSCT
{CDRs bolded) DFTLKISRVEAEDVGVYYCMQRRRETRRFTFGGGTKVE
K
6 Ab1-L.C CDRA1 RSSQSLLHSNGYNYLD
7 Ab1-LC CDR2 LGSNRAS
8 Ab1-LC CDR3 MQRRRTPPFET
g Ab1 Heavy Chain QVOLVESGGGLYVKPGGSLRLSCAASGFTFSSYSMNW

183




WO 2021/087368 PCT/US2020/058373
{CDRs in bold; Constant | VRQAPGKGLEWVSYISSSSSTIYYARBVKGRFTISRD
region underiined; NAKNSLYLOQMNSLRAEDTAVYYCARGGQYYYDSSRY
D265C.LALA H435A) GEVAFDIWCGQGTMVTVSSASTKGPSVERPLAPSSKSTS

GGTAALGCLVKDYFPEPVTVSWNSCALTSGVHTEPA
VEQSSGLYSLSSVYVIVPSSSLGTQTYICNVNHKPENTK
VRKKVEPKSCDKTHICPPCPAPEAAGGPSVFLFPPKE
KRTLMISBTPEVICVYVYYCVYSHEDRPEVKENWYVYDGVEY
HNAKTKPREEQYNSTYRVVSVLIVEHOQDWLNGKEYK
CKVSNKALPARIEKTISKAKGQPREPQVYTLPPSRDEL
TKNQVSLTOLVKGFYPSDIAVEWESNGQPENNYKTIPR
PVYLDSDGSEFLYSKLTVRKSRWQQGNYESCSYMHEA
LHNAYTOKSLSLSPGK
10 Ab1 Light Chain DIVMTQSPLSLPVTPGEPASISCRSSGSLLHSNGYNYL
(CDRs in bold; Constant | DWYLOKPGQSPQLLIYLGSNRASGVPDRFSGSGEGT
region underiinad) DFTLKISRVEAEDVGVYYYCMGRRRTPPFTFGGGTKVE
IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPRE
AKVOWKVDNALQSGNSQESYTEQDRSKDSTYSLSSTL
TLSKADYEKHKVYACEVTHOOLSSPYTKSENRGEC
11 Ab2 Heavy Chain EVQLVESGGGLVQPGGSLRLSCAASGFTFEAYSMNW
Variable Region VRCAPGKGLEWVSYISLSGATIHYADSVKGRFTISRD
(CDRBs bolded) NAKNSLYLOMNSLRAEDTAVYYCARGGQYYYDSSDY
GEVAFDIWGQGTMVTVSS
12 Ab2-HC CDR1 FTFEAYSMN
13 Ab2-HC CDR2 YISLSGATIHYADSVKG
14 Ab2-HC CDR3 ARGCGQYYYDSSDYGEVAFDI
15 Ab2 Light Chain Variable | DIVMTQSPLSLPVTPGEPASISCRSSOSLYSNGYNYL
Region DWYLOKPGQSPOLLIYFGSSRASGVPDRFSGSGSGT
(CDRs bolded) DFTLKISRVEAEDVGVYYCMQRRRTPWSFGGOTKVE]
K
16 Ab2-LC CDR1 RSSQSLVSNGYNYLD
17 Ab2-LC CDR2 FGSSRAS
18 Ab2-LC CDR3 MQRRRTPWS
19 Ab2 Heavy Chain EVOLVESGGGLYOPGGSLRLSCAASGFTFEAYSMNW
(CDRs in bold; Constant | VRQAPGKGLEWVSYISLSGATIHYADSVKGRFTISRD
region underiined; NAKNSLYLOMNSLRAEDTAVYYCARGGQYYYDSSDY
D265C.LALA H435A) GEVAFDIWGQGTMVTVSSASTKGPSVFPLAPSSKSTS
GGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEPA
VIQESGLYSLSSYVTVRSSSLGTOTYICNYNHKPENTK
VDEKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVICVVVCVYSHEDPEVKFNWYVDGVEY
HNAKTKPREEQYNSTYRVVSVLTVEHQDWLNGKEYK
CKVYSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL
TRNQVYSLTCLVKGFYPSDIAVEWESNGQOPENNYKTTP
PYLDSDGSFFLYSKLTVBKSRWQQGNYFSCSYMHEA
LHNAYTOKSLSLSPGK
20 Ab2 Light Chain DIVMTQSPLSLPVTPGEPASISCHRSSGSLVSNGYNYL
(CDRs in bold; Constant | BDWYLOKPGQOSPOLLIYFGSSRASGVPDRESGSGSGT
region underlined) DFTLKISRVEAEDVGVYYCMQRRRTPWSFGGOTKVE]
KRIVAAPSVEIFPPSDEQLKSCTASVVCLINNEYPRBEA
KVQWRVDNALQSGNSQESVTEQDSKDSTYSLESTLT
LSKADYEKHKVYACEVTHOQGLSSPVTKSENRCGEC
21 Ab3 Heavy Chain QVQLVESGGGLVKPGGSLRLSCAASGFTFGGYSMN
Variable Region WVROAPGKGLEWVSYISISGATITYADSYKGRFTISRD
{CDRs boldaed) NAKNSLYLOMNSLRAEDTAVYYCARGGQYYYDSSDY
GEVAFDIWGOGTMVTVSS
22 Ab3-HC CDR1 FTFGGYSMN
23 AB3-HC CDR2 YISISCGATITYADSVKG
24 ALS-HC CDR3 ARGGQYYYDSSDYGEVAFDI
25 Ab3 Light Chain Variable | DIVMTOSPLSLPVTPGEPASISCRESOSLVSNGYNYL
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Region DWYLQKPGQSPQLLIYFGSSRASGYPDRFSGSGSGT
{CDRs bolded} DFTLKISRVEAEDVGVYYCMORRRTPPFTFGGGTKVE
K
26 Ab3-LC CDRA1 RSSQSLYSNGYNYLD
27 ALS-LL.C CDR2 FGSSRAS
28 Ab3-LC CDRS MORRRTPPFT
29 Ab3 Heavy Chain QVOLVESGGGLVKPGGSLRLSCAASGFTFGGYSMN
{CDHRs in bold; Constant | WVRQAPGKGLEWVSYISISGATITYADSVKGRFTISRD
region underiined; NAKNSLYLOQMNSLRAEDTAVYYCARGGQYYYDSSDY
D265C.LALA H435A) GEVAFDIWCGQOTMVTVSSASTKGPSVEFLAPSSKSTS
GGTAALGCLVKDYFPEPVTVSWNSCALTSGVHTEPA
VLQSSGLYSLSSYVIVPSSSLEGTQTYICNYNHKPSNTK
VRKKVEPKSCDKTHICPPCPAPEAAGGPSVFLFPPKE
KRTLMISBTPEVICVYVYYCVYSHEDRPEVKENWYVYDGVEY
HNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK
CKVSNKALPARIEKTISKAKGQPREPQVYTLPPSRDEL
TKNQVSLTOLVKGFYPSDIAVEWESNGQPENNYKTIPR
PVYLDSDGSEFLYSKLTVRKSBWQQGNYESCSYMHEA
LHNAYTOKSLSLSPGK
30 ABb3 Light Chain DIVMTQSPLSLPVTPGEPASISCRSSQSLYSNGYNYL
{CDRs in boid; Constant | DWYLOKPGQSPQOLLIYFGSSRASGVPDRIFSGSGSGT
region underiinad) DFTLKISRVEAEDVGVYYCMGRRRTPPFTFGGGTKVE
KR IVAAPSVEIFPPSDEQLKSGTASVYYCLLNNEYPRE
AKVOWKVDNALQSGNSQESYTEQDRSKDSTYSLSSTL
TLSKADYEKHKVYACEVTHOOL SSPYTKSFNRGEC
31 Abd Heavy Chain EVOLVESGGGLYOPGGSLRLSCAASGFTFEAY SMNW
Variable Region VROAPGKGLEWVSYISLSGATIHYADSVKGRFTISRD
{CDRs bolded) NAKNSLYLOMNSLRAEDTAVYYCARGGQYYYTSSDY
GEVAFDIWGQGTMVTVYSS
32 Abd4-HC CDR1 FTFEAYSMN
33 Ab4-HC CDR2 YISLSGATIHYADSVKG
34 Ab4-HC CDR3 ARGCQYYYTSSDYGEVAFDI
35 Ab4 Light Chain Variable | DIVMTQSPLELPVTPGEPASISCRSSQSLYSNGYNYL
Region DWYLOKPGQSPOLLIYFGSSRASGVYPDRFSGSGSGT
{CDRs bolded}) DFTLKISRVEAEDVGVYYCMQRRRTPWSFGGOTKVE]
K
36 Ab4-L.C CDR1 RSSQSLYSNGYNYLD
37 Ab4-LC CDR2 FGSSRAS
38 Ab4-LC CDR3 MQRRRTPWS
39 Ab4 Heavy Chain EVOLVESGGGLYOPGGESLRLSCAASGFTFEAYSMNW
{CDRs in bold; Constant | VRQAPGKGLEWVSYISLSGATIHY ADSYKGRFTISRHD
region underlined; NAKNSLYLOMNSLRAEDTAVYYCARGGQYYYTSSDY
D265C.LALA H435A) GEVAFDIWGQGTMVTVSSASTKEPSVEPLAPSSKSTS
GGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEPA
VIQSSGLYSLESYVTVRSSSLGTOTYICNVYNHKPENTK
VOKKVEPKSCDKTHTCPPCPAPEAAGGRPSVYEFLFPPKE
KBTLMISRTPEVICVYVYCVYSHEDPEVRKENWYYDGVEY
HNAKTKPREEQYNSTYRVVSVLTVLHOQDWINGKEYK
CKVYSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL
TRNQVYSLTCLVKGFYPSDIAVEWESNGQOPENNYKTTIP
PYLDSDGSEFLYSKLTVBKSRWQQGNYFSCSYMHEA
LHNAYTOKSLSLSPGK
40 Ab4 Light Chain DIVMTQSPLSLPVTPGEPASISCRSSOSLYSNGYNYL
(CDRs in bold; Constant | DWYLQKPGQEPQLLIYFGSSRASGVPDRFSGEGSGT
region underlined) DFTLKISRVEAEDVGVYYCMORRRTPWSFGGOTKVE]
KRIVAAPSVEIFPPSDEQLKSCTASVVCLINNEYPREA
KVQWHRVDNALQSGNSQESVTEQDSKDSTYSLESTLT
LSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC
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41 AbS Heavy Chain EVOLVESGGGLVOPGGSLRLISCAASGFTFEAYSMNW
Variable Region VRQAPCGKGLEWVSYISLSGATIHY ARSYKGRFTISRD
{CDRs bolded}) NAKNSLYLQMNSLRAEDTAVYYCARGGQYYYTSSDY
GEVAFDIWCGQGTMYTVSS
42 Ab5-HC CDR{ FTFEAYSMN
43 AbS-HC CDR2 YISLSCGATIHYADSVKG
44 Ab5-HC CDR3 ARGGQYYYTSSDYGEVAFDI
45 AbS5 Light Chain Variable | DIVMTQSPLSLPVTPGEPASISCRSSQSLYSSGYNYLD
Region WYLQKPGQSPQLLIYFGSSRASGVPDRF3GSGEGTD
{CDHRs bolded) FTLKISRVEAEDVGVYYCMQRRRTPWSFGGGTKVEIK
46 Ab5-LC CDR1 RSSQSLVSSCYNYLD
47 AbS-L.C CDR2 FGSSRAS
48 Ab5-LC CDR3 MORRRTPWS
48 AbS5 Heavy Chain EVOLVESGGGLVGPGGSLRLSCAASGFTFEAY SMNW
{CDHs in bold; Constant | VRQAPGKGLEWVSYISLSGATIHY ARSYKGRFTISRD
region undertined; NAKNSLYLQMNSLRAEDTAVYYCARGGQYYYTSSDY
D265C.LALA HA35BA) GEVAFDIWCQGTMVTVSSASTKGPSVEPLAPSSKSTS
GOTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFRA
VLQSSGLYSLSSVYTVPSSSLGTOTYICNYNHKPENTK
VDKKVEPKSCRDKTHICPPCPAPEAAGGPSVELEPPKE
KRDTLMISRTPEVICVYVYCVSHEDPEVKENWYVDGVEY
HNAKTKPREEQYNSTYRVVEVLTVLHQDWINGKEYK
CKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL
TKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSKLTVDKSRWQQGNVESCSYMHEA
LHNAYTORSLSESPGK
50 Ab5 Light Chain DIVMTQSPLSLPVTPGEPASISCRSSQSLYSSGYNYLD
{CDRs in bold; Constant | WYLQKPGQSPQLLIYFGSSRASGVPDRFEGSGSCTD
region underiined) FTLKISRVEAEDVGVYYCMQRRRTPWSFGGGTKVEIK
RIVAAPSVEIFPPSDEQLKSGTASYYCLLNNFYPREAK
VOWKVDNALQSGNSQESYTEQDRSKDSTYSLSSTLTL
SKADYEKHKYYACEVTHQGL SSPVTKSFNRGEC
51 AbS Heavy Chain EVOLVESGGGLYQPCGGSLRLSCAASGFTFEAYSMNW
Variable Region VROAPGKGLEWVSYISLSGATIHYADSVKGRFTISRD
(CDRs bolded) NAKNSLYLQMNSLRAEDTAVYYCARGGQYYYTSSDY
GEVAFDIWGQGTLVTVSS
52 Ab8-HC CDR1 FTFEAYSMN
53 Abg-HC CDR2 YISLSGATIHYADSVKG
54 AbG-HC CDR3 ARGGQYYYTSSDYGEVAFDI
55 Ab8 Light Chain Variable | DIVLTQSPLSLPVTPGEPASISCRSSQSLYSSGYNYLD
Region WYLQKPGQSPQLLIYFGSSRASGVPDRFEGSGSGTD
{CDREs bolded}) FTLKISRVEAEDVCGVYYCMGRRRTPWSFGGGTKVEIK
56 Abs-L.C CDR1 RESQSLYSSGYNYLD
57 Abg-LC CDR2 FGSSRAS
58 AbG-LC CDR3 MQRRRETPWS
59 AbB Heavy Chain EVOLVESGGGLYOPGGSLRLSCAASGFTFEAYSMNW
{CDRs in bold; Constant | VRQAPGKGLEWVSYISLSGATIHYADSVKGRFTISRD
region underiined; NAKNSLYLOQMNSLRAEDTAVYYCARGGQYYYTSSDY
D265C.LALA H435A) GEVAFDIWCGQGTLVTVSSASTKGPSVEPLAPSSKSTS
GETAALGCLYKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLETOTYICNYNHKPSNTK
VDRKKVEPKSCDKTHTOPPOPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVICVYVVCVSHEDPEVKIFNWYVDGVEY
HNAKTHPREEQYNSTYRVVSYLTVEHQDWLNGKEYK
CKVSNKALPAPRIEKTISKAKGQPREPQVYTLPPSRDEL
TKNOQVSLTOLVKGFYPSDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLY SKLTVBKSRWQQGNYEFSCSVMHEA
LHNAYTOKSL SLSPGK
60 AbS Light Chain DIVLTOSPLSLPVTPGEPASISCRSSGSLVSSGYNYLD
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(CDRs in bold; Constant | WYLQKPGQSPQLLIYFGSSRASCGVPDRFSGSGSGTD
region underiined) FTLKISRVEAEDVGVYYCMQRRBRTPWSFGGGTKVEIK

