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Abstract:

Provided herein are methods of depleting T cells for therapeutic uses, including administration of
anti-CD2 or anti-CD5 antibody drugs conjugates (ADCs) for treatment. Provided are anti-CD2
ADCs or anti-CD5 ADCs for use as agents to treat a stem cell disorder, cancer, or autoimmune
disease, among other hematological and proliferative diseases. The compositions and methods
described can be used to deplete populations of CD2+ or CD5+ cells, such as CD2+ or CD5+ cancer
cells or CD2+ or CD5+ immune cells, and can also be used to prepare a patient for hematopoietic
stem cell transplantation or solid organ transplantation.
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T-CELL DEPLETING THERAPIES

Related Applications
This application claims the benefit of priority to U.S. Provisional Patent Appin. No.

62/857 744, filed on June §, 2019, the contents of which are incorporated by reference herein.

Sequence Listing
The instant application contains a Sequence Listing which has been submiited
electronically in ASCl format via EFS-Web and is hereby incorporated by reference in its entirety.
Said ASCIH copy, created on June 3, 2020, is named M103034_2170W0_SlL td and is
1,817 bytes in size.

Background
T celis are a type of lymphocyte which develop in the thymus and play an important rofe in
the immune response. While T celis are an essential part of the immune system, aberrant T cell
activity can cause disease in a patient. For exampie, graft versus host disease {GVHD) is caused
primarily by donor T cells in the graft that elicit an immune response, resulting in host tissue
damage. Other exampies of aberrant T cell activity resulting in disease include T cell associated
cancers, such as T cell lymphoma. Therapies targeting T cells remain a challenge in the art.

Summary

There is currently a need for T cell targeting compaositions and methods for treating
disorders of the hematopoietic system, such as autoimmune disorders, as well as compositions
and methods for promoting the engraftment of excgenous hematopoietic stem cell grafis such that
the multi-potency and hematopoietic functionality of these cells is preserved following
transplantation.

Provided herein are T cell targeting compositions and methods for the direct treatment of
various disorders of the hemalopoietic sysiem, metabolic disorders, cancers, and autoimmune
diseases, among others. The compositions and methods disclosed herein target immune cells for
conditioning a human patient for 2 hematopoietic stem cell transplantation for treatment of a
disease such as, but not limited to, blood cancer or an autoimmune disease.

in one aspect, provided herein are methods of depleting T cells in a subject having an
autcimmune disease, said method comprising administering an effective amount of either an anti-
CDB5 antibody drug conjugate {ADC) or an anti-CD2 ADC to a subject having an autoimmune
disease, wherein the ADC comprises an anti-CD5 antibedy, or antigen-binding fragment thereof,
or an ant-CD2 antibody, or antigen-binding fragment thereof, conjugated to a cytotoxin via a
linker.
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in one embodiment, the effective amount is an amount sufficient to substantially deplete
endogenous CD5+ or CD2+ T cells in the thymus of the subject.

in one embodiment, the subject has muitiple sclerosis, rheumatoid arthritis, systemic lupus
erythematosus (SLE), or systemic sclerosis (S3c).

in another aspect, provided herein are methods of treating a subject having steroid-
refractory graft versus host disease (GVHD) or at risk for developing GVHD, said method
comprising administering an anti-Cb2 ADC or an anti-Cb5 ADC to the subject having steroid-
refractory GVHD, such that the stercid refractory GVHD is treated, wherein the ADC comprises an
anti-CD5 antibody, or antigen-binding fragment thereof, or an anti-CD2 antibedy, or antigen-
binding fragment thereof, conjugated 1o a cytotoxin via a linker.

in one embodimeant, the steroid refractory GVHD is steroid refractory acute GVHD.

in one embodiment, the subject previously received an allogeneic HSC transplant.

in cne embodiment, the subject has steroid refractory acute GVHD Grade 2 to Grade 4
{Mourt Sinai acute GVHD International Consortium (MAGIC) criteria). In one embodiment, the
GVHD grade is decreased by one grade according to the MAGIC criteria following administration
of the anti-CD2 ADC or anti-CD5 ADC.

in other aspects, provided herein are methods of irealing a subject having a T cell
malignancy, said methoed comprising administering an effective amount of an anti-CD2 ADC or an
anti-CB5 ADC 1o the subject, wherein the ADC comprises an anti-CD5 antibody, or antigen-
binding fragment thereof, or an anti-CD2 antibody, or antigen-binding fragment thereof, conjugated
10 a cytotoxin via a linker.

in one embodiment, the T cell malignancy is a lymphoma. In certain embodiments, the T
cell malignancy is T-cell acute lymphoblastic lymphoma (T-ALL), T-cell large granular lymphocyte
{LGL} leukemia, human T-cell leukemia virus type 1—positive (HTLV-1+), aduit T-cell
lsukemiaflymphoma (ATL), T-cell prolymphocytic leukemia {T-PLL), or peripheral T-cell ymphoma
{PTCLs).

in one embodiment, in the T cell malignancy is a relapsed, refractory T cell malignancy.

in ocne embodiment, the ADC comprises a humanized antibody or a human antibody. In
one embodiment, the anfibody has an isotype selected from the group consisting of IgG, IgA, 1gM,
igD, and IgE. In ceriain embodiments, the igG isotype is an igG1 or an IgG4.

in some embodiments, the ADC is an anti-CD5 ADC (e.g., 5D7 conjugated to amatoxin).

in some embodiments, the ADC is an anti-CD2 ADC.

in one aspect, described herein are T cell targeting compositions and methods for
conditioning a patient, such as a human patient, prior {6 receiving hematopoietic stem cell
transplant therapy so as fo promote the engraftment of hematopoietic stem cell grafis. The patient
may be one that is suffering from an autoimmune disease or one or more blood disorders, such
as, cancer, hemoglobinopathy, or other hematopoietic pathology, and is thus in need of

2

CA 03140447 2021-12-2



10

15

20

25

30

35

WO 2020/247872 PCT/US2020/036494

hematopoietic stem cell iransplantation.

As described herein, hematopoietic stem cells are capable of differentiating into a muttitude
of cell types in the hematopoietic lineage, and can be administered {0 a patient in order {0 populate
or re-populate a cell type that is deficient in the patient.

in certain aspects, compositions described herein feature antibody-drug conjugates (ADCs)
that bind T cells, specifically CD2 or CD5, as well as methods of administering the same fo a
patient s0 as 1o (i} directly treat a blood disorder, such as an autoimmune disease, by selectively
depieting a popuiation of immune cells that express CD2 or CDB5, such as an autoreactive T cell, B
cell or natural killer (NK} cell, and/or to (ii} deplete a population of T celis, B celis or NK cells prior
to administration of a hematopoietic stem c¢ell transplant {0 the patient, thereby reducing the
likelihood of hematopoietic stem cell graft rejection. The former activity enables the direct
treatment of a wide range of autoimmune disorders, as CD2 or CD5 may be expressed by a T cell,
B cell or NK celt that cross-reacts with, and mounts an inappropriate immune response against, a
self antigen. Administration of an anti-Cb2 antibody-drug conjugate or anti-CD5 antibody-drug
conjugate, to a patient in this case can cause depletion of a population of CD2+ {or CD5+)
autoimmune celis, such as T cells, B cells or NK cells that cross-react with one or more seiff
antigens, thereby treating the autoimmune pathology. The lalter activity facilitaies the generation
of an environment that is conducive to hematopoietic stem cell engraftment, as T cells, B celis
and/or NK cells that cross-react with one or more non-self antigens expressed by a hematopoietic
stem cell (e.g., non-self MHC antigens} can mount an immune response against fransplanted
hematopoietic stermn celis and thus promote graft rejection. In this latter case, patients suffering
from a disorder such as cancer, an autoimmune disease, or other condition of the hematopoietic
sysiem can subsequently be administered a hematopoietic stem cell transplant in order, for
instance, o repopulate one or more poputations of blood cells that is defective or depleted in the
patient. Also provided herein are methods of treating a variety of hematopoietic conditions, such
as sickle cell anemia, thalassemia, Fanconi anemia, Wiskoti-Aldrich syndrome, adenosing
deaminase deficiency-severe combined immunodeficiency, metachromatic leukodystrophy,
Diamond-Blackfan anemia and Schwachman-Diamond syndrome, human immunodeficiency virus
infection, and acquired immune deficiency syndrome, as well as cancers and autoimmune
diseases, among others.

in ceriain aspects, described herein is a method of depleting T cells in a subject in need
thereof, said method comprising administering an effective amount of an anti-CD5 or an anti-CD2
antibody drug conjugate (ADC) to a subject in need thereof, wherein the subject is undergoing or
prior to the subject receiving an hematopoietic stem ceil (HS8C) transplant or a solid organ
transplant, and wherein the ADC comprises an anti-CD5 or an anti-CB2 antibody conjugated io a
cytotoxin via a linker.

CA 03140447 2021-12-2
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in one embodiment, in instances where the effective amount of an anti-CD5 or an anti-CD2
antibody drug conjugate {ADC) is administered o a subject in need thereof prior {c the subject
receiving an hematopoietic stem cell (HSC) fransplant or a solid organ transpiant, the method
further comprises administering to the subject an HSC transplant or a solid organ transplant.

in one embodiment, the HSC transpiant is an autclogous HSC transplant.
In one embodiment, the HSC transplant is administered to the subject after the level of the
ADC has substantially cleared from the blood of the subject.

In one embodiment, the HSC or solid organ franspiant is administered to the subject
between 1 hour and 7 days after the level of the ADC has substantiaily cleared from the blood of
the subject. In another embodiment, the HSC or solid organ transplant is administered (o the
subject between 6 hours and 3 days after the level of the ADC has substantially cleared from the
blood of the subject. In still another embodiment, the HSC or solid organ transplant is
administered to the subject between 12 hours and 36 days after the level of the ADC has
substantially cleared from the blood of the subject.

in one embodiment, the HSC or solid organ transplant is administered to the subject about
24 hours after the ADC has substantially cleared from the blood of the subject, wherein the ADC
comprises an anti-CD5 or an anti-CD2 antibody conjugated io a cylotoxin via a linker.

in certain aspects, provided herein is 2 meathod of depleting T cells in a subject having an
autoimmune disease, said method comprising administering an effective amount of an anti-CD5 or
an anti-CD2 antibody drug conjugate (ADC) to a subject having an autoimmune disease, wherein
the ADC comprises an anti-CD5 or an anti-CD2 antibody conjugated to a cytotoxin via a linker. [n
one embodiment, the subject has mulliple sclerosis, rheumatoid arthrifis, systemic lupus
erythematosus (SLE}, or systemic sclerosis (85c).

in one embodiment, the effective amount is an amount sufficient to substantially deplete
endogenous CD5+ or CD2+ T cells in the thymus of the subject.

in other aspects, provided herein is a method of reating a subject having stercid-refractory
graft versus host disease (GVHD, said method comprising administering an anti-CD2 or an anti-
CBb5 ADC to the subject having steroid-refractory GVHD, such that the stercid refractory GVHD is
freated, wherein the ADC comprises an anti-CD5 or an anti-CD2 antibody conjugated to a
cytotoxin via a linker. In one embodiment, the stercid refractory GVHD is steroid refractory acute
GVHD. In one embodiment, the subject previousiy received an allogeneic HSC transplant. inone
embodiment, the subject has steroid refractory acute GVHD Grade 2 to Grade 4 {Mount Sinai
acute GVHD International Consortium (MAGIC) cntena). in one embodiment, the GVHD grade is
decreased by one grade according to the MAGIC criteria following administration of the anti-CD2
or anti-CD5 ADC.

in further aspects, provided herein is a method of treating a subject havinga T celi
malignancy, said method comprising administering an sffective amount of an anti-CD2 or an anti-

4
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CD5 ADC to the subject, wherein the ADC comprises an anti-CD5 or an anti-CD2 antibedy

conjugated to a cytotoxin via a linker. in one embodiment, the T cell malignancy is a lymphoma.

in one embodiment, the T ¢ell makgnancy is T-cell acute lymphobiastic lymphoma (T-ALL), T-cell

large granular lymphocyte (LGL) leukemia, human T-cell laukemia virus type 1—positive (HTLV-1"),
5 adult T-cell leukemiafiymphoma (ATL), T-cell prolymphocytic leukemia {T-PLL), or peripheral T-cell

iymphoma (PTCLs). in one embodiment, the T cell malignancy is a relapsed, refractory T cell

malignancy.

In one embodiment, the ADC comprises a humanized antibody or a human antibody.

In another embodiment, the antibody has an isolype selected from the group consisting of

10 IgG, igA, IgM, IgD, and IgE. In one embodiment, the IgG isotype is an IgG1 or an IgG4.

In one embodiment, the ADC is an anti-CD5 ADC.

In one embodiment, the ADC is an anti-CD2 ADC.

In one embodiment, the cytotoxin is selected from the group consisting of pseudomonas
exotoxin A, deBouganin, diphtheria toxin, an amatoxin, saporin, maytansine, a maytansinoid, an

15 auristatin, an anthracycline, a calicheamicin, irinotecan, SN-38, a duocarmycin, a
pymolobenzodiazepine, a pyrrolcbenzodiazepine dimer, an indolinobenzodiazepine, or an
indolinobenzodiazepine dimer.

in one embodiment, the cytotoxin is an RNA polymerase inhibitor. In one embodiment,
the RNA polymerase inhibitor is an RNA polymerase H inhibitor. In one embodiment, the RNA

20  polymerase inhibitor is an amatoxin,

In one embodiment, the ADC is represented by the formula Ab-Z-L-Am, wherein Ab is the
anti-CD5 or anti-CD2 antibody or antigen-binding fragment thereof, L is a linker, Z is a chemical
moiety, and Am an amatoxin represented by formuia (1)

Ry

Ry
H
N

8 H
25 wherein R: is H, OH, OR,4, of ORg;
Rz is H, OH, ORs, or ORg;
Raand Rg, when present, together with the oxygen atoms 1o which they are bound,
combine to form an optionally substituted S-memgered heterocyciclalkyl group;
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Rz is H, Re, or R,

R4, Rs, Rs and Ry7 are each independently H, OH, OR¢, ORg, R, or Rp;

Rsg is OH, NH2, ORe:, ORp, NHR¢, or NRcRo;

Rg is H, OH, ORg, or ORp;

5 Xis -5, -S{0)-, or -SC2-;

Reis -L-Z;

Rp is optionally substituted C:-Cs alkyl, optionally substituted C4-Cs heteroalkyl, optionally
substituted C:-Cs alkenyl, optionally substituted C2-Ce hetercalkenyt, oplionally substifited C2-Ce
alkynyl, optionally substituted C.o-Cs hetercalkynyl, optionally substituted cycloalkyl, optionally

10 substituted heterocycioalkyt, optionally substituted aryl, or optionally substituted hetercaryl;

L is optionally substituted C+-Cs alkylene, optionally substituted C1-Cs heteroalkylene,
optionally substituted C>-Cs alkenylene, optionally substituted C2-Cs heteroalkenylene, optionally
substituted C.-Cs alkynylene, optionally substituted C3-Cs hetercalkynylene, optionally substituted
cycloalkylene, optionally substituted heterocycioalkylene, optionally substituted arvlene, optionally

15  substituted heteroarylene, a dipeptide, -C(=0}-, a peptide. or a combination thereof; and

Z 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 Re substituent,

20 in one embodiment, Am-L-Z is represented by formuta (lA).
R2

R,y

8 (1A)
wherein R, is H, OH, ORa. or ORg;
Rz is H, OH, ORg, or ORg;
25 Raand Rs, when present, together with the oxygen atoms to which they are bound,

combine to form an optionally substituted 5-membered heterocycloalkyl group;
Rsis H, Rc, or Rp;
R4, Rs, Rs and Ry are each independently H, OH, OR¢, ORp, R, or Rp;

&
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Rs is OH, NHz, ORc, ORp, NHR¢, or NRcRp;
Rgis H, OH, ORc¢, or ORp;
X i8 -5-, -S{0}-, or -50.-;

Reis -L-Z;

5 Rp is optionally substituted C+-Cs alkyl, optionally substituted C1-Cs hetercalkyl, optionally
substituted C.-Cs allkenyl, opticnally substituted C»-Ce heteroalkenyl, optionaily substituted C>-Cs
alkynyl, optionally substituted C.-Cs hetercalkynyl, optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted aryl, or optionally substituted heteroaryi;

L is optionally substituted C+-Cs alkylene, optionally substituted C1-Cs heteroalkylene,

10 optionally substifuted Co-Cs alkenylene, optionally substituted Co-Cs hetercalkenyiene, optionally
substituted C>-Cs alkynylens, optionally substituted C2-Ce hetercalkynylene, optionally substituted
cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted arylene, optionally
substituted hetercarylene, a dipeptide, -C{=C}-, a peptide, or a combination thereof;

Z is a chemical moiety formed from a coupling reaction between a reactive substituent

15  present on L and a reactive substituent present within the antibody or antigen-binding fragment

thereof;, and
wherein Am comprises sxactly one Rc substituent.
in one embodiment, Am-L-Z is represented by formula (iB).

8 (iB)
20  wherein Ry is H, OH, ORa. or ORc;
Rzis H, OH, ORg, or ORc;
Rsand Re, when present, together with the oxygen atoms to which they are bound,
combine to form an optionally substituted 5-membered heterocycicalkyl group,
Rsis H, Re, or Rp;
25 R4, Rs, Re and Ry are each independently H, OH, ORcg, ORp, Re, of Rp;
Rs is OH, NHz, ORc, ORgp, NHR¢, or NRcRp;
Reis H, OH, ORc, or ORp;

CA 03140447 2021-12-2
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Xis -G, -S{(0}-, or -S0:-;

Reis -L-Z;

Ro is opticnally substituted C+-Cs atkyl, optionally substituted C:-Cs heteroalkyl,
opticnally substituted C,-Cs alkenyl, optionally substituted Cz-Cs heteroalkenyl, optionally
substituted Cz-Cs alkynyl, optionally substituted C:-Cs hetercalkynyl, optionally substituted
cycloatkyl, optionally substituted heterocycloalkyl, optionally substituted aryl, or optionally
substituted heteroaryl;

L is optionally substituted C-Cs alkylene, optionally substituted C;-Cs heteroalkylene,
optionally substititted Co-Cs alkenylene, optionally substituted C.-Cs hetercalkenylene, optionally
substituted C-Cs alkyniylene, optionally substituted C»-Cs hetercalkynviens, optionally substituted
cycloalkylens, optionally substituted heterocycioalkylene, optionally substituted arylene, optionally
substituted heteroarylene, a dipeptide, -C{=0)-, a peptide, or a combination thereof, and

Z 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 Re substituent.

in cne embodiment, the ADC is represented by the formula Ab-Z-L-Am, whersin Ab is the
antibody or antigen-binding fragment thereof, Z is a chemical moiety, L is a linker, and Am is an
amatoxin, and the amatoxin-linker conjugate Am-L-Z is represented by formula (1), formuia {HA),

or formula (1IB)
HC
MO
H
N
NH ©
%40
H
2 X O
8; H o ﬁ
H H
N N N)&\/
" ?E: H
O
Hy

{n
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= H

2 x &)

O H = O ﬂ
H H H
N N ‘g\N)L/
HO' H
o]
2 .
wherein X is S, SO, or 80
5 R; is H or a linker covalently bound to the antibody or antigen-binding fragment thereof

through a chemical moiety Z, formed from a coupling reaction between a reactive substituent
present on the linker and a reactive substituent present within an antibody, or antigen-binding
fragment thereof; and
Kz is H or a linker covalently bound to the antibody or antigen-binding fragment thereof
10 through a chemical moiety Z, formed from a coupling reaction betweaen a reactive substituent
present on the linker and a reactive substituent present within an antibody, or antigen-binding
fragment thereof;
wherein when R, is H, R; is the linker, and when Rz is H, R: is the linker.
in one embodiment, the cytotoxin of the ADC is which is a maytansinoid, e.g., DM1 or DM4.
15 In one embodiment, the cytotoxin of the ADC is an auristatin, e.g., monomethyl auristatin E
{MMAE) or monomethy! aunstatin F (MMAF).
In one embodiment, the cytotoxin of the ADC is an anthracycline, e.g., daunorubicin,
doxorubicin, epirubicin, or idarubicin.

CA 03140447 2021-12-2
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In cne embodiment, the cytotoxin of the ADC is a pyirolobenzodiazepine dimer derivative
represented by formula {IV)

¥y

In one emboediment, the ADC is intermnalized by a CD5+ or a CD2+ immune cell following
adrministration to the patient.
In one embodiment, the subject is 2 human.
In one embodiment, the anti-CD5 antibody, or antigen-binding fragment thereof, comprises
a heavy chain varable region that comprises SEQ 1D NO: 288, and a light chain variable region
that comprises SEQ 1D NO: 288,
in one embodimeant, the ant-CD5 antibody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprises SEQ ID N(O: 291, and a light chain variable region
that comprises SEQ 1D NO: 290.

Brief Description of the Figures

Fig. 1 graphically depicts the results of an jn vifro cell line binding assay in which each of
the indicated anti-CD2 antibodies or a negative control (i.e., migG1) was incubated with MOLT-4
cells {i.e., a human T lymphoblast cell ling) followed by incubation of a flucrophore-conjugated
anti-igG antibody. Signal was detected through flow cytometry and is indicated as the geometric
mean fluorescence intensity {y-axis) as a function of anti-CD2 antibody concentration (x-axis).

Fig. 2 graphically depicts the resulis of an in vifro primary cell binding assay in which the
indicated anti-CD2 antibody (RPA-2.10) or a negative controt {i.e., migG1) was incubated with
primary human T-celis followed by incubation of a fluorophore-conjugated anti-igG antibody.
Signal was detected through flow cytometry and is indicated as the geometric mean fluorescence
intensity (v-axis) as a function of anti-CD2 antibody concentration (x-axis).

Figs. 3A and 3B graphically depict resulis of an in vifro T cell killing assay including an
anti-CbD2Z-amanitin ADC (i.e., RPA-2.1G-AM or “CD2 AM”™) having an interchain conjugated
amanitin with an average drug-to-antibody ratio of 6 (Fig. 3A) or a site-specific conjugated
amanitin drug-to-antibody ratio of 2 (Fig. 3B). In Fig. 3A, the anti-CD2-ADC T-cell killing analysis
is shown in comparison to an unconjugated anti-CD2 antibody {i.e., “CDZ2 Naked”). In Fig. 3B, the
anti-CD2 antibody the results are shown in comparison to an anti-CD2 antibody having a H435A
mutation that decreases the half-life of the antibody. The results show the number of viable T-celis
{y-axis) as a function of ADC (CD2 RPA-2.10 AM, CD2 D265C.H435A AM) or unconjugated

antibody {CD2 RPA-2.10) concentration {x-axis) as assessed using fiow cytomeiry.
10
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Fig. 4 graphically depicts results of an in vifro natural Killer (NI cell Killing assay including
an anti-CD2-amanitin ADC (i.e., RPA-2 10-AM or "CD2 AM") having an interchain conjugated
amanitin with drug-to-antibody ratio of 8. The results show the levels of viable NK-cells (y-axis) as
a function of ADC {CD2-AM) or control antibody (i.e., higG1, higGf-amanitin (*higG1-AM™))
concentration (x-axis) as assessed using a CeliTiter Glo assay.

Figs. 5A and 5B graphically depict the results of an in vivo T-cell depletion assay showing
the absclute levels of T-cells (CD3+ cells; y-axis) in the peripheral blood {(Fig. 5A) and bone
marrow {Fig. 5B) of humanized NSG mice 7 days after a single administration of 6.3 mg/kg, 1
mg/kg, or 3 mg/kg of an ant-CD2-amanitin ADC {i.e., RPA-2.10-AM} having an interchain drug-to-
antibody ratio of 6. For comparison, Figs. 5A and 5B also show the level of T-cell deplefion
following treatment of humanized NSG mice with 25 mg/kg Ab1 {an unconjugated anti-CD2
antibody) or with the indicated controls {i.e., 25 mg/kg anti-CD52 antibody (clone YTH34.5); 3
mg/kg higG1-amanitan ADC {"higG1-AM"), 25 mg/kg higG1, or PBS).

Figs. 6A-6C graphically depict the results of an /n vivo T-cell depletion assay showing the
absolute levels of T-celis (CD3+ cells; y-axis) in the peripheral blood (Fig. 6A), bone marrow {Fig.
68), and thymus (Fig. 8C) of humanized NSG mice 7 days after a single administration of 1 mg/kg
or 3 mg/kg of an ardi-CD2-amanitin ADC (i.e., RPA-2.10-AM) having a site-specific drug-to-
antibody ratio of about 2. For comparison, Figs. 6A-6C also show the level of T-cell depletion
following treatment of humanized NSG mice with 3 mg/kg of an unconjugated anti-CD2 antibody or
with the indicated controls {i.e., 3 mg/kg hlgG1-amanitan-ADC {(“higG1-AMC") or PBS).

Fig. 7 graphically depicts the resuits of an in vifro cell line binding assay in which each of
the indicated anti-CD5S antibodies or a negative control (i.e., migG1) was incubated with MOLT-4
cells {i.e., a human T lymphoblast cell ling) followed by incubation of a fiucrophore-conjugated
anti-lgG antibody. Signal was detected through flow cviometry and is indicated as the geomeiric
mean fluorescence intensity (y-axis) as a function of anti-CD5 antibody concentration (x-axis).

Fig. 8 graphicaily depicts the resuits of an in viro primary cell binding assay in which each
of the indicated anti-CD% antibodies or a negative control {i.e., higG1) was incubated with primary
human T-cells followed by incubation of a fluorophore-conjugated anti-IgG antibody. Signal was
detecied through flow cyiomeiry and is indicated as the gecmetric mean flucrescence intensity {y-
axis) as a function of anti-CDS antibody concentration (x-axis).

Figs. 9A and 9B graphicaily depict resuits of an in vitro T cell killing assay including an
anti-CD5-amanitin ADC (i.e., BD7-AM or “CD5 AM") having an interchain conjugated amanitin with
an average drug-to-antibody ratic {DAR) of 6 (Fig. 2A) or a site-specific conjugated amanitin DAR
of 2 {Fig. 9B). In Fig. 94, the anti-CD5-ADC T-cell killing analysis is shown in comparisen to an
unconjugated anti-CD5 507 antibody {i.e., "CD5 Naked™). In Fig. 9B, the anti-CD5 antibody the
resuits are shown in comparison to an anti-CDS 5D7 antibody having a H435A mutation that
decreases the half life of the antibody {i.e., “CD5 Fast %z Life AM”). The resuits show the number
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of viable T-cells (y-axis) as a function of ADC (CD5 5D7 AM, CD5 5D7 D265C.H435A AM) or
unconjugated antibody {CDS 5D7) concentration {x-axis) as assessed using flow cylometry.

Figs. 10A and 10B graphically depict the results of an in vivo T-cell depletion assay
showing the absolute levels of T-celis (CD3+ cells; y-axis) in the peripheral blood (Fig. 10A) and
bone marrow {Fig. 10B) of humanized NSG mice 7 days after a single administration of 0.3 mg/kg,
1 mgskg, or 3 mg/kg of an anti-CD5 5D7amanitin ADC (i.e., CDS 5D7-AM) having an interchain
DAR of 6. For comparison, Figs. 10A-10B also show the level of T-cell depletion following
freatment of humanized NSG mice with the indicated controls {i.e., 25 mg/kg anti-CD52 antibody;
3 mg/kg higG1-amanitin ADC (i.e., higG1-AM}, 25 mg/kg higG1, or PBS).

Figs. 11A-11C graphically depict the resulis of an in vivo T-cell depletion assay showing
the absolute levels of T-cells (CD3+ cells; y-axis) in the peripheral blood (Fig. 11A), bone marrow
{Fig. 11B). and thymus (Fig. 11C) of humanized NSG mice 7 days after a single administration of 1
mgrkg or 3 mg/kg of an anti-CD5S 5D7-amanitin ADC {i.e., 5D7-AM) having & site-specific DAR of
2. For comparison, Figs. 11A-11C also show the level of T-cell deplation following treatment of
humanized NSG mice with 3 mg/kg of an unconjugated anti-CD5 antibody or with the indicated
controls (i.e., 3 mg/kg higG1-amanitan-ADC {"higG1-AM”) or PBS).

Figs. 12A and 12B graphically depict the resulis of depletion assays showing that an anti-
CD5 ADC (CD5-AM) and an anti-CD2Z ADC (CD2-AM) are both capable of depleting Th1 and Th17
cell subsets in polarizing conditions. Fig. 12A shows that the anti-CD5 ADC {CD5-AM) and the
anti-CD2 ADC (CD2-AM) were both able to deplete Th1 cells at an IC50 of 2.73 pM, as indicated
by the drop in IFNg signal, indicating depletion of Th1 cealis; the isotype conirol antibody was
unable to deplete Th cells. Similarly, Fig. 12B shows that the anti-CD5 ADC (CD5-AM) and the
anti-Cb2 ADC (CD2-AM} were able to deplete Th17 cells at an IC50 of 2.53 pM, as indicated by
the drop in tL-17 signal, indicating depletion of Th17 cells; the isotype control antibody was unable
to deplete Th17 celis.

Figs. 13A to 13D graphically depict the results of an i vivo survival study showing that an
anti-CDb5 ADC (CD5-AM} extends survival in T-cell acute lymphoblastic leukemia. As shown in
Fig. 13A and Fig. 13C, an anti-CD5 ADC {CD5-AM) or an anti-CD2 ADC {CD2-AM), respeciively,
was able {o extend survival by more than 20 days compared to isotype and vehicle controis.
Moreover, survival conferred by a single dose of the anti-CD5 ADC {CD5-AM) or the anti-CD2
ADC {(CD2-AM) appeared comparable to a commercial chemotherapeutic (Ara-C) (Fig. 13A and
Fig. 13C, respectively). As shown in Fig. 13B and Fig. 13D, CD5 ADC (CD5-AM) or an anti-CD2
ADC (CD2-AM), respectively, also decreased tumor burden in mice as compared to isciype and
vehicle controls.

Figs. 14A and 148 graphicaily depict the results of an in vivo study showing that an anti-
CD5 ADC prevents acute GvHD in a xeno model. As shown in Fig. 14A, slight body weight loss
was seen in mice treated with the anti-CDS-ADC (CD5-AM), however, recovery was obhserved by
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Day 13 post transplant. As shown in Fig. 148, anti-CD5-ADC (CD5-AM) conferred a sustained

survival of 80% in this model.

Detailed Description

Compositions and methods described herein are based, at least in part, on the discovery
that antibody drug conjugates (ADCs) that bind CD2 (also referred to as T cell surface antigen,
LFA-2, and LFA-3 recepior) or that bind CD5 (also referred to as Lymphocvie antigen Ti/Leu-1)
can be used as therapeutic agents to {i) directly treat cancers and autoimmune diseases
characterized by CD2+ cells or CD5+ cells and {ii} promote the engraftment of transplanted
hematopoietic stem celis in a patient in need of transplant therapy by depleting populations of
immune celis that cross-react with, and mount an immune response against, hematopoietic stem
cell grafis {e.g., by cross-reacting with non-self MHC antigens expressed by the hematopoietic
stemn celf graft). These therapeutic activities can arise, for instance, by the binding of anti-CD2 or
anti-CD5 antibody drug conjugates, such as a cancer cell, autdimmune cell, or immune cell that
cross-reacts with a non-seif hematopoietic stem cell antigen {e.g., a non-self MHC antigen),
thereby inducing death of the bound cell. In the case of depleting a population of cancer cells or
autoimmune celis, the anti-CD2 ADC or the anti-CD5 ADC, can be used to directly treat a cancer
or autoimmune disease, such as a cancer autcimmune disease described herein. In the case of
depieting a population of immune ¢ells that cross-react with a non-self hematopoietic stem cell
antigen, the anti-CD2 ADC or the anti-CD8 ADC can be used to prevent or reduce the likelihood of
graft rejection in a patient that is suffering from a stem cell disorder, cancer, or autoimmune
disease and that is undergoing hematopoietic stem cell fransplant therapy. In such instances, the
depietion of CD2+ immune cells or CD5+ immune cells that cross-react with one or more non-self
hematopoietic stem cell antigens {e.g., one or more non-seif MHC antigens) enables the
successful engrafiment of transplanted hematopoistic stem cells within the transplant recipient. As
the transplanted cells engraft, they can home to hematopoietic tissue, where productive
hematopoiesis can then ensue. The transplanted hematopoietic stem cells can subsequently give
rise to a population of cells that is deficient or defective in the transplant recipient, such as
megakaryocyies, thrombocytes, platelets, erythrocytes, mast celis, myeoblasts, basophils,
neutrophils, eosinophils, microglia, granulocytes, monocytes, osteoclasts, antigen-presenting celis,
macrophages, dendritic cells, natural killer cells, T lymphocytes, and B ivmphocytes. In this way,
anti-CD2 ADCs or anti-CD5 ADCs can be used to promote the successful engrafiment of
hematopoigtic stem celis m a patient, such as human patient suffering from a stem cell disorder
described herein.
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Definitions

As used herein, the term “about” refers io a value that is within 10% above or below the
value heing described. For example, the term "about 5 nh” indicates arange offrom 4.5 M (o
55 nM.

5 As used herein, the term “amatoxin” refers to a member of the amatoxin family of peptides
produced by Amanita phalloides mushrooms, a synthetic amatoxin, a variant amatoxin, or a
derivative thereof, such as a variant or derivative thereof capable of inhibiting RNA polymerase |
activity. Also included are synthetic amatoxins (see, e.g., US Patent No. 9876702, incorporated by
reference herein}. As described herein, amatoxins may be conjugated to an antibody, or antigen-

10 binding fragment thergof, for instance, by way of a linker moiety (L) (thus forming a conjugate (also
referred {0 as an antibody drug conjugate (ADC)). Exemplary methods of amatoxin conjugation
and linkers useful for such processes are described below and are known in the art. Exemplary
linker-containing amatoxins useful for conjugation to an antibody, or antigen-binding fragment, in
accordance with the compeositions and methods are also described herein.

15 in certain embodiments, amatoxins useful in conjunction with the compositions and
methods described herein include compounds according to formutla (I} below, a-amanitin, B-
amanitin, y-amanitin, e-amanitin, amanin, amaninamide, amanuliin, amanullinic acid, or
proamanuglin. Formuia (Bl) is as foliows:

()
20
wherein R is H, OH, or OR,;
Rz is H, OH, or ORg;
Raand Rg, when present, together with the oxygen atoms to which they are bound,
combine to form an optionally substituted 5-membered heterocyciolalkyl group;
25 Rz is H or Rp;
R4 is H, OH, ORp, or Rp;
Rsis H, OH, ORp, or Rp;
Rs is H, OH, ORp, of Rp; .4
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Rris H, OH, ORp, or Rp;

Rs is OH, NHz, or ORg;

Rsis H, OH. or ORup:

X is -5-, -S{O)-, or -80;-; and

5 Rp is optionally substituted alkyl (e.g., C1-Cs alkyl), optionally substituted heteroalkyl (e.g.,
C1-Cs heteroalkyl), optionally substituted altkenyl {e.g., Co-Cs altkenyt), optionally substituted
heteroalkenyt {(e.g., C»Cs heteroalkenyl), optionaily substituted alkynyl (e.g., C-Cs alkynyd),
opticnally substituted heteroalkynyt {e.g., C.-Cs heterocatkynyl), optionally substituted cycdloalkyl,
optionally substitited heterocycloalkyl, optionally substituted aryl, optionally substituted heteroaryl,
10 or a peptlide.

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

and methods described herein include compounds according to formula {lliA), below:

8 (HA)

15 wherein R: is H, OH, or OR.;
Rz is H, OM, or ORg;
Raand Rg, when present, together with the oxygen atoms to which they are bound,
combine to form an optionally substituted 5-membered heterocyclolalkyl group;
Rais H or Rp;
20 Rsis H, OH, ORp, or Rp;
Rs is H, OH, ORp, or Rp;
Rs is H, OH, ORp, or Rp;
Ry is H, OH, ORp, or Rp;
Re is OH, NH., or ORg;
25 Re is H, OH, or ORp;
X is -G, -8S(0)-, or -8S0->-; and
Re is optionally substituted alkyl (e.g., C1-Cs alkyl), optionally substituted heteroalkyl (e.q.,
C1-Ce heteroalkyl), optionally substituted altkenyl {e.q., C2-Ce altkenyl), optionally substituted
15
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hetercalkenyt {(e.g., Cz-Ce heteroalkenyl), optionally substituted alkynyl {e.g., C2-Cs alkynyi},
optionally substituted heteroalkynyl {e.9., C2-Cs hetercalkynyl), opticnally substituted cycloalkyl,
optionally substituted heterocycioalkyl, optionally substituted aryl, optionally substituted
heterocaryl, or a peptide.

5 in one embodiment, amatoxins useful in conjunction with the compositions and methods
described herein also include compounds according to formula (HB), below:

Ry R, i y H
Rg" D{?' ﬁ)l\/
B

wherein R+ is H, OH, or OR,;
10 Rz is H, OH, or ORg;
Ra and Re, when present, together with the oxygen atoms to which they are bound,

(NB)

combine to form an optionally substituted 5-membered heterocyclolalkyl group;
R: is H or Rp;
R4 is H, OH, ORp, or Rp;
15 Rz is H, OH, ORp, or Rp;
Rs is H, OH, ORp, or Rp;
R7is H, OH, ORp, or Ro:
Rg is OH, NH», or ORgp;
Rgis H, OH, or ORp;
20 Xis -8-, -5(0)-, or -80.-; and
Rp is optionally substituted alkyl {e.q., C1-Cs alkyl), optionally substituted heteroalkyl (e.g..
C+-Cs hetercalkyl), optionally substituted alkenyl (e.g., C»>-Cs atkenyl), optionally substituted
heteroalkeny! {e.g., C2-Cs heteroalkenyl}, optionally substituted alkynyl {e.g., C2-Cs alkyny),
optionally substituted heteroalkynyt {e.9.. C>-Cs hetercalkynyl), optionally substituted cycloalkyl,
25  opfticnally substituted heterocycloalkyl, optionally substituted aryl, optionally substituted
heteroaryl, or a dipeptide.
As described herein, amatoxins may be conjugated to an antibody, or an antigen-binding
fragment thereof, for instance, byway of a !inker;;}oiety. Exemplary methods of amatoxin
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conjugation and linkers useful for such processes are described in the section entitled “Linkers for
chemical conjugation,” as well as in Table 2, below. Exemplary linker-containing amatoxins useful
for conjugation to an anti-CD2 antibody, or an antigen-binding fragment or an anti-CD5 antibody,
or an antigen-binding fragment thereof, in accordance with the compositions and methods
described herein are shown in structural formulas (1}, (1A}, (IB}, {dI), {1A), and (1B}, recited herein.

As used herein, the term “antibody” refers to an immunoglobulin molecule that specifically
binds ¢, or is immunoiogically reactive with, a particular antigen. Examples of antibodies include
monoclonal and otherwise modified forms of antibodies, including but not limited o chimeric
antibodies, humanized antibodies, heteroconjugate antibodies {e.g., bispecific, trispeciifc and
quad-specific antibodies, diabodies, trigbodies, and {etrabodies). and antigen binding fragments of
antibodies, including, for example, Fab', F{ab"):, Fab, Fv, rigG, and scFv fragments. Unless
otherwise indicated, the term “antibody” (Ab) is meant to include both infact molecules, as well as
antibody fragments {including, for example, Fab and F{ab'}; fragments} that are capable of
specifically binding to a target protein. As used herein, the Fab and F{ab'): fragments refer to
antibody fragments that lack the Fc fragment of an intact antibody. Exampiles of these antibody
fragments are described herein.

Generatly, antibodies comprise heavy and light chains containing antigen binding regions.
Each heavy chain is comprised of a heavy chain variable region (abbreviated herein as HCVR 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 comprisad of a light chain variable region
{abbreviated herein as LCVR 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 hypervariability, termed complementarity determining regions {CDR), interspersed with
regions that are more conserved, termed framework regions {FR). Each VH and VL is composed
of three CBORs and four FRs, arranged from amino-terminus to carboxyl-terminus in the following
order;: FR1, CDR1, FR2, CDR2Z, FR3, CDR3, FR4. The varigble regions of the heavy and light
chains contain a binding domain that interacts with an antigen. The constant regions of the
antibodies can mediate the binding of the immunoglobuklin to host tissues or factors, including
various ceils of the immune system (e.g., effector cells) and the first component (Clg) of the
classical complement sysiem.

The antibodies used herein are generally isolated or recombinant. "isolated,” when used
herein refers to a polypeptide, e.g., an antibody, that has been separated and/or recovered from a
cell or cell culture from which it was expressed. Thus, an "isolated antibody,” refers to an antibody
which is substantially free of other antibodies having different antigenic specificities. For instance,
an isolated antibody that specifically binds to CD2 or CDS5 is substantially free of antibodies that
specifically bind antigens other than CD2 or CD5, respectively.
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The term “antigen-binding fragment,” as used herein, refers to a molecule other than an
intact antibody that comprises a portion of an intact antibody and that binds the antigen to which
the intact antibody binds. The antigen-binding function of an antibody can be performed by
fragments of a full-length antibody. The antibody fragments can be, for example, a Fv, Fab, Fab’,

5  F(ab’): scFv, diabody, a triabody, single chain antibody molecules {e.g., scFv}, an affibody, a
nanobody, an aptamer, or a domain antibody. Examples of binding fragments encompassed of
the term “antigen-binding fragment” of an antibody include, but are not limited to: () a Fab
fragment, a monovalent fragment consisting of the Vi, Vi, Cy, and Cnt domains; (i) a F(ab'):
fragment, a bivalent fragment comprising two Fab fragments linked by a disuifide bridge at the

t0  hinge region; (i) a Fd fragment consisting of the Vu and Ca1 domains; (iv) a Fv fragment
consisting of the Vi and Vi domains of a single arm of an antibody, {v) a dAb including Vuy and V.
domains; {vi) a dAb fragment that consists of a Vy domain (see, e.qg., Ward ef al., Nature 341:544-
546, 1989),; {vii} a dAb which consists of a Vi or a Vi domain; {viii) an isolated complementarity
determining region (CDR); and (ix) a combination of two or more (e.q., two, three, four, five, or six)

15  isolated CDRs which may optionally be joined by a synthetic linker. Furthermaore, although the two
domains of the Fv fragment, V. and V4, are coded for by separate genes, they can be joined,
using recombinant methods, by a inker that enables them o be made as a single protein chain in
which the V. and Vi regions pair to form monovalent molecules {known as single chain Fv (sckv);
see, for example, Bird et al., Science 242:423-426, 1988 and Husfion et al., Proc. Natl. Acad. Sci.

20  USA 85:5879-5883, 1988). These antibody fragments can be obtained using conventional
technigues 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 techniques, enzymatic or chemical cleavage of intact immunoglobulins, or, in certain cases,
by chemical peptide synthesis procedures known in the art.

25 As ysed herein, the term "anti-CD2 antibody” or "an antibody that binds to CD2" refers to
an antibody that specifically binds to CD2. An antibody “which binds™ an antigen of interest, i.e.,
CD2, is one capable of binding that antigen with sufficient affinity such that the antibody is useful in
targeting a cell expressing the antigen. In a preferred embodiment, the antibody specifically binds
{o human CD2 (hCD2). CD2 is found on the cell surface of immune cells, such as T celis. The

30  amino acid sequence of human CD2 to which an anti-CD2 antibody (or anti-CD2 conjugate) would
bind is described below in SEQ 1D NO: 13. An "anti-CD2 antibody drug conjugate” or an “anti-CD2
ADC” refers to an ADC comprising an anti-CD2 antibody.

As used herein, the term "ani-CD5 antibody” or “an antibody that binds to CD5” refers to

an antibody that specifically binds to CDS. An antibody “which binds” an antigen of interest, i.e.,

35 CDB5, is one capable of binding that antigen with sufficient affinity such that the antibody is useful in
targeting a cell expressing the antigen. In a preferred embodiment, the antibody specifically binds
to human CDS (hCDS5), the amino acid sequence of which is described in SEQ ID NO: 286. An
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“anti-CDS antibody drug conjugate” or an "anti-CD5 ADC” refers to an ADC comprising an anti-
CD5 antibody.

As used herein, the term “"bispecific antibody” refers 10, a hybrid antibody having two
different antigen binding sites. Bispecific antibodies are a species of multispecific antibody and
may be produced by a variety of methods including, but not limited to, fusion of hybridomas or
linking of Fab' fragments. See, e.g., Songsivilai and Lachmann, 1990, Clin. Exp. Immunol. 79:315-
321; Kostelny et al., 1992, J. immunol. 148:1547-1553. The two binding sites of a bispecific
antibody will bind fo two different epifopes, which may reside on the same or different protein
targets. For instance, one of the binding specificities can be directed towards a T cell surface
antigen, such as CD2 or CDS, the other can be for a different T cell surface antigen or another cell
surface protein, such as a receptor or recepior subunit involved in a signal transduction pathway
that potentiates cell growth, among others.

As used herein, the term “complementarity determining region” {CDR) refers fo a
hypervariable region found both in the light chain and the heavy chain variable domains of an
antibody. The more highly conserved portions of variable domains are referred to as framework
regions (FRs). The amino acid positions that delineate a hypervariable region of an antibody can
vary, depending on the cordext and the various definitions known in the art. Some positions within
a variable domain may be viewed as hybrid hypervariable positions in that these positions can be
deemed to be within a hypervariable region under one set of criteria while being deemed to be
outside a hypervariable region under a different set of criteria. One or more of these positions can
aiso be found in extended hypervariable regions. The antibodies described herein may contain
maodifications in these hybrid hypervariable positions. The variable domains of native heavy and
light chains each comprise four framework regions that primarily adopt a $-sheet configuration,
connected by three CDRs, which form loops that connect, and in some cases form part of, the B-
shest structure. The CDRs in each chain are held together in close proximity by the framework
regions in the order FR1-CDR1-FR2-CDRZ-FR3-CDR3-FR4 and, with the CDRs from the other
antibody chains, contribute to the formation of the target binding site of antibodies (see Kabat et
al., Sequences of Proteins of Immunological Interest, National Institute of Health, Bethesda, MD .,
1987). As used herein, numbering of mmunoglobuiin amino acid residues is performed according
ic the immunogiobulin amine acid residue numbering system of Kabat et al., unless otherwise
indicated.

As used herein, the terms “condition” and “conditioning” refer to processes by which a
patient is prepared for receipt of a ransplant, e.g.. a transplant of hematopoietic stem celis
{H8Cs). Such procedures promote the engrafiment of a hematopoietic stem cell transplant (for
instance, as inferred from a sustained increase in the quantity of viable hematopoietic stem cells
within a blood sample isolated from a patient following a conditioning procedure and subsequent
hematopoietic stem cell transplantation. According to the methods described herein, a patient
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may be conditioned for hematopoistic stem cell transplant therapy by administration to the patient
of an antibody orf antigen-binding fragment thereof capable of binding an antigen expressed by T
cells, such as CD2Z or CD5. As described herein, the anti-CD2 antibody or the anti-CD5 antibody
may be covalently conjugated to a cytotoxin so as to form an antibody-drug conjugate (ADC).
Administration of an antibody, antigen-binding fragment thereof, or antibody-drug conjugate
capable of binding one or more of the foregoing antigens to a patient in need of hematopoistic
stem cell ransplant therapy can promote the engraftment of a hematopoietic stem cell graft, for
example, by selectively depleting endogenous immune celis, such as CD2+ T celis {e.g., CD4+
and/or CD8+ T cells} andfor CD2+ NK celis {or CD5+ T cells {e.g., CD4+ andfor CD8+ T celis),
CD5+ B cells, andior CD5+ NK celis) that cross-react with one or more non-seif antigens
exprassed by a hematopaietic stem cell (e.9., one or more non-self MHC antigens). This selective
depletion of immune celis in turn prevents or reduces the likelihood of graft rejection following
transplantation of an excgenous (for instance, an autologous, allogeneic, or syngeneic)
hematopoietic stemn cell graft.

As used herein, the term "conjugate” refers to a compound formed by the chemical bonding of
a reactive functional group of one molecule, such as an antibody or antigen-binding fragment thereof,
with an appropriately reactive functional group of another molecule, such as a cytotoxin described
herein. Conjugates may include 2 linker between the two molecules (a.g., an anti-CD2 antibody and 2
cytotoxin, or an anti-CD5 antibody and a cytotoxin)y bound to one ancther. 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-naturaily occcurring amino 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 crganometallic cleavage (see, for example, Leriche st al., Bioorg.
Med. Chem., 20:571-582, 2012). Notably, the term “conjugate” (when referring to a compound) is also
referred fo interchangeably herein as a "drug conjugate”, “antibody drug conjugate” or “ADC™.

As used herein, the term “coupling reaciion” refers to a chemical reaction in which two or more
subsiituents suitable for reaction with one anocther react so as to form a chemical moiety that joins
{e.g., covailently) the molecular fragments bound {o each substituent. Coupling reactions include those
in which a reactive substituent bound {c a fragment that is a cytoloxin, such as a cytotoxin known in
the art or described herein, reacts with a suitably reactive substituent bound to a fragment that is an
antibody, antigen-binding fragment theraof, or antibody, such as an antibody, antigen-binding fragment
thereof, or antibody specific for CD2 or CD5 known in the art or described herein. Examples of
suitably reactive substituents include a nucleophile/electrophite pair {e.g., a thiol‘haloalkyl pair, an
amine/carbonyl pair, or & thiol/a, B-unsaturated carbonyt pair, among others), a diene/dienophite pair
{e.g., an azidefalkyne pair, among others), and the like. Coupling reactions include, without limitation,
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thiof alkyiation, hydroxyl alkylation, amine alkylation, amine condensation, amidation, esterification,
disulfide formation, cycloaddition {e.g., [4+2] Diels-Alder cycleaddition, [3+2] Huisgen cyclcaddition,
among others), nucleophilic aromatic substitution, electrophilic aromatic substitution, and other
reactive modalities known in the art or described herein.

5 As used herein, “CRU {competitive repopulating unit)” refers to a unit of measure of long-
term engrafting stem cells, which can be detected after in-vivo transplantation.

As used herein, "drug-to-antibody ratio” or "DAR" refers to the number of cytotoxing, e.q.,
amatoxin, attached to the antibody of an ADC. The DAR of an ADC can range from 1 to 8,
aithough higher loads are also possible depending on the number of linkage sites on an antibody.

t0  Thus, in certain embodiments, an ADC described hersin has a DAR of about 1, 2,3, 4,5, 6,7, or
8

As used herein, the term “donor” refers to a human or animal from which one or more cells
are isolated prior to administration of the cells, or progeny thereof, into a recipieni. The one or
more cells may be, for exampie, a population of hematopoietic stem cells.