RIVAAPSVYFIFPPSDEQLKSGTASYVCLLNNFYPREAK
VOWRKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTKSENRGEC
61 Ab7 Heavy Chain OVQLVESGGGLVKPGGSLRLSCAASGFTFGGYSMN
Variable Region WVYROAPGKGLEWVSYISISGATITYADSVKGRFTISRD
{CDRs bolded} NAKNSLYLOMNSLRAEDTAVYYCARGGQRYYYDSSDY
GEVAFDIWGQGTMVTVSS
62 Ab7-HC CDR1 FTFGGYSMN
83 Ab7-HC CDR2 YISISGATITYADSVKG
64 Ab7-HC CDR3 ARGCQYYYDSSDYGEVAFDI
65 Ab7 Light Chain Variable | DIVMTQSPLSLPVTPGEPASISCRSSQSLYSSGYNYLD
Region WYLOKPGQSPQLLIYFGSSRASGYPDRFSGSGSGTD
{CDRs bolded}) FTLKISRVEAEDVGVYYCMQRRRTPPFTFGGGTKVE!
K
66 Ab7-L.C CDRA1 RESQSLVSSGYNYLD
87 Ab7-LC CDR2 FGSSRAS
68 Ab7-L.C CDR3 MQRRRTPPFT
69 Ab7 Heavy Chain OVOQLVESGGGLVKPGGSLRLSCAASGFTFGGYSMN
{CDRs in bold; Constant | WVRQAPGKGLEWVSYISISGATITYADSVKGRFTISRD
region underiined; NAKNSLYLOMNSLRAEDTAVYYCARGGQYYYDSSDY
D265C.LALA H435A) GEVAFDIWGQGTMVTVSSASTKGPSVEPLAPSSKSTS
GGTAALGCLVKDYFPEPVIVSWNSGCALTSGVHTERPA
VLQSSOLYSLSSYVIVRSSSLEGTOTYICNYNHKPSNTK
VDRKKVEPKSCDKTHTCPPCPAPEAAGGPSVELFPPKE
KDTLMISRTPEVICVVYVCVSHEDPEVKFNWYYDGVEY
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
CKVSNKALPAPIEKTISKAKGQPREPQVYTLPRSRDEL
TENOQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTR
PVLDSDGSFRLYSKLTVDKSRWQQGNVESCSVMHEA
LHNAYTOKSLSLSPGK
70 Ab7 Light Chain DIVMTQSPLSLPVTPGEPASISCRSSQSLYSSGYNYLD
{CDRs in bold; Constant | WYLQKPGQSPQLLIYFGSSRASGYPDRFSGSGSGTD
region underiinad) FTLKISRVEAEDVGVYYCMGRRRTPPFTFGGGTKVE!
KRTIVAAPSVFIFPPSDEQLKSGTASVVCLENNFYPREA
KVOWKYDNALOSGNSQESVTEQDSKDSTYSLSSTLYT
L SKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC
71 AbA Heavy Chain EVQLLESGGGLVQPGGSLRLSCAASGFTFNNYWMT
Variable Region WVROAPGKGLEWVSSISSSGGSIYYPDRVKGRFTISR
(CDRs bolded) DNSKNTLYLOMNSLBAEDTAVYYCARDERWAG AMD
AWGCQGTTVIVSS
72 ADA-HC CDR1 FTFNNYWMT
73 AbA-HC CDR2 SISSSCGSIYYPDRVKG
74 AbA-HC CDR3 ARDERWAGAMDA
75 AbA Light Chain DIOMTQSPSSLSASVGDRVTITCKASGNINKNLDWYQ
Variable Region OKPGKAPKLLIYETNNLOTGVPSRFSGSGSGTDFTLT
{CDRs bolded) SSLOPEDFATYYCYQHNSRFTFGOGTKLEIK
76 AbA-LC CDR1 KASGNINKNLD
77 AbA-LC CDRZ ETNNLQT
78 AbA-LC CDR3 YQHNSRFT
7 AbA Heavy Chain EVQLLESGGGLVOPGGSLRLSCAASGFTENNYWRMT
{CDRs in bold; Constant | WVRQAPGKCLEWVSSISSSGGSIYYPDRVKGRFTISR
region underiined, DNSKNTLYLOMNSLRAEDTAVYYCARDERWAGAMD
D265C LALA H435A) AWGQGTTVTVESASTKGPSVFPLAPSSKSTSGGTAA
LGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSG
LYSLESVVTVPSSSLGTQTYIONYNHKPSNTKYDKKVE
PKECDKTHTCPPCPAPEAAGGPSVELFPPKPKDTLMI
SRIPEVICVVVCVSHEDPEVKFNWYVDGVEVHNAKT
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KPREEQYNSTYRVVYSVETVEHODWENGKEYKCKVYEN
KALPARIEKTISKAKGQAQPREPQVYTLPPSRDELTKNQY
SLTCLVKGFYPSDIAVEWESNGQOPENNYKTTPPVLDS
DGSEFLYSKLTVDKSRWQQGNVESCSVMHEALHNAY
TQKSLSLSPGK

80 AbA Light Chain DIGMTOSPSSLSASVGDRVTITCKASGNINKNLDWYQ
{CDRs in bold; Constant | QKPGKAPKLLIYETNNLOTGYPSRFSGSGSGTDFTLTI
region underlined) SSLOPEDFATYYCYQHNSRFTFGQGTKLEIKRTVAAP

SVFIFPPSDEQLKSGTASVYVOEENNFYPREAKVQWKY
DNALOSGNSQESVTEQDSKDSTYSLSSTLTESKADYE
KHKVYACEVTHOGLSSPYTKSFNRGEC

81 AbB Heavy Chain EVQLVESGGGLYQPGGSLRLSCAASGFTFTNFWMA
Variable Region WIRQAPGKCLEWVASISSSGGSIYYPDSVKDRFTISR
{CDRs bolded) DNSKNTLYLOMNSLBAEDTAVYYCVYKFHHYSGGGDA

WGEOGTLVTVSS

82 AbB-HC CDR1 FTFTNFWMA

83 AbB-HC CDR2 SISSSGGESIYYPDSVKD

84 ALB-HC CDR3 VKFHHYSGGGDA

85 AbB Light Chain DIGMTQSPSSLSASVEDRVTITCKASONINKYLDWYQ
Variable Region ORPGKAPKLLIHYTNNLHTGIPSRFSGSGSGTDYTLT
{CDBs bolded) SSLQPEDFATYYCLGHSSRWTFGGGTKVEIK

86 AbB-LC CDR1 KASONINKYLD

87 AbB-LC CDR2 YTNNLHT

88 AbB-LC CDR3 LOHSSRWT

89 AbB Heavy Chain EVQLVESGGGLYQPGGSLRLSCAASGFTFTNRFWMA
(CDRs in bold; Constant | WIRGAPGKGLEWVASISSSGGSIYYPDSVKDRFTISRE
region underlined; DNSKNTLYLOMNSLBAEDTAVYYCVKFHRYSGGGDA
D265C LALAH435A) WGEQGTLVTVSSASTKGPSVEPLAPSSKETSGGTAAL

GCLVKDYFPEPVTVSWNSGALTSGYHTFPAVLASSGL
YSLESVVTIVPSSSLGTQTYIONYNHKPENTKVDKKVE
PKECDKTHTCPRPCPARPEAAGGPSVFLFPPKPKDTLMI
SRTPEVICVVVCVSHEDPEVKFNWYVBGVEVHNAKT
KPREEQYNSTYRVVSVLTVEHODWIE NGKEYKCKVYSN
KALPAPIEKTISKAKGQOPREPQVYYTLPPSRDELTKNQY
SLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWOQGNYFSCOVMHEAL HNAY
TAKSESLSPGK

90 ABB Light Chain DIGMTQSEPSSLSASVEDRVTITCKASONINKYLDWYQ
{CDRs in bold; Constant | OKPGKAPKLLIHYTNNLHTGIPSRFSGSGSGTDYTLTI
region underlined} SSLQPEDFATYYCLGHSSRWTFGGGTKVEIKRTVAAP

SVEIFPPSDEQLKSGTASVVCLINNFYPREAKVOWKY
DNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVIKSENRGEC

g1 AbC Heavy Chain EVQLVESGGGLYQPGGSLRLSCAASGFTFNNYWMT
Variable Region WVROAPGKGLEWVSSISSSGESIYYPRSVKDRFTISR
{CDRs bolded) DNAKNSLYLOMNSLRAEDMAVYYCARLYYYDGGGD

AWGQGTLYTVSES

22 AbC-HC CDR1 FTENNYWMT

33 ABC-HC CDR2 SISSSGESIYYPDSVKD

94 ALC-HC CDR3 ARLYYYDGGGDA

85 AbC Light Chain CIGMTOSPSSLSASVGDRVTITCKASGDINKYLDWYQ
Variable Region QKPGKAPKLLIYNTNNLHTGIPSRFSGSGSGTDYTLTY
{CDRs boided) SSLOPEDFATYYCLOHISRWTFGGGTKVEIK

26 AbC-LC CDR1 KASQDINKYLD

g7 AbC-LC CDR2 NTNNLHT

93 AbC-LC CDR3 LOQHISRWT

49 AbC Heavy Chain EVQLVESGGGLVQPGGBLRLSCAASGFTFNNYWMT
{CDRs in bold; Constant | WYROAPGKGLEWVSSISSSGGSIYYPDSVKDRFTISR
region underlined; DNAKNSLYLOMNSLRAEDMAVYYCARLYYYDGGGD
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D265C.LALA H435A)

AWGOGTLVTVSSASTKGPSVFPLAPSSKBTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTIVPSSSLGTOTYIONVNHKPSNTKVDKKVE
PRSCRDKIHICPPCPAPEAAGGRSVELEPPKPKDTLMI
SRIPEVICVVVOVSHEDPEVKENWYVDGVEVHNAKT
KPREEQYNSTYRVVSVETVLHGDWENGKEYKCKYSN
KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQY
SLTICLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDKSRWQQGNVESCSYMHEALHNAY
TQKSLSLSPGK
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ABbC Light Chain
{CDRs in bold; Constant
region underlined)

GIOMTQSPSSLSASVGDRVTITCKASQBINKYLDWYQ
CKPGKAPKLLIYNTRNLHTGIPSRFSGSGSGTDYTLT
SSLOPEDFATYYCLQGHISRWTFGGGTKVEIKRTVAAP
SVFIFPPSDEGLKSGTASYVCLENNFYPREAKVQWKY
DNALOSGNSQESVTECODSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTKSFNRGEC

101

ig(3 Light Chain
Constant Region

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP
REAKVQWKVDNALQSGNSQESYTEQDSKDSTY
SLESTLTLSKADYEKHKVYACEVTHOGLSSEPVTK
SFNRGEC

igG Heavy chain
constant region of WT

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLS
SVYVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE
PKSCRKTHTCPPCPAPELLGGPSVFLFPPKPKD
TLMISRTPEVTCVVVRVSHEDPEVKFNWYVDGY
EVHNAKTKPREEQYNSTYRVVSVLTVLHGODWLN
CKEYKCOKVSNKALPAPIEKTISKAKGOPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSYMHEALHNHYTQKSLSLSPGK
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igG Heavy chain
constant region
{D265CY”

ASTKGPSVFPLAPSSKSTSGGTAALCGCLVYKDYF
PEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLS
SYVTVPSSSLGTAQTYICNVNHKPSNTKVDKKVE
PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKD
TLMISRTPEVTCVVVOVSHEDPEVKFNWYVYDGY
EVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGOPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGOSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
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IgG Heavy chain
constant region {(L234A
/1L235A 7 D2e5CY

ASTKGPSVFPLAPSSKETSGCTAALGCLVYKDYF
PEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLS
SVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVE
PKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVCVSHEDPEVKFNWYVDGY
EVHNAKTKPREEQYNSTYRVYSVLTVLHQDWLN
GREYKCKVENKALPAPIEKTISKAKGQPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWES
NCQPENNYKTTPPVLDSDCGSFFLYSKLTVDKSR
WOQGNYFSCSVMHEALHNHYTQKSLSLSPGK
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igG Heavy chain
constant region
{HA35A / D265C)"

ASTKGPSVFPLAPSSKETSGGTAALGCOLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLS
SVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVE
PKSCDKTHTCPPCOPAPELLGGPSVFLFPPKPKD
TLMISRTPEVTCVVVOVSHEDPEVRKENWYVDGY
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWES
NGOPENNYKTTPPYLDSDGSFFLYSKLTVDKSR
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WOQQGNVFESCSVMHEALHNAYTOKSLSLSPGK

106

igG Heavy chain
consiant region (L234A
/ L23BA/ H435A/
D265C)y”

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYF
PEPVTVSEWNSGALTSGVHTFPAVLQSSGLYSLS
SVVTVPSSSLGTQTYICNVNHKPSNTKYDKKVE
PKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVCVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY
TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQOCGNVFSCSVMHEALHNAYTOKSLSLSPGK
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Human CD45RA Isoform
{Uniprot Accassion No:
P08575-8)