15 As used herein, the term “diabody” refers to a bivalent antibody containing two polypeptide
chains, in which each polypeptide chain includes V4 and V. domains joined by a linker that is too short
{&.g., a linker composed of five amino acids) to aliow for inframolecular association of Vu and Vo
domains on the same peptide chain. This configuration forces each domain 10 pair with a
complementary domain on ancther polypeptide chain so as {o form a homodimeric struciure.

20  Accordingly, the term “triabody” refers to trivalent antibodies comprising three peptide chains, each of
which contains one Vu domain and one V. domain joined by a linker that is exceedingly short{e.q., a
linker composed of 1-2 amino acids) to permit intramolecular association of Vy and Vi domains within
the same peptide chain. In order to fold info their native structures, peptides configured in this way
typically trimerize so as to position the Vi and V. domains of neighboring peptide chains spatially

25 proximal to one another (see, for example, Holliger et al., Proc. Natl, Acad. Sci. USA 90:6444-48,
1993}

As used herein, a “dual variable domain immunoglobulin® ("DVD-1g") refers to an antigen
binding protein that combines the targei-binding variable domains of two antibodies by way of
linkers to create a tetravalent, duai-targeting single agent {see, for example, Gu et al., Meth,

30 Enzymol., 502:25-41, 2012},

The term "effective amount” refers o the amount of a therapeutic agent, e.qg., an anti-CD5
ADC or an anti-CD2 ADC, needed 1o prevent or alleviate at least one or more signs or symptoms
of pain. and relates {o a sufficient amount of a compaosition io provide the desired sffect. e.g., o
treat a subject having cancer. An effective amount would also include an amount sufficient to

35  prevent or delay the development of a symptom of the disease, alier the course of a symptom of
the disease (for example but not limited to, slow the progression of a symptom of the dissase}, or
reverse a symptom of the disease.
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As used herein, the term "endogenous” describes a substance, such as a molecule, cell,
tissue, or organ {e.g., & hematopoistic stem cell or a cell of hematopoietic lineage, such as a
megakaryocyte, thrombocyte, platelet, erythrocyte, mast cell, myeoblast, basophil, neutrophil,
eosinophil, microglial cell, granulocyte, monoccyte, osteoclast, antigen-presernting cell,
macrophage, dendritic cell, naturat Killer celf, T lymphocyte (e.g., a CD4+ or CDB+ T lymphocyie),
or B iymphocyte) that is found naturally in a particular organism, such as a human patient, for
instance, a human patient undergoing hematopoietic stem cell transplant therapy as described
herein.

As used herein, the term “engraftment potential” is used to refer to the ability of
hematopoietic stem and progenitor cells 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 engrafiment, such as tissue homing of cells and colonization of cells within the tissue
of interest. The engraftment efficiency or rate of engrafiment can be evaluated or quantified using
any clinically acceptable parameter as known o those of skill in the art and can include, for
example, assessment of competitive repopulating units {CRLU); incorporation or expression of a
marker in tissue(s} into which stem celis have homed, colonized, or become engrafted; or by
evaluation of the progress of a subject through disease progression, survival of hematopoietic
stem and progenitor cells, or survival of a recipient. L£ngraftment can aiso be determined by
measuring white blood cell counts in peripheral bloocd during a post-transplant pericd. Engrafiment
can also be assessed by measuring recovery of marrow celis by donor celis in a2 bone marrow
aspirate sampile.

As used herein, the term “excipient” refers to a substance formulated alongside the active
ingredient of a medication. They may be included, for example, for the purpose of iong-term
stahilization, or to confer a therapeutic enhancement on the active ingredient in the final dosage
form.

As used herein, the term "exogenous” describes a substance, such as a molecuie, celi,
tissue, or organ (e.q., a T cell, hematopoietic stem cell, or a cell of hematopoietic lineage, such as
a megakaryocyte, thrombocyte, platelet, ervthrocyte, mast celi, myeoblast, basophil, neutrophil,
eosingphil, microglial celi, granulocyte, monocyte, osteoclast, antigen-presenting cell,
macrophage, dendritic cell, naturat killer celf, T iymphocyte, or B lymphocyte) that is nof found
naturally in a particular organism, such as a human patient. Exogenous substances include those
that are provided from an external source to an organism or to culiured matier extracted therefrom.

As used herein, the term "framework region” or "FW region” includes amino acid residues
that are adjacent to the CDRs of an antibody or antigen-binding fragment thereof. FW region
residues may be present in, for example, human antibodies, humanized antibodies, monocional
antibodies, antibody fragments, Fab fragments, single chain antibody fragments, scFv fragments,
antibody domains, and bispecific antibodies, among others.
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The terms "full length antibody” and "intact antibody” are used herein interchangeably to
refer to an antibody in its substantially intact form, and not an antibody fragment as defined herein.
in one embodiment, an ADC described herein comprises an intact antibody, e.g., an anti-CD5 or
anti-CD2 intact antibody. Thus, for an g5 antibody, an intact antibody comprises two heavy
chains each comprising a variable region, a constant region and an Fc region, and two light chains
each comprising a variable region and a constant region. More specifically, an intact IgG
comprises two light chains each comprising a light chain variable region (VL) and a light chain
constant region (CL}, and comprises two heavy chains each comprising a heavy chain variable
region {VH) and three heavy chain constant regions (CH1, CH2, and CH3). CH2 and CH3
represent the Fc region of the heavy chain.

As used herein, the term “hematopoietic stem cells” (“HSCs") refers to immature blood
cells having the capacity to seif-renew and to differentiate into mature blood cells comprising
diverse lineages including but not fimited to granulocytes (e.q., promyelocytes, neutrophils,
eosinophils, basophils), ervihrocytes (e.g., reticulocytes, erythrocyies), thrombocytes (e.g.,
megakaryoblasts, platelet producing megakaryocytes, platelets), monocyies {e.g., monocyles,
macrophages), dendritic cells, microglia, osteociasts, and lymphocytes {e.g., NK cells, B cells and
T cells). Such celis may includs CH34* celis. CD34" cells ars immature cells that express the
CD34 cell surface marker. In humans, CD34+ cells are helieved to include a subpopulation of
celis with the stem cell properties defined above, whereas in mice, HSCs are CD34-. in addition,
HSCs also refer to fong term repopulating HSCs {(LT-HSC) and short term repopuiating HSCs {ST-
HSC). LT-HSCs and ST-HSCs are differentiated, based on functional potential and on cell surface
marker expression. For example, human HSCs are CD34+, CD38-, CD45RA-, CD80+, CD4BF+,
and lin- {negative for mature lineage markers, including CD2, CD3. CD4, CD5, CD7, CD8, CD1o,
Cb118, CD19, CD20, CDSB, and CD235A). in mice, bone mammow LT-HSCs are CD34-, SCA-1+,
C-kit+, CD135-, Slamfl/CD150+, CD48-, and lin- {(negative for mature lineage markers, including
Ter119, CD11b, Gr1, CD3, CD4, CD8, B220, and IL7ra}, whereas ST-HSCs are CD34+, SCA-1+,
C-kit+, CD135-, Slamfl/CD 150+, and lin- {(hegative for mature lineage markers, including Tert19,
CBb11b, Gri, CD3, CD4, CD8, B220, and ILYra). In addition, ST-HSCs are less quiescent and
rmore proliferative than LT-HSCs under homeostatic conditions. However, LT-HSC have greater
self-renewal potential {i.e., they survive throughout aduithood, and can be senally transpianted
through successive recipients), whereas ST-HSCs have limited self-renewal {i.e., they survive for
only a limited period of time, and do not possess serial fransplantation potentiai}. Any of these
HSCs can be used in the methods described hersin. ST-HSCs are particularly useful because
they are highly proliferative and thus, can more quickly give rise to differentiated progeny.

As used herein, the term “hematopoietic stem cell functional potential” refers to the
functional properties of hemaiopoietic stem celis which include 1) mulii-potency {which refers to
the ability to differentiate into muiltiple different blood lineages including, but not limited to,
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granuiocytes (e.g., promyelocytes, neutrophiis, eosinophils, basophils}, erythrocytes (e.g.,
reticilocytes, erythrocytes)}, thrombocytes {e.g., megakaryoblasts, platelet producing
megakaryocyies, platelets), monocytes {e.g., monoccytes, macrophages}, dendritic cells, microglia,
osteoclasts, and lymphocytes (e.g., NK cells, B cells and T cells), 2} self-renewal (which refers tc
the ability of hematopoistic stem cells to give rise to daughter cells that have equivalent potential
as the mother cell, and further that this ability can repeatedly occur throughout the lifetime of an
individual without exhaustion), and 3) the ability of hematopoietic stem cells or progeny thereof 1o
be reintroduced into a transplant recipient whereupon they home to the hematopoietic stem celi
niche and re-establish productive and sustained hematopoiesis.

As used herein, the terms "Major histocompatibility complex antigens” ("MHC", also
referred {0 as "human leukocyte antigens” ("HLA”) in the context of humans) refer {o protains
expressed on the cell surface that confer a unigue antigenic identity to a cell. MHC/HLA antigens
are target molecules that are recognized by T celis and NK cells as being derived from the same
source of hematopoietic stem celis as the immune effector cells ("self") or as being derived from
another source of hematopoietic reconstituting cells {"non-self'"). Two main classes of HLA
antigens are recognized: HLA class | and HLA class |I. HLA class | antigens {A, B, and C in
humans) render each cell recognizable as "self,” whereas HLA class I antigens (DR, DP, and DQ
in humans) are involved i reactions between lymphocytes and antigen presenting cells. Both
have been implicated in the rejection of transplanted organs. An important aspect of the HLA
gene system is its polymorphism. Each gene, MHC class | {A, B and C) and MHC class il {DP,
DG and DR) exists in different alleles. HLA alleles are designated by numbers and subscripts. For
example, two unrelated individuals may carry class | HLA-B, genes B5, and Bw41, respectively.
Allelic gene products differ in one or more amino acids in the a and/or B domain(s). Large paneis
of specific antibodies or nucleic acid reagents are used to type HLA haplotypes of individuals,
using leukocytes that express class | and class |l molecules. The genes commonly used for HLA
typing are the six MHC Class | and Class i proteins, two alleles for each of HLA- A; HLA-B and
HLA-DR. The HLA genes are clustered in a "super-locus” present on chromosome position 6p21,
which enicodes the six classical transplantation HLA genes and at least 132 protein coding genes
that have important roles in the regulation of the immune system as well as some other
fundamental molecular and cellular processes. The complete locus measures roughiy 3.6 Mb,
with at least 224 gene loci. One effect of this clustering is that “haplotypes”, i.e. the set of alleles
present on a single chromosome, which is inherited from one parent, tend to be inherited as a
group. The set of alleles inherited from each parent forms a haplotype, in which some alieles tend
to be associated together. identifying a patient's haplotypes can help predict the probabiiity of
finding matching donors and assist in developing a search strategy, because some alieles and
haploiypes are more common than others and they are distributed at different frequencies in
different racial and ethnic groups.
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As used herein, the term "HLA-matched" refers to a donor-recipient pair in which none of
the HLA antigens are mismatched between the donor and recipient, such as a donor providing a
hematopcietic stem cell graft {0 a recipient in need of hematopoietic stem cell transplant therapy.
HLA-matched (i.e., where all of the 8 alleles are matched)} donor-recipient pairs have a decreased
risk of graft rejection, as endogenous T cells and NK celis are less likely to recognize the incoming
graft as foreign, and are thus less likely to mount an immaune response against the transplant.

As used herein, the term "HLA-mismatched” refers 10 a donor-recipient pair in which at
least one HLA antigen, in particular with respect to HLA-A, HLA-B and HLA-DR, is mismatched
between the donor and recipient, such as a donor providing 2 hematopoietic stem cell grafttoc a
recipient in need of hematopoietic stem cell transplant therapy. In some embodiments, one
hapiotype is matched and the other is mismatched. HLA-mismatched donor-recipient pairs may
have an increased risk of graft rejection relative to HLA-matched donor-recipient pairs, as
endogenous T cells and NK ceils are more likely to recognize the incoming graft as foreign in the
case of an HLA-mismatched donor-recipient pair, and such T cells and NK cells are thus more
likely to mount an immune response against the transplant.

As used herein, the term “human antibody” refers to an antibody having antibody regions
such as variable and constant regions or domains which correspond substantially to human
germiing immunogiobudin sequences. A human antibody can be produced in a human cell line (for
example, by recombinant expression) or by a non-human animal or a prokaryctic or eukaryotic cel
that is capable of expressing funciionally rearranged human immunogiobuiin {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 to about eight glycine or other amino acid residues, which connects the
varniable region of the heavy chain and the variable region of the light chain. Such linker peptides
are considered to be of human origin. Human antibodies can be made by a variety of methods
known in the art including phage display methods using antibody libraries derived from human
immunoglobulin sequences. Human antibodies can also be produced using fransgenic mice that
are incapable of expressing functional endogenous immunoeglobulins, but which can express
human immunogicbulin genes (see, for example, PCT Publication Nos. W(1998/24893;
WO1892/01047, WO1996/34096; WO1998/33735; U.S. Patent Nos. 5,413,923; 5,825,126;
5,633,425; 5,569,825, 5,661,016, 5,545,806, 5,814,318, 5,885,793, 5,916,771, and 5,939,5698}. in
one embodiment, a human aniibody is made using recombinant methods such that the
glycosyiation pattern of the antibody 15 different than an antibody having the same sequence if it
were to exist in nature.

As used herein, the term “humanized” antibody refers to a chimeric andibody generally
comprising amino acid sequences from non-human CDRs and human framework regions. In one
embodiment, a2 humanized antibody is a human antibody (recipient antibody} in which residues
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from the CDRs of the recipient are replaced by residues from the CDRs of a non-human species
{donor antibody} such as mouse, rat, rabbit, or nonhuman primate having the desired specificity,
affinity, and/or capacity. In general, a humanized antibody contains substantially all of at least
one, and typically two, variable domains, in which all or substantially ali of the CDR regions
correspond to those of a2 non-human immuncglobulin.  All or substantiaily all of the FW regions
may also be those of a human immunoglobulin sequence. The humanized antibody can also
comprise at least a portion of an immunogiobulin constant region (F¢), typically that of 2 human
immunoglobulin consensus sequence. Methods of antibody humanization are known in the art
and have been described, for example, in Riechmann et al., Nature 332:323-327, 1288; U.3.
Patent Nos: 5,530,101, 5,585,089, 5,693,761, 5,693,762, and 6,180,370.

As used herein, the term “immune cell” refers 0 a cell of the immune system that
participates in the mounting and maintaining of an innate or adaptive immune response. Immune
cells include lymphocytes that corain a receptor that specifically binds, and mounts an immune
response against, an antigen of interest, such as & seif antigen in the case of an autcimmune call.
Exemplary immune cells include mast celis, basophils, neutrophils, eosinophils, microglia,
granulocytes, monocytes, antigen-presenting cells, macrophages, dendritic cells, natural killer
cells, T lymphocytes, and B lymphocyies.

As used herein, patients that are “in nead of’ a hematopoietic stem cell transplant, include
patients that exhibit a defect or deficiency in one or more blood cell types, as well as patients
having a stem cell disorder. Hematopoietic stem cells generally exhibit 1) multi-potency, and can
thus differentiate into muitiple different blood lineages including, but not limited to, granulocytes
{e.q., promyelocytes, neufrophils, eosinophils, basophils), erythrocytes (e.g., reticudocytes,
erythrocytes), thrombocytes (e.g.. megakaryoblasts, platelet producing megakaryocytes, platelets),
monocytes {e.g., monocytes, macrophages), dendritic cells, microglia, osteoclasts, and
lymphocytes {(e.q., NK cells, B cells and T cells), 2} self-renewal, and can thus give rise to
daughter cells that have equivalent potential as the mother cell, 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 sustained hematopoiesis. Hematopoietic stem cells can thus be
administered to a patient defective or deficient in one or more cell types of the hematopoietic
lineage in order {0 re-constitute the defective or deficient population of cells in vivo., For exampie,
the patient may be suffering from cancer, and the deficiency may be caused by administration of a
chemotherapeutic agent or other medicament that depleies, either selectively or non-specifically,
the cancerous cell poputation. Additionally or alternatively, the patient may be suffering from a
non-malignant hemoglobinopathy that may cause a defect or deficiency in ong or maore biood cell
types, such as sickle cell anemia, thalassemia, Fanconi anemia, and Wiskoit-Aldrich syndrome.
The subject may be one that is suffering from adenosine deaminase severe combinad
immunodeficiency (ADA SCiD), HIV/AIDS, metachromatic leukodystrophy, Diamond-Blackfan
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anemia, and Schwachman-Diamond syndrome. The subject may have or be affected by an
inherited bliood disorder {e.g., sickle cell anemia) or an autcimmune disorder. Additionally or
alternatively, the subject may have or be affected by a malignancy {e.g., a T-cell malignancy),
such as a malignancy selected from the group consisting of hematologic cancers (e.g., leukemia,
lymmphoma, multiple myeloma, or myelodysplastic syndrome) and neuwroblastoma. In some
embodiments, the subject has or is otherwise affected by a metabolic disorder. For example, the
subject mav suffer or otherwise be affected by a metabolic disorder selected from the group
consisting of glycogen storage diseases, mucopolysaccharidoses, Gaucher's Disease, Hurlers
Disease, sphingolipidoses, metachromatic leukodystrophy, or any other diseases or disorders
which may benefit from the treatments and therapies disclosed herein and including, without
limitation, severe combined immunodeficiency, Wiscott-Aldrich syndrome, hyper immunogiohulin
M (IgM) syndrome, Chediak-Higashi disease, hereditary lymphohistiocytosis, osteopetrosis,
osteogenesis imperfecta, storage diseases, thalassemia major, sickle cell disease, systemic
sclerosis, systemic lupus ervihematosus, multiple sclerosis, juvenile rheumatoid arthritis and those
diseases, or disorders described in "Bone Marrow Transplantation for Non-Malignant Disease,”
ASH Education Book, 1:319-338 {2000}, the disclosure of which is incorporated herein by
reference in its entirety as it pertains to pathologiss that may be treated by administration of
hematopoigtic stem cell transplant therapy. Additionally or alternatively, a patient “inneed of a
hematopoietic stem cell fransplant may be one that is or is not suffering from one of the foregoing
pathologies, but nonetheless exhibits a reduced level {e.g., as compared to that of an otherwise
heaithy subject) of one or more endogenous cell types within the hematopoietic lineage, such as
megakaryocytes, thrombocytes, platelets, erythrocytes, mast celis, myeoblasts, basophils,
neutrophils, eosinophiis, microghia, granulocytes, monocytes, osteoclasts, antigen-presenting celis,
macrophages, dendritic cells, natural killer cells, T lymphocytes, and B iymphocyies. One of skill
in the art can readily determine whether one’s level of one or more of the foregoing cell types, or
other blood cell type, is reduced with respect 1o an otherwise healthy subiect, for instance, by way
of fiow cytometry and fluorescence activated cell sorting (FACS) methods, among other
procedures, known in the art.

The term "isolated” when used in the context of a protein, e.g., an antibody, refers fo a
protein that by virtue of its origin or source of derivation is not associated with naturally associated
components that accompany it in its native state; is substantially free of other proteins from the
same species,; is expressed by a cell from a different species; or does not occur in nature. Thus, a
protein that is chemically synthesized or synthesized in a cellular system different from the cell
from which it naturally originates will be "isolated” from its naturally associated components. A
protein may aiso be rendered substantially free of naturally associated componenis by isolation,
using protein purification techniques well known in the art.
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The term "monocclonal antibedy” or "mAb" refers to an antibody obtained from a population
of substantially homogeneous antibodies, i.e., the individual antibodies comprising the population
are identical andior bind (0 the same epilope, except for possible varniant antibodies, e.g., naturally
occurring mutations or variants arising during production of a monoclonal antibody preparation,
where such variants may be present in minor amounts. In contrast to polycional antibody
preparations that typically include different antibodies directed against different determinants
{epitopes), each mAb is direcied against a single determinant on the antigen. The modifier
"monoacional” is not to be construed as requiring production of the antibody by any particular
method.

As used herein, the term "patient at risk for GYHD" refers to a patient with one or more
factors for developing GVHD. Risk factors include, but are not limited to, an allogeneic donor
transplant {e.q.. transplantation of hematopoietic stem cells from a bone marrow transplant),
including mismatched human leucocyte antigen (HLA) donor and sex mismatched donor, T cell
replete stem cel transplant; donor and recipient age; presence of cytomegalovirus (CMV) or CMV
antibodies in transplant donor or host; increased dose of total-body irradiation (TBl); conditioning
regimen intensity; acute GVHD prophytaxis; lack of protective environments; splenectomy;
immunoglobuline use, underlying disease; ABO compatibilit;, prior exposure 10 herpss viruses,
donor blood transfusions; performance score; antibictic gut decontamination; and post-alliogensic
transplant blocd transfusions.

As used herein, the term "patient at risk for an autcimmune disease® refers to a patient with
one or more risk factors for develaping an autoimmune disease. Risk factors inciude, but are not
limited to, age (young to middie aged), sex (female), ethnicity (African American, American Indian,
or Latino), family history of autoimmune diseases, exposure to environmental agents, previous
infection, chronic inflammation, and donor transplantation (e.g., transplantation of hematopoietic
stem celis from a bone marrow fransplant).

As used herein, the term "pharmaceutically acceptable” refers 10 those compounds,
materials, compositions and/or dosage forms, which are suitable for contact with the tissues of a
subject, such as a mammat {(e.9., a human) without excessive toxicity, irritation, allergic response
and other problem complications commensurate with a reasonable benefitfrisk ratio.

As used herein, the term “pharmaceutical composition” means a mixture containing a
therapeutic compound to be administered to a subject, such as a mammal, e.g., a human, in order
to prevent, treat or control a particuiar disease or condition affecting the mammal, such as an
autoimmune disorder, cancer, or bicod disorder, ammong others, 2.g.. as describad herein.

As used herein, the term “recipient” refers to a patient that receives a transplant, such as a
transplant containing a population of hematopoietic stem cells. The transplanied cells
administered to a recipient may be, e.g., aulologous, syngeneic, or allogeneic celis.
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As used herein, the term “rejection” in the context of a transpiant, such as a hematopoietic
stem cell graft, refers to the process by which a recipient mounts an immune response against an
incoming transplant, thereby reducing the ability of the transplanted matter (e.g.. hematopoietic
stem celis) to persist in the recipient. Rejection of a transplanted graft, such as a hematopoietic
stem cell graft, can be quantified, for instance, by measuring the quantity or concentration of
transplanted cells in various samples isolated from a patient at distinct time poirnts foliowing
fransplantation. A finding that the quantity or concentration of transplanted cells in samples
isolated from the patient diminishes over time, for instance, by about 20%, about 25%, about 30%,
about 35%, about 40%, about 55%, about 50%, about 55%, about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, about 80%, about 85%, or more, indicates that the patient is
suffering from graft rejection. Conversely, a finding that the quantity or conceniration of
transplanted cells in sampies isolated from the patient remains stable over time, for instance, by
being diminished by less than abowt 20%, abowt 15%, about 10%, about 5%, or fewer, indicates
that the patient is not suffering from graft rejection. Alternatively, graft rejection can be guantified
by measuring the quantity or concentration of immune cells, such as T cells and/or NI cells, that
cross-react with MHC antigens expressed by the transplanted cells in various samples isolated
from a patient at distinct time points following transplantation. A finding that the quantity or
concentration of immune celis, such as T cells and/or NK cells, that cross-react with MHC antigens
expressed by the transplanted celis in samples isclated from the patient increases over time, for
instance, by about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%,
about 56%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%,
about 85%, about 90%, about 95%, about 100%. about 200%, about 300%, or more, indicates that
the patient is suffering from graft rejection. Conversely, a finding that the quantity or concentration
of immune celis, such as T cells and/or NK celis, that cross-react with MHC antigens expressed by
the transplanted cells in samples isolated from the patient diminishes over time, for instance, by
about 20%, about 25%, about 30%, about 35%, about 40%, about 56%, about 50%, about 55%,
about 80%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, or
more, indicates that the patient is not suffering from graft rejection.

As used herein, the term “sampie” refers {0 a specimen (e.g., blood, blood component
{e.g., serum or plasmay), urine, saliva, amniotic fluid, cerebrospinal fluid, tissue {e.q., placental or
dermal), pancreatic fluid, chorionic villus sample, and cells) taken from a subject,

As used herein, the term “scFv” refers {o a single chain Fv antibody in which the variable
domains of the heavy chain and the light chain from an antibody have been joined to form ong
chain. scFv fragments contain a single polypeptide chain that includes the variable region of an
antibody light chain (V) {e.g9., CDR-L1, COR-12, and/or CDR-L3) and the variable region of an
antibody heavy chain {(Vu) (e.g., COR-H1, CDR-H2, and/or CDR-H3) separaied by a linker. The
linker that joins the V. and Vy regions of a scFv fragment can be a peptide linker composed of

29

CA 03140447 2021-12-2



10

15

20

25

30

35

WO 2020/247872 PCT/US2020/036494

proteinogenic amino acids. Alternative linkers can be used so as to increase the resistance of the
scFv fragment to proteolylic degradation (for example, linkers containing D-amino acids}), in order
to enhance the solubility of the scFv fragment {for example, hydrophilic linkers such as
polyethylene glycol-containing linkers or polypeptides containing repeating glycine and serine
residues), to improve the biophysical stability of the molecule {for example, a linker coniaining
cysteine residues that form intramolecular or intermolecular disulfide bonds), or to attenuate the
immunogenicity of the scFv fragment {for example, linkers containing glycosyiation sites). [t will
also be undersicod by one of ordinary skill in the art that the variable regions of the scFv
molecules described herein can be modified such that they vary in amino acid sequence from the
antibody molecule from which they were derived. For example, nuclectide or amino acid
substitutions leading fo conservative substitutions or changes at aming acid residues can be made
{e.g., in CDR andfor framework residues) so as to preserve or enhance the ability of the scFv to
bind to the antigen recognized by the corresponding antibody.