MTMYLWLKLLAFGFAFLDTEVFVTGQSPTPSPTGLTT
AKMPSVPLSSDRPLPTHTTAFSPASTFERENDFSETTTS
LSPDNTSTOVSPDSLDNASAFNTTDAYLNASETTTLSP
SGBAVISTTTIATTPSKPTCDEKYANITVDYLYNKETKL
FTAKLNVNENVECGNNTCTNNEVHNLTECKNASYSIS
HNSCTAPDKTLILDVPPGVEKFOQLHDCTQVEKADTTIC
LKWKNIETFTCDTQNITYRFQCGNMIFDNKEIKLENLE
PEHEYKCDSEILYNNHKFTNASKIKTDFGSPGEPQIF
CRSEAAHOGYITWNPPORSFHNFTLOYIKETEKDCLN
LDKNLIKYDLONLKPYTRKYVLSLHAYHAKVQRNGSAAM
CHFTTKSAPPSQVWNMTVSMTSDNSMHVKCRPPRD
BNGPHERYHLEVEAGNTLVRNESHKNCDFRVKDLQY
STODYTFKAYFHNGDYPGEPFILHHSTSYNSKALIAFLA
FLIVTSIALLVWLYKIYDLHKKRSCNLDEQQELVERDDE
KQLMNVEPIHADILLETYKRKIADEGRLFLAEFQSIPRY
FEKFPIKEARKPFNONKNRYVDILPYDYNBVELSEING
DAGSNYINASYIDGFKEPRKYIAAQGPRDETVDDFWR
MIWEQKATVIVMYTRCEEGNRNKCAEYWPSMEEGTR
AFGDVVVKINQHKRCPDYHOQKLNIVNKKEKATGREVT
HIGFTSWPDHGVPEDPHLLLKLRRRVNAFSNFFSGPIV
VHCSAGVERTCTYICIDAMLEGLEAENKVDVYGYVVK
LRRQRCLMVOQVEAQYILIHQALVEYNOQFGETEVNLSEL
HPYLHNMKKRDPPSEPSPLEAEFOQRLPSYRSWRTQHI
GNOEENKSKNRNSNVIPYDYNRVPLKHELEMSKESE
HDSDESSDDDSDSEEPSKYINASFIMSYWKPEVMIAA
QGPLKETIGDFWQOQMIFQRKVKVIVMLTELKHGDQEICA
QYWGEGKQTYGDIEVDLKDTDKSSTYTLRVFELRHSK
RKDSRTVYQYQYTNWSVEOLPAEPKELISMIQVVKOK
LPQKNSSEGNKHHKSTPLLIHCRDGSQQTGIFCALLNL
LESAETEEVVDIFQVVKALRKARPGMVYSTFEQYOFLY
DVIASTYPAQNGQVKKNNHOEDKIEFDNEVDKVKQDA
NCVYNPLGAPEKLPEAKEQAEGSEPTSGTEGPEHSYN
GPASPALNQGS

108

Human CD45R0
isoform (NCBI
Accession No:
NP_563578.2)

MTMYLWLKLLAFGFAFLDTEVFVTGQSPTPSPTDAYL
NASETTTLSPSGSAVISTTTIATTPSKPTCDEKYANITY
DYLYNKETKLFTAKLNVNENVECGNNTCTNNEVHNLT
ECKNASVSISHNSCTAPDKTLILDVPPGVEKFQLHDCT
QVEKADTTICLKWKNIETFTCDTONITYRFQCGNMIFD
NKEIKLENLEPEHEYKCDSEILYNNHKFTNASKHKTDF
GEPGEPQUFCRSEAAHQGVITWNPPORSFHNFTLCOYI
KETEKDCLNEDKNLIKYDLONLKPYTKYVLSLHAYHAK
VQRNGSAAMCHFTTKSAPPSQVWNMTVSMTSDNSM
HVKCRPPRDRNGPHERYHLEVEAGNTLVRNESHKNC
DFRVKDLOYSTDYTFKAYFHNGDYPGEPFILHHETSY
NSKALIAFLAFLIVTSIALLVVLYKIYDLHKKRSCNLDEG
QELVERDDEKQLMNVERIHADILLETYKRKIADEGRLF
LAEFQSIPRVFSKFPIKEARKPFNONKNRYVDILPYDY
NRVELSEINGCDAGSNYINASYIDGFKEPRKYIAAQGPR
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DETVDDFWRMIWEQKATVIVMVTRCEEGNRNKCAEY
WPSMEEGTRAFGDVVVKINOHKRCPDYIIQKLNIVNKK
EKATGREVTHIOFTSWPDHGVPEDPHLLLKLRRRVNA
FOSNFFSGPIVVHCSAGVGRTGTYIGIDAMLEGLEAENK
VDVYGYVVKLRROQRCLMYGVEAQYILIHQALVEYNQF
GETEVNLSELHPYLHNMKKRDPPSEPSPLEAEFGRLP
SYRSWRTQHIGNQEENKSKNRNSNVIPYDYNRVPLK
HELEMSKESEHDSDESSDDDSDSEEPSKYINASFIMS
YWHKPEVMIAAQGPLKETIGDFWQMIFQRKVKVIVMLT
ELKHGDQEICAQYWGEGKQTYGDIEVDLKDTDKSSTY
TLRVFELRHSKRKDSRTYYQYQYTNWSVEQLPAEPK
ELISMIQVVKOQKLPGQKNSSEGNKHHKSTPLLIHCRDGS
QQTGIFCALLNLLESAETEEVVDIFQVVKALRKARPGM
VETFEQYQFLYDVIASTYPAQNGQVKKNNHOEDKIEF
DNEVDKVKODANCYNPLGAPEKLPEAKEQAEGSERT
SGTEGPEHSVNGPASPALNQOGS

109

Human CD45R8 isoform
{(NCBI Accession No:
KP_008711537.1)

MTMYLWLKLLAFGFAFLDTEVFVTGQSPTPSPTGVSS
VQTPHLPTHADSQTPSAGTDTQTFSGSAANAKLNPTP
GENAISDAYLNASETTTLSPSGSAVISTTTIATTPSKPT
COEKYANITVDYLYNKETKLF TAKLNYNENVECGNNT
CTNNEVHNLTECKNASVSISHNSCTAPDIKTLILDVPPG
VEKFQLHDCTOQVEKADTTICLKWKNIETFTCDTONITY
RFQCGNMIFDNKEIKLENLEPEHEYKCDSEILYNNHKF
TNASKIKTDFGSPGEPQUFCRSEAAHOGVITWNPPQ
REFHNFTLOYIKETEKDCLNLDKNLIKYDLONLKPYTKY
VLSLHAYHAKVQRNGSAAMCHFTTKSAPPSQVWNMT
VEMTSDNSMHVKCRPPRDRNGPHERYHLEVEAGNTL
VRNESHKNCDFRVKDLOQYSTDYTFKAYFHNGDYPGE
PFILHHSTSYNSKALIAFLAFLIVTSIALLVVLYKIYDLHK
KRSCNLDEQQELVERDDEKQLMNVEPIHADILLETYK
RKIADEGRLFLAEFQSIPRVFSKFPIKEARKPFNGNKN
RYVDILPYDYNRVELSEINGDAGSNYINASYIDGFKEP
RKYIAAQGPRDETVDDFWRMIWEGQKATVIVMVTRCEE
GNRNKCAEYWPSMEEGTRAFGDVVVKINOHKRCPDY
HOKLNIVNKKERATGREVTHIQFTSWPDHGVPEDPHL
LLKLRRRVYNAFSNFFSGPIVVHCSAGVYGRTGTYIGIDA
MLEGLEAENKVDVYGYVVKLRRORCLMVQVEAQYILI
HOALVEYNQFGETEVNLSELHPYLHNMKKRDPPSEP
SPLEAEFQRLPSYRSWRTOHIGNGEENKSKNRNSNVI
PYDYNRVPLKHELEMSKESEHDSDESSDDDSDSEEP
SKYINASFIMSYWKPEVMIAAQGPLKETIGDFWQMIFQ
RKVKVIVMLTELKHGDQEICAQYWGEGKQTYGDIEVD
LKDTDKSSTYTLRVFELRHSKRKDSRTVYQYQYTNWS
VEQLPAEPKELISMIQVVKOKLPOQKNSSEGNKHHKST
PLLIHCRDGSQQTGIFCALLNLLESAETEEVVDIFQVVK
ALRKARPGMVSTFEQYQFLYDVIASTYPAGNGOVKKN
NHOEDKIEFDNEVDKVKQDANCYNPLGAPEKLPEAKE
QAEGSEPTSGTEGPEHSYNGPASPALNQGS
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Human CD458AB
Isoform (NCBI
Accession No:
XP_006711535.1)

MTMYLWLKLLAFGFAFLDTEVFVTGQSPTPSPTGLTT
AKMPSVPLSSDPLPTHTTAFSPASTFERENDFSETTTS
LSPONTSTOVSPDSLONASAFNTTGYBSVQTPHLPTH
ADSQTPSAGTDTQTFSGSAANAKLNPTPGSNAISDAY
LNASETTTLEPSGSAVISTTTIATTPSKPTCDEKYANIT
VOYLYNKETKLFTAKLNVNENVECGNNTCTNNEVHNL
TECKNASYSISHNSCTAPDKTULDVPPGVEKFQLHDC
TOVEKADTTICLKWKNIETFTCDTONITYRFQUGNMIF
DNKEIKLENLEPEHEYKCDSEILYNNHKFTNASKIIKTD
FGSPGEPQUFCRSEAAHQGVITWNPPQRSFHNFTLC
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YIKETEKDCLNLDKNLIKYDLONLKPYTKYVLSLHAYIA
KVORNGSAAMCHFTTKSAPPSQVWNMTVSMTSDNS
MHVKCRPPRDRNGPHERYHLEVEAGNTLYRNESHKN
COFRVKDLQYSTDYTFKAYFHNGDYPGEPFILHHSTS
YNSKALIAFLAFLIVTSIALLVVLYKIYDLHKKRSCNLDE
QQELVERDDEKOLMNVEPIHADILLETYKRKIADEGRL
FLAEFQSIPRVFSKFPIKEARKPFNQNKNRYVDILPYDY
NRVELSEINGDAGSNYINASYIDGFKEPRKYIAAQGPR
DETVDDFWRMIWEQKATVIVMVTRCEEGNRNKCAEY
WPSMEEGTRAFGDVVVKINGHKRCPDYIQKENIVNKK
EKATGREVTHIOFTSWPDHGYPEDPHLLLKLRRRVNA
FOSNFFSGPIVVHCSAGVGRTGTYIGIDAMLEGLEAENK
VDVYGYVVKLRROQRCLMYGVEAQYILIHQALVEYNQF
GETEVNLSELHPYLHNMKKRDPPSEPSPLEAEFGRLP
SYRSWRTQHIGNQEENKSKNRNSNVIPYDYNRVPLK
HELEMSKESEHDSDESSDDDSDSEEPSKYINASFIMG
YWHKPEVMIAAQGPLKETIGDFWQMIFQRKVKVIVMLT
ELKHGDQEICAQYWCGEGKQTYGDIEVDLKDTDKSSTY
TLRVFELRHSKRKDSRTVYQYQYTNWSVEQLPAEPK
ELISMIQVVKOKLPQKNSSEGNKHHKSTPLLIHCRDGS
QQTGIFCALLNLLESAETEEVVDIFQVVKALRKARPGM
VSTFEQYQFLYDVIASTYPAQNGQVKKNNHGQEDKIEF
DNEVDKVKODANCYNPLGAPEKLPEAKEQAEGSEPT
SGTEGPEHSVNGPASPALNQGS

Human CD45RBC
Isoform (NCBI
Accession No:
AP_006711536.1)

MTMYLWLKLLAFGFAFLDTEVEVTGQSPTPSPTGVSS
VQTPHLPTHADSQTPSAGTDTQTFSGSAANAKLNPTP
GENAISDVPGERSTASTFPTDPYSPLTTTLSLAHHSSA
ALPARTSNTTITANTSDAYLNASETTTLSPSGSAVISTT
TIATTPSKPTCDEKYANITYDYLYNKETKLFTAKLNVNE
NVECGNNTCTNNEVHNLTECKNASVSISHNSCTAPDK
TLILDVPPCVEKFQLHDCTQVEKADTTICLKWKNIETFT
CDTONITYRFQOGNMIFDNKEIKLENLEPEHEYKCDSE
ILYNNHKFTNASKIKTDFGSPGEPQIIFCRSEAAHQGVI
TWNPPORSFHNFTLCYIKETEKDCLNLDKNLIKYDLON
LKPYTKYVLSLHAYHAKVQRNGSAAMCHFTTKSAPPS
QVWNMTVSMTSDNSMHVKCRPPRDRNGPHERYHLE
VEAGNTLYRNESHKNCDFRVKDLQYSTDYTFKAYFHN
GDYPGEPFILHHSTSYNSKALIAFLAFLHVTSIALLVVLY
KIYDLHKKRSCNLDEOQOELVERDDEKQLMNVEPIHADI
LLETYKRKIADEGRLFLAEFOSIPRVFSKFPIKEARKPF
NONKNRYVDILPYDYNRVELSEINGDAGSNYINASYID
GFKEPRKYIAAQGPRDETVDDFWRMIWEQKATVIVMY
TRCEEGNRNKCAEYWPSMEEGTRAFGDVVVKINGHK
RCPDYIQKLNIVNKKEKATGREVTHIOFTSWPDHGVP
EDPHLLLKLRRRVNAFSNFFSGPIVVHOSAGVGRTGT
YIGIDAMLEGLEAENKVDVYGYVVKLRRORCLMVQVE
AQYILIHOQALVEYNQFGETEVNLSELHPYLHNMKKRDP
PSEPSPLEAEFQRLPSYRSWRTOHIGNOEENKSKNR
NSNVIPYDYNRVPLKHELEMSKESEHDSDESSDDDSD
SEEPSKYINASFIMSYWKPEVMIAAQGPLKETIGDFWQ
MIFQREKVKVIVMLTELKHGDQEICAQYWGEGKQTYGD
IEVDLKDTDKSSTYTLRVFELRHSKRKDSRTVYQYQYT
NWSVEQLPAEPKELISMIQVVKQKLPOKNSSEGNKHH
KSTPLLIHCRDGSQQTGIFCALLNLLESAETEEVVDIFQ
VVKALRKARPGMVSTFEQYQFLYDVIASTYPAQNGQV
KEKNNHQEDKIEFDNEVDRVKODANCVYNPLGAPEKLPE
AKEQAEGSEPTSGTEGPEHSYNGPASPALNGGS

Human CD45RABC

MTMYLWLKLLAFGFAFLDTEVFVTGQSPTPSPTGLTT
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isoform (NCBI
Accession No.
NP_002829.3)

AKMPSVPLSSDPLPTHTTAFSPASTFERENDFSETTTS
LSPDNTSTQVSPDSLDNASAFNTTGVSSVQTPHLPTH
ADSOTPSAGTDTOTFSGSAANAKLNPTPGSNAISDVP
GERSTASTFPTDPVSPLTTTLSLAHHSSAALPARTSNT
TITANTSDAYLNASETTTLSPSGSAVISTTTIATTPSKPT
CDEKYANITVDYLYNKETKLFTAKLNYNENVECGNNT
CTNNEVHNLTECKNASVYSISHNSCTAPDKTLILDVPPG
VEKFOLHDCTQVEKADTTICLKWKNIETFTCOTQNITY
RFQUGNMIFDNKEIKLENLEPEHEYKCDSEILYNNHKF
TNASKHKTDFGSPGEPQIUFCRSEAAHQGVITWNPPQ
RSFHNFTLCYIKETEKDCLNLDKNLIKYDLONLKPYTKY
VLSLHAYHAKVORNGSAAMCHFTTKSAPPSQVWNMT
VEMTSDNSMHVKCRPPRDRNGPHERYHLEVEAGNTL
VRNESHKNCDFRVKDLQYSTOYTFKAYFHNGDYPGE
PRILHHSTSYNSKALIAFLAFLIVTSIALLYVLYKIYDLHK
KRECONLDEQQELVERDDEKQLMNVEPIHADILLETYK
RKIADEGRLFLAEFQSIPRVFSKFPIKEARKPFNQNKN
RYVDILPYDYNRVELSEINGDAGSNYINASYIDGFKEP
RKYIAAQGPRDETVDDFWRMIWEQKATVIVMVTRCEE
GNRNKCAEYWPSMEEGTRAFGDVVVKINGHKRCPDY
HGKLNIVNKKEKATGREVTHIQFTSWPDHGVPEDPHL
LLKLRRRVNAFSNFFSGPIVVHCSAGVGRTGTYIGIDA
MLEGLEAENKVDVYGYVVKLRRQRCLMVQVEAQYILI
HOALVEYNQFGETEVNLSELHPYLHNMKKRDPPSEP
SPLEAEFQRLPSYRSWRTOHIGNQEENKSKNENSNVI
PYDYNRVPLKHELEMSKESEHDSDESSDDDSDSEEP
SKYINASFIMSYWKPEVMIAAQCPLKETIGDFWQOMIFQ
RRKVKVIVMLTELKHGDOQEICAQYWGEGKQTYGDIEVD
LKDTDKSSTYTLRVFELRHSKEKDERTVYQYQYTNWS
VEQLPAEPKELISMIQVVKOKLPORKNSSEGNKHHKST
PLLIHCRDGSQQTGIFCALLNLLESAETEEVVDIFQVVK
ALRKARPGMVSTFEQYQFLYDVIASTYPAQNGQVKKN
NHQEDKIEFDNEVDKVKQDANCVYNPLGAPEKLPEAKE
QAEGCSEPTSGTEGPEHSVNGPASPALNQGS

113

Human CD45RABC
Antigen (Fragment of
Human CD45RABC
isoform)

QEPTPSPTGLTTAKMPSYPLSSDPLPTHTTAFSPASTF
ERENDFSETTTSLSPDNTSTOVSPDSLDNASAFNTTG
VE8SVOTPHLPTHADSQTPSAGTDTQTFSGSAANAKLN
PTPGSNAISDVPGERSTASTFPTDPVSPLTTTLSLAHH
SSAALPARTSNTTITANTSDAYLNASETTTLSPSGSAVI
STTTIATTPSKPTCDEKYANITVDYLYNKETKLFTAKLN
YNENVECGNNTCTNNEVHNLTECKNASVYSISHNSCTA
PDOKTLILDVPPGVEKFQLHDCTQVEKADTTICLKWEKNI
ETFTCDTONITYRFOQOGNMIFDNKEIKLENLEPEHEYK
CDSEILYNNHKFTNASKHKTDFGSPGEPQUFCRSEAA
HOGVITWNPPORSFHNFTLCYIKETEKDCLNLDENLIK
YDLONLKPYTHYVLSLHAYHAKVQRNGSAAMCHFTTK
SAPPSQVWNMTVSMTSDNSMHVKCRPPRDRNGPHE
RYHLEVEAGNTLVRNESHKNCDFRVKDLOYSTDYTFK
AYFHNGDYPGEPFILHHSTSYNSK

CD45 Fragment 1

TEKDCLNLDENLIKYDLONLK

115

CD45 Fragment 2

CYIKETEKDCLNLDEKNLIKYDLONLKPYTKY

116

CD45 Fragment 3

RPPRDRNGPHERYHLEVEAGNTLVRNESH

117

CD45 Fragment 4

CRPPRDRNGPHERYHLEVEAGNTLVRNESHK
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118 CD45 Fragment 5 BNGPHERYHLEVEAGNT
19 Consensus Sequence of | FTH(S/E/GH{ES/A/G)YSMN
variabie heavy chain
CDR1 (Abs 1-7)
120 Consensus Sequence of | YIS{SAMNS(S/CHE/ATIY/HTIYYADSVKG
variable heavy chain
CDR2 (Abs 1-7)
121 Consensus Sequence of | ARGGQYYY(D/T)SS(R/DYYGEVAFDI
variabie heavy chain
CPR3 (Abs 1-7)
122 Consensus Seguence of | RSSOSLL(H/-SNGYNYLD
variable light chain
CDR1 {(Abs 1-7)
123 P o
Consensus Sequence of | (L/F)GS(N/SIRAS
variabie light chain
CDR2 (Abs 1-7)
124 Consensus Sequence of | MQRRRTP{P/W){F/S){T/F)
variable light chain
CDR3 (Abs 1-7)
125 Ab1 Heavy Chain CAGGTGCAGCTOGTOGAGTCTGGGOGAGGCTTAR
Variable Region (Nucleic | TCAAGCCTGCGAGGGTCCOCTCAGACTCTCCTGTGCA
Acid) GOCTCTGGATTCACCTTCAGTAGCTATAGCATGAAC
TGGGTCCGOCAGGCTCCAGGGAAGGGGCTGGAGT
GGGTTTCATACATTAGTAGTAGTAGTAGTACCATAT
ACTACGCAGACTCTGTCGAAGGGCCGATTCACCATC
TCCAGAGACAATGCCAAGAACTCACTOTATCTGCAA
ATGAACAGCCTGAGAGCTOAGGACACGGCGATATA
CTACTCGCGCCAGAGGTGGACAATACTACTACGACA
GCAGCAGATACCGTGAGGTAGCATTCGACATATGG
GGTCAGGGTACAATGGTCACCGTCTCCTCA
126 Ab1 Light Chain Variable | GATATTGTGATGACTCAGTCTCCACTCTCCETGECT
Region (Nucleic Acid) GTCACCCCTGGAGAGCCGGCCTCCATCTCCTGCAG
GTCTAGTCAGAGCCTCCTGCATAGTAATGGATACAA
CTATTTGCATTGGTACCTGCAGAAGCCAGGGCAGT
CTCCACACGCTCCTCGATCTATTTGGGTTCTAATCGGG
CCTCCOGRGTCCCTGACAGGTTCAGTGGCAGTGGA
TCAGGCACAGATTTTACACTGAAAATCAGCAGAGTG
CAGGCTGAGCGATGTTGGGGTTTATTACTGCATGCA
GAGAAGACGCACTCCTCCTTTCACTTTTGGCGGAG
GGACCAAGGTTGAGATCAAA
127 Ab2 Heavy Chain GAAGTGCAGCTTGTGGAGTCCGGTGGCGGACTGGT
Variable Region (Nucleic | CCAGCCGGGCGGATCTCTGAGACTTTCGTETGCCG
Acid) CCTCGGGATTCACCTTCGAAGCGTATTCCATGAACT
GGGTCAGACAGGCCCCCGGAAAGGGCCTGRAATG
GGTGTCGTACATTAGCCTGTCGGGGGCCACCATCC
ATTACGCCGATAGCGTGAAGGGCCGGTTCACAATC
TCCCGGGACAACGCCAAGAACTCCCTCTACCTCCA
AATGAACAGCCTGCGCGCTGAGGACACTGCTGTGT
ACTATTGCGCGAGGGGTGGCCAGTACTACTACGAC
TCAAGCGACTACGCCGAAGTGGCATTCGATATCTG

184




WO 2021/087368

PCT/US2020/058373

GGGACAGGGGACCATGGTCACCGTCAGCTCC

128

Ab2 Light Chain Variable
Region (Nucleic Acid)

CATATCGTGATGACACAGTCOCCTCTGTCCCTCOCT
GTGACCCCCGCGAGAACCAGCCTCTATTTCCTGCCG
GTCCTCCCAATCCCTGETGTCCAACGGTTATAACTA
CCTGOATTGATACTTGCAAAAGCCCGGACAGAGCC
CCCAGCTGCTCATCTACTTCGCAAGCTCACGCGLG
AGCGGGGTOCCGGATAGGTTTTCGGGATCCGGAA
GOGGCACCGACTTCACGCTGAAGATCTCGAGAGTC
GAGGCCGAGGACGTGGGCGTGTACTACTGTATGCA
GOGGOGGCECACCCOOTGETCOTTCGGCEGGCEGA
ACTAAGGTCGAGATCAAG

Ab3 Heavy Chain
Variable Region (Nucleic
Acid}

CAAGTGCAGCTTGTGGAGTCCGATGGCGCACTGGT
CAAGCCGGGCGGATCTCTGAGACTTTCGTATGOCG
CCTCGGGATTCACCTTCOGOGOATATTCCATGAACLT
GGGTCAGACAGGCCCCOCACAAAGGGLCTGGAATG
GGTGTCGTACATTAGCATCTOGGGGGOCACCATCA
CTTACGOCGATAGCGTGAAGGGCCGGTTCACAATC
TCCCGGGACAACGCCAAGAACTCCCTCTACCTCCA
AATGAACAGCCTGCGCGCTGAGGACACTGCTGTGT
ACTATTGCGCCAGGGGTGGCCAGTACTACTACGAC
TCAAGCGACTACGGCGAAGTGGCATTCCGATATCTG
GGGACAGGGGACCATGGTCACCGTCAGCTCO

130

Ab3 Light Chain Variable
Region (Nucleic Acid)

GATATCGTGATGACACAGTCCCCTCTGTCCCTCCCT
GTGACCCCCGGAGAACCAGCCTCTATTTCCTGCCG
GTCCTCCCAATCCCTGGTGTCCAACGGTTATAACTA
CCTGGATTGGTACTTGCAAAAGCCCGGACAGAGCC
CCCAGCTGCTCATCTACTTCGGAAGCTCACGCGCG
AGCGGGGTGCCGGATAGGTTTTCGGGATCCGGAA
GCGGCACCCACTTCACGCTGAAGATCTCGAGAGTC
GACGCCGAGCACGTGGGCGTGTACTACTGTATGCA
GCGGCGGCGCACCCCGCCCTTCACCTTCGGCGEC
GGAACTAAGGTCGAGATCAAG

Ab4 Heavy Chain
Variable Region (Nucleic
Acid)

CAACGTGCAGCTTGTCGCAGTCCGGTGGCGGACTEET
CCAGCCGGGCGGATCTCTGAGACTTTCGTGTGCCG
CCTCGGGATTCACCTTCGAAGCGTATTCCATGAACT
CGGTCAGACAGGCCCCCGEGAAAGGGCCTGGAATG
COTGTCGTACATTAGCCTGTCGGGGGCCACCATCC
ATTACGCCGATAGCGTCAAGGCCCGGTTCACAATC
TCOCGGGACAACGCCAAGAACTCCCTCTACCTCCA
AATGAACAGCCTGCGCGCTCGAGGACACTEOTGTGT
ACTATTGCGCCGAGGGGTGCGCCAGTACTACTACACC
TCAAGCGACTACGGCGAAGTGGCATTCGATATCTG
CGGACAGGGCACCATGGTCACCGTCAGCTCO

132

Ab4 Light Chain Variable
Region (Nucleic Acid)

GATATCGTCATGACACAGTCCCOCTCTGTCCCTCCOT
GTGACCCCCGGAGAACCAGCCTCTATTTICCTGCCG
GTCCTCCCAATCCCTGGTGTCCAACGGTTATAACTA
CCTGGATTGGTACTTGCAAAAGCCCGGACAGAGCC
CCCAGCTGCTCATCTACTTCGGAAGCTCACGCGOG
AGCCGGGTGCCGCGATAGGTTTTCGGGATCCGGAA
GCGGCACCGACTTCACGCTGAAGATCTCGAGAGTC
GAGGCCGAGGACGTAGGOGTGTACTACTGTATGCA
GCGGCGGLGCACCCCCTGETCCTICGGLGGLGGA
ACTAAGGTCGAGATCAAG

133

AbS Heavy Chain

GAAGTGCAGCTTCTGCAGTCCGGTCGGCEEACTGGT

185
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Variable Region (Nucleic
Acid)

CCAGCCCGGGCGCATCTCTGAGACTTTOGTGTGLCG
CCTCGGGATTCACCTTCGAAGCGTATTCCATGAACT
GGGTCACACAGCCCCCOGGAAAGGGCCTGGAATG
GGTGTCGTACATTAGCCTGTCGGGGGCCACCATCC
ATTACGCCGATAGCGTGAAGGGCCGGTTCACAATC
TCCCEGGACAACGCCAAGAACTCCOTCTACCTCCA
AATGAACAGCCTGCCGCGCTGAGGACACTGCTGTGT
ACTATTGCGCGAGGGGTGGCCAGTACTACTACACC
TCAAGCGACTACGGCOAAGTGGCATTCGATATCOTG
GGCACAGGGGACCATGGTCACCGTCAGCTCC

134

AbS Light Chain Variable
Region (Nucleic Acid)

GATATCGTGATGACACAGTCCCCTCTGTCCCTCOCT
GTGACCCCCGGAGAACCAGCCTOTATTTCCTGCCG
GTCCTOCCCAATCOCTGGTGTCCTCOGATTATAACTA
CCTQGGATTAATACTTGCAAAAGCCCGGACAGAGCC
CCCAGCTGCTCATCTACTTCGCGAAGCTCACGCGLG
AGCGGGGTACCGGATAGGTTTTCGGGATCCGGAA
GCGGCACCCGACTTCACGCTGAAGATCTCGAGAGTC
GAGGCCGAGGACGTGGGCGTGTACTACTGTATGCA
GCGGCGGCECACCCCCTGGTCOTTCGGCEGGCGEGA
ACTAAGGTCGAGATCAAG