The terms "specific binding" or "specifically binds" in reference o the interaction of an
antibody. or antibocdy fragment, with a second chemical species, means that the interaction is
dependent upon the presence of a particular structure {(e.g., an antigenic determinant or epitope}
on the chemical species; for example, an antibody recognizes and binds to a specific proiein
structure rather than to proteins generally. If an antibody is specific for epitope "A”, the presence of
a molecule containing epitope A (or free, uniabeled A}, in a reaction containing labeled "A” and the
antibody, will reduce the amount of iabeled A bound to the antibody. In one embodiment, an
antibody specifically binds to a target, e.g., CB2 or CD5, if the antibody has a Ko for the target of at
least about 10% M, about 10° M, about 10 M, about 107 M, about 10° M, about 10° M, about 10
M, about 107" M, about 1072 M, or less (less meaning a number that is less than 102, e.g. 10
3. In cne embodiment, the term “specific binding to CD2” or "specifically binds to CD2," as used
herein, refers to an antibody or that binds to CD2 and has a dissociation constant (Kp) of 1.0 x 107
M or less, as determined by surface plasmon resonance. in another embodiment, the term
“specific binding to CD5” or "specifically binds to CD5," as used herein, refers {o an antibody or
that binds to CDS and has a dissociation constant (Ko} of 1.0 x 107 M or less, as determined by
surface plasmon resconance. in one embodiment, Kp is determined according to standard bio-layer
interferometery (BLI). It shall be understood, however, that the antibody may be capable of
specifically binding to two or more antigens which are related in sequence. For example, in one
embaodiment, an antibody can specifically bind to both human and a non-human {e.g., mouse or
non-human primate)} orthologs of CD2. In another embodiment, an antibody can specifically bind
to both human and a non-human (e g., mouse or non-human primate) orthologs of CD5. Specific
binding can aiso refer to an ADC, which comprises an antibody.

As used herein, the terms “subject” and “patient” refer to a mammal, such as a human, that
receives treatment for a particular disease or condition as described herein. Forinstance, a
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patient, such as a human patient, may be one that is suffering from an autoimmune disease
described herein, and may be administered an anti-CD2 antibody-drug conjugate or an anti-CD5
antibody-drug conjugate described herein s0 as to {i} deplete a population of autoimmune celis
{e.g., a population of autoimmune CD2+ T celis andfor NK cells; or a population of autoimmune
Chb5+ T cells, B cells, and/or NK cells) and/or (ii) deplete a population of CD2+ immune cells {a.g.,
CD2+ T cells andfor NK celis) or to deplete a poputation of CD5+ immune celis {(e.g., CD5+ T
cells, B cells, andfor NK cells) that cross-react with a non-self antigen expressed by hemaltopoietic
stem cells {e.g., a non-self MHC antigen expressed by a hematopoietic stem cell graft), thereby
preventing or reducing the likelinood of graft rejection prior to hematopoietic stem cell transplant
therapy.

As used herein, the phrase “substantially cleared from the blood” refers to a point in time
following administration of a therapeutic agent (such as an anti-Cb2 ADC or an anti-CD5 ADC) to
a patient when the concentration of the therapeutic agent in a blood sampie isolated 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 noise threshold of the device or assay
used to detect the therapeutic agent). A variety of techniques known in the art can be used {o
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, and antibody
fragments, include immunoprecipitation techniques and immunobiot assays, among others known
in the art.

As used herein, the phrase "stem cell disorder” broadiy refers o any disease, disorder, or
condition that may be treated or cured by conditioning a subject's target tissues, for instance, by
ablating an endogenous T cell population in a target tissue,} and/or by engrafting or transplanting
stem cells in a subject's target tissues. For example, Type | diabetes patients have been shown to
be cured by hematopoistic stem cell transplant and may benefit from conditioning in accordance
with the compositions and methods described hersin. Additional disorders that can be treated
using the compositions and methods described herein include, without limitation, sickie cell
anemia, thalassemias, Fanconi anemia, Wiskott-Aldrich syndrome, ADA SCID, HIV/AIDS,
metachromatic leukodystrophy, Diamond-Blackfan anemia, and Schwachman-Diamond syndrome.
The subject may have or be affected by an inherited blood disorder {e.g., sickie celi anemia) or an
autoimmune disorder. Additionally or alternatively, the subject may have or be affected by a
malignancy, such as a malignancy selected from the group consisting of hematologic cancers
{e.q., leukemiz, lymphoma, multiple myeloma, or myelodysplastic syndrome) and neurcblastoma.
In some embodiments, the subject has or is otherwise affected by a metabolic disorder. For
example, the subject may suffer or otherwise be affected by a metabolic disorder selected from the
group consisting of glycogen storage diseases, mucopolysaccharidoses, Gaucher's Disease,
Hurlers Disease, sphingolipidoses, metachromatic ieukodystrophy, or any other diseases or
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disorders which may benefit from the treatments and therapies disclosed herein and including,
without Emitation, severe combined immunodeficiency, Wiscott-Aldrich syndrome, hyper
immunoglobulin M (IgM) syndrome, Chediak-Higashi disease, hereditary lymphohistiocytosis,
osteopetrosis, osteogensesis imperfecta, storage diseases, thalassemia major, sickle cell disease,
systemic sclerosis, systemic lupus erythematosus, multipie sclerosis, juvenile rheumatoid arthritis
and those diseases, or disorders described in "Bone Marrow Transplantation for Non-Malignant
Disease” ASH Education Book, 1:319-338 (2000}, the disclosure of which is incorporated herein
by reference in its entirety as it pertains tc pathologies that may be freated by administration of
hematopoistic stem cell transplant therapy.

As used herein, the term “ransfection” refers 10 any of a wide variety of techniques
commonly used for the introduction of exogenous DNA into a prokaryotic or eukaryotic host celi,
such as electroporation, lipofection, calcium- phosphate precipitation, DEAE- dextran fransfection
and the like.

As used hearein, the terms “treat” or “reatment” refer to therapeutic measures, in which the
object is to prevent, cure, slow down, lessen an undesired physiclogical change or halt
progression of a diagnosed condition or disorder in order to promote a beneficial phenotype in the
patient being ireated. Benseficial or desired clinical results depend on the disorder being treated
and can inchude, but are not imited 1o, a reduction in tumeor burden, a reduction in the quantity of
autoimmune cells present in a sampie isolated from the patient, such as a population of CB2+ T
cells and/or NK cells (or a population of CD5+ T cells, B celis, and/or NK celis} that cross-react
with & self antigen in the case of treating an autoimmune disorder directly, or & non-self antigen
expressed by hematopoietic stem cells (e.g., a non-self MHC antigen) prior to hematopoietic stem
cell transpiantation in the case of treating an autoimmune disease by administration an anti-Cb2
ADC or an anti-CD5 ADC, and a hematopoietic stem cell graft. Additional beneficial resuits
include an increase in the cell count or relative concentration of hematopoietic stem cells in a
patient in need of a hematopoietic stem cell transplant following conditioning therapy and
subsequent administration of an exogenous hematopoietic stem cell graft to the patient. Beneficial
results of therapy described heretn may alsc include an increase in the cell count or relative
concentration of one or more cells of hematopoietic lineage, such as a megakaryocyie,
thrombocyte, platelet, erythrocyte, mast cell, myaoblast, basophil, neutrophil, eosinophil, microglial
cell, granulocyte, monocyte, osteociast, antigen-presenting cell, macrophage, dendritic cell, natural
kilier cell, T lymphocyte, or B lymphocyte, foliowing conditioning therapy and subsequent
hematopoietic stem cell transplant therapy. in certain embodiments, a patient is diagnosed with &
disorder and then treated with the therapeutic agent, e.g., an anti-CD5 ADC. in other
embodiments, a patient is at risk for developing a disorder, e.g., GVHD, so is treated as a
preventative measure in order 1o reduce the risk of developing the disorder or lessen the
symptoms of the disorder.
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As used herein, the terms “variant” and “derivative” are used interchangeably and refer to
naturally-occurring, synthetic, and semi-synthetic analogues of a compound, peptide, protein, or
other substance described herein. A variant or denivative of a compound, peptide, protein, or ¢ther
substance described herein may retain or improve upon the biological activity of the original

5  material.

As used herein, the tem “vector” includes a nlelc acid vector, such as & plasmid, a DNA
vactor, a plasmid, a RNA vedtor, virus, or other suitable replicon. Expression vectors described
herein may contain a polynucleoctide sequence as well as, for example, additional sequence
elements used for the expression of proteins andfor the integration of these polynucleotide

10 sequences into the genome of a mammalian cell. Certain vectors that can be used for the
exprassion of antibodies and antibody fragments used herein include plasmids that contain
regulatory sequences, such as promoter and enhancer regions, which direct gene transcription.
Other useful vectors for expression of antibodies and antibedy fragments contain polynucieotide
sequences that enhance the rate of transiation of these genes or improve the stability or nuclear

15 export of the mRNA that resulis from gene transcription. These sequence elements may include,
for example, 5 and 3’ untransiated regions and a polyadenylation signal site in order to direct
efficient transcription of the gene carried on the expression vector. The expression vectors
describked herein may also coniain a polynucliectide encoding a marker for selection of celis that
contain such a vector. Examgiles of a suitable marker include genes that encode resistance o

20 antibiotics, such as ampicillin, chloramphenicol, kanamycin, and nourseothricin.

As used herein, the term “alkyl” refers to a straight- or branched-chain alkyl group having,
for example, from 1 to 20 carbon atoms in the chain. Examples of alkyl groups include methyl,
ethyl, n-propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-buty, pentyl, isopentyl, tert-pentyl, hexyi,
ischexyt, and the like.

25 As used herein, the term “alkylene” refers to a straight- or branched-chain divalent alkyl
groun. The divalent positions may be on the same or different atoms within the alkyl chain.
Exampiles of alkylene include methylene, ethylene, propylene, isopropylene, and the like.

As used herein, the term “heteroalkyil” refers to a straight or branched-chain alkyl group
having, for exampile, from 1 10 20 carbon atoms in the chain, and further containing one or more

30  heteroatoms (e.9., oxygen, nitrogen, or sulfur, among others) in the chain.

As used herein, the term “heteroalkylene” refers {0 a straight- or branched-chain divalent
heteroalkyl group. The divalent positions may be on the same or different atoms within the
heteroalkyt chain. The divalent positions may be one or more heteroatoms.

As used herein, the term “alkenyl” refers to a straight- or branched-chain alkenyl group

35  having. for example, from 2 1o 20 carbon atoms in the chain. Exampies of alkenyl groups include
vinyl, propenyl, isopropenyt, butenyl, teri-butylenyl, hexenyl, and the like.

As used herein, the term “alkenyleneg” refers to a straight- or branched-chain divalent
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alkenyl group. The divalent positions may be on the same or different atoms within the alkenyl
chain. Examples of alkenylene include ethenylene, propenyiene, isopropenylene, butenylene, and
the like.

As used herein, the term “heteroalkenyl” refers to a straight- or branched-chain alkenyl
group having, for example, from 2 to 20 carbon atoms in the chain, and further containing one or
more heteroatoms (e.¢., oxygen, nitrogen, or sulfur, among cthers) in the chain.

As used herein, the term “heterozlkenylene” refers to a straight- or branched-chain divalent
heteroalkenyl group. The divalent positions may be on the same or different atoms within the
heteroalkenyl chain. The divalent positions may be one or more heteroatoms.

As used herein, the term "alkynyl” refers {0 a siraight- or branched-chain alkyny group
having, for example, from 2 to 20 carboh atoms in the chain. Examples of alkynyl groups inciude
propargyl, butynyl, pentynyl, hexynyl, and the fike.

As used herein, the term “alkynylene” refers to a straight- or branched-chain divalent
alkynyl group. The divalent positions may be on the same or different atoms within the alkynyl
chain.

As used herein, the term “heteroalkyny!l” refers to a siraight- or branched-chain alkynyl
group having, for example, from 2 to 20 carbon atoms in the chain, and further containing ons or
more heteroatoms {e.g., oxygen, nitrogen, or suifur, among others) in the chain.

As used herein, the term “heteroalkynvieneg” refers 1o g straight- or branched-chain divalent
heteroalkynyl group. The divalent positions may be on the same or different atoms within the
heteroalkynyl chain. The divalent positions may be one or more heteroatoms.

As used herein, the term “cycloalkyl” refers to a monocyclic, or fused, bridged, or spiro
polycydlic ring structure that is saturated and has, for example, from 3 to 12 carbon ring atoms.
Examples of cycloalkyl groups include cyciopropyl. cyclobutyl, cyclopentyl, cyclohexyl, cycioheptyt,
cyclooctyl, bicyclo[3.1.0lhexane, and the like.

As ysed herein, the term "cycloalkylene” refers 10 a divalent cycioalkyl group. The divalent
positions may be on the same or different atoms within the ring structure. Examples of
cycloalkylene include cyclopropylene, cyclobutylene, cyclopentylene, cyclohexylene, and the like.

As used herein, the term “heterocycloalkyl” refers to a monocydlic, or fused, bridged, or
spiro polycydic ring structure that is saturated and has, for example, from 3 {0 12 ring atoms per
ring structure selected from carbon atoms and hetercatoms selecied from, e.g., nitrogen, oxygen,
and sulfur, among others. The ring structure may contain, for example, one or more 0Xo groups
on carbon, nitrogen, or sulfur rfing members. Examples of heterocycloalkyls include by way of
example and not imitation dihydroypyridyl, tetrahydropyridyt (piperidyl), tetrahydrothiophenyl,
piperidinyt, 4-piperidonyt, pyrrolidinyl, 2-pyrrolidonyl, tetrahydrofuranyl, tetrahydropyranyl, bis-
tetrahydropyranyl. tetrahydroguinotiny, tetrahydroisoquinolinyl, decahydroquinoliny,
octahydroisoquinolinyl, piperazinyl, quinuciidinyl, and morpholiny.
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As used herein, the term “heterocycloalkylene” refers to a divalent heterocyclolalkyl group.
The divalent positions may be on the same or different atoms within the ring structure.

As used herein, the term "aryl” refers {0 a monocychic or multicyclic aromatic ring system
containing, for example, from € to 19 carbon atoms. Aryl groups include, but are not limited to,
5 phenyl flucrenyl, naphthyl, and the like. The divalent positions may be one or more heieroatoms.

As used herein, the term “aryiene” refers to a divalent aryl group. The divalent positions
may be on the same or different atoms.

As used herein, the term “heteroaryl” refers to a monocyclic heteroaromatic, or a bicyclic or
a tricyclic fused-ring heteroaromatic group in which one or more ring atoms is a heteroatom, e.g.,

10 nitrogen. oxygen, or sulfur. Hetercaryl groups include pyridyl, pyrrolyl, furyl, thienyt, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, isathiazolyl, pyrazolyl, 1,2, 3-triazolyt, 1.2 4-triazolyl, 1,2.3-
oxadiazolyl, 1,2, 4-oxadia-zolvi, 1,2, 5-oxadiazolyl, 1,3,4-oxadiazolyl, 1,3, 4-triazinyl, 1.2 3-triazinyl,
benzofuryl, {2, 3-dihydrolbenzofuryl, iscbenzofuryl, benzothiernyl, benzotriazolyl, isobenzothienyl,
indolyt, isoindolyl, 3H-indolyl, benzimidazolyl, imidazo[1,2-alpyridyl, benzothiazolyl, benzoxazolyl,

15  quinolizinyl, guinazolinyt, pthalazinyl, quinoxalinyl, cinnolinyl, napthyridinyl, pyrido[3,4-blpyridyi,
pynido3,2-b]pyridyl, pyrido[4,3-b]pyridyi, guinclyl, isoquinoclyl, tetrazolyl, 5,6,7 8-tetrahydroquinolyi,
5,6,7 . 8-tefrahydroisoquinolyl, purinyi, pteridinyl, carbazolyl, xanthenyl, benzoquinolyl, and the like.

As used herein, the term “heteroaryiene” refers to a divalent heteroaryl group. The divalent
positicns may be on the same or different atoms. The divalent positions may be one or more

20  heteroatoms.

Unless otherwise constrained by the definition of the individual substituent, the foregoing
chemical moieties, such as "alkyl”, "alkylene”, "heteroalkyl”, “heteroalkylene”, “alkenyl”,
“alkenylene”, “hetercalkeny!l”, “heterocalkenylene”. “alkynyl”, “alkynylene”, *heteroalkynyl”,
“heteroalkynylene”, “cycloalkyl”, “cycicalkylene”, "heterocyciolalkyi”, heterocycioalkylene”, “aryl,”

25 “arylene®, “heterocaryl”, and “heteroarylene” groups can optionally be substituted with, for example,
from 1 t0 5 substituents selected from the group consisting of alkyl, alkenyl, alkyrwi, cycloalkyi,
heterocycloalkyl, alkyl aryl, alkyl hetercaryl, alkyl cycloalkyi, alkyl heterocycloalkyi, amino,
ammonium, acyt, acyloxy, acylamino, aminoccarbonyl, alkoxycarbonyl, ureido, carbamate, aryt,
heteroaryl, sulfinyt, sulfonyl, alkoxy, sulfanyl, halogen, carboxy, trihalomethyl, cvano, hydroxy,

30  mercapto, nitro, and the like. Typical substituents include, but are not limited to, -X, -R, -OH, -OR,
-SH, -5R, NHz, -NHR, -N(R}2, -N*(R}a, -CXa, -CHN, -OCN. -SCN, -NCO, -NCS5, -NO, -NO;, -Ns, -
NC(=O)H, -NC(=0O)R, -C(=0O)H, -C{=0O)R, -C{(=0)NH;, -C(=0O)}N(R), -S0s, -SO3H, -S{(=0):R, -
OS(=010R, -8(=0)2NHz -S{=01N(R)z, -S{(=O)R, -OP{=0OHOH):, -OP{=0})(OR)2. -P{=0)(OR}2, -
PCOs. -POsH:, -C(=01X, -C{=8)R, -CO:H, -CO:R, -CO~, -C{=8S)OR, -C(=0)SR, -C{=5}SR, -

35  C{E=O)NHz -C{=OIN(R):, -C{=S)NH: -C(=8)N(R)2, ~-C{=NH]}NH2 and -C{=NR}N(R)2; wherein each X
is independently selected for each occasion from F, Ci, Br, and |; and each R is independently
selected for each occasion from alkyl, aryl, heterocycioalkyl or heteroaryl, protecting group and
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prodrug moiety. Wherever a group is described as "opflionally substituted,” that group can be
substituted with one or more of the above substituents, independently for each occasion. The
substitution may include situations in which neighboring substituents have undergone ring closure,
such as ring closure of vicinal functional substituents, to form, for instance, lactams, lactones,
cyclic anhydrides, aceials, hemiacetais, thicacetals, aminals, and hemiaminals, formed by ring
closure, for example, to furnish a protecting group.

i is to be understood that certain radical naming conventions can include either a mono-
radical or a di-radical, depending on the context. For example, where a substituent requires two
points of altachment to the rest of the molecule, it is understood that the substituent is a di-radical.
For example, a substituent identified as alkyl that requires two poinds of attachment includes di-
radicals such as -CHz-, -CHCHy-, -CH2CH(CH:)CH2-, and the like. Other radical naming

conventions clearly indicate that the radical is a di-radical such as “alkylene," "alkenylene,”
“arylene,” “heterocycloalkylene,” and the like.

Wherever a substituent is depicted as a di-radical (i.¢., has two points of attachment to the
rest of the molecule}, it is o be understood that the substituent can be attached in any directionat

configuration uniess otherwise indicated.

Anti-CD2 Antibody Drug Conjugates

Compositions and methods described herein are based in part on the discovery that anti-
CDb2 ADCs can be used to freat cancers and autoimmune diseases directly, for instance, due to
the ability of such agents to kill CD2+ cancer celis (e.q., CO2+ leukemic cells) and CD2+
autoimmune celis (e.g., CD2+ autoimmune T cells and/or NK celis). In particular, an anti-CD2
antibody is conjugated 1o a cylotoxin via a linker. Thus, where anti-CD2 antibodies are described,
conjugates thereof are also contempiated uniess otherwise indicated.

Compositions and methods described herein are also based in part on the discovery that
ADCs capable of binding CD2 can be used as therapeutic agents to promote the engrafiment of
transplanted hematopoietic stem celis in a patient in need of transplant therapy by preventing or
reducing the likelihood of immune cell-mediated graft rejection. For instance, anti-CD2 antibodies,
and antigen binding fragments, can bind cell-surface CD2 expressed by immune cells suchas T
cells or NK cells that cross-react with, and mount an immune response against, one or more non-
self hematopoietic stem cell antigens, such as one or more non-self MHC antigens expressed by
the hematopoietic stem celis. The binding of such antibodies, and antigen-binding fragments, to
hematopoietic stem celi-specific CD2+ immune cells ¢an induce death of the bound immune celi,
for instance, by antibody-dependernd cell-mediated cytotoxicity or by the action of a cytotoxic agent
that is conjugated to the antibody, or the antigen-binding fragment thereof. The depletion of a
population of CD2+ immune celis that cross-react with non-self hematopoietic stem celis can thus
facilitate the engraftment of hematopoietic stem cell transplants in a patient in need thereof by
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attenuating the ability of the recipient’s immune system to mount an immune response against the
incoming graft. kn this way, a patient suffering from a stem cell disorder, cancer, autcimmune
disease, or other blood disorder described herein can be freated, as a hematopoietic stem cell
transplant can be provided 1o a subject in order {o repopulate a lineage of cells that is defective
and/or deficient in the subject. The subject may be deficient in a population of cells due to, for
instance, chemotherapy that has been administered to the subject with the aim of eradicating
cancerous celis but that has, in the process, depleted healthy hematopoietic celis as well,

For exampile, in certain embodimenis provided are compositions and methods of promoting
the engraftment of transplanted hematopoietic stem cells by administration of an antibody, or an
antigen-binding fragment thereof, capable of binding an antigen expressed by T cells. This
administration can cause the selective depleation of a population of endogenous T cells, such as
Cbh4+ and CD8+ T celis. This selective depletion of T cells can, in turn, prevent graft rejection
following transplantation of an exogenous {for instance, an autologous, allcgeneic, or syngeneic}
hematopoietic stemn cell graft. For nstance, the selective depletion of CD4+ andfor CD8+ T celis
using an anti-CD2 antibody, antigen-binding fragment, antibody-drug conjugate, or antibody-drug
conjugate as described hereiny can attenuate a T cell-mediated immune response that may occur
against a transptanted hematopoistic stem cell graft. Compositions and methods disclosed herein
are also based iny pari on the discovery that antibodies, and antigen-binding fragments thereof,
capabile of binding CD2 can be administered to a patient in need of hematopoietic stem cell
transplant therapy in order to promote the survival and engraftment potential of transplanted
hematopoigtic stemn celis.

Engraftment of hematopoietic stem cell transplants due to the administration of anti-CD2
antibodies, or antigenr-binding fragments thereof, can manifest in a variety of empirical
measurements. For instance, engrafiment of transpianted hematopoietic stem cells can be
evaluated by assessing the quantity of competitive repopulating units (CRU) present within the
bone marrow of a patient following administration of an antibody or antigen-binding fragment
thereof capabie of binding CDZ2 and subseguent administration of a hematopoietic stem ceil
transplant. Additionally, one can cbserve engraftment of a hematopoietic stem ceil transplant by
incorporating a reporter gene, such as an enzyme that catalvzes a chemical reaction yielding a
fluorescent, chromophoric, or luminescent product, into a vector with which the donor
hematopoietic stem celis have been transfected and subsequently monitoring the comresponding
signal in a tissue into which the hematopoietic stem celis have homed, such as the bone marrow.
One can also observe hematopoietic stem cell engraftment by evaluation of the quantity and
survival of hematopoietic stem and progenitor celis, for instance, as determined by fluorescence
activated cell sorting (FACS) analysis methods known in the art. Engraftment can also be

determined by measuring white blood cell counts in peripheral bicod during a post-transplant
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pericd, and/or by measuring recovery of marrow cells by donor cells in a bone marrow aspirate
sample.

The sections that follow provide a description of antibodies, or antigen-binding fragments
thereof, that can be administered to a patient in need of hematopoistic stem cell transplant therapy
in order to promote engraftment of hematopoietic stem cell grafts, as well as methods of
administering such therapeutics to a patient prior to hematopoietic stem cell transplantation.

Anti-CD2 Anfibodies

Compositions and methods described herein include an antibady, or fragment thereof, that
specifically binds o human CB2. Human CD2 is also referred 1o as T-cell Surface Antigen
T1¥leu-5 T, CD2 antigen (p50), and Sheep Red Blood Cell Receptor (SRBC). CD2is
expressed on T cells. Two iscforms of human CD2 have been identified. Isoform 1 contains 351
amino acids is described in Seed, B. et al. (1987} 84: 3365-689 (see also Sewell et al. {1986) 83:
8718-22) and below (NCBI Reference Sequence: NP_001758.2):
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ghrvghgpgk rppapsgtgy hagkgpplpr prvgpkpprhg aaenslispss n (SEQ ID NO: 13)
A second isoform of CD2 is 377 amino acids and is identified herein as NCBi Reference
Sequence: NP_001315538.1.