135

AbE Heavy Chain
Variable Region (Nucleic
Acid)

GAGGTGCAGCTGGTCGAAAGCGGAGGAGGGCTGG
TGCAGCCTGGAGGATCCCTGCGGCTCTCATGTGCC
GCCTCCGRGCTTTACCTTCGAAGCCTACTCCATGAAC
TGGGTCAGACAGGCTCCCGGCAAGCCACTGGAAT
GGGTCAGCTACATTTCGCTGTCCGGAGCCACCATC
CACTACGCTGACTCAGTTAAGGGACGCTTCACCATC
TCCCGGGATAATGCAAAGAACTCCCTGTACCTCCAA
ATGAATTCACTCAGGGCCGAGCGACACTGCCGTGTA
CTACTGCGCCCGGGGAGGTCAATACTATTACACCT
CCTCCGACTACCGECGAAGTGCCCTTCGATATCTGEE
CGCCAAGGAACCCTCGTGACTGTCTCCTCC

136

Abg Light Chain Variable
Region (Nucleic Acid)

GACATCGTGCTGACCCAGTCACCGCTTTCCTTGCC
CGTGACTCCTGGGGAACCGGCCTCCATTTCGTGEC
GGTCCAGCCAGTCCCTGGTGTCOTCCGGCTACAAT
TACCTCGCATTGGTACCTCCAAAAGCCCGGACAGTC
CCCACAACTGCTCATCTACTTCGGGAGCTCAAGEG
CCTCAGGAGTGCCGCATCGCTTCTCGGGTTCCGGA
AGCGGCACTGACTTCACTCTGAAAATCAGCCCCAT
GGAAGCAGAGGACGTGCGCGTCTACTACTGCATGC
AGCGCAGGAGAACCCCCTGGTCCTTTGGCGETGGA
ACGAAGGTCGAAATCAAG

137

Ab7 Heavy Chain
Variable Region (Nucleic
Acid}

CAAGTCCAGCTTGTGGAGTCCCGTGGCGGACTGGT
CAAGCCGGGCOGATCTCTCAGACTTTICGTGTGCLE
CCTCGGGATTCACCTTCGGCGGATATTCCATGAACT
GCGGTCAGACAGGCCCCCGGAAAGGGCCTGGAATG
COTGTCGTACATTAGCATCTCGGGGGCCACCATCA
CTTACGCCCATAGCCTGAAGGGCCGGTTCACAATC
TCOCGGCACAACGCCAAGAACTCCCTCTACCTCCA
AATGAACAGCCTGCGCGCTCAGGACACTGOTGTGT
ACTATTGCGCGAGGGGTGGOCAGTACTACTACGAC
TCAAGCCGACTACGGCGAAGTGGCATTCGATATCTG
GGGACAGGGGACCATGATCACCATCAGCETCC

138

Ab7 Light Chain Variable
Region (Nucleic Acid)

GATATCATGATGACACAGTCCCCTCTGTCCCTCCCT
GTGACCCCCGGAGAACCAGCCTCTATTTICCTGCOG
GTCCTCCCAATCCCTGGTGTCCTCCGGTTATAACTA
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CCTGGATTGGTACTTGCAAAAGCCCGGACAGAGCC
CCCAGCTGCTCATCTACTTCGGAAGCTCACGCGCG
ACCGCGGCTGCCGCATAGGTTTTCGGGATCCGCAA
GCGGCACCGACTTCACGCTGAAGATCTCGAGAGTC
GAGGCCCGAGGACGTGGGOGTGTACTACTGTATGCA
GCGGLGGLGCACCCCGCCOTTCACCTTCGGCGEO
GGAACTAAGGTCGAGATCAAG

139

AbA Heavy Chain
Variable Region (Nucleic
Acid)

GAAGTGCAGCTTCTGGAGTCCGGTGGCGGACTGAT
CCAGOCGGGCGGATCTCTGAGACTTTCGTGTGCCG
CCTCGQGATTCACCTTCAACAACTATTGGATGACCT
GGGTCAGACAGGCCCCCGGAAAGGGUCTAGGAATG
GGTGTCGTCAATTAGCTCCTCGGGGGGATCCATCT
ACTACCCTGATOGOCGTCAAGGEOCGGTTCACAATC
TCOCGGCACAACAGCAAGAACACCCTCTACCTCCA
AATGAACAGCCTGCGCGCTCGAGGACACTGOTGTGT
ACTATTGCGCGAGGGACGAGAGATGGGCCGGLGO
AATGGATGCCTGGGGACAGGGGACCACCGTCACC
GTCAGCTCC

140

AbA Light Chain
Yariable Region (Nucleic
Acid)

GATATTCAGATGACCCAGTCCCCATCATCCCTGTCC
GCCTCCGTGGGCGACCGLATGACGATCACTTGCAA
AGCCAGCCAGAATATCAACAAGAACCTGGATTGGTA
COAACAGAAGCCOGGGAAGGCCCCTAAGCTGCTGA
TCTACGAAACCAACAACTTGCAAACTGGROGTGCCET
CAAGGTTCAGCGGTTCCGGRTCGGGCACCGACTTC
ACCCTGACCATTTCCTCGCTGCAACCCGAGGACTT
CGCGACCTACTACTGCTATCAGCACAACAGCCGGT
TCACCTTCGGACAGGGCACCAAGCTCGAGATCAAG

141

AbE Heavy Chain
Variable Region (Nucleic
Acid)

GAAGTGCACGCTCGTGCAGTCGGGTCGAGGCCTTGT
GCAACCGGGAGGATCCCTGCGGCTCTCCTGECECC
GCATCAGGCTTCACGTTCACCAACTTTTGGATGECC
TGGATTACACAGGCACCGGGGAAGCGACTGGAATG
GGTGGCGTCCATTAGCTCGTCCGBAGGATCCATCT
ACTATCCTGACTCAGTGAACGGACAGCTTTACCATCT
COCGGGACAACAGCAAGAACACTCTGTACCTCCAA
ATGAACTCGCTGCGCGCCCAGGACACCGCCGTGTA
CTACTCGOGTGAAGTTCCATCACTACTCCGGCGGAG
GACATGCCTGGGGACAGGGTACTCTCGTGACTGTG
TCGTCC

142

AbB Light Chain
Variable Region (Nucleic
Acid}

CACATCCAGATGACCCAGAGCCOCTCCTCCCTGETC

CGCGTCTCTGGGCCACCGCGTCACCATTACGTGCA
AAGCTTCCCAGAACATTAACAAGTACCTGGATTGGT
ACCAGCAGAAGCCTGGAAACGCCCCCAAGCTGTIG
ATCCACTACACAAACAACCTOCACACTGGTATCOCG
TCCCGGTTCTCGGGGTCCGGATCGGGAACTGACTA
CACCCTGACCATCAGCAGCCTGCAGCCTGAAGATT

TCGCCACCTATTACTGCCTGCAACACTCCTCGCECT
CGACCTTCOGCGGGOETACTAAGCTCCAGATCAAG

143

AbC Heavy Chain
Variable Region (Nucleic
Acid)

GAAGTGCACCTCCGTGGAGTCGGGTCCAGGCCTTGT
GCAACCGGGAGCGATCCCTGCGGCTCTCCTGCGOC
GCATCAGGCTTCACGTTCAACAACTACTGGATGACT
TGGGTCAGACAGGCACCGGGGAAGGGACTGGAAT
GGGTGTOCAGCATTAGCTCGTCCGGAGGATCCATC
TACTATCCGGACTCAGTGAAGGACAGGTTTACCATC
TCCCEGGACAACGCAAAGAACTCCCTGTACCTCCA
AATGAACTCGCTGCGCGOCCGAGGACATGGCOGTGT
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ACTACTGCGCGAGGCTGTACTACTACGATGGGGGG
GGCGATGCOTGGCCACAGCGGAACCCTAGTGACTGT
GTCGTCC

144

AbC Light Chain
Variable Region (Nucleic
Acid)

GCCAATCCAGATCGACACAGAGCCCGTCTAGCCTGTC
AGCATCCGTGGGOGACAGGGTCACCATCACCTGTA
AAGCCAGCCAGGATATTAACAAGTACCTGGACTGG
TACCAGCAGAAGCCCGGGAAGGCCCCEBAAGCTCCT
GATCTACAACACCAACAACTTGCACACCGGAATTCC
GTCOCGCTTITCGGEATCGGGATCOGGGACCGATT
ACACCCTGACTATCTCCTOCCTGCAACCCGAGGAC
TTCGCCACTTACTATTGCCTCCAACACATTTCCLGG
TGGACTTTCGGCGGCGGCACCAAGGTCGAGATCAA
G

145

Cynomolgus monkey
Cch4s

MTMCLWLKLLAFVFAFLDTEVRVTGQGSTLSPTGRRT
TKMPSVPLSSDPLPTHTTAFSPASISERENDFSETTPS
LSSDNTSTQVSPDSLDNASAFNTTGVSSALTPHLPTH
ADSOTPSTGTDTQTPSGSAANTTLSPTPRSNDISDVP
GERSTASTFPTDPISPLATTLIPARNSSAALPARTSNTT
ITANTSVSYLNASETTTPSPSGSTVISTPTIATTTSKPTC
AEKYATIPVDYLYNNKTKLFTAKLNVNENVECTNNNHT
HNICTNNEVLNLPECKEMNVFVSHNSCTDRHKELKLD
VPPEVEKFOLDDCTPDVEANTTICLKWIIIETFACDKS
KITYRFQCGNKTYNKEGIYLENLEPEYEYKCDSEILYN
NHKYINITKLIKTDFGIPGOPONVYORHEDAHQGVITW
NPPORSFHNFTLOYVNKPAKKCLILDKHLTTYHLQNLK
PYTNYSLSLHAYHAKVQRNGTAATCONFTTESAPPSQY
QNMIVSTSDNSMHVKCEVPRDVNGPTGLYHLEVEAG
NTLYRNLSQSKCDFSVNNLQYSTYYNLKAYYHNGKYS
CEPVILRESTSYNSKALIAFLAFLEVTSIALLVVLYKIYDL
HKKRSCONLDEQQELVERDDEKOLMNVERIHADILLET
YKRKIADEGRLFLAEFQSIPRVFSKFPIKEARKPFNON
KNRYVDILPYDYNRVELSEINGDAGSNYINASYIDGFK
EPRKYIAAQCPRDETVDDFWRMIWEQKATVIVMVTRC
EEGNRNKCAEYWPSMEEGTRAFGDIVVKINQHKRCP
DYHOKLNIVNKKEKATGREVTHIQFTSWPDHGVPEDP
HLLLKLRRRVNAFSNFFSGPIVVHCSAGYGRTGTYIGH
DAMLEGLEAENKVDVYGQYVVKLRRORCLMVOVEAQY
ILIHQALVEYNOFGETEVNLSELHPYLHNMKKRDPPSE
PSPLEAEFQRLPSYRSWRTOHIGNOEENKNKNRNSN
VIPYDYNRVPLKHELEMSKESDHDSDESSDDDSDSEE
PSKYINASFIMSYWKPEVMIAAQGPLKETIGDFWQMIF
QRKVKVIVMLTELKHGDQEICAQYWGEGKOTYGDIEY
DMKDTNKSSTYTLRVFELRHSKRKDSRTVYQYQYTN
WOVEQLPAEPKELYSLIQVLKEKLPOKNFSEGNKHHK
STPLLIHCRDGSQQTGIFCALLNLLESAETEEVVDIFQV
VKALRKARPGMVSTFEQYQFLYDIHASTYPAQNGQVK
KNNHQEDKIEFDNEVDRKVKQDANCYNPLGATEKLPEA
KEQATGSEPTSGTEGPEHSVNGPASPALNQGS

146

Rhesus macague CD45

MTMCLWLKLLAFVFAFLDTEVFVTGQGSTLSPTCRRT
TKMPSVPLSSDPLPTHTTAFSPASISERENDFSETTPS
LSSDNTSTHVEPDSLDNASAFNTTGVSSALTPHLPTH
ADSQTPSTGTDTQTPSGSAANTTLSPTPRSNDISDVP
GERSTASTFPTDPISPLATTLIPARNSSAALPARTSNTT
ITANTSVSYLNASETTTPSPSGSTVISTPTIATTTSKPTC
AEKYATIPVDYLYNNKTKLFTAKLNYVNENVECTNNNHT
HNICTNNEVLNLPECKEMNVFVSHNSCTDRHKELKLD
VPPEVEKFOQLDDCTPDVEANTTICLKWKIETFACDKS
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KITYRFQCGNKTYNKEGIYLENLEPEYEYKCDSEILYN
NHKYINITKLIKTDFGIPGOPQNVVCRHEDAHQGVITW
NPPORSFHNFTLCYVSKTAKKCLSLDKHLTTYHLONL
KPYTNYSLSLHAYHAKVORNGTAATONFTTESAPPSQ
VONMIVETSDNSMRVKCEAPRDVYNGPTELYLLEVEAG
NTLVRNLSQSECDFSVNNLQYSTYYNLKAYYHNGKYS
GEPVILRESTSYNSKALIAFLAFLUVTSIALLVVLYKIYDL
HKKRSCNLDEQOELVERDDEKQLMNVERPIHADILLET
YKRKIADEGRLFLAEFQSIPRVFSKFPIKEARKPFNGN
KNRYVDILPYDYNRVELSEINGDAGSNYINASYIDGFK
EPRKYIAAQGPRDETVDDFWRMIWEGKATVIVMVTRCG
EEGNRNKCAEYWPSMEEGTRAFGDVVVKINOHKRCP
DYHQKLNIVNKKEKATGREVTHIOFTSWPDHGVPEDP
HLLLKLBRRRVNAFSNFFSGPIVVHCSAGVGRTGTVYIGH
DAMLEGLEAENKVDVYYGYVVKLRRQRCLMVQVEAQY
LHQALVEYNQFGETEVNLSELHPYLHNMKKRDPPSE
PSPLEAEFGRLPSYRSWRTQHIGNQEENKNKNRNSN
VIPYDYNRVYPLKHELEMSKESDHDSDESSDDDSDSEE
PSKYINASFIMSYWKPEVMIAAQGPLKETIGDFWOMIF
QRKVKVIVMLTELKHGDQEICAQYWGEGKQTYGDIEY
DMKDTNKSSTYTLRVFELRHSKRKDSRTVYQYQYTN
WEVEQLPAEPKELYSLIQVLKEKLPOKNSSEGNKHHK
STPLLIHCRDGSGQQTGIFCALLNLLESAETEEVVDIFQY
VEALRKARPGMYSTFEQYQFLYDHASTYPAGNGQVK
KNNHQEDKIEFDNEVDKVKQDANCYNPLGATEKLPEA
KEQATGSEPTSGTEGPEHSYNGPASPALNQGS