T celis and NK cells have been shown to exprass CD2, which is a cell adhesion molecule
and specific marker for such lymphocytes. For instance, CD2 interacts with other adhesion
molecules, such as lymphocyte function-associated antigen-3 (LFA-3/CD58), to potentiate T cell
activation. Antibodies and antigen-binding fragments thereof capable of binding CD2 may
suppress T cell activation and T cell-mediated immune responses against hematopoietic stem ceil
arafts, for example, by inhibiting the interaction between CD2 and LFA-3. Antibodies and antigen-
binding fragments thereof that bind to this cell-surface antigen can be identified using techniques
known in the art and described herein, including immunization, computational modeling
technigues, and in vitro selection methods, such as the phage display and celi-based display
platforms described below.

Described herein are antibodies, and antigen-binding fragments thereof, that specifically
bind to a CD2 polypeptide, e.q., a human CD2 polypeptide, and uses thereof. In an exemplary
embodiment, the antibody, or antigen-binding fragment thereof, that specifically binds to a CD2
polypepiide comprises a heavy chain variabie region and a light chain vanable region.

in one embodiment, the heavy chain variable region comprises one or more
complementarity determining regions {CDRs). in one embodiment, the heavy chain variable
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region comprises a VH CDR1 comprising the amino acid sequence of SEQ D NO:1. Inone
embodiment, the heavy chain variable region comprises a VH CDR2 comprising the amino acid
sequence of SEQ 1D NO:2. in one embodiment, the heavy chain variable region comprises a VH
CDR3 comprising the amino acid sequence of SEQ ID NO:3. In one embodiment, the heavy chain
variable region comprises one or more VH CDRs selected from the group consisting of SEQ D
NO:1, SEQ 1D NO:2, and SEQ {D NO:3. In one embodiment, the heavy chain variable region
comprises two or more VH CDRs selected from the group consisting of SEQ ID NO:1, SEQ ID
NC:2, and SEQ ID NO:3. In one embodiment, the heavy chain variable region comprises a VH
CDR1 comprising SEQ ID NO:1, a VH CDR2 comprising SEQ 1D NO:2, and a VH CDR2
comprising SEQ 1D NO:3.

in one embodiment, the light chain variable region comprises one or more complementarity
determining regions (CDRs). In one embodiment, the light chain variable region comprises a VL
CDR1 comprising the amino acid sequence of SEQ ID NC:4. In one embodiment, the light chain
variable region comprises a VL CDR2 comprising the amino acid sequence of SEQ ID NO:5. in
one embodiment, the light chain variable region comprises a VL CDR3 comprising the amino acid
sequence of SEQ ID NO:6. In one embodiment, the light chain variable region comprises one or
more VL CDRs selected from the group consisting of SEQ 1D NO:4, SEQ 1D NOS, and SEQ 1D
NO:6. In one embodiment, the light chain variable region comprises two or more VL CDRs
selected from the group consisting of SEQ 1D NO:4, SEQ 1D NO:5, and SEQ ID NO.8. Inone
embodiment, the light chain variable region comprises a VL CDR1 comprising SEQ 1D NO4, a VL
CBOR2 comprising SEQ 1D NO:5, and a VL CDR3 comyprising SEQ 1D NO.G.

in an exemplary embodiment, the antibody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprises a VH CDR1 comprising SEQ ID NO: 1, 2a VH CDR2
comprising SEQ ID NO:2, and a VH CDR3 comprising SEQ |D NO:3, and a light chain variable
region that comprises a V1. CDR1 comprising SEQ 10 NQO:4, a V1. CDR2Z comprising SEQ 1D NO:5,
and a VL CDR3 comprising SEQ D NO:6.

in certain embodiments, one or more of the CDRs (i.e., one or more heavy chain CDRs
having SEQ ID NOs: 1-3, and/or one or more light chain CDRs having SEQ ID NOs: 4-6) can
comprise a conservative amine acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while
retaining the CD2 specificity of the antibody (i.e., specificity simiar to an antibody, or antigen-
binding fragment thereof, comprising heavy chain CDRs of SEQ 1D NOs: 1 to 3, and light chain
CDRs of SEQ ID NOs: 406 ).

in one embodiment, the antibody. or antigen-binding fragment thereof, comprises a heavy
chain variable region that comprises the amino acid sequence set forth in SEQ ID NO: 7. In
another embodiment, the antibody, or antigen-binding fragment thereof, comprises a heavy chain
variable region that comprises an amino acid sequence having at least 85% identity to SEQ ID
NQ: 7, e.q.. at least 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ 1D NO: 7. 1n certzain
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embodiments, an antibody comprises a modified heavy chain (HC} variable region comprising an
HC variable domain comprising SEQ ID NO: 7, or a variant of SEQ {D NO: 7, which variant (i}
differs from SEQ 1D NO: 7 i 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; (i}
differs from SEQ 1D NO: 7 in at most 5, 4, 3, 2, or 1 amino acids substitutions, additions or
deletions; (i} differs from SEQ 1D NO: 7 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%,
B0%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to SEQ ID NO: 7, wherein in any of (i)-
{iv), an amino acid substitution may be a conservative amino acid substitution or a2 non-
conservative amino acid substitution; and wherein the modified heavy chain variable region can
have an enhanced biological activity relative to the heavy chain variable region of SEQ 1D NO: 7,
while retaining the CD2 binding specificity of the antibody, i.e. has a binding specificity similar to
an antibody, or antigen-binding fragment thereof, comprising SEQ ID NO: 7. in one embodiment,
the antibody, or antigen-binding fragment thereof, comprises a heavy chain variable region that
differs from the amino acid sequence set forth in SEQ 1D NG: 7 at one, two, three or four amino
acids. For exampile, the antibody, or antigen-binding fragment thereof, can comprise a heavy
chain variabtle region that differs from the amino acid sequence set forth in SEQ D NO: 7 at one,
two, three, or four of positions 12, 13, 28, andfor 48. In one smbodiment, the heavy chain variabie
region differs from the aming acid sequence set forth in SEQ 1D NO:7 at positions 12, 13, 28, and
48. In one embodiment, the heavy chain variable region comprises one, two, three, or four of the
following substitutions with respect to the sequence set forth in SEQ ID NO:7: K12Q; K13R; T28i,
and M48Y. in one embodiment, the heavy chain variable region comprises the substitutions
K120y, K13R; T28i; and M48Y with respect to SEQ 1D NO:7.

in one embodiment, the antibody, or antigen-binding fragment thereof, comprises a light
chain variable region that comprises the amino acid sequence set forth in SEQ {D NG:8. In
another embodiment, the antibody, or antigen-binding fragment thereof, comprises a light chain
vanable region that comprises an amino acid seguence having at least 85% identity to SEQ 1D
NQO:8, e.g., at least 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ D NO:8. In certain
embodiments, an antibody comprises a modified light chain {LC) varniable region comprising an LC
variable domain comprising SEQ 1D NO: 8, or a variant of SEQ ID NO: 8, which variant (i) differs
from SEQ D NO: 8in 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; (jit)
differs from SEQ 1D NO: 8 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 abowt 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98% or 99% identical to SEQ 1D NQO: 8, wherein in any of (i)-(iv), an amino
acid substitution may be a conservative amineo acid substitution or a non-conservative amino acid
substitution; and wherein the modified light chain variable region can have an enhanced biological
activity reiative to the light chain variabie region of SEQ ID NO:8, while retaining the CD2 binding
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specificily of the antibody, i.e., has a binding specificity similar tc an antibody, or antigen-binding
fragment thereof, comprising SEQ 1D NO:8.

in an exemplary embodiment, the antibody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprises an amino acid sequence having at least 95% identity
o SEQ 1D NO: 7, e.g., at least aboui 95%, about 968%, about 97%, about 98%, about 89%, or
100% identity to SEQ 1D NO: 7, and a light chain variable region that comprises an amino acid
sequence having at least about 95% identity to SEQ ID NO:8, 2.g., at least about 95%, about 96%,
about 97%, about 98%, about 99%, or 100% identify to SEQ 1D NO:8. in one embodiment, the
antibody, or antigen-binding fragment thereof, comprises a heavy chain variable region that
comprises SEQ 1D NC: 7, and a light chain variable region that comprises SEG 1D NO8. Inone
embodiment, the antibody is an Ab1 antibody that comprises a heavy chain variable region
comprising SEQ D NO:7, and a light chain variable region comprising SEQ ID NO:8.

in one embodiment, the antibody, or antigen-binding fragment thereof, comprises a heavy
chain variable region that comprises the amino acid sequence set forth in SEQ ID NQ:9. In
another embodiment, the antibody, or antigen-binding fragment thereof, comprises a heavy chain
variable region that comprises an amino acid seguence having at least 95% identity to SEQ ID
NG9, 8.g., at least about 95%, about 96%, about 97%, about 98%, about 99%, or 100% identity to
SEQ ID NO:9. In an exemplary embodiment, the antibody, or antigen-binding fragment thereof,
comprises a heavy chain variable region that comprises an amino acid sequence having at least
95% identity to SEQ 1D NO:9, e.q., at least about 95%, about 96%, about 97%, about 38%, about
99%, or 100% identity to SEQ 1D NO:9, and a light chain variable region that comprises an amino
acid sequence having at least about 95% identity to SEQ ID NG 10, e.g.. at least about 95%,
about 96%., about 97%, about 88%, about 99%, or 100% identity to SEC 1D NO:10. Inone
embodiment, the antibody, or antigen-binding fragment thereof, comprises a heavy chain variable
regicn that comprises SEQ 1D NO:9, and a light chain variable region that comprises SEQ 1D
NC:10. In one embodiment, the antibody is an Ab1a antibody that comprises a heavy chain
variable region comprising SEQ ID NO:3, and a light chain variable region comprising SEQ 1D
NC:10

in one embodiment, the heavy chain variable region comprises one or more
complementarity determining regions (CDRs). In one embodiment, the heavy chain variable
region comprises a VH CBR1 comprising the amino acid sequence of SEQ ID NO:14. Inone
embodiment, the heavy chain variable region comprises a VH CDR2 comprising the amino acid
sequence of SEQ 1D NO:15  In one embodiment, the heavy chain variable region comprises a VH
CDR3 comprising the amino acid sequence of SEQ D NCO:16. In one embodiment, the heavy
chain variable region comprises one or more VH CDRs selected from the group consisting of SEQ
D NO: 14, SEQ D NO: 15, and SEQ ID NG 186, In one embodiment, the heavy chain variable
region comprises two or more ¥H CDRs selected from the group consisting of SEQ 1D NO:14,
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SEQ 1D NO:15, and SEQ D NO:18. In one embodiment, the heavy chain variable region
comprises a VH CDR1 comprising SEQ ID NO:14, 2 VH CDR2 comprising SEQ ID NQ:15, and a
YH CBR3 comyprising SEQ ID NG 16,

in one embodiment, the heavy chain variable region comprises one or more
complementarity determining regions {CDRs). In one embodiment, the heavy chain variable
region comprises a VH CDR1 comprising the amino acid sequence of SEQ D NO: 14, Inone
embodiment, the heavy chain variable region comprises a VH CDR2 comprising the amino acid
sequence of SEQ 1D NO:15. In one embodiment, the heavy chain variable region comprises a VH
CDR3 comprising the amino acid sequence of SEQ ID NO:17. In one embodiment, the heavy
chain variable region comprises one or more VH CDRs selected from the group consisting of SEQ
ID NO: 14, SEQID NO:15, and SEQ ID NG:17. Ih ohe embodiment, the heavy chain variable
region comprises two or more VH CDRs selected from the group consisting of SEQ 1D NO:14,
SEQ 1D NO:15, and SEQ 1D NO:17. In one embodiment, the heavy chain variable region
comprises & VH CDR1 comprising SEQ ID NC:14, a VH CDR2 comprising SEQ ID NO:15 and a
VH CDBR3 comprising SEQ (D NO:17.

in one embodiment, the light chain variable region comprises one or more complementarity
determining regions (CDRs). In one embodiment, the light chain variable region comprises a VL
CDR1 comprising the amino acid sequence of SEQ 1D NO: 18, In ohe embodiment, the light chain
variable region comprises a VL CDR2 comprising the amino acid sequence of SEQ 1D NO:19. In
one embodiment, the light chain variable region comprises a VL CDR3 comprising the amino acid
sequence of SEQ 1D NO:20. In one embodiment, the light chain variable region comprises one or
more V1 CDRs selected from the group consisting of SEQ 1D NC:18, SEQ 1D NO:19, and SEG D
N(G:20. In one embodiment, the light chain variable region comprises two or more VL CDRs
selected from the group consisting of SEQ 1D NO:18, SEQ D NO: 19, and SEG 1D NO:20. Inone
embodiment, the light chain variable region comprises a VL. CDR1 comprising SEQ 1D NO:18, a
VL CDR2 comprising SEQ ID NO: 19, and a VL CDR3 comprising SEQ iD NO:20.

in an exemplary embodiment, the antibody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprises a VH CDR1 comprising SEQ {D NO:14, a VvH CDR2
cornprising SEQ 1D NO:15, and a VH CBR3 comprising SEQ D NO:16, and a light chain variable
region that comprises a VL CDR1 comprising SEQ 1D NO: 18, a VL CDRZ comprising SEQ ID
NO:19, and a VL CDR3 comprising SEQ 1D NO:20.

in an exemplary embodiment, the antibody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprisses & VH CDR1 comprising SEQ 1D NG: 14, a VH CDR2
comprising SEQ 1D NO:15, and a VH CDR3 comprising SEQ D NO:17, and a light chain variable
region that comprises a VL CDR1 comprising SEGQ 1D NO: 18, a VL CDR2 comprising SEQ ID
NO:19, and a VL CDR3 comprising SEQ 1D NO:20.
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in certain embodiments, one or more of the CDORs (i.e., one or more heavy chain CDRs
having SEQ 1D NCs: 14-17, and/or one or more light chain CDRs having SEQ 1D NOGs: 18-19) can
comprise a conservative amine acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while
retaining the CD2 specificity of the antibody {i.e., specificity simiar to an antibody, or antigen-
binding fragment thereof, comprising heavy chain CDRs of SEQ {D NOs: 14 to 16, and light chain
CDRs of SEQ 1D NOs:18 to 20; or comprising heavy chain CDRs of SEQ ID NOs: 14, 15, 17, and
light chain CDRs of SEQ ID NOs:18 to 20).

in one embodiment, the antibody, or antigen-binding fragment thereof, comprises a2 heavy
chain variable region that comprises the aming acid sequence set forth in SEQ ID NO: 21. In
another embodiment, the antibody, or antigen-binding fragment thereof, comprises a heavy chain
variabie region that comprises an amino acid sequence having at least about 95% identity to SEQ
1D NGO: 21, e.g.. at least about 95%, about 96%, about 27%, about 88%, about 99%, or 100%
identity to SEQ ID NO: 21. In certain embodiments, an antibody comprises a modified heavy
chain (HC) variable region comprising an HC variable domain comprising SEQ IDNO: 21, or 2
variant of SEQ D NO: 21, which variant (i} differs from SEQ IDNC: 21in 1, 2, 3, 4 or 5 amino
acids substitutions, additions or deletions; {ii} differs from SEQ {D NO: 21 inatmost 5, 4, 3, 2, or 1
amino acids substititions, additions or deietions; (iii} differs from SEQ 1D NQO: 21 in 1-5, 1-3, 1-2,
2-5 or 3-5 amino acids substitutions, additions or deletions and/or (iv) comprises an amind acid
sequence that is at least about 75%, about 80%, about 85%, about 90%, about 85%, about 96%,
about 97%, about $8% or about 89% identical to SEQ 1D NC: 21, 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 can have an
enhanced biclogical activity relative io the heavy chain variable region of SEQ 1D NO: 21, while
retaining the CD2 binding specificity of the antibody, i.e. has a binding specificity similar to an
antibody, or antigen-binding fragment thereof, comprising SEQ ID NO: 21.

in one embodiment, the antibody, or antigen-binding fragment thereof, comprises a heavy
chain variable region that comprises the amino acid sequence set forth in SEQ ID NO: 22, In
another embodiment, the antibody, or antigen-binding fragment thereof, comprises a heavy chain
variable region that comprises an amino acid sequence having at least about 95% identity to SEQ
ID NO: 22, e.g., at least about 95%, about 96%, about 97%, about 98%, about 99%, or 100%
identity to SEG ID NO: 22, In certain embodiments, an antibody comprises a modified heavy
chain {HC) variable region comprising an HC variable domain comprising SEQ ID NO: 21, or a
variant of SEQ 1D NO: 22, which vanant (i) differs from SEQ IDNG: 22in 1, 2, 3, 4 or 5 amino
acids substitutions, additions or deietions; {ii} differs from SEQ ID NO: 22 inatmost 5, 4, 3, 2, or 1
amino acids substitutions, additions or deletions, {iii) differs from SEQ {D NO: 22 in 1-5, 1-3, 1-2,
2-5 or 3-5 amino acids substititions, additions or deletions and/or {iv) comprises an aminc acid
sequence that is at least about 75%, about 80%, about 85%, about 90%, about 95%, about 96%,
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about 97%, about 98% or about 89% identical to SEQ 1D NO: 22, 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 heavy chain variable region can have an
enhanced biclogical activity relative to the heavy chain variable region of SEQ 1D NO: 22, while
retaining the CD2 binding specificity of the antibody, i.e. has a binding specificity similar to an
antibody, or antigen-binding fragment thereof, comprising SEQ 1D NO: 22,

in one embodiment, the antibody, or antigen-binding fragment thereof, comprises a light
chain variable region that comprises the amino acid sequence set forth in SEQ ID NO:23. In
another embodiment, the antibody, or antigen-binding fragment thereof, comprises a Eght chain
variable region that comprises an amino acid sequence having at least about 95% identty {0 SEQ
ID NO:23, a.q., at least about 95%, about 96%, about 97%, about 88%, about 99%, or 100%
identity to SEG ID NO:23. In cerfain embodiments, an antibody comprises a modified light chain
{LC) variable region comprising an LC variable domain comprising SEQ 1D NO: 23, or & variant of
SEQ 1D NO: 23, which variant () differs from SEQ IDNO- 23 in 1, 2, 3, 4 or 5 amino acids
substitutions, additions or deletions; {ii} differs from SEQ ID NO: 23 inat most 5, 4, 3, 2, or 1
amino acids substitutions, additions or deletions; {iii} differs from SEQ {D NO: 23 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%, about 80%, about 85%, about 90%, about 95%, about 6%,
about 97%, about 98% or about 29% identical to SEQ 1D NO: 23, 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 light chain variable region ¢an have an
enhanced biologicatl activity relative to the light chain variable region of SEQ 1D NO:23, while
retaining the CD2 binding specificity of the antibody, i.e., has a binding specificity similar to an
antibody, or antigen-binding fragment thereof, comprising SEQ 1D NO:23.

in an sxemplary embodiment, the antibody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprises an amino acid sequence having at least 85% identity
to SEQ 1D NG 21, e.g., at least about 95%, about 96%, about 97%, about 98% or about 99%, or
100% identity to SEGQ iD NG: 21, and a light chain variable region that comprises an aminc acid
sequence having at least about 95% identity to SEQ ID NO:23, e.g., at least about 95%, about
96%, about 97%, about 98% or about 99%, or 100% identity to SEQ ID NG:23. In one
embodiment, the antibody, or antigen-binding fragment thereof, comprises a heavy chain variable
region that comprises SEQ D NO: 21, and a light chain variable region that comprises SEQ ID
NGC:23.

in an exemplary embodiment, the antibody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprises an amino acid sequence having at least about 95%
identity to SEQ ID NO: 22, e.q., at least about 95%, about 96%, about 97%, about 98% or about
99% or 100% identity to SEQ 1D NO: 22, and a light chain variable region that comprises an amino
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acid sequence having at least about 95% identity to SEQ ID NO:23, e.g., .. at least about 95%,
about 95%, about 97%, about 98% or about 99%, or 100% identity to SEQ ID NO:23. Inone
embodiment, the antibody, or antigen-binding fragment thereof, comprises a heavy chain variable
region that comprises SEQ 1D NO: 22, and a light chain variable region that comprises SECH ID
NO:23.
Anti-CD2 antibodies that can be used in conjunction with the compositions and methods

described hersin include those that have one or more, or all, of the following CDRs:

a. a CDR-H1 having the amino acid sequence EYYMY (SEQ ID NO: 1);

b. a CDR-H2 having the amino acid sequence RIDPEDGSIDYVEKFKK (SEQ 1D NO:

2}
¢. aCDR-H3 having the amino acid sequence GKFNYRFAY (SEQ 1D NO: 3);
d. a CDR-L1 having the amino acid sequence RSSQSLLHSSGNTYLN (SEG ID NO:
4);

e. a CDR-L2 having the aminc acid sequance LVSKLES (SEQ ID NO: 5); and

f. aCDR-L3 having the amino acid sequence MQFTHYPYT (SEQ ID NO: 6).
Antibodies and antigen-binding fragments thereof containing the foregoing CDR sequences are
described, e.g., in US Patent No. 6,849,258, the disclosure of which is incorporated herein by
reference as it pertains to anti-CD2 antibodies and antigen-binding fragments thereof.
The antibodies and fragments thereof disciosed in US Patent Nos. 5,730,979; 5,817,311;
5,851,983; and 7,592 0086; such as LO-CD2a, BTI-322, and antibodies produced by the hybridoma
cell ine deposited as ATCC Deposit No. HB 11423 {e.g., antibodies or antigen-binding fragments
thereof containing one or more, or ali, of the COR sequences of antibody LO-CD2a isolated from
the hybridoma cell line deposited as ATCC Deposit No. HB 11423} can be used in conjunction with
the compositions and methods disciosed herein. Exemplary antibodies that may be used in
conjunction with the compositions and methods described herein include humanized antibodies
containing one or more, or all, of the CDR sequences of an antibody isolated from the hybridoma
cell line deposited as ATCC Deposit No. HB 11423, such as MEDI-507. MEDI-507 is a humanized
anti-CD2 monoclonal antibody that contains the COR-H and COR-L sequences of (@) through (f)
above, and is described in Branco et al., Transplantation 68:1588-1596 (1299). MEDI-507 is
additionally described in WO99/03502A1 and WC1994/020619A1; U.S. Patent Nos. US7,592,008,
USE,840,258, US5,951,983, US5,817,311, and US5,730,979; and U.S. Patent Publication Nos.
US2011/0280868, US2004/0265315 and 2011/0091453, the disciosures of each of which are
incorporated herein by reference as they periain 1o anti-CD2 antibodies and anfigen-binding
fragments thereof, such as the anti-CD2 antibody MEDI-507. in one embodiment, the anti-CD2
antibody is Siplizumab, or an antigen-binding fragment thereof.

The disciosures of the foregoing scientific joumnal article and US Patents are incorporated

herein by reference as they pertain to anti-CD2 antibodies and antigen-binding fragments thereof.
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Other anti-CD2 antibodies that can be used in conjunction with the compositions and
methods described herein include, for instance, anti-CD2 antibodies that are descrbed in US
Patent Nos, 6,541,811 and 7,250,167, the disclosures of each of which are incomporated herein by
reference as they pertain to anti-CD2 antibodies and antigen-binding fragments thereof, such as
the anti-CDZ antibody LO-CD2b and antibodies produced by the hybridoma cell line deposited as
ATCC Deposit No. PTA-802. Exemplary antibodies that may be used in conjunction with the
compositions and methods described herein include humanized antihodies containing one or
more, or all, of the CDR seguences of an antibody isolated from the hybridoma cel line deposited
as ATCC Deposit No. PTA-802.

Cther anti-CD2 antibodies that can be used in conjunction with the compositions and
methods described herein include, for instance, anti-CD2 antibodies that are described in US
Patent Nos. 5,795,572 and 5,807,734, the disclosures of each of which are incorporated herein by
reference as they periains to anti-CD2 antibodies and antigen-binding fragments therecf, such as
the anti-CD2 antibody produced by hybridoma cell line deposited as ATCC Deposit No. HB 69277
For instance, anti-CD2 antibodies and antigen-binding fragments thereof that may be used in
conjunction with the compositions and methods described herein include those that contain a
hinge region having an amino acid sequence of EPKSSDKTHTSPPSE (SEQHID NG: 287), such as
scFv fragmenis containing a hinge region having the amino acid sequence of
EPKSSDKTHTSPPSP (SEQ ID NOQ: 287). The incorporation of a hinge region having the amino
acid sequence of SEQ 1D NO: 287 can be beneficial, as this hinge motif has been mutated relative
1o wild-type hinge region sequances so as to eliminate potentially reactive cysteine residues that
may promote undesirable oxidative dimerization of a single-chain antibody fragment, such as a
scFv fragment.

{Other anti-CD2 antibodies that can be used in conjunction with the compositions and
methods described herein include, for instance, anti-CD2 antibodies that are described in US
Patent No. 8,764,888, such as the anti-CD2 antibody TS2/18 and antibodies produced by
hybridoma cell line deposited as ATCLC Deposit No. HB-195. The disclosure of US Patent No.
6,764,688 is incorporated herein by reference as it pertains to anti-CD2 antibodies and antigen-
binding fragmenis thereof.