147

Shiga-like toxin 1
subunit A (SLT-1A}

KEFTLDFSTAKTYVDSLNVIRSAIGTPLQTISSGGTSLL
MIDSGSGDNLFAVDVRGIDPEEGRFNNLRLIVERNNLY
VTGFVNRTNNVFYRFADFSHVTFPGTTAVTLSGDSSY
TTLQRVAGISRTGMQINRHSLTTSYLDLMSHSGTSLTQ
SVARAMLREFVTVTAEALRFRQIGRGFRTTLDDLSGRS
YYMTAEDVDLTLNWGRLSSVLPDYHGODSVYRVGRIS
FOSINAILGSVALILNCHHHASRVARMASDEFPSMOPA
DGRVRGITHNKILWDSSTLGAILMBRTISS

148

Shiga toxin subunit A
{SixA}

KEFTLDFSTAKTYVDSLNVIRSAIGTPLQTISSGGTSLL
MIDSGTGDNLFAVDVRGIDPEEGRFNNLRLIVERNNLY
VTGFVNRTNNVFYRFADFSHVTFPGTTAVTLSCGDSSY
TTLQRVAGISRTGMQINRHSLTTSYLDLMSHSGTSLTQ
SVARAMLRFVTVTAEALRFRQIORGFRTTLDDLSGRS
YYMTAEDVDLTLNWGRLSSVLPDYHGODSVRVGERIS
FGSINAILGSVALILNCHHHASRYARMASDEFPSMCPA
DGRVRGITHNKILWDSSTLGAILMRRTISS

149

Shiga-like toxin 2
subunit A (SLT-2A)

DEFTVDFSSQKSYVDSLNSIRSAISTPLGNISQGGVSY

SVINHVLGGNYISLNVRGLDPYSERFNHLRLIMERNNL
YYAGFINTETNIFYRFSDFSHISVPDVITVSMTTDSSYS
SLORIADLERTGMQIGRHSLVGSYLDLMEFRGRSMTR
ASSRAMLRFVTVIAEALRFRQIGRGFRPALSEASPLYT
MTAQDVDLTLNWGRISNVLPEYRGEEGVRIGRISFNS

LSAILGSVAVILNCHSTGSYSVREVEQKOKTECQIVGD
BAAIKVNNVLWEANTIAALLNRKPQDLTEPNG

Ab2 Heavy Chain
Variable Region
{Alternate Nucleic Acid
Seguence)

GAGGTCCAGCTGGTGGAGTCTGGGGGAGECTTGG
TACAGCCTAGGGGGTCCCTCAGACTCTCLTGTGCA
GOCTCTGGATTCACCTTCGAAGCATATAGCATGAAC
TGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGT
GGGTTTCATACATTAGTCTCAGTGGTGCCACCATAC
ACTACGCAGACTCTGTCGAAGGGCCGATTCACCATC
TCCAGGGACAACGCCAAGAACTCACTGTATCTGCA
AATGAACAGCCTGAGAGCCGAGGACACGGOGAETGT
ATTACTGCGCCAGAGCTGGACAATACTACTACGACA
GCAGTGATTACGOTGAGCTAGCATTCGACATATGG
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GCTCAGGGTACAATGGTCACCGTCTCCTCA

151

Ab2 Light Chain Variable
Region (Alternate
Nugcleic Acid Sequence)

GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCO
GTCACCCCTGGAGAGCCGGCCTCCATCTCCTGCAG
GTCTAGTCAGAGCCTGETCAGTAATGGATACAACTA
TTTCGATTGGTACCTGCAGAAGCCAGGGCAGTCTC
CACAGCTCCTGATCTATTTCGGTTCTTCCCEGGGCCT
CCGCGGTCCCTCACAGGTTCAGTGGCAGTGGATCA
GGCACAGATTTTACACTCAAAATCAGCAGAGTGGA
GGCTGAGGATGTTGGGGTTTATTACTGCATGCAGA
GAAGACGCACTCCTTGETCTTTTGGCGGAGGGACC
AAGGTTCAGATCAAA

Ab3 Heavy Chain
Variable Region
{Alternate Nucleic Acid
Sequence)

CAGGTCGCAGCTGGTGGAGTCTGEGGGAGACTTGE
TCAAGCCTGGAGGGTCCCTGAGACTCTCCTGTGCA
GOCTCTQGATTCACCTTCGGAGGATATAGCATGAAC
TGGGTCCGOCAGGCTCCAGGGAAGGGGLTGGAGT
GGGTTTCATACATTAGTATCAGTGGTGCCACCATAA
CCTACGCAGACTCTGTGAAGGGCOCGATTCACCATC
TCCAGGGACAACGCCAAGAACTCACTGTATCTGCA
AATGAACAGCCTGAGAGCCGAGGACACGGCOGTGT
ACTACTGCGCCAGAGGTCGCACAATACTACTACGAC
AGCAGCGATTATGGTCGAGGTAGCATTCGACATATG
GGGTCAGGGTACAATGGTCACCGTCTCCTCA

153

Ab3 Light Chain Variable
Region (Alternate
Nucleic Acid Sequence)

CATATTGTGATGACTCAGTCTCCACTCTCCCTGCCO
GCTCACCOCTGGAGAGCCGGCCTCCATCTCCTGCAG
GTCTAGTCAGAGCCTGGTCAGTAATGGATACAACTA
TTTGCGATTGGTACCTCCAGAAGCCAGGGCAGTCTC
CACAGCTCCTGATCTATITCGGTTCTTICCCGGGCCT
CCGGGCTCCCTGACAGGTTCAGTGGCAGTGGATCA
GCGCACAGATTTTACACTGAAAATCAGCAGAGTGGA
CGCTGAGGATGTTGGGGTTITATTACTGCATGCAGA
GAAGACGCACTCCTCOTTTICACTTTTGGCGGAGGE
ACCAAGGTTGAGATCAAA

154

Ab4 Heavy Chain
Yariable Region
{Altsrnate Nugcleic Acid
Sequence)

CAGGTGCACCTGGTGGAGTCTGGGGGRAGGECTTGE
TACAGCCTGGGGGGTCCCTGAGACTCTCCTGTGCA
CCCTCTGGATTCACCTTCGAAGCATATACCATGAAC
TGGGTCCGCCAGGCTCCACGGAAGGGRCTGGACT
COGTTTCATACATTAGTCTCAGTGGTGCCACCATAC
ACTACGCAGACTCTGTGAAGGGCCGATTCACCATC
TCCAGGGACAACGCCAAGAACTCACTGTATCTGCA
AATGAACAGCCTCAGAGCCGAGGACACGGCGGTGET
ATTACTGCGCCAGAGGTCGACAATACTACTACACGA
GCAGTCGATTACGGTCGAGGTAGCATTCGACATATGG
COTCAGCGGTACAATGGTCACCGTCTCCOTCA

155

Abd Light Chain Variable
Region (Alternate
Nucleic Acid Sequence)

GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCO
GTCACCCCTGGAGAGCCGGCCTCCATCTCCTGCAG
GTCTAGTCAGAGCCTGGTCAGTAATGGATACAACTA
TITGGATTGGTACCTGCAGAAGCCAGGGCAGTCTC
CACAGCTCCTGATCTATTTCGGTTCTTCCCGGGCOT
CCGGGGTCCCTGACAGGTTCAGTCGCAGTGGATCA
CGCACAGATTTTACACTGAAAATCAGCAGAGTGGA
COCTGAGGATGTTGGGCTTTATTACTGCATGCAGA
CAAGACGCACTCOTTGGTCTTTTGGCGGAGGGACC
AAGGTTGAGATCAAA

AbA Heavy Chain
Variable Region
{Alternate Nucleic Acid
Seguence)

GAGGTGCAGCTCGTTGGAGTCTGGGGGAGGCTTAG
TACAGCCTGGCGGGTCCCTGAGACTCTCCTGTGCA
GCCTCTGGATTCACCTTTAATAATTATTGGATGACAT
GGGTCCGCCAGGCTCCAGGGAAGGGACTGGAGTG
GCTCTCATCTATTAGTTCCAGTGGTGGTAGCATTTA
CTACCCCGACAGGGTGAAGGGCOGGTTCACCATCT
CCAGAGACAATTCCAAGAACACGLTGTATCTGCAAA
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TGAACAGCCTCGAGAGCCGAGGACACGGCGGTGTA
CTACTCGOGCAAGACGACGAGAGATCGGCAGGTGCTA
TGCATGCCTGGGGGCAAGGGACCACGGTCACCGT
CTCCTCA

157

AbA Light Chain
Variable Region
{Alternate Nucleic Acid
Seguence)

GACATCCAGATCACCCAGTCTCCATCCTCCOTETCT
GCATCTGTAGGAGACAGAGTCACCATCACTTGCAA
GGCAAGTCAGAATATTAACAAGAATTTAGACTCGTA
TCACGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGA
TCTATGAGACCAATAACTTGCAAACAGGGCTCCCAT
CAAGGTTCACTGOCAGTGGATCTGGGACAGATTTC
ACTCTCACCATCAGCAGTCTCCAACCTGAAGATTTTY
GCAACTTACTACTGTTATCAGCATAATTCTAGATTTA
CTTTTCGCCAGCOGACCAAGCTGOAGATCAAA

AbB Heavy Chain
Variable Region
{Alternate Nucleic Acid
Seguence)

GAGGTCCAGCTGGTGGAGTCTGGGGGAGGCTTGG
TACAGCCTACAGGGTCCCTGAGACTCTCCTGTGCA
GOCTCTGGATTCACCTTTACCAATTTTTGGATGGCG
TGGATCCGCCAGGCTCCAGGGAAGGOGCTGGAGT
GGGTCGCAAGTATTAGTTCAAGTGGTGGTAGCATCT
ACTACCCTGACTCCGTGAAGGACCGGTTCACCATC
TCCAGAGACAATTCCAAGAACACGCTGTATCTGCAA
ATGAACAGCCTGAGAGCCGAGGACACGGCGGTGETA
CTACTGCGTCAAGTTTCACCACTATTCAGGCGGCG
GCGATCCTTGGGRCCAAGGCGACCCTGETCACCGT
CTCCTCA

158

ADB Light Chain
Variable Region
{Alternate Nucleic Acid
Sequence)

GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCT
GCATCTGTAGGAGACAGAGCTCACCATCACTTGCAAA
COAAGTCAGAATATTAACAAGTATITAGATTGGTATC
AGCAGAAACCAGGGAAAGCCCOTAAGCTCCTGATC
CATTACACTAACAACTTGCACACCCGGATTCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTATAC
TCTCACCATCAGCAGTCTGCAACCTGAAGATTITGO
AACTTACTACTGTCTGCAGCACAGTTCCAGATGGAC
ATTCCGGCGCAGGGACCAAGGTGCAGATCAAA

160

AbC Heavy Chain
Yariable Region
{Alternate Nucleic Acid
Sequence)

CAGGTGCAGCTGGTGGAGTCTGGGGRAGECTTGE
TACAGCCTGGAGGGTCCCTCAGACTCTCCTGTGCA
CCCTCTGGATTCACCTTCAATAACTATTGGATGACG
TGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGT
GGGTTTCATCCATTACGTAGTAGTGGCGGTAGTATAT
ACTACCCTGACTCTGTGAAGCATCGATTCACCATCT
CCAGAGACAATCCCAAGAACTCACTGTATCTGCAAA
TGAACAGCCTGAGAGCTGAGGACATGGCGGTGTAC
TACTGCGCCAGGTTCTACTACTACGACGGGGGAGG
CCATGCCGTGCGECCAAGGAACCOTCGTCACCGTCT
CCTCA

161

AbC Light Chain
Variable Region
{Aiternate Nucleic Acid
Sequence)

GGCATCCAGATGACCCAGTCTCCATCCTCCCTATCT
GCATCTGTAGGAGACAGAGTCACCATCACTTGCAA
GGCGAGTCAGGACATTAATAAGTATTTAGATTGGTA
TCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGA
TCTACAATACAAACAATTTGCATACAGGGATCCCAT
CAAGGTTCAGTGGAAGTCGCATCTGGGACAGATTAT
ACTCTTACCATCAGCAGCCTGCAGCCTGAAGATITT
CCAACATATTACTGTCTTCAACACATATCTAGATCG
ACGTTCGGCGGAGCCACCAAGCTGGAGATCAAA
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Other Embodiments

All publications, patenis, and patent applications mentioned in this specification are
incorporated herein by reference 1o the same extent as if each independent publication or patent
application was specifically and individually indicated fo be incorporated by reference.

While the invention has been described in conneclion with specific embodiments thereof, it
will be understood that it is capabie of further modifications and this application is intended to cover
any variations, uses, or adaptations of the invention following, in general, the principies of the
invention and including such departures from the invention that come within known or customary
practice within the art to which the invention pertains and may be applied to the essantial features
hereinbefore set forth, and foliows in the scope of the claims.