Other anti-CD2Z antibodies that can be used in conjunction with the compositions and
methods described herein include, for instance. anti-CD2 antibodies that are described in US
Patent Nos. 6,162,432, 6,558,662, 7,408,038, 7,332,157, 7,638,121, 7,838,062, and 7,115,259,
US Patent Application Publication No. 2006/0084107, 2014/03609974, 2002/00351784, and
2013/0183322, and PCT Publication No. W(0O1892/016563, the disclosures of each of which are
incorporated herein by reference as they periain fo anti-CD2 antibodies and antigen binding
fragmenis thereof.

Antibodies and fragments thereof for use in conjunction with the methods described herein
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include variants of those antibodies described above, such as antibody fragments that contain or
lack an Fc domain, as well as humanized varianis of non-human antibodies described herein and
antibody-like protein scaffolds {e.g., '"Fn3 domains) containing one or more, or all, of the CDRs or
equivalent regions thereof of an antibody, or an antibody fragment, described herein. Exemplary
antigen-binding fragments of the foregoing antibodies include a dual-variable immunoglobulin
domain, a single-chain Fv molecute {schv), a diabody, a triabody, a nanobody, an antibody-like
protein scaffold, a Fv fragment, a Fab fragment, a F{ab’): molecule, and a tandem di-scFv, among
others.

in one embodiment, the anti-CD2 antibody or binding fragment thereof, comprises a
modified F¢ region, wherein said modified Fc region comprises at least one amino acid
maodification relative o a wild-type Fc region, such that said moleculs has an altered affinily for or
binding to an FcgammaR (FcyR). Certain amino acid positions within the Fc¢ region are known
through crystaliography studies to make a direct contact with FcyR. Specifically amino acids 234-
239 (hinge region}, amino acids 265-269 (B/C loop), amino acids 297-299 (C'/E loop), and amino
acids 327-332 (F/G) loop. (see Sondermann et al., 2000 Mature, 406: 267-273). The antibodies
described herein may comprise variant Fc regions comprising modification of at least one residue
that makes a direct contact with an FeyR based on structural and crysialiographic analysis. Inone
embodiment, the Fc region of the anti-CD2 antibody {or fragment thereof) comprises an amino
acid substitution at amino acid 265 according to the EU index as in Kabat et al., Sequences of
Proteins of Immunoiogical Interest, 5th Ed. Public Health Service, NH1, MD (1991), expressly
incorporated herein by references. The "EU index as in Kabat" refers to the numbering of the
human lgG1 EU anfibody. In one embodiment, the Fo region comprises a D265A mutation. in
one embodiment, the Fc region comprises a D265C mutation. In some embodiments, the Fc
region of the antibody (or fragment thereof} comprises an amino acid substitution at amino acid
234 according to the EU index as in Kabat. In one embodiment, the Fc region comprises a 1 234A
mutation. In some embodiments, the Fc region of the anti-CD2 antibody {(or fragment thereof)
comprises an amino acid substitution at amino acid 235 according to the EUJ index as in Kabat. In
one embodiment, the Fc region comprises a L235A mutation. In yet another embodiment, the Fc
region comprises a L234A and L235A mutation. in a further embodiment, the Fc region comprises
a b265C, L234A, and LZ35A mutation. In yet a further embodiment, the Fc region comprises a
D265C, L234A, L235A, and H435A mutation. In a further embodiment, the Fc region comprises a
D265C and H435A mutation.

The antibodias used herein may be furthar engineerad to further modulate antibody half-life
by introducing additional Fc mutations, such as those described for exampie in (DallAcqua et al.
{2008) .J Biot Chem 281: 23514-24), {(Zalevsky et al. (2010} Nat Biotechnol 28: 157-9), {(Hinton et
al. (2004} J Biol Chem 279: 8213-6), (Hinton et al. {2008} J Immunol 176:; 3458-56), (Shields et al.
{2001} J Biol Chem 276: 6591-604), (Petkova et al. (2008) Int Immunol 18: 1759-69), (Datta-
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Mannan et al. (2007) Drug Metab Dispos 35: 86-84), (Vaccaro et al. {(2005) Nat Biotechnol 23:
1283-8), {Yeung et al. (2010) Cancer Res 70: 3269-77) and (Kim et al. (1998} Eur J Immunol 29:
2819-25}, and include positions 250, 252, 253, 254, 256, 257, 307, 376, 380, 428, 434 and 435.
Exemplary mutations that may be made singularly or in combination are T250Q, M252Y, 1253A,
S254T, T256E, P2571, T307A, D376V, E380A, M42Z8L, H433K, N434S, N4344, N434H, N434F,
H435A and H435R mutations.

in some embodiments, the anti-CD2 antibody or antigen-binding fragment thereof is
conjugated to a cytotoxin {e.g., amatoxin} by way of a cysieine residue in the Fc domain of the
antibody or antigen-binding fragment thereof. In some embodiments, the cysteine residue is
introduced by way of & mutation in the F¢ domain of the antibody or antigen-binding fragment
theraof. For instance, the cysteine residus may be selected from the group consisting of Cys 118,
Cys238, and Cys285. In one embodiment, the Fc region of the anti-CD2 antibody {or fragment
thereof) comprises an amino acid substitution at amino acid 265 according io the EU index as in
Kabat. In one embodiment, the F¢ region comprises a D265C mutation. In one embaodiment, the
Fc region comprises a D265C and a H435A mutation.

Thus, in one embodiment, the Fc region comprises a mutation resulting in a decrease in
half ife. An antibody having a short half life may be advantageous in certain instances where the
antibody is expected 1o function as a short-lived therapeutic, e.g., the conditiohing step described
herein where the antibody is administered followed by HSCs. ideally, the antibody would be
substantially cleared prior to delivery of the HSCs, which may also generally express CD2 but are
not the target of the anti-CD2 antibody, unlike the endogenous stemn cells. in one embodiment, the
Fc region comprises a mutation at position 435 (EU index according to Kabat). Inone
embodiment, the mutation is an H435A mutation.

The foregoing anti-CD2 antibodies, or antigen-binding fragments thereof, can be used in
various aspects set forth herein, including, for example, in methods for depletion of CD2+ cellsin a
human subiect. The foregoing anti-Cb2 antibodies, or antigen-binding fragments thereof, can aiso
be conjugated to an agent, e.g., a cytotoxin, for example, an amatoxin, as described herein.

Anti-CDS Antibody Drug Conjugates

The present disciosure is aiso based in part on the discovery that anti-CD5 antibodies, or
antigen-binding fragments thereof, or anti-CD5 ADCs can be used to ireat cancers, such as T-cell
malignancies, and autoimmune diseases directly, for instance, due to the ability of such agents to
kilt CD5+ cancer celis (e.g., CD5+ leukemic cells) and CD5H+ autoimmune cells (e.g., CE5+
autoimmune T ceils, B cells, and/or NK celis). Further, anti-CD5 ADCs can be used to treat
patients at risk for graft versus host disease {(GVHD)

in particular, an anti-CD5 antibody described herein is conjugated to a cytotoxin via a
linker. Thus, where anti-CD5 antibodies are described, conjugates thereof are aiso contempiated
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unless otherwise indicated.

Aspects of the disclosure described herein are additionally based in part on the discovery
that antibodies, or antigen-binding fragments thereof, capable of binding CD5 can be used as
therapeutic agents to promote the engraftment of transplanted hematopoistic stem cells in a
patient in need of transplant therapy by preveniing or reducing the likehood of immune cell-
mediated graft rejection. For instance, anti-CD5 antibodies, and antigen binding fragments, can
bind cell-surface CD5 expressed by immune cells such as T cells, B cells, or NK cells that cross-
react with, and mount an immune response against, non-self hemaiopoietic stem cell antigens,
such as non-self MHC antigens expressed by a hemalopoiatic stem cell graft. The binding of such
antibodies, and antigen-binding fragments, {0 hemalopoietic stem cell-specific CD5+ immune ¢ells
can induce death of the bound immune cell, for instance, by antibody-dependent cell-mediated
cytotoxicity or by the action of a cytotoxic agent that is conjugated to the antibody, or the antigen-
binding fragment thereof.. The depietion of a population of CD5+ immune ceils that cross-react
with non-self hematopoietic stem celis can thus facilitate the engrafiment of hematopoietic stem
cell transplants in a patient in need therecof by attenuating the ability of the recipient's immune
system to mount an immune response against the incoming graft. In this way, a patient suffering
from a stem cell disorder, cancer, autoimmune disease, or other blood disorder described hersin
can be treated, as a hematopoietic stem cell transplant can be provided to a subject in order {o
repopulate a lineage of cells that is defective and/or deficient in the subject. The subject may be
deficient in a population of cells due to, for instance, chemotherapy that has been administered to
the subject with the aim of eradicating cancerous celis but that has, in the process, depleted
heaithy hematopoietic cells as well.

For exampile, described herein are compositions and methods for promoting the
engrafiment of transplanted hematopoietic stem celis by administration of an antibody, or an
antigen-binding fragment thereof, or ADC capable of binding an antigen expressed by T celis.
This administration can cause the selective depletion of a population of endogenous T celis, such
as CD4+ and CD8+ T cells. This selective depletion of T celis can, in turn, prevent graft rejection
following transplantation of an excgenous {for instance, an autclogous, allcgeneic, or syngeneic)
hematopoietic stem celi graft. For instance, the selective depletion of CD4+ andfor CD8+ T celis
using an anti-CD5 antibody, antigern-binding fragment, antibody-drug conjugate, or antibody-drug
conjugate as described herein can attenuate a 7 cell-mediated immune response that may occur
against a transplanted hematopoietic stem cell graft. Compositions and methods disclosed herein
are based in part on the discovery that antibodies, and antigen-binding fragments thereof, capable
of binding CD5 can be administered {o a patient in need of hematopoietic stem cell transplant
therapy in order to promote the survival and engraftment potential of transplanted hematopoietic

stem cells.
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Engraftment of hematopoietic stem cell transplants due to the administration of anti-CD5
antibodies, or antigen-binding fragments thereof, can manifest in a variety of empirical
measurements. Forinstance, engrafiment of fransplanted hematopoietic stem cells can be
evaluated by assessing the quantity of competitive repopulating units (CRU} present within the
bone marrow of a patient following administration of an antibody or antigen-binding fragment
thereof capabie of binding CDS5 and subseguent administration of a hematopoietic stem: cell
fransplant. Additionally, one can observe engrafiment of a hematopoietic stem cell transplant by
incorporating a reporter gene, such as an enzyme that catalyzes a chemical reaction yielding a
fluorescent, chromophoric, or luminescent product, into a vector with which the donor
hematopoietic stem celis have been transfected and subsequently monitoring the comresponding
signal in a tissue into which the hemalopoietic stem celis have homed, such as the bone marrow.
One can also observe hematopoietic stem cell engraftiment by evaluation of the quantity and
survival of hematopoietic stem and progenitor cells, for instance, as determined by Huorescence
activated cell sorting {(FACS) analysis methods knowrt in the art. Engraftment can aiso be
determined by measuring white blood cell counts in peripheral blood during a post-transpiant
period, and/or by measuring recovery of marrow celis by donor cells in 2 bone marrow aspirate
sample.

The sections that follow provide a description of antibodies, or antigen-binding fragments
thereof, that can be administered to treat an autcimmune disease, cancer, treat or prevent graft
versus host disease {(GVHD), or to treat a patient in need of hematopoietic stem cell transplant
therapy in order to promote engrafiment of hematopoietic stem cell grafts, as well as methods of
administering such therapeutics to a patient prior {6 hematopoietic stem cell transplantation.

Anti-CD5 Antibodies

Compositions and methods described herein include an antibody, or fragment thereof, that
specificaily binds 0 human CD5. Human CD5 s aiso referred toas LEUT or T1. Human CD5is a
type-l tfransmembrane glycoprotein found on the surface of thymocytes, T lymphocytes and a
subset of B iymphocytes. Two isoforms of human CD5S have been identified. isoform 1 contains
438 amino acids and is described in Jones. et al. (1988) Naiure 323 (60886), 346-349 and below
{NCBI Reference Sequence: NP_001333385.1):

MVCSQOSWGRS SKQWEDPSQASKVCQRINCG VPLSLGPFLV TYTPQSSHCYGQL
GEFSNCSHSRNDMCHS LGLTCLEPQKTTPPTIRPPPTTTPEPTAPP RLQLVAQSGG
QHCAGVVEFYSGSLGGTISY EAQDKTQDLE NFLONNLQCG SFLKHLPETE AGRAQDPGEP
REHQPLPIQWKIQNSSCTSL EHCFRKIKPQ KSGRVLALEC SGFQPKVQSR LVGGSSICEG
TVEVROGAQWAALCDSSSAR SSLRWEEVCR EQQCGSVYNSY RVLDAGDPTS RGLFCPHOKL
SQCHELWERNSYCKKVFVTCQDPNPAGLAAGTVASIHLAL VLLVVLLVWC GPLAYKKLVK
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KFRQKKQROWIGPTGMNQNM SFHRNHTATV RSHAENPTAS HVDNEYSQPP RNSHLSAYPA
LEGALHRSSMQPDNSSDSDY DLHGAQRL (SEQ 1D NO: 286)

T cells have been shown to express CD5, which is a cell adhesion molecule and has been
implicated both in the proliferative response of activated T cells and in T cell helper function. it has
aiso been shown to function as a receptor, delivering co-stimulatory signals to T cells by
interacting with CD72, a cell surface protein exclusive {0 B cells. Antibodies, or antigen-binding
fragments thereof, that bind CD5 may suppress T cell aclivation and T cell-mediated immune
responses against hematopoietic stem cell grafts, for example, by inhibiting the interaction
between CD5 and CD72. Antibodies, and antigen-binding fragments thereof, that bind CD5 can
also he used to Kill CD5+ T celis directly, for instance, by conjugating the antibody, or antigen-
binding fragment thereof, to a cytotoxin (such as a cytotoxin described herein or known in the art)
or by using an unconjugated antibody, or antigen-binding fragment thereof, capable of recruiting
complament proteins to the T cell,

Additionally, subsets of activated B cells have been shown to express CD5, and this
expression pattern is particularly common among autoreactive B celis (\Wemer-Favre et al,|
Ewropean Joumal of immunology 12:1209-1231 (1989), the disclosure of which is incorporated
herein by reference in its entirety}. CD5S has also been shown to be expressed by subsets of NK
cells; particularly among patients that have muiltiple myeloma have been shown to harbor
populations of low density CD5+ {CD5LOW+} NK celis, and this surface antigen has been
implicated in NK cell activation (Ishivama et al., Anticancer Rasearch 14:725-730 (1994), the
disclosure of which is incorporated herein by reference in its entirety). Antibodies, or antigen-
binding fragments thereof, that specifically bind CD5 can thus be used {o attenuate the activation
of B cells and NK cells. Antibodies, or antigen-binding fragments thereof, that bind CD5 can atso
be used to kit CD5+ B cells and NK cells directly, for instance, by conjugating the antibody, or
antigen-binding fragment thereof, to a cviotoxin (such as a cyiotoxin described herein or known in
the art} or by using an unconjugated antibody, or antigen-binding fragment thereof, capable of
recruiting complement proteins to the B cell or NK ceil.

Bisclosed herein are antibodies, and antigen-binding fragments thereof, that specifically
bind to a CD5 polypeptide, £.g., & human CD5S polypeptide, and uses thereof. in an exemplary
embodiment, the antibody, or antigen-binding fragment thereof, that specifically binds to a CD5
polypeptide comprises a heavy chain varable region and a light chain variable region.

in one ambodiment, the heavy chain variable region comprises one or more
complementarity determining regions {CDRs}. In one embodiment, the heavy chain variable
region comprises a VH CDR1 comprising the amino acid sequence of SEQ ID NO: 42, inone
embodiment, the heavy chain variable region comprises a VH CDR2 comprising the amino acid
sequence of SEQ 1D NO: 43. In one embodiment, the heavy chain variable region comprises a
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VH CDR3 comprising the amino acid seguence of SEQ ID NO: 44, In one embodiment, the heavy
chain variable region comprises one or more VH CDRs selected from the group consisting of SEQ
D NGO 42, SEG D NO: 43, and SEQ 1D NO: 44, In one embodiment, the heavy chain variable
region comprises two or more VYH CDRs selected from the group consisting of SEQ |D NO: 42,
SEQ 1D NO: 43, and SEQ 1D NC: 44. in one embodiment, the heavy chain variable region
comprises a VH CDR 1 comprising SEQ 1D NG: 42, a VH CDR2 comprising SEQ ID NO: 43, and a
VH CDR3 comprising SEQ D NO: 44,

in one embodiment, the light chain variable region comprises one or more complementarity
determining regions {CDRs). In one embodiment, the light chain variable region comprises a VL
CBR1 comprising the amino acid sequence of SEQ D NO: 45, In one embodiment, the light chain
variable region comprises a VL CDR2 comprising the amino acid sequence of SEQ 1D NQ: 46, In
one embodiment, the light chain variable region comprises a VL CDR3 comprising the amino acid
sequence of SEQ ID NO: 47. In one embodiment, the light chain variable region comprises one or
more VL CDRs selected from the group consisting of SEQ ID NO: 45, SEQ ID NO: 46, and SEQ
ID NO: 47, In one embodiment, the light chain variable region comprises two or more VL CDRs
selected from the group consisting of SEQ 1D NQO: 45, SEQ ID NO: 48, and SEQ 1D NO: 47, In
one embodiment, the light chain variable region comprises a VL CDR1 comprising SEQ 1D NO:
45, a VL CDR2 comprising SEQ 1D NO: 48, and a VL CDR3 comprising SEQ 1D NO: 46,

in an exemplary embodiment, the antibbody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprises a VH CDR1 comprising SEQ ID NO: 42, a VH CDR2
comprisinng SEQ B NO: 43, and & VH CDRS3 comprising SEQ D NO: 44, and a light chain variable
region that comprises a VL CDR1 comprising SEQ 1D NO: 45 a VL CDR2 comprising SEQ 1D NO:
48, and a VL CBR3 comprising SEQ ID NO: 47.

in certain embodiments, one or more of the CDRs {i.e., one or more heavy chain CDRs
having SEQ 1D NOs: 42-44, and/or one or more light chain CDRs having SEQ D NOs: 45-47) can
comprise a conservative amino acid substitution {or 2, 3, 4, or 5 amino acid substitutions) while
retaining the CD5 specificity of the antibody {i.e., specificity similar to an antibody, or antigen-
binding fragment thereof, comprising heavy chain CDRs of SEQ 1D NOs: 42 1o 44, and light chain
CDRs of SEQ 1D NOs:45 to 47).

in certain embodiments, the anti-CD5 antibody, or antigen binding fragment thereof, is
murine antibody 5D7, or a humanized version thereof. Murine antibody 507 binds to human CD5
and is described in US Patent Publication No. 20008/0245027, the contents of which relating to
the antibody sequences disclosed therein are incorporaied by reference herein. SEQ 1D Nos: 54
to 58 described in Table 5 correspond to the CDRs of murine anti-CD5 antibody 5D7. A
humanized version of anti-CD5 antibody 5D7 is described in SEQ 1D NO: 282 (humanized heavy
chain variable region) and SECQ |0 NO: 283 (humanized light chain variable region}. in one
embodiment, the ADCs and uses thereof described herein inciude an antibody comprising the
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CDRs set forth in SEQ 1D Nos: 54 to 58. In one embodiment, the ADCs and uses thereof
described herein include an antibody comprising the heavy and light chain variable regions as set
forth in SEQ 1D Nos; 282 and 283, respectively.

In one embodiment, the antibody, or antigen-binding fragment thereof, comprises a heavy
chain variable region that comprisas the amino acid sequence set forth in SEQ 1D NO: 282, In
another embodiment, the antibody, or antigen-binding fragment thereof, comprises a heavy chain
variable region that comprises an amino acid sequence having at least 95% identity to SEQ 1D
NC: 282, e.g., at least 95%, B6%, 87%, 98%, 98%, or 100% identity to SECH 1D NO: 282, In
certain embodiments, an antibody comprises a modified heavy chain {HC) varable region
comprisirgg an HC variable domain comprising SEQ 1D NQO: 282, or a variant of SEQ 1D NO: 282,
which variant (i} differs from SEQ ID NO: 282 in 1, 2, 3, 4 or 5 amino acids substitutions, additions
or deletions; (ii) differs from SEQ ID NO: 282 in at most 5, 4, 3, 2, or 1 amino acids substitutions,
additions or deletions; (iii) differs from SEQ 1D NG: 282 in 1-5, 1-3, 1-2, 2-5 or 3-5 aminoc acids
substitutions, additions or deletions and/or (iv) comprises an amino acid sequence that is at least
about 75%, 80%, 85%, 80%, 95%, 98%, 97%, 98% or 89% identical to SEQ 1D NO: 282, wherein
in any of {ii-{iv}, an aminoc acid substitution may be a conservative amino acid substlitution or a
non-conservative amino acid substitution; and wherein the modified heavy chain variable region
can have an enhanced biological activity relative to the heavy chain variable region of SEQ 1D NOC:
282, while retaining the CD5 binding specificity of the antibody, i.e. has a binding specificity similar
to an antibody, or antigen-binding fragment thereof, comprising SEQ 1D NO: 282,

in one embodiment, the antibody, or antigen-binding fragment thereof, comprises a light
chain variabie region that comprises the amino acid sequence set forth in SEQ ID NO: 283. In
another embodiment, the antibody, or antigen-binding fragment thereof, comprises a Eght chain
varniable region that comprises an amino acid sequence having at least 95% identity to SEQ 1D
NO: 283, e.g., at least 95%, 86%, 97%, 98%, 98%, or 100% identity to SEQ D NO:; 283. In
certain embodiments, an antibody comprises a modified light chain (LC) variable region
comprising an LC variable domain comprising SEQ 1D NO: 283, or a variant of SEQ 1D NO: 283,
which variant (i} differs from SEQ ID NO: 283 in 1, 2, 3, 4 or 5 amino acids substitutions, additions
or deletions; {ii} differs from SEQ ID NO: 283 inatmost 5, 4, 3, 2, or 1 amino acids substitutions,
additions or deletions: (iii) differs from SEQ 1D NO: 283 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%, 80%, 95%, 96%, 97%, 98% or 89% identical to SEQ 1D NO: 283, wherein
in any of {(H-(iv}. an amino adid substHution may be a conservative amino acid substitution or a
non-conservative amino acid substitution; and wherein the modified light chain variable region can
have an enhanced bioclogical activity relative to the lght chain variable region of SEQ 1D NG: 283,
while retaining the CD5 binding specificity of the antibody, /.e., has a binding specificity similar to
an antibody, or antigen-binding fragment thereof, comprising SEQ 1D NQ: 283,
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in an exemplary embodiment, the antibody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprises an amino acid sequence having at least 85% identity
to SEQ 1D NO: 282, e.g., at least 95%. 96%, 97%, 88%. 99%, or 100% identity to SEQ 1D NO:
282, and a light chain variable region that comprises an amino acid sequence having at least 95%
identity to SEQ D NQO: 283, e.g., at least 95%, 98%, 97%, 98%, 99%, or 100% identity to SEQ 1D
NO: 283. In one embodiment, the antibody, or antigen-binding fragment thereof, comprises a
heavy chain variable region that comprises SEQ ID NO: 282, and a light chain variable region that
comprises SEQ 1D NO: 283

in one embodiment, the anti-CD5 antibody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprises SEQ 1D NO; 288, and a light chain variable region
that comprises SEQ 1D NO: 289,

in one embodiment, the ant-CD5 antibody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprises SEQ D NO: 291, and a light chain variabte region
that comprises SEQ 1D NO: 290.

in another embodiment, the anti-CD5 antibody, or antigen-binding fragment therecf, can
contain a heavy chain variable region that comprises a VH CDR1 comprising the amino acid
sequence of SEQ 1D NO: 54, In one embodiment, the heavy chain variable region comprises a
VH CDR2 comprising the amino acid sequence of SEQ ID NO: 55, In one embodiment, the heavy
chain variable region comprises a VH CDR3 comprising the amino acid sequence of SEQ D NG
58. In one embodiment, the heavy chain variable region comprises one or more VH CDRs
selected from the group consisting of SEQ 1D NO: 54, SEQ 1D NO: 55, and SEQ D NO: 56. In
one embodiment, the heavy chain variable region comprises two or more VH CDRs selected from
the group consisting of SEG 1D NO: 54, SEQ ID NO: 55, and SECH ID NG 58, In one embodiment,
the heavy chain variable region comprises a VH CDR1 comprising SEG ID NO: 54, 3 VH CDR2
comprising SEQ 1D NO: 85, and a VH CDR3 comprising SEQ ID NOG: 56.

in one embodiment, the light chain variable region comprises one of more complementarity
determining regions (CDRs). In one embodiment, the light chain variable region comprises a VL
CDR1 comprising the amino acid sequence of SEQ ID NO: 57. in one embodiment, the light chain
variable region comprises a VL CDR2 comprising the amino acid sequence of SEQ ID NO: 58. In
one embodiment, the light chain variable region comprises a VL CDR3 comprising the amino acid
sequence of SEQ ID NO: 59. In one embodiment, the light chain variable region comprises one or
more VL CDRs selecied from the group consisting of SEQ 1D NO: 67, SEQ ID NO: 58, and SEQ
2 NO: 59, In one embodiment, the light chain variable region comprises two or more VI. CDRs
selected from the group consisting of SEQ 1D NO: 57, SEQ 1D NO: 58, and SEQ 1D NO: 59. In
one embodiment, the light chain variable region comprises a VL CDR1 comprising SEQ 1B NO:
57, a VL CDR2 comprising SEQ 1D NO: 58, and a VL CDR3 comprising SEQ 1D NO: 58.
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in an exemplary embodiment, the antibody, or antigen-binding fragment thereof, comprises
a heavy chain variable region that comprises a VH CDR1 comprising SEQ |D NO: 54, a VH CDR2
comprisittg SEQ 1D NG: 55, and a VH CDR3 comprising SEG D NG 58, and a light chain variable
region that comprises a VL CDR1 comprising SEQ 1D NO: 57, a VL CDR2 comprising SEQ 1D NO:
58, and a VL CBR3 comprising SEQ 1D NG: 52.

in certain embodiments, one or more of the CORs {i.e., one or more heavy chain CDRs
having SEQ ID NOs: 54-56, and/or one or more light chain CDRs having SEQ D NOs: 57-59) can
comprise a conservative amino acid substitution (or 2, 3, 4, or 5 amino acid substitutions) while
retaining the CD5 specificily of the antibody (.., specificity similar to an antibody, or antigen-
binding fragment thereof, comprising heavy chain CORs of SEQ 1D NOs: 54 t0 58, and light chain
CDRs of SEG 1D NOs:57 to 59).

Antibodies and antigen-binding fragments thereof capable of binding CD5 antigen can be
identified using techniques known in the art and described herein, such as by immunization,
computational modeling techniques, and in vitro selection methods, such as the phage display and
cell-based display platforms described below.

Anti-CD5 antibodies that can be used in conjunction with the compositions and methods
described hergin indude those that have one or both of the following variable regions, or an amino
acid sequence having at least 85% sequence identity thereto {e.¢., an amino acid sequence
having 85%. 90%, 95%, 97%, 98%, 99%, or more, sequence identity thereto):

a V. having the aminoc acid sequence
DIOMTQSPSSMSASLGDRVTITCRASODINSYLSWFQOQKPGKSPKTLIYRANRL
VDGVPSRFSGSGSGTDYTLTISSLQYEDFGHYYCQQYDESPWTFGGGTKLEIK
(SEQ ID NO: 268); and

a Vy having the amino acid sequence
QIQGLVASGPGLKKPGGSVRISCAASGYTFTNYGMNYWVYKGQAPGKGLRWMGWW
NTHTGEPTYADDFKGRFTFSLDTSKSTAYLQINSLRAEDTATYFCTRRGYDWY
FDVWGQGTTVTVSS (SEQ ID NO: 27).

Antibodies and antigen-binding fragments thereof containing the foregoing V. and Vi
sequences are described, e.g., in US Patent No. 5,869,619, the disclosure of which is incorporated
herein by reference as it pertains o anti-CDS antibodies and antigen-binding fragments thereof,
such as the he1 antibody. In some embodiments, the anti-CD5 antibody or antigen-binding
fragment thereof includes the V. and Vy chains of SEQ ID NO: 26 and SEQ 1D NO: 27. in some
embodiments, the anti-CD5 antibody or antigen-binding fragment thereof includes the CDRs
contained in the Vi and Vu chains of SEQ 1D NG: 268 and SEQ ID NO: 27. In some embodiments,
the anti-CD5 antibody or antigen-binding fragment thereof includes the CDRs contained in the Vi
and Vu chains of SEQ 1D NO: 26 and SEQ D NG: 27 and the remainder of the V. and Vi
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sequences have at least 85% sequence identity (e.g., 85%, 80%, 95%, 87%, 88%, 99%, or greater
sequence identity} to the V. and V. sequences of SEQ 1D NO: 26 and SEQ ID NO: 27.

in some embodiments, the anti-CD5 antibody or antigen-binding fragment thereof includes

the foliowing CDRs:
a CDR-H1 having the amino acid sequence GYTFTNY {SEQ ID NO: 28},
a CDR-H2 having the amino acid seguence NTHTGE (SEQ 1D NG: 29);
a CDR-H3 having the amino acid sequence RGYDWYFDV (SEQ 1D NO: 30);
a CDR-L1 having the amino acid sequence RASQDINSYLS {(SEQ 1D NO: 31);
a CDR-LZ having the amino acid sequence RANRLVD {SEQ ID NO: 32); and
a CDR-L3 having the amino acid sequence QQYDESPWT (SEQ D NO: 33).

Additional anti-CD5 antibodies that can be used in conjunction with the compositions and
methods described herein include those that have one or both of the following variable regions, or
an amino acid sequence having at least 85% sequence identity thereto {e.g., an amino acid
sequence having 85%, 90%, 85%, 97%, 98%, 93%, or more, sequence identity thereto):

a 'V, having the amino acid sequence
DIQMTQSPSSLSASVGDRVTITCRASQDINSYLSWFQQKPGKAPKTLIYRANRL
ESGVPSRFSGSGSGTDYTLTIS SLQYEDFGIYYCQQYDESPWTFGGGTKLEIK
(SEGHID NO: 34); and

a Vi having the amino acid sequence
EIQLVQSGGGLYKPGGSVRISCAASGYTFTNYGMNWVRQAPGKGLEWMGYW
NTHYGEPTYADSFKGTRTFSLDDSKNTAYLQINSLRAEDTAVYFCTRRGYDW
YFDVWGQGGTTVTVSS (SEQ 1D NO: 35).

Antibodies and antigen-binding fragments thereof containing the foregoing VL and Vu
sequences are described, e.g., in US Patent No. 5,869,619, the disclosure of which is incorporated
herein by reference as it pertains to anti-CD5 antibedies and antigen-binding fragments thereof,
such as the he3 antibody. In some embodiments, the anti-CD5S antibody or antigen-binding
fragment thereof includes the CDRs contained in the V| and Vy chains of the antibody that
includes the VL and Vi chains of SEQ 1D NO:28 and SEQ 1D NQO: 29. In some embodiments, the
anti-CD5 antibody or antigen-binding fragment thereof includes the CDRs contained in the Vi and
Vy chains of SEQ 1D NO:28 and SEQ D NO: 29 and the remainder of the V_and Vi sequences
have at least 85% sequence identity {e.g., 85%. 90%, 95%, 97%, 98%, 99%, or greater sequence
identity) to the V. and V4 sequences of SEQ 1D NO:28 and SEQ ID NO: 29,

in some embodimeants, the anti-CD& antibody or anfigen-binding fragment thereof includes
the foliowing CDRs:

a CDR-H1 having the amino acid sequence GYTFTNY {SEQ ID NO: 36);
a CDR-H2 having the amino acid sequence NTHYGE (SEQ ID NO: 37);
a CDR-H3 having the amino acid sequence RRGYDWYFDV (SEQ ID NO: 38),
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a CDR-L1 having the amino acid sequence RASQDINSYLS (SEQ 1D NO: 39);
a CDR-L2 having the aminc acid sequence RANRLES (SEQ 1D NO: 40}); and
a CDR-L3 having the amino acid sequence QUQYDESPWT (SEQ ID NO: 41},

Antibodies and antigen-binding fragments thereof containing the foregoing CDR sequences
are described, e.g., in US Patent No. 5,868,619, the disclosure of which is incorporated herein by
reference as it pertains o anti-CD5 antibodies and antigen-binding fragments thereof.

Other anti-CD5 antibodies that can be used in conjunction with the compositions and
methods described herein include, for instance, anti-CD5 antibodies that are described in US
Patent Nos. 5,821,123; §,766,886; 5,770,186, 7,153,932, 5,621,083, 6,648,742; 6,146 631;
5,756,689, 5,744,580, 6,376,217, 5,837,491, and 65,146,850, the disclosures of each of which are
incorporated herein by reference as they pertain to anti-CD5 antibodies and antigen-binding
fragments thereof.

Other anti-CDS antibodies that can be used in conjunction with the compositions and
methods described herein include, for instance, those produced by the hybridoma cell line
deposited as ATCC CRL 8000 (anti-CD5 murine antibody OKT1). Such antibodies are described
in US Patent Nos. 4,515,894 4,657,760, and 4,363,799, the disclosures of each of which are
incorporated herein by reference as they pertains {0 anti-CD5 antibodies and antigen-binding
fragments thereof.

Still other anti-CD5S antibodies that can be used in conjunction with the compositions and
methods described herein include anti-CD5 antibodies that are described in US Patent No.
8,679,500 and WO 2010/145895, such as the anti-CD5 antibody MAT 304. The disclosures of US
Patent No. 8,879,500 and WO 2010/145895, including the sequences, are incorporated herein by
reference as it pertains fo anti-CD5 antibodies and antigen-binding fragments thereof.

{Other anti-CDS antibodies that can be used in conjunction with the compositions and
methods described herein include, for instance, andi-CD5 antibodies that are described in US
Patent No 4,675,388 {produced by hybridoma deposited under ATCC accession number CREL-
8023}, and also in Manske et al. (J immunol 136:4721-4728 (1988)), Shawier et al. (Cancer Res
44:5921-5927 (1984)), Royston et al. {Blood 54 Suppl. 1:106a-1086a (1979)), and Roysion et al. {J
Immunof 125.725-731 (1980)), such as the anti-CD5 antibody T-101. The disclosure of US Patent
No 4,675,385 are incorporated herein by reference as it pertains to anti-CD5 antibodies and
antigen-binding fragments thereof.

Other anti-CDS antibodies that can be used in conjunction with the compositions and
methods described herein include, for instance, those produced by the hybridoma cell ine
deposited as ATCC HB9285 (anti-CD5 conjugate zolimomab aritox — antibody linked 1o the A
chain of the ricin protein). Such antibodies are described in WO1983008958; Henslee-Downey et
al., Transpiantation 61:738-45, 1986; Henslee et al., Transplant. Proc, 21:3004-3007, 1989,
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Przepiorka et al., Ther. immunol. 1:77-82, 1994, the disclosures of each of which are incorporated
herein by reference as they pertains to anti-CD5 antibodies and antigen-binding fragments thereof.
Additional anti-CD5 antibodies that can be used in conjunction with the composiions and
methods described herein include anti-CD5 antibodies that are described in US Application No.
US201 102502038 and WO 2010/022737. See also the teachings of Koefoed et al., Br. 4.
Haematol, 2013 ("Koefoed et al.”). The disclosures of US20110250203 and WO 2010/022737 and
Koefoed et al. are incorporated herein by referance as it pertains to anti-CD5 antibodies and
antigen-binding fragments thereof.
Anti-C DS antibodies that can be used in conjunction with the compositions and methods
described herein include those that have one or more, or all, of the following CDRs;
a CDR-H1 having the amino acid sequence GYSITSGYY (SEQ 1D NO: 42);
a CDR-H2 having the amino acid sequence {SYSGFT {SEQ ID NO: 43);
a CDR-H3 having the amino acid sequence AGDRTGSWFAY (SEQ ID NO: 44);
a CDR-L1 having the amino acid sequence QDISNY (SEQ iD NO: 45);
a CDR-L2 having the amino acid sequence ATS (SEQ ID NO: 46); and
a CDR-L3 having the amino acid sequence LOYASYPFT (SEQ ID NO: 47).
Antibodies and antigen-binding fragments thereof containing the foregoing CDR sequences
are described, e.g., in US Patent No. 8,679,500, the disclosure of which is incorporated herein by
reference as it pertains to anti-CD5S antibodies and antigen-binding fragments thereof.
Anti-CD5 antibodies that can be used in conjunction with the compositions and methods
described herein include those that have one or more, or all, of the following CDRs:
a CDR-H1 having the amino acid sequence GYIFTNYG (SEQ 1D NO: 48);
a CDR-H2 having the amino acid sequence INTYNGEP (SEQ ID NO: 49);
a CDR-H3 having the amino acid sequence ARGDYYGYEDY (SEQ ID NO: 50);
a CDR-L1 having the aminc acid sequence QGISNY (SEQ 1D NO: 81);
a CDR-LZ having the amino acid sequence YTS (SEQ (D NO: 52); and
a CDR-L3 having the amino acid sequence QQYSKLPWT (SEQ ID NO: 53}.
Antibodies and antigen-binding fragments thereof containing the foregoing COR sequences
are described, e.g., in US Patent No. 8,679,500.
Anti-CD% antibodies that can be used in conjunction with the compositions and methods
described herein include those that have one or more, or all, of the following CDRs:
a CDR-H1 having the amino acid sequence FSLSTSGMG (SEQ ID NO: 54);
a CDR-HZ2 having the amino acid sequence WWDDD (SEQ 1D NO: 55);
a CDR-H3 having the amino acid sequence RRATGTGFDY (SEQ 1D NO: 58);
a CDR-L1 having the amino acid sequence QDVGTA (SEQ ID NO: 57);
a CDR-L2 having the amino acid sequence WTSTRHT (SEQ 1D NO: 58); and
a CDR-L3 having the amino acid sequence YNSYNT (SEQ ID NO: 59).
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Antibodies and antigen-binding fragments thereof containing the foregoing CDR sequences
are described, e.g., in US Patent Application Publication No. 2008/0254027, the disclosure of
which is incorporated herein by reference as it pertains to anti-CD5 antibodies and antigen-binding
fragments thereof.

5 Other anti-CD5 antibodies that can be used in conjunction with the compositions and
methods described herein include, for instance, anti-CDS antibodies that are described in PCT
Application Publication No. W(01952/014481, such as the anti-CDS antibodies produced by
hybridoma cell line deposited at the Institut Pasteur under No. 1-1025 on January 10, 1981. The
disclosure of PCT Application Publication No. W(1892/014491is incorporated herein by reference

10 as it pertains to and-CD5 antibodies and antigen-binding fragments thereof.

Other anti-CDS5S antibodies that can be used in conjunction with the compositions and
methods described herein include, for instance, anti-CD5 antibodies that are described in US
Patent Nos. 6,010,902 and 7,192,736, US Patent Application Publication Nos. 2011/0250203 and
2017/0129128, and PCT Application Publication Nos. W02016/172606; WO 1994/023747; and

15 WO1998/041608,; the disclosures of each of which are incorporated herein by reference as they
pertain to anti-CD5 antibodies and antigen binding fragments thereof.

In some embodiments, the anti-CDS antibodies that can be used in conjunction with the
compositions and methods described herein include those that contain a combination of CDR-H1,
CDR-H2, CDR-H3, CDR-L1, COR-L2, and CDR-L3 regions set forth in Table 1, below.

20
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Antibodies and antigen-binding fragments thereof containing the foregoing COR sequences
of Table 1 are described, e.g., in US Patent Application Publication No. 2011/0250203, the
disclosure of which is incorporated herein by reference as it pertains to anti-CD5 antibodies and
antigen binding fragments thereof.

Antibodies and fragments thereof for use in conjunction with the compositions and methods
described herein include variants of those antibodies described above, such as antibody
fragments that contain or lack an Fc domain, as well as humanized variants of non-human
antibodies described herein and antibody-like protein scaffolds {(e.q., **Fn3 domains) containing
one of more, or all, of the CDRs or equivalent regions thereof of an antibody, or an antibody
fragment, described herein. Exemplary antigen-binding fragments of the foregoing antibodies
include a dual-variable immunoglobulin domain, a single-chain Fv molecule (scFv), a diabody, a
triabody, a nanobody, an antibody-like protein scaffold, 2 Fv fragment, a Fab fragment, a F(ab'):
molecule, and 2 tandem di-scFv, among others.

The foregoing anti-CD5 antibodies, or antigen-binding fragments thereof, can be used in
various aspects set forth herein, including, for example, in methods for depietion of CD5+ cells in a
human subject. The foregoing anti-CD5 antibodies, or antigen-binding fragments therecf, can also
be conjugated to an agent, .g., & cytoloxin, for example, an amatoxin, as described hersin.
Additional anti-CD5 antihodies that may be used in aspects of the compeoistions and metheds
described herein are described in U.S. Patent No. 8,679,500, U.S. Patent Application Publication
No. US2011/0250203, and U.S. Patent Application Publication No. US2008/0254027, the entire
contents of each of which are incorporated herein by reference. Additional anti-CD5 antibodies
which may be used in aspects of compoistions and methods described hereininclude, for example,
monoclonal antibody T101 described by Dillman et al., J. Clin. Oncol. (1984), 2(8):881-851, and
monocional antibody Leu-1 described by Miller et al., Blood {1983), 62(5).988-95.

in one embodiment, the anti-CD5 antibody or binding fragment therecf, comprises a
modified Fc region, wherein said modified Fc region comprises at least one amino acid
modification relative to a wild-type Fc region, such that said molecule has an altered affinity for or
binding to an FcgammaR {FcyR). Certain amino acid positions within the Fc region are known
through crystaliography studies to make a direct contact with FcyR. Specifically, amino acids 234-
239 {(hinge region}, aming acids 265-269 (B/C loop), aming acids 297-299 {(C/E loop), and amino
acids 327-332 (F/G) loop. (see Sondermann et al., 2000 Nature, 406, 267-273). The antibodies
described herein may comprise variant Fc regions comprising modification of at least one residue
that makes a direct contact with an FeyR based on structural and crysialographic analysis. In one
embodiment, the Fc region of the anti-CD5 antibody (or fragment thereof) comprises an amino
acid substitution at amino acid 265 according to the EU index as in Kabat et al., Sequences of
Proteins of immunoiogical Interest, 5th Ed. Public Health Service, NH1, MD (1991), expressly
incorporated herein by references. The "EU index as in Kabat” refers to the numbering of the
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human lgG1 EU antibody. In one embodiment, the Fc region comprises a B265A mutation. In
one embodiment, the Fc region comprises a D265C muiation. In some embodiments, the Fc
region of the antibody (or fragment thereof) comprises an amine acid substitution at amino acid
234 according to the EU index as in Kabat. In one embodiment, the Fc region comprises a L234A
mutation. in some embodiments, the Fc region of the anti-CD5 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 mutation. In yet ancther embodiment, the Fc
region comprises a L 234A and L235A mutation. in a further embodiment, the Fc region comprises
a b265C, L234A, and L235A mutation. In yet a further embodiment, the Fc region comprises a
D265C, L234A, L235A, and H435A mutation. In a further embodiment, the F¢ region comprises a
D265C and H435A mutation.

The antibodies used in the compoistions and methods described herein may be further
engineered to further meodulate antibody half-life by introducing additional Fc mutations, such as
those described for example in (Dall'Acqua &t al. (2006) J Bicl Chem 281: 23514-24), (Zalevsky &
al. {2010} Nat Biotechnol 28: 157-8), (Hinton et al. (2004) J Biol Chem 279: 6213-8), {Hinton et al.
{2008} J Immunol 176: 346-58), (Shields et al. {2001) J Biol Chem 276: 6591-604), (Petkova et al.
{2006) int immunot 18; 1759-69), (Datta-Mannan et al. (2007) Drug Metab Dispos 35; 86-94),
{Vaccaro et al. {(2005) Nat Biotechnoi 23: 1283-8), (Yeung et al. {2010} Cancer Res 70: 3288-77)
and {Kim et al. {1999) Eur J immunol 29: 2819-25}, and include positions 250, 252, 253, 254, 256,
257, 307, 376, 380, 428, 434 and 435. Exemplary mutations that may be made singutariy or in
combination are T250Q, M252Y, 1253A, 8525471, T256E, P2571, T307A, D376V, E380A, M428L,
H433K, N434S, N434A, N434H, N434F, H435A and H435R mutations.

in some embodiments, the anti-CD5 antibody or antigen-binding fragment thereof is
conjugated to a cytotoxin (e.g., amatoxin} by way of a cysteine residue in the Fc domain of the
antibody or antigen-binding fragment thereof. In some embodiments, the cysteine residue is
introduced by way of a mutation in the Fc domain of the antibody or antigen-binding fragment
thereof. For instance, the cysteine residue may be selected from the group consisting of Cys 118,
Cys238, and Cys265. In one embodiment, the Fc region of the anti-CDS antibody {or fragment
thereof) comprises an amino acid substitution at amino acid 265 according to the EU index as in
Kabat. In one embodiment, the Fc region comprises g D265C mutation. in one embodiment, the
Fc region comprises a D265C and a H435A mutation.

Thus, in one embodiment, the Fc region comprises a mutation resulting in a decrease in
half Ife. An antibody having & short half life may he advantageous in certain instances where the
antibody is expected to function as a short-lived therapeutic, e.g . the conditioning step described
herein where the antibody is administered followed by HSCs. ideally, the antibody would be
substaniially cleared prior to delivery of the HSCs, which may also generally express CD5 but are
not the target of the anti-CD5 antibody, unjike the endogenous stem cells. in one embodimery, the
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Fc region comprises a mutation at position 435 (EU index according to Kabat). inone
embodiment, the mutation is an H435A mutation.

The foregeoing anti-CD5 antibodies, or antigen-binding fragmenis thereof, can be used in
various aspects set forth herein, including, for example, in methods for depiletion of CD5+ cellsin a
human subject. The foregoing anti-CD5 antibodies, or antigen-binding fragmentis therecf, can aiso
be conjugated to an agent, e.g., a cytotoxin, for example, an amatoxin, as described herein.

Methods of identifying Anti-CD2 and Anti-CDS Antibodies

Methods for high throughput screening of libraries of antibodies, or antibody fragments,
that bind CD2 or CD5 can be used to identify and affinity mature agents useful for conditioning a
patient (e.9., a human patient} in need of hematopoietic stem cell therapy and/or for directly
treating a cancer or autoimmune disease as described herein. Such methods include in vitro
display techniques known in the art, such as phage dispiay, bacterial display, yeast dispiay,
mammalian cel display, ribosome display, mRNA display, and ¢cDNA display, among others. The
use of phage dispiay to isclate antibodies, or antigen-binding fragments, that bind biologically
relevant molecules has been reviewed, for example, in Felici et al., Biotechnol. Annual Rev. 1.148-
183, 1995; Kaiz, Annual Rev. Biophys. Biomol. Struct. 26:27-45, 1997, and Hoogenboom et at.,
mmunotechnology 4.1-20, 1998, the disclosures of each of which are incorporated herein by
reference as they pertain to in vitro display technigues. Randomized combinatorial peptide
libraries have been constructed to select for polypeptides that bind cell surface antigens as
described in Kay, Perspect. Drug Discovery Des. 2:251-268, 1995 and Kay et al., Mol. Divers.
1:.139-140, 1996, the disclosures of each of which are incorporated herein by reference as they
pertain to the discovery of antigen-binding molecules. Proteins, such as multimeric proteins, have
been successfully phage-dispiayed as functional molecules {see, for example, EP 0349578, EP
4527839, and EP 0589877, as well as Chiswell and McCafferty, Trends Biotechnot. 10:80-84
1992, the disclosures of each of which are incorporated herein by reference as they pertain to the
use of in vitro display techniques for the discovery of antigen-binding molecules. in addition,
functionat antibody fragments, such as Fab and scFv fragments, have been expressed in in vitro
display formats {see, for example, McCafterty ot al., Nature 348:552- 554, 1990; Barbas et al.,
Proc. Natl. Acad. Sci. USA 88:7978-7982, 1991, and Clackson et al., Nature 352:624-828, 1891,
the disciosures of each of which are incorporated herein by reference as they pertain to in vitro
display platforms for the discovery of antigen-binding molecules). These techniques, among
others, can be used to identify and improve the affinity of andibodies. or aniibody fragmenits, that
bind CD2 or CDS that can in turn be used to deplete CD2+ T celis andfor NK cells {or CD5+ T
cells, B ceils and/or NK celis) in a patient {e.g., a human patient) in need of hematopoietic stem
cell transplant therapy and/or suffering from cancer or an autoimmune disease described herein,
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Additional technigues can be used to identify antibodies, and antigen-binding fragments
thereof, that bind CD2 or CD5 on the surface of a celi (e.g., 2 T cell, B cell or NK cell) and that are
intemnalized by the cell, for instance, by recepior-mediated endocytosis, For example, the in vilro
display techniques described above can be adapted to screen for antibodies, and antigen-binding
fragments thereof, that bind CD2 or CD5 on the surface of a T cell, B cell or NK cell and that are
subseqguerntly intemalized. Phage display represents one such technigue that can be used in
conjunction with this screening paradigm. To identify antibodies, and fragments thereof, that bind
CBD2 or CD5 and are subsequently intemalized by T cells, B cells andfor NK cells, one of skifl in
the art can use the phage display techniques described in Williams et al., Leukemia 19:1432-1438,
2005, the disclosure of which is incorporated herain by reference in its entirety. For example,
using mutagenesis 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 '*Fn3 domains, among cthers, or antibodies that contain randomized amino acid
cassettes (e.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 regions of the antibodies
or antibody fragments may be designed such that they are non-immunogenic in humans, for
instance, by virtue of having human germiine antibody sequences or sequences that exhibit only
minor variations relative to human germiine antibodies.