Other embodimeants are within the claims.
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CLAIMS

1. An isolated anti-CD45 antibody, or antigen binding portion thereof, comprising:

{a) a heavy chain variable region comprising a CDR1 domain comprising the amino acid
sequence as sat forth in SEQ 1D NQO:2, a CDR2 domain comprising the amino acid sequence as set
forth in SEG 1D NO:3, and a CDR3 domain comprising the amingo acid seguance as set forth in SEQ
ID NO:4; and a light chain variable region comprising a CDR1 domain comprising the amino acid
sequence as sat forth in SEQ 1D NO:6, a CDR2 domain comprising the amine acid sequence as set
forth in SEG 1D NO:7; and a CDRS domain comprising the aming acid seguance as set forth in SEQ
1D NOS;

{b) a heavy chain variabie region comprising a CBR1 domain comprising the amino acid
sequence as sat forth in SEQ 1D NO:12, a CDR2 domain comprising the aminc acid sequence as set
forth in SEQ 1D NO:13, and a CDRS domain comprising the amino acid sequence as set forth in SEQ
D NG:14; and a light chain variable region comprising a CDR1 domain comprising the amino acid
sequence as sat forth in SEQ 1D NO:16, a CDR2 domain comprising the aminc acid sequence as set
forth in SEQ 1D NO:117,; and a CDRS domain comprising the amino acid sequence as set forth in SEQ
D NG8;

{c} a heavy chain variable region comprising & CDR1 domain comprising the amino acid
sequence as set forth in SEQ 1D NO:22, a CDR2 domain comprising the amino acid sequence as set
forth in SEQ 1D NO:23, and a CDR3 domain comprising the amino acid sequance as set forth in SEQ
1D NO:24; and a light chain variable region comprising a CDR1 domain comprising the amino acid
sequence as set forth in SEQ 1D NO:26, a CDR2 domain comprising the amino acid ssquence as set
forth in SEG 1D NO:27; and a CDR3 domain comprising the amino acid sequence as set forth in SEQ
1D NO:28;

{d) a heavy chain variable region comprising a CDR1 domain comprising the amino acid
sequence as set forth in SEQ 1D NO:32, a CDR2 domain comprising the aming acid sequence as sei
forth in SEG 1D NO:33, and a CDR3 domain comprising the amino acid sequence as set forth in SEQ
1D NO:34; and a light chain variable region comprising a COR1 domain comprising the amino acid
sequence as setf forth in SEQ 1D NO:36, a CDR2 domain comprising the aming acid sequence as sei
forth in SEQ 1D NG:37; and a CDR3 domain comprising the amino acid sequence as set forth in SEQ
1D NO:38;

{e} a heavy chain variable region comprising 8 COR1 domain comprising the amino acid
sequence as set forth in SEQ 1D NO:42, a CDR2 domain comprising the aming acid ssquence as set
forth in SEQ 1D NO:43, and a CDR3 domain comprising the amino acid sequence as set forth in SEQ
iD NO:44; and a light chain variable region comprising a CDR1 domain comprising the amine acid
seguence as set forth in SEQ 1D NO46, a CDR2 domain comprising the aming acid saquence as sel
forth in SEQ 1D NO:47; and a CDR3 domain comprising the amino acid sequence as set forth in SEQ
iD NC:4§g;

{f} a heavy chain variable region comprising a CDR1 domain comprising the amino acid

seguence as set forth in SEQ 1D NO:52, a CDR2 domain comprising the amino acid seguence as set
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forth in SEQ 1D NO:53, and a CDR3 domain comprising the aming acid seguence as set forth in SEG
ID NO:54; and a light chain variable region comprising a CDR1 domain comprising the amino acid
sequence as sat forth in SEQ 1D NO:56, a CDR2 domain comprising the amine acid sequance as set
forth in SEQ 1D NO:57; and a CDRS domain comprising the amino acid seguence as set forth in SEQ
D NO:5BS;

{g) a heavy chain variabls region comprising a CDR1 domain comprising the amino acid
sequence as sat forth in SEQ 1D NO:62, a CDR2 domain comprising the amine acid seguence as set
forth in SEQ 1D NO:63, and a CDRS domain comprising the amino acid sequence as set forth in SEQ
1D NO:64; and a light chain variable region comprising a CDR1 domain comprising the amino acid
sequence as sat forth in SEQ 1D NO:66, a CDR2 domain comprising the amine acid seguence as set
forth in SEQ 1D NO:67,; and a CDRS domain comprising the amino acid sequence as set forth in SEQ
D NO:88;

{h) a heavy chain variabie region comprising a CBR1 domain comprising the amino acid
sequence as set forth in SEQ 1D NO:72, a CDR2 domain comprising the aminc acid sequence as set
forth in SEQ 1D NO:73, and a CDRS domain comprising the amino acid sequence as set forth in SEQ
D NG:74; and a light chain variable region comprising a CDR1 domain comprising the amino acid
sequence as sat forth in SEQ D NO:76, a CDR2 domain comprising the aminc acid sequence as set
forth in SEQ 1D NO:77; and a CDRS domain comprising the amino acid sequence as set forth in SEQ
D NO:78;

{iY a heavy chain variable region comprising a CDR1 domain comprising the amino acid
sequence as set forth in SEQ 1D NO:82, a CDR2 domain comprising the amino acid sequence as set
forth in SEG 1D NO:83, and a CDR3 domain comprising the amino acid sequence as set forth in SEQ
1D NO:84; and a light chain variable region comprising a COR1 domain comprising the amino acid
sequence as set forth in SEQ 1D NO:86, a CDR2 domain comprising the aming acid sequence as sei
forth in SEQ 1D NG:87; and a CDR3 domain comprising the amino acid sequence as sef forth in SEQ
1D NO:88; or

{j} a heavy chain variable region comprising a CDR1 domain comprising the amino acid
sequence as set forth in SEQ 1D NO:82, a CDR2 domain comprising the amino acid ssquence as seti
forth in SEG 1D NO:93, and a CDR3 domain comprising the amino acid sequence as set forth in SEQ
iD NO:84; and a light chain variable region comprising a CDR1 domain comprising the amino acid
sequence as set forth in SEQ 1D NO:96, a CDR2 domain comprising the aming acid saquencs as sel
forth in SEQ 1D NOG:97; and a CDR3 domain comprising the amino acid sequence as set forth in SEQ
iD NO:38.

2. An isolated anti-CD45 antibody, or antigen-binding portion thersof, comprising

a heavy chain variable region comprising a CDR1 domain comprising the amino acid
sequence as set forth in SEQ 1D NO:118, a CDR2 domain comprising the amino acid sequence as
set forth in SEQ 1D NO:120, and a CDR3 domain comprising the amino acid sequence as set forth in
SEQID NG:121; and a light chain variable region comprising a CDR1 domain comprising the amino

acid sequence as set forth in SEQ 1D NO:122, a CDR2 domain comprising the amino acid sequence

204



WO 2021/087368 PCT/US2020/058373

as set forth in SEQ 1D NO:123; and a CDR3 domain comprising the amino acid sequence as set forth

in SEQ

ID NO:124.

An isolated anti-CD45 antibody, or antigen-binding portion thereof, comprising

{&) a heavy chain variable region comprising the aming acid sequencs as set forth in SEQ D

NO:1, and a light chain variable region comprising the amino acid sequence as sat forth in SEQ 1D

NG:5;

NG:11,
NG:15;

NO:21,
NG:25;

NG:31,
NO:35;

NG:41,
NO:45;

NO:51,
NO:55:;

NO:71,
NC:75;

NO:81,
NC:85;

NO:S1,
NO:gs.

4.

{bb) a heavy chain variable region comprising the aming acid sequencs as set forth in SEQ 1D

and a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D

{c) a heavy chain variable region comprising the amino acid sequence as set forth in SEQ 1D

and a light chain variable region comprising the amino acid sequence as sat forth in SEG ID

{d) a heavy chain variabie region comprising the amino acid sequence as set forth in SEG ID

and a light chain variable region comprising the amino acid sequence as sat forth in SEGQ ID

{2) a heavy chain variabie region comprising the amino acid sequence as set forth in SEG 1D

and a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D

{f) a heavy chain variable region comprising the amino acid sequence as set forth in SEQ ID

and a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D

{g) a heavy chain variabie region comprising the amino acid sequence as set forth in SEG 1D

61, and a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D

{h) a heavy chain variabie region comprising the amino acid sequence as set forth in SEG 1D

and a light chain variable region comprising the aminoe acid sequence as set forth in SEQ 1D

{i} a heavy chain variable region comprising the amino acid sequence as set forth in SEQ 1D
and a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D
or

(i} a heavy chain variable region comprising the amino acid sequence as set forth in SEQ 1D

and a light chain variable region comprising the amino acid sequence as set forth in SEQ 1D

Ths isolated anti-CD45 antibody, or antigen-binding portion thereof, of any ong of claims 1-3,

wherein the antibody, or antigen-binding portion thereof, comprises an Fc region.

5.

The isolated anti-CD45 antibody, or antigen-binding portion thereof, of claim 4, wherein the Fc

region is a human IgG1 Fc region of a human IgG4 Fc region.
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6. The isolated anti-CD45 aniibody, or antigen-binding portion thereof, of any one of claims 1-5,
wherein the aniibody is a monocional antibody.

7. The isclated anti-CD45 antibody of any one of claims 1-6, wherein the antibody is an intact

antibody comprising a constant region.

8. The isolated anti-CD45 antibody of any one of claims 1-7, wharein the antibody is an 1gG.
8. The isolated anti-CD45 antibody of claim 8, wherein the igG is an IgG1 or an igG4.
10. The isolated anti-CD45 antibody of any one of claims 1-9, wherein the antibody comprises a

constant region, and wherein the constant region comprises at least one, at least two, at least three,
at least four, or at least five amino acid substitutions selected from the group consisting of L234A,
L2354, D265C, H310A, and H435A (numbering according to the EU index).

11. The isciated anti-CD45 antibody of ¢claim 10, wherein the constant region comprises amino
acid substitutions L.234A, L235A and D265C (numbering according to the EU index).

12. The isclated anti-CD45 antibody of any one of claims 1-11, comprising a constant region,
wherein the constant region comprises

{a) a heavy chain amino acid sequence as set forth in SEQ 1D NO:102, SEQ 1D NO:103, SEQ
1D NO:104, SEQ 1D NOC:105, or SEQ D NO:106; and

{b) a light chain amino acid segquence as set forth in SEQ 1D NO:101.

13. An isolated anti-CD45 aniibody comprising

{a) a heavy chain amino acid sequence as set forth in SEQ 1D NO:8, and a light chain amino
acid sequence as set forth in SEQ 1D NO:1Q;

{b) a heavy chain amino acid sequence as set forth in SEQ 1D NO:19, and a light chain amino
acid sequence as set forth in SEQ 1D NO:20;

{c} a heavy chain amino acid sequence as sgt Torth in SEQ 1D NO:29, and a light chain amino
acid sequence as set forth in SEQ 1D NO:30;

{d) a heavy chain amingo acid sequsence as set forth in SEQ D NO:39, and a light chain amino
acid sequence as set forth in SEQ 1D NO:40;

{e) a heavy chain amino acid sequence as set forth in SEQ 1D NO:49, and a light chain amino
acid sequence as set forth in SEQ 1D NO:50;

{fy a heavy chain amino acid sequence as set forth in SEQ ID NG:58, and a light chain amino
acid sequence as set forth in SEQ 1D NO:60;
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{g) a heavy chain aming acid sequence as set forth in SEQ D NO:$ES, and a light chain amino
acid sequence as set forth in SEQ 1D NO:70;

{h) a heavy chain amino acid ssquence as set forth in SEQ ID NO:79, and a light chain amino
acid sequence as set forth in SEQ 1D NO:80;

(i} a heavy chain amino acid sequence as set forth in SEQ 1D NO:89, and a light chain amino
acid sequence as sat forth in SEQ 1D NO:90; or

{i} 8 heavy chain amino acid sequence as sat forth in SEQ 1D NC:98, and a light chain aming
acid seguence as st forth in SEQ 1D NO:100.

14. An isolated anti-CD45 antibody, or antigen-binding portion thereof, that specifically binds to
human CD45 at an epitope located within CD45 Fragment 1 (SBEQ 1D NO:114), CD45 Fragment 2
(SEQ D NOG:115}, CD45 Fragment 3 (SEQ 1D NG:116)}, CD45 Fragment 4 (SEQ D NO:117), and/or
CD45 Fragment 5 (SEQ D NG:118).

15. The isoiated anti-CD45 antibody, or antigen-binding portion thereof, of claim 14, wherein the
antibody, or antigen-binding portion thereof specifically binds 1o

(&) an epitope of human CD45 iocated within CD45 Fragment 2, and an epitope of human
CD45 iocated within Fragment 4;

{b) an epitope of human CD45 located within CD45 Fragment 1, and an spitope of human
CDA45 lpcated within CD45 Fragment 3; or

{c} an epitope of human CD45 located within CD45 Fragment 5.

16. The isolated anti-CD45 antibody, or antigen-binding portion thereof, of claim 14 or 15,
wherein the antibody, or antigen-binding portion thereof specifically binds o

{a) one or more residues selected from the group consisting of 4057, 407K, 419Y, 425K
481R, 505R, and 509H in human CD45 {numbered with reference to SEQ 1D NO:113); or

{b) one or more residues selected from the group consisting of 486R, 493Y, and 5027 in
human CD45 (numbered with reference to SEQ 1D NO:113).

17. The isolated anti-CD45 antibody, or antigen-binding portion thareof, of any ong of claims 1-

16, which specifically binds human CD45, and cross-reacts with cynomolgus CD45.

18. The isolated anti-CD45 antibody, or antigen-binding portion thareof, of any ong of claims 1-
17, whersin the antibody, or antigen-binding portion thereof, binds to human CD45 with a dissociation
rate {Korr} of 1x102 10 13109, 1x10° to 1x104, 10 1o 1x10°%, 1x10% 0 1x10°%, 1x10% 0 1107, or
1x107 1o 1x108) as measured by Bio-Laysr Interfsrometry (BLI).

19. The isolated anti-CD45 antibody, or antigen-binding portion thereof, of any oneg of claims 1-

18, wherein the antibody, or antigen-binding portion thereof, binds to human CD45 with a Kp of about

100 nM or less, about 90 nM or less, about 80 nM or less, about 70 nM or iess, about 60 nM or less,
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about 50 nM or less, about 40 nM or less, about 30 nM or iess, about 20 nM or less, aboui 10 nM or

less, about 10 nM or less, or about 0.1 nM or less, as determined by Bio-Layer Interferometry (BLI).

20. A pharmaceutical composition comprising the antibody, or antigen-binding portion thereof, of

any one of claims 1-19, and a pharmaceutically accepiable carrier.

21. An isolated nucleic acid comprising a nucleic acid sequence encoding the antibody, or

antigen binding portion thereof, of any one of claims 1-13.

22. A vector comprising the isolated nucleic acid of claim 21.

23. A host cell comprising the isolated nucisic acid of claim 21, or the vecter of claim 22.

24, The host cell of claim 23, wharein the cell is a Chinese Hamster Ovary (CHO) cell or a
HEK293T cell.

25. A pharmaceutical composition comprising the antibody, or antigen-binding portion thereof, of

any one of claims 1-19, for use in depleting a population of CD45+ celis in a human patient.
26. A method of deplsting a population of CD45+ cells in a human patient, comprising
administering

the antibody, or antigen-binding portion thereof, of any one of claims 1-19 fo the human patient.

27. The method of claim 26, wherein the CD45+ cells are CD3+, CD19+, CD33+, CD34+, or
CD45+/B2M+.

28. The method of claim 28, wherein the CD45+ cells are hematopoietic stem cells (H3Cs), T

cells, B cells, and/or myeloid celis.

29. The method of claim 28, wherein the CD45+ cells are cancer celis.

30. Tha method of any one of claims 26-29, wherein the CD45+ cells are depleted from the bone

marrow of the patient and/or from the peripheral blood of the patient.

31. The method of any one of claims 26-30, wherein the patient is in nesd of a hematopoietic

siem cell transplant.

32. The method of any cne of claims 26-31, further comprising administering to the patient a

transplant comprising hematopoietic stem cells.
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33. The method of claim 31 or 32, wherein the transplant is aliogeneic.

34 The method of claim 31 or 32, wherein the transplant is autologous.

35. An antibody drug conjugate (ADC) comprising an anti-CD45 antibody, or an antigen-binding
portion thereof, conjugated o a cytotoxin via a linker, wherein the anti-CD45 antibody, or antigen-

binding portion thereof, is an antibody or anligen-binding portion thereof of any one of claims 1-18.

36. The ADC of claim 35, wherein the antibody is conjugated io the cylotoxin by way of a cysteine

residue in the constant domain of the antibody.

37. The ADC of claim 36, wherein the cysteine residue is introduced by way of an amine acid

substitution in the constant region of the antibody.

38. The ADC of claim 37, wherein the amino acid substitution is D265C and/or V205C (EU

numbering).

38. The ADC of any one of claims 35-38, wherein the ADC has a drug to antibody ratio (DAR) of
1,2,3,4,5,6,7,0r 8.

40. The ADC of any one of claims 35-39, wherein the cytotoxin is an RNA polymerase inhibitor,
DNA intercalating agent, a DNA alkylating agent, a DNA crosslinking agent, an agent that disrupts
protein synthesis, an agent that disrupts microtubule dynarnics, or an agenti that disrupts the mitotic

spindle.

a1, The ADC of any one of claims 35-40, wherein the cytoloxin is selected from the group
consisting of an amatoxin, an anthracycline, an auristatin, a calichearicin, deBouganin, diphtheria
toxin, a duccarmycin, an indolinobenzodiazepine (IGN), an indolinobenzodiazepine dimer, irinotecan,
maylansine, a mayiansinoid, pseudomonas exotoxin A, a pyrrolobenzodiazepine (PBD), a
pyrrolobenzodiazepine dimer, saporin, and SN-38.

42. The ADC of claim 40, whersin the cytotoxin is an RNA polymarass inhibitor.

43. The ADC of claim 42, whergin the RNA polymerase inhibitor is an amatoxin.

44, The ADC of claim 43, wherein the ADC is reprasented by the formula Ab-Z-L-Am, wherein Ab
is an antibody, or antigen-binding portion therecf, of any one of claims 1-18, Lis alinker, Zis a

chemical moiety, and Am is an amatoxin.

45, Tha ADC of claim 44, whergain the amatoxin-linker conjugate is represented by Formula {i):
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NN
N

X
Rg 4

wherein Ry is H, OH, ORa, or ORc;

Rz is H, OH, ORs, or ORc;

Raand Ra, when preseni, together with the oxygen atoms 1o which they are bound, combine
to form an oplionally substituted 5-membered helerocycloalky! group;

Rais H, Re, or Ro;

R4, Rs, Bs, and Ry are each independently H, OH, ORe, ORbp, Re, or Ry;

Rs is OH, NHz, ORc, ORo, NHRe, or NReBp;

Rg is H, OH, ORc, or ORp;

Xis -G, -S(0})-, or -850z

Reis -L-Z;

Rp is optionally substituted C:-Cs alkyl, optionally substituted C:-Cs hateroalkyl, optionally
substituted C2-Cs alkenyl, optionally substituted Ce-Cs heteroalkenyl, optionally substituted C2-Cs
atkynyl, opticnally substituted Ca-Ce hetercalkynyl, optionally substituted cycloalkyt, optionally
substituted heterocycioalkyl, optionally substituted aryl, or opticnally substituted heteroaryl;

L is optionally substituted C1-Cs alkylene, optionally substituted C1-Cs hetercalkyiene, optionally
substituted C2-Cs alkenylene, optionally substituted Co-Cs heteroalkenyiene, optionally substituted Cz-
Cs alkynyiene, optionally substituted C»-Cs heteroalkynylene, optionally substituted cycloalkylene,
optionally substituted haterocycloalkylens, optionally substituted arylens, optionaily substituted
heteroarylens, a peptide, a dipeptide, -(C=0}-, a disulfide, a nydrazone or a combination thereof,

and

£ is a chemical moiety formed from a coupling reaction between a reactive substituent
present on L. and a reactive substituent present within the antibody or antigen-binding fragment
thereof,

wherein Am comprises exactly one Rc substituent.

46, The ADC of claim 45, wherein L-Z is
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wherein X is -8, -8(0)}-, or -S0,-.

48, The ADC of claim 43 or 44, wherein the ADC has a formuia of
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wherein Ab represents the point of attachment of the anti-CD45 antibody.

49, The ADC of claim 43 or 44, wherein the ADC has a formula of

whergin Ab represents the point of attachment of the anti-CD485 antibody.

50. The ADC of claim 43 or 44, wherein the ADC has a formula of
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wharein Ab represents the point of attachment of the anti-CD45 antibody.

51. The ADC of claim 43 or 44, wherain the ADC has a formula of

NH,

Ab

B2. The ADC of claim 43 or 44, whersin the ADC has a formula of

whersin Ab represenis the point of attachment of the anti-CD45 antibody.
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53. The ADC of claim 41, wherein the cytotoxin is a pyrrolobenzodiazepine (PBD).

54. The ADC of claim 53, wherein the cytotoxin is a PBD dimer.

55, The ADC of claim 54, wherein the PBD dimer is represented by

wherein the wavy line indicates the point of attachmant to the linker of the ADC.

56, The ADC of any one of claims 53-55, wherein the linker comprises one or more of a peptide,
oligosaccharide, -{CHa)p-, ~(CH2GH20)g-, -(C=0){(CHa)r-, -(C=0){CH2CH0%-, -(NHCOH2CHz} -, -PAB,
Val-Cit-PAB, Val-Ala-PAB, Val-Lys{Ac)}-PAB, Phe-Lys-PAB, Phe-Lys{Ac)-PARB, D-Val-Leu-Lys, Gly-

Gly-Arg, Ala-Ala-Asn-PAB, or Ala-PAB, wherein each of p, g, r, &, and u are integers from 1-12,

selecied independently for each occurrence.

57. The ADC of any one of claims 53-55, wherein the linker has the structure of
/\i / N J JR\Y/Q =
P O N
% N/\\;\:« \/}\Hf : ﬁ { \(\ﬂ
H = O S
80
Q\?Ij]"‘
O
wharein R is CHs (Ala} or (CHe)sNH(COYNH: (Cit}.
B8. The ADC of any one of claims 53-57, wherein the linker, prior 1o conjugation to the antibody

and including the reactive substituent 2, taken together as L-Z', has the structure
R4

0 Q F oA
Q a / § J\/N

; 's} N ) y 4
SO Y )
X 80 A \/\l

O a :ﬁi
O
wherein R is CHa (Ala) or (CHejaNH({CO)NH: (Cit).

59. The ADC of claim 58, whergin Ry is CHa.
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60. The ADC of any one of claims 53-58, wherein the cyiotoxin-linker conjugate, prior to
conjugation o the antibody and including the reactive subsiituent Z', faken together as Cy-L-Z', is
tesirine, having the structure:

61. The ADC of any one of claims 53-60, having the structure

Q

Ap—S \\// OH

wharein Ab is the anti-CB45 antibody or antigen binding portion thersof, and S represanis a

sulfur atom present in or introduced into the antibody or antigen binding portion thereof.

62. The ADC of claim 41, wherein the cylotoxin is an indolinchenzodiazepine (IGN).
63. The ADC of claim 62, wherein the cytotoxin is an IGN dimer or an IGN pseudodimer.
64. The ADC of claim 62 or 63, wherein the cytotoxin is an IGN pseudodimer represented by:
s
HN

(/( \f/
« OMe

\\/

whergin the wavy line indicales the point of covalent attachment fo the linker of the ADC.
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65. The ADC of any one of claims 62-64, wherein the linker comprises a dipsptide, a disulfide,
C1-C12 alkyl, C=0, or combinations thereof.

66. The ADC of any one of claims 82-65, wherein the linker comprises
o e 0 o
‘?% o N \/\N
" H
G O //
¢ or
SO4H
S %
‘zz?-p>< S
7/ o )
67. The ADC of any one of claims 62-66, whersin the cytoloxin-iinker conjugats, prior to

conjugation to the antibody or antigen binding portion thereof, and including the reactive substituent
Z', taken together as Cy-L-Z', has a siructure of:

68. A pharmaceutical composition comprising an ADC of any ong of ¢claims 3567, and a
pharmaceutically acceptable carrier.

63. A method of depleting a population of CD45+ cells in a human patient, the method comprising
administaring to the patient an effective amount of the ADC of any one of claims 35-67.

70. The method of claim 69, wherein the CD45+ cells are CD3+, CD19+, CD33+, CD34+, or
CDA5+/B2M+.

71. The mathod of claim 69, wherein the CD45+ cells are hematopoistic stem celis (HSCs).

72. The method of claim 69, wherein the CD45+ cells are HSCs, T celis, B cells, and/or myeloid
cells.

73. The method of any one of claims 69-72, wherein the CD45+ celis are depleied from the bone

marrow of the patient and/or from the peripheral blood of the patient.
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74. The method of any one of claims §9-73, wherein the patient is in need of a hematopoietic

stem call transplant.

75. The method of any ong of claims 89-74, further comprising administering to the patient a

transplant comprising hematopoielic stem cells.

76. A method of depleting a population of CD45+ cells in a human patient in need of a
hematopoistic stem cell (HSC) transplant, the method comprising administering to the patient an ADC
of any one of claims 35-67 prior to the patient recelving a transplant comprising hematopoietic stem

cells.

77. A method comprising
{a) administering to a human patient an ADC of any one of claims 35-67, in an amount
sufficient to deplete a population of CD45+ cells in the patient; and

{b) subsequently administering to the patient a transplant comprrising hematopoietic stem

cells.

78. The method of any one of claims 74-77, wherein the transplant is allogeneic.

79. The method of any one of claims 74-77, wherein the transpiant is auiclogous.

80. The method of any one of claims 74-79, wherein the transplant comprising hematopoietic

stem celis is adminisiered to the patieni after the concentration of the ADC has subsiantially cleared

from the blood of the patient.

81. The method of any one of claims 74-80, wherein the hematopoietic stem cells or progeny
thereof are capable of localizing to hematopoistic tissue and/or reestablishing hemalopoiesis following

transplantation of the hematopoietic stem cells info the patient.

B82. The method of any one of claims 74-81, wherein upon transplantation into the patient, the
hamatopoietic stem celis give riss to recovery of a popuiation of cells selected from the group
consisting of megakaryocytes, thrombocytas, piateleis, erythrocytes, mast celis, myeloblasts,
basophils, neutrophils, eosinophils, microglia, granulocytss, monocytes, osteociasts, antigen-

presenting cells, macrophages, dendritic celis, natural kilier cells, T-iymphocyies, and B-lymphocytes.

83. The method of any one of claims 89-82, wherein the patient has a blood disease, a metabolic
disorder, cancer, or an autoimmune disorder, or severe combined immunodeficiency disease (SCID}).

B4, The method of claim 83, wherein the patient has cancer.
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85. The method of claim 84, wherein the cancer is a hematological cancer.

86. The meathod of claim 85, wherein the hematological cancer is acute mysioid

leukemia, acuie lymphoid lsukemia, chronic myeloid leukemia, chronic lymphoid leukemia, or muliiple

myeloma.
87. The method of claim 83, wherein the patient has an autoimmuns disorder.
88. The method of claim 87, wherein the auloimmune disorder is muitiple sclerosis, Type 1

diabetes mellitus, or scleroderma.

88. The method of claim 87, wherein the autoimmune disorder is selected from the group

consisting of multiple sclerosis, human systemic lupus, rheumatoid arthritis, inflammatory bowel

disease, treating psoriasis, Type 1 diabetes mellitus, acute disseminated encephalomyelitis,
Addison's disease, alopecia universalis, ankylosing spondylitisis, antiphospholipid antibody syndrome,
apiastic anemia, autoimmune hemolytic anemia, auloimmune hepatitis, autcimmune inner ear
disease, autcimmune lymphoproliferative syndrome, autoimmune cophoritis, Balo disease, Behcet's
disease, bullous pemphigoid, cardiomyopathy, Chagas' disease, chronic fatigue immune dysfunction
syndrome, chronic inflammatory demyelinating polyneuropathy, Crohn's disease, cicatrical
pemphigoid, coeliac sprue-dermatitis herpetiformis, cold agglutinin disease, CREST syndrome, Degos
disease, discoid lupus, dysauionomia, endometriosis, essential mixed cryoglobulinemia,
fibromyalgia-fibromyositis, Goodpasiure' 5 syndrome, Grave's disease, Guillain-Barrg syndrome,
Hashimoto' s thyroiditis, Hidradenitis suppurativa, idiopathic and/or acute thrombocytopenic purpura,
idiopathic pulmonary fibrosis, lgA neuropathy, interstitial cystilis, juvenile arthritis, Kawasaki's disease,
lichen planus, Lyme disease, Meniere disease, mixed conneclive tissue disease, myasthenia gravis,
nguromyotonia, opsocionus myoclonus syndrome, optic neuritis, Ord's thyroiditis, pemphigus vulgaris,
pernicious anemia, polychondritis, polymyositis and dermatomyosilis, primary biliary cirrhosis,
polyarteritis nodosa, polyglandular syndromes, polymyalgia rheumnatica, primary
agammaglobulinemia, Raynaud phenomenon, Reiter' s syndrome, rheumatic fever, sarcoidosis,
sclernderma, Sjdgren’'s syndrome, stiff person syndrome, Takayasu's arteritis, temporal arteritis,

ulcerative colitis, uveitis, vasculitis, vitiligo, vulvodynia, and Wegener's granuiomatosis.
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