Using phage display technigues described herein or known in the art, phage libraries
containing randomized antibodies, or antibody fragments, covalently bound fo the phage particies
can be incubated with CD2 antigen or CO5 antigen, for instance, by first incubating the phage
library with blocking agents (such as, for instance, milk protein, bovine serum albumin, and/or IgG
s0 as o remove phage encoding antibodies, or fragments thereof, that exhibit non-specific protein
binding and phage that encode antibodies or fragments thereof that bind Fc domains, and then
incubating the phage Hbrary with a population of T cells, B cells or NK celis that are CD2+ {or
CD5+). The phage library can be incubated with the T celis, B cells or NK cells for a time sufficient
to allow CD2-specific antibodies, or antigen-binding fragments thereof {or CD5-specific antibodies,
or antigen-binding fragments thereof), to bind cell-surface CD2 or CD5 and to subsequently be
internalized by the T cells, B cells or NK cells (e.g., rom 30 minutes o 8 hours at 4° €, such as 1
hour at 4° C). Phage containing antibodies, or fragments thereof, that do not exhibit sufficient
affinity for CD2 or CD5 s0 as to permit binding to, and internalization by, T cells or NK celis can
subsequently be removed by washing the cells, for instance, with cold {4° C) 0.1 M glycine buffer
at pH 2.8. FPhage bound to antibodies, or fragments thereof, that have been internalized by the T
cells, B cells and/or NK cells can be identified, for instance, by lysing the cells and recovering
internalized phage from the cell culture medium. The phage can then be ampilified in bacterial
cells, for exampie, by incubating bacterial cells with recovered phage in 2xXYT medium using
methods known in the art. Phage recovered from this medium can then be characterized, for

&7

CA 03140447 2021-12-2



10

15

20

25

30

35

WO 2020/247872 PCT/US2020/036494

instance, by determining the nucleic acid sequence of the gene(s) encoding the antibodies, or
fragments thereof, inseried within the phage genome. The encoded antibodies, or fragments
thereof, can subsequently be prepared de nove by chemical synthesis (for instance, of antibody
fragments, such as scFv fragments) or by recombinant expression {for instance, of full-length
antibodies).

An exemplary method for in vitro evolution of anti-CD2 antibodies or anti-CDS5 antibodies
for use with the compositions and methods described herein is phage display. Phage display
libraries can be created by making a designed series of mutations or variations within a coding
sequence for the CDRs of an antibody or the analogous regions of an antibody-like scaffoid (e.g.,
the BC, CD, and DE loops of ‘°Fn3 domains). The tempiate antibody-encoding sequence into
which these mutations are introduced may be, for example, a naive human germiine seguence.
These mutations can be performed using standard mutagenesis fechniques known in the art.
Each mutant sequence thus encodes an antibody comresponding to the template save for cne or
more amino acid variations. Retroviral and phage display vectors can be engineered using
standard vector construction techniques known in the art. P3 phage display vectors along with
compatible protein expression vectors can be used o generate phage display vectors for antibody
diversification.

The mutated DNA provides sequence diversity, and each transformant phage displays one
variant of the initial template amino acid sequence encoded by the DNA, leading {o a phage
population (library) displaying a vast number of different but structurally related amino acid
sequences. Due to the well-defined structure of antibody hypervariable regions, the amino acid
variations introduced in a phage display screen are expecied to alter the binding properties of the
binding peptide or domain without significantly altering its overall molecular structure.

in a typical screen, a phage library may be contacted with and allowed to bind CD2 or CD5
or an epitope thereof. To facilitate separation of binders and non-binders, it is convenient to
immobilize the target on a solid support. Phage bearing a CD2Z2-binding moiety or a CO5-binding
moiety can form a complex with the target on the solid support, whereas non-binding phage
remain in solution and can be washed away with excess buffer. Bound phage can then liberated
from the target by changing the buffer to an extreme pH (pH 2 or pH 10), changing the ionic
strength of the buffer, adding denaturants, or other known means.

The recovered phage can then be amplified through infection of bacterial cells, and the
screening process can be repeated with the new pool that is now depleted in non-binding
antibodies and enriched for antibodies that bind CD2 or CD5. The recovery of even & few hinding
phage is sufficient to amplify the phage for a subsequent iteration of screening. After a few rounds
of selection, the gene sequences encoding the antibodies or antigen-binding fragments thereof
derived from selecied phage dones in the binding pool are determined by conventional methods,
thus revealing the peptide sequence that imparts binding affinity of the phage to the target. During
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the panning process, the seguence diversity of the population diminishes with each round of
selection until desirable peptide-binding antibodies remain. The seguences may converge on a
small number of related antibodies or antigen-binding fragments thereof. An increase in the
number of phage recovered at each round of selection is an indication that convergence of the
library has ocoured in a screen.

Anocther method for identifying anti-CD2 antibodies or anti-CDS antibodies includes using
humanizing non-human antibodies that bind CD2 or CD5, for instance, according to the following
procedure. Non-human antibodies that bind CD2 or CD5 can be humanized, for instance,
according o the following procedure. Consensus human antibody heavy chain and light chain
sequences are known in the art {see e.g., the "VBASE™ human germiine segquence database;
Kabat et al. Sequences of Proteins of Iimmunological Interest, Fifth Edition, U.S. Department of
Heazalth and Human Services, NIH Publication No. 91 -3242, 1991; Tomlinson et al., J. Mol. Biol.
227 776-798, 1992; and Cox et al.. Eur. J. Immunol. 24:827- 838, 1994, the disclosures of each of
which are incorporated herein by reference as they pertain 10 consensus human antibody heavy
chain and kght chain sequences. Using established procedures, one of skill in the art can identify
the variable domain framework residues and CDRs of a consensus antibody sequence (e.g., by
sequence alignmsnt). One can substitute one or more CDRs of the heavy chain and/or light chain
variable domains of consensus human antibody with one or more corresponding CDRs of a non-
human antibody that binds CD2 or CD5 in order 1o produce a humanized antibody. This CDR
exchange can be performed using gene editing techniques described herein or known in the art.

One example of a variable domain of a consensus human antibody containg the heavy
chain variable domain
EVOLVESGGGLVOPGGSLRLSCAASGFTIFSDYAMSWVROQAPGKGLEWVAVISENGSDTYYADS
VKGRFTISRDDSKNTLYLOMNSLRAEDTAVYYCARDRGGAVSYFDVWGQGTLVTVSS (SEQ D
NO: 11) and the light chain variable domain
DIGMTQOSPSSESASVGDRVTITCRASQDVSSYLAWYQOKPGKAPKLLIYAASSLESGVPSRFSGS
GSGTDFTLTISSLOPEDFATYYCQQYNSLPYTFGOQGTKVEIKRT (SEQ D NO: 12), identified in
US Patent No. 6,054,297, the disclosure of which is incorporated herein by reference as it pertains
{o human antibody consensus sequences. The CDRs in the above seguences are shown in bold.

To produce humanized antibodies, one can recombinantly express a polynuciectide
encoding the above consensus sequence in which one or more variable region CDRs have been
replaced with one or more variable region CDR sequences of a non-human antibody that binds
CBb2 or CD5. As the affinity of the antibady for CD2 or CD5 is determined primarily by the CDR
sequences, the resuiting humanized antibody is expected to exhibit an affinity for CD2 or CD5 that
is about the same as that of the non-human antibody from which the humanized antibody was
derived. Methods of detarmining the affinity of an antibody for a target antigen include, for
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instance, ELISA-based techniques described herein and known in the art, as well as surface
plasmon resonance, fluorescence anisotropy, and iscthermal titration calorimetry, among others.

The intemalizing capacity of the prepared antibodies, or fragments theredf, can be assessed,
for instance, using radionuclide internalization assays known in the art. For example, anti-CD2
antibodies, or fragments thereof (or ani-CD5 antibodies, or fragments thereof), identified using in vitro
display techniques described herein or known in the art can be functionalized by incorporation of a
radioactive isotope, such as '5F, 75Br, "By, 122 123| 124 125] 129) 131 211pt T Gg, iin, ¥Te, 9YDb,
Re %4y 0w, Ty, TTAs, T2As, By Wy S7p 2R 2904 or 25Ac. For instance, radioactive
halogens, such as '8F, 7°Br, 7"Br, 122|123 124 125 129 131 211a+ can be incorporated into antibodies, or
fragments thereof, using beads, such as polysiyrene beads, containing electrophilic halogen reagents
{e.g., lodination Beads, Thermo Fisher Scientific, Inc., Cambridge, MA). Radiolabeled antibodies, or
fragments thereof, can be incubated with T cells, B cells and/or NK cells for a time sufficient to permit
internalization {e.g., from 30 minuies to 6 hours at 4° C, such as 1 hour at 4° C}. The cells can then be
washed to remove non-internalized antibodies, or fragments thereof, {(&.g., usingcold 4> CYO.1 M
glycine buffer at pH 2.8). internalized antibodies, or fragments thereof. can be identified by detecting
the emitled radiation {e.g., y-radiation) of the resulting T celis, B cells andf/or NK cells in comparison
with the emitted radiation (e.g., y-radiation) of the recovered wash buiffer.

For recombinant production of an anti-CD2 antibody or an anti-CD5 antibody, nucleic acid
encoding an antibody, 2.¢., as described above, is isolated and inserted into one or more vectors for
further cloning and/or expression in a host cell. Such nucieic acid may be readily isolated and
sequenced using conventional procedures {(&.9., by using odligonuclectide probes that are capable of
binding specifically to genes encoding the heavy and light chains of the antibody).

Suitable host cells for cloning or expression of antibody-encoding vectors include prokaryolic or
eukaryotic 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 bacteria, see, e.g., U.S. Pat. Nos. 5,648,237, 5,789,199, and 5,840,523, (See also
Chariton, Methods in Molecular Biology, Vol. 248 (B.IK.C. Lo, ed., Humana Press, Totowa, N.J., 2003},
pp. 245-254, describing expression of antibody fragments in E. coli.) Afier expression, the anttbody
may be isclated from the bacterial cell paste in a soluble fraction and can be further purified.

Vertebrate cells may also be used as hosts. For example, mammalian cell lines that are
adapted {0 grow in suspension may be useful. Other examples of useful mammalian host celil lines are
monkey kidney CV1 line fransformed by SV40 (COS-7); human embryonic kidney line (293 or 283
cells as described, e.g., in Graham et al., J. Gen Virol. 36:59 (1977)); baby hamster kidney celis
{BHK)}; mouse serioli cells (TM4 celis as described, e.g., in Mather, Biol. Reprod. 23:243-251 {(1980});
monkey kidney cells (CV1): African green monkey kidney cells {(VER(O-78); human cervical carcinoma
cells {HELA); canine kidney ceils (MDCK; buffalo rat liver celis (BRL 3A); human lung cells (W138);
human liver cells (Hep G2); mouse mammary tumor (MMT 060562); TR cells, as described, e.g., in

70

CA 03140447 2021-12-2



10

15

20

25

30

35

WO 2020/247872 PCT/US2020/036494

Mather et al., Annals N.Y. Acad. Sci. 383:44-68 {1882}, MRC 5 cells; and FS4 cells. Other useful
mammalian host cell lines include Chinese hamster ovary (CHQ;} cells, including DHFR- CHO cells
{Urlaub ef al., Proc. Natl. Acad. Sci. USA 77:4216 {1980)); and myeloma cell lines such as Y0, NSO
and Sp2/0. For a review of certain mammalian host cell lines suitable for antibody production, see,
e.g., Yazaki and Wu, Methods in Molecular Bioclogy, Vol. 248 (B. K. C. Lo, ed., Humana Press,
Totowa, N.J.}, pp. 255-268 (2003). in one embodiment, the host cell is eukaryotic, e.g. a Chinese
Hamster Ovary {CHQO) cell or iymphoid cell {(e.g., YO, NSO, Sp20 cell).

Antibody-Drug Conjugates (ADCs)

Anti-CD5 or CD2 antibody drug conjugates that can be used in the methods described
herein include an anti-CDS or an anti-CD2 antibody conjugated to a cytotoxin via a linker. Anti-
CD5 antibodies and anti-CD2 antibodies that can be used in the ADCs described herein are
known in the art and described above. Cyiotoxins, linkers, and methods of conjugation are

described below.

Cyfofoxins

Antibodies, and antigen-binding fragments thereof, described herein (e.g., antibodiss,
antigen-binding fragments, that recognize and bind CD2 or CD5) can he conjugated o a cytotoxin,
such as pseudomonas exotoxin A, deBouganin, diphtheria toxin, an amatoxin, such as g-amanitin,
saporin, maytansine, a maytansinoid, an aunstatin, an anthracycline, a calicheamicin, innotecan,
SN-38, a duccarmycin, a pyrrolobenzodiazepine, a pyrrolobenzodiazepine dimer, an
indolincbenzodiazepine, and an indolinchenzodiazepine dimer, or a variant thereof, or ancther
cytotoxic compound described herein or known in the art in order to (i} directly treat a cancer or
autoimmune disease described herein or (i} deplete endogenous immune celis so as to prevent or
reduce the likelihood of rejection of hematopoietic stem cells upon transplantation into a patient
{e.4., 8 human patient) in need of hematopoietic stem cell transpiant therapy. in some
embodiments, the cytotoxic molecule is conjugated to an intemalizing antibody, or antigen-binding
fragment thereof, such that foliowing the cellular uptake of the antibody, or antigen-binding
fragment, the cyiotoxin may access its intraceliular target and kil endogenocus T cells, B cells
and/or NK celis. Suitable cytotoxins suitable for use with the compositions and methods described
herein include DNA-intercalating agents, (e.g.. anthracyciines), agenis capabie of disrupting the
mitotic spindle apparatus (e.g., vinca alkaloids, maytansine, maytansinoids, and derivatives
thereof), RNA polymerase inhibitors (e.g., an amatoxin, such as g-amanitin, and derivatives
thereof}, agents capable of disrupting protein biosynthesis {e.g., agents that exihibit rRNA N-
glycosidase activity, such as saporin and ricin A-chain), among others 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.
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in some embodiments, the cylotoxin is an amatoxin or a derivative thereof, such as o
amanitin, B-amanitin, y-amanitin, &-amanitin, amanin, amaninamide, amanullin, amanullinic acid,
and proamanutlin. Structures of the various naturally ocourring amatoxins are represented by
formuia I, and are disclosed in, e.g., Zanotii et al,, int. J. Peplide Protein Res. 30, 1987, 450-459.

5 in one embodimeant, the cytotoxin is an amanitin. For instance, the antibodies, or antigen-
binding fragments, described herein may be bound {6 an amatoxin 50 as to form a conjugate
represented by the formula Ab-Z-L-Am, wherein Ab is the antibody, or antigen-binding fragment
thereof, L is a linker, Z is a chemical moiety and Am is an amatoxin. Many positions on amatoxins
or derivatives thereof can serve as the position to covalently bond the linking moiety L, and, hence

10 the antibodies or antigen-binding fragments thereof. For instance, the antibodies, and antigen-
binding fragments, described herein may be bound {0 an amatoxin so as {0 form a conjugate
represented by the formula Ab-Z-L-Am, wherein Ab is the antibody, or antigen-binding fragment
thereof, Z is a chemical moiety, L is a linker, and Am is an amatoxin. in some embodiments, Am-

L-Z is represented by formula (1)

15
R;
R!
H
N
G B
wherein R; is H, OH, OR,, or ORg;
R:is H. OH, ORg, or ORc;
20 Raand Rg, when present, together with the oxygen atoms to which they are bound,

combine o form an optionally substituted 5-membered heterocyciclalkyl group;

Rz is H, R¢, or R,
R4is H, OH, ORe, ORp, Re, ofr Rg;
Rs is H, OH. OR¢, ORp, Re, of Rop;

25 Rsis H, OH, OR¢, ORg, Re, or Rp;
Rz is H, OH, ORe, ORG, Re, or Rp;
Re is OH, NH2, ORc, ORgp, NHRc, or NRcRg;
Rs is H, OH, ORc, or ORp; -
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Xis -5, -S5{0)-, or -S02-;
Rcis -L-Z;
Rp is optionally substituted alkyl (e.g., Ci-Ce alkyl), optionally substituted heteroalkyl (e.g.,
C1-Cs heteroalkyl), optionally substituted alkenyl (e.g., Cz-Cs alkenyl), optionally substituted
5 heteroalkenyl {e.g., Cz-Cs hetercalkenvl}, opticnally substituted alkynyl {e.g., C>-Cs alkyny!),
optionally substituted hetercalkynyt {e.g., Co-Cs hetercalkynyl), optionally substituted cycioatkyt,
optionally substituted heterocycloalkyl, optionally substituted aryl, or optionally substituted
heteroaryt,
L is a linker, such as opticnally substituted alkylene (e.g., C1-Cs alkylene), optionally
0 substituted heteroalkylene (C1-Cs heteroalkylene), optionally substituted alkenyiene {e.q., C>Cs
alkenylene), optionally substituted hetercalkenylene (e.g., C-Cs heteroalkenylane), optionally
substituted alkynylene {e.9., C2-Cs alkynylene), optionally substituted heteroalkynylene {e.g., C2-Cs
heteroalkynylene), optionally substituted cycloalkylene, optionally substifited heterocycloalkylene,
optionally substituted arylene, optionally substituted hetercarviene, a dipeptide, -C(=0)-, a peptide,
15 or a combination thereof. and
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 CD2 or CDS.
in some embodiments, Am contains exactly one Re substituent. In some embodiments,
20  the linker comprises a -(CH).,- unit, where n is an integer from 2-8. In some embodiments, the
linker includes -{{CHz), where nis 6. In some embodiments, L-Z is

where S is a suffur atom which represents the reactive substituent present within an
25  antibody, or antigen-binding fragment thereof, that binds CD117 {e.q., from the -SH group of a2
cysteine residue).
in some embodiments, L-Z is

SO A

30 in some embodiments, Am-L-Z-Abis
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A
in some embodiments, Am-L-Z-Abis

5 in some embodiments, Am-L-Z is represented by formula (A)
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® (1A

wherein R; is H, OH, OR,, or ORg;

R:zis H, OH, ORg, or ORg;

Raand Rg, when present, together with the oxygen atoms to which they are bound,
combine ko form an optionally substituted 5-membered heterocyclolalkyl group;

Rz is H, Re, or R,

R4 is H, OH, ORc, ORp, Re, or Rg;

Rs is H, OH. ORc, ORp, Re, of Rp;

Rs is H, OH, ORc, ORG, Rce. of Rp,

Rz is H, OH, ORe, ORg, Rc, of Re;

Re is OH, NH2, ORc, ORgp, NHRc, or NRcRyg;

Rsis H, OH, ORc, or ORp;

Xis -5~ -5{0)-, or -S0=;

Reis-L-Z;

Ro is optionally substituted alkyl (€.9., Ci-Ce alkyl), optionally substituted heteroalkyl (e.g..
C+-Cs heteroalkyl), optionally substituted alkenyl (e.qg., C2-Cs alkenyl), optionally substituted
heteroalkenyi {e.g., C»-Cs hetercalkenyl), opticnally substituted alkynyl {e.g., C-Cs alkynyl),
optionally substituted heteroalkyny! {e.g., C>-Cs heteroalkynyl), opticnally substituted cycloalkyl,
optionally substifuded heterocycioalkyl, optionally substituted aryl, or optionally subsiituted
heteroaryi;

L is a linker, such as optionally substituted alkylene {(e.g., Ci1-Cs alkvlene)}, optionally
substituted heteroalkylene (C1-Cs heteroalkylene), optionally substituted alkenylene {e.q., C>-Cs
alkenylene), optionally substituted heteroalkenylene {(e.g., C-Cs hefercalkenylene), optionally
substituted alkynylene {a.g9., C>-Cs alkynylene), optionalily substituted heteroalkynylene {e.g., C2-Cs
heteroalkynylene), optionally substituted cycloalkylene, optionally substitined heterocycloalkylene,
optionally substitited arylene, optionally substituted hetercarylene; a dipeptide, -C(=0)-, a peptide,

a disuffide, a hydrazone, a -(CH2CH20),- group, wherein p is an integer from 1-6, a {((CH2)+/0)
75
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n{CHz}m— group, where n and each m are each independently selected from 4, 2, 3, 4, 5,6,7, 8, 9,
and 10; 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
5  thereof, that binds CD2 or CD5; and
wherein Am contains exactly one Re substituent.
In some embodiments, the linker includes -({CHz}, where nis 6. In some embodiments, L-Z is

10 In some embodiments, L-Z is

15
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in some embodiments, Am-L-Z is represented by formuia (iB)

Al

wherein R; is H, OH, OR4, or ORc;
R:is H, OH, ORB, or ORC;
Raand Re, when present, together with the oxygen atoms to which they are bound,

(IB)

PCT/US2020/036494

combine ko form an optionally substituted 5-membered heterocyclolalkyl group;
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Rsis H, OH, ORc, ORg, Re, or Rp;
Rs is H, OH, ORc, ORp, Re, of Re;
Rris H, OH. ORc, ORp, Re, of Rp;
Rg is OH, NH3, OR¢, ORp, NHR(, or NR¢Ryp;
5 Rg is H, OH, ORc, or ORp;
Xis -5, -5{(0)-, or -S0.-;
Reis -L-Z;
R is optionally substituted alkyl {e.g., Ci-Cs alkyd), oplionally substituted heteroalkyl (2.g.,
C+-Cs heteroalkyl), oplicnally substituted alkenyi {e.g., C=-Cs atkenyl), optionally substituted
t0  hetercalkenyl {(e.g., C»-Cs heteroalkenyl), optionally substituted alkynyl {e.g.. C»Cs alkynyd),
opticnally substituted heteroalkynyt {e.9., C=Cs heterocalkynyl), optionally substituted cydoalkyl,
optionally substituted heterocycloalkyl, optionally substituted aryl, or optionally substituted
heteroaryt;
Lis a linker, such as optionally substituted alkylene (e.g., C+-Cs akylene), optionally
15  substituted heteroatkylene (C4-Cs hetercalkylene), optionally substituted alkenylene {(e.g., C2-Ce
alkenylene), optionally substituted heteroalkenyiene {e.g., C>-Cs heteroalkenylene), optionally
substituted alkynylene {e.9., C:-Cs alkynylene), optionally substituted hetercalkynylene (a.g., C2>-Cs
hetercalkynyiene), optichally substituted cycloalkylene, optionally substituted hetercocycloalkylene,
optionally substituted arylene, optionally substituted heteroarylene, a dipeptide, -C(=0)-, a
20 peptide, a disulfide, a hydrazone, a -(CH2CH.O),- group, wherein p is an integer from 1-6, a
{({CH2)x) o{CH2)a— group, where 1 and each m are each independently selected from 1, 2, 3, 4, 5,
6, 7, 8, 8, and 10; 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
25  thereof, that binds CD2 or CD5; and
wherein Am contains exactly one Re substituent.

in some embodiments, the linker L and the chemical moiety Z, taken togetheras L-Z. is

i
o A/JI -~ o | ‘\:,/ o fa
%SQ\:LD o \\Qhwf\ﬁfk/\”

In some embodiments, 1-7 is

O
-4
78

30

CA 03140447 2021-12-2



WO 2020/247872 PCT/US2020/036494

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

in some embodiments, Am-L-Z-Abis
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in some embodiments, Raand Ra, together with the oxygen atoms to which they are
bound, combine to form a 5-membered heterocycloalkyl group of formula:

v-O

e

whierein Y is —C{=0}-, -C{=S8}-, -C{=NRg)-, or C{R=Re}-, and Re and Re are each
independently optionally substituted C:-Cs alkylene-Rc, optionally substituted C-Cs
heteroalkylene-Rc, optionally substituted C2-Ce atkenviene-Re, optionally substituted Co-Ce
hetercalkenylene-Rc, opticnally substituted C2-Cs alkynyiene-Rc, optionally substituted C2-Ce
10 heteroalkynyiene-Rc, optionally substituted cycloaltkylene-Rc, optionally substituted
heterocycloalkylene-Re, optionally substituted arvlens-Re, or optionally substituted heteroarylene-
Re.
in some embodiments, Am-L-Z is represented by formula (1A} or formula {(iB),
whierein R: is H, OH, OR,, of ORc;
15 Rz is H, OH, ORg, or ORg;
Ra and Rg, together with the oxygen atoms to which they are bound, combine to form:
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Rais H or Re;
R4 is H, OH, ORc, ORg, Re, or Rp;
Rs is H, OH, ORc, ORp, Re, or Ro,

5 Rs is H, OH, OR¢, ORp, Re, or Rg;
Rris H, OH, ORc, ORg, R, of Rg;
R is OH, NH2, ORs, or NHRg;
Reis H or OH; and
wherein X, Rc and Rp are sach as defined above.

10 in some embodiments, Am-L-Z is represented by formuda (§A) or formuia (iB),
wherein Ry is H, OH, OR,, or ORg;
R is H, OH, ORg, or ORg;
Raand Re, together with the oxygen atoms o which they are bound, combine to form:
Ou..0

15 Rais H or Re;

R4 and Rs are each independently H, OH, OR¢, Re, or ORp;
Rs and Ry are each H;
Rz is OH, NHz, ORc, or NHRc;
Ry is H or OH; and
20 wherein X and Rc are as defined above.
in some embodiments, Am-L-Z is represented by formuia (iA) or formula {iB},
whereain B: is H, OH, or ORa;
Rz is H, OH, or ORg;

Haand Rg, together with the oxygen atoms ic which they are bound, combine to form:

O -0
5
25
Ra, R¢. Re, and Ry are each H;
Rs is ORg;
Rz is OH or NHz;
Rgis H or OH; and

30 wherein Rc is as defined above. Such amatoxin conjugates are described, for example, in
US Patent Application Publication No. 2016/0002298, the disclosure of which is incorporated
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herein by reference in its entirety.

in some embodiments, Am-L-Z is represented by formula {{A} or formula {(iB),

wherein R: and Rzare each independently H or OH;

Rsis Rg;

R4, Rs, and Ry are each H;

Rsis H, OH, or OC,-Cs alkyl;

Rs is OH or NHz;

Rsis H or OH; and

wherein X and Rc are as defined above. Such amatoxin conjugates are described, for
example, in US Patent Application Publication No. 2014/0294885, the disclosure of which is
incorporated herein by reference in its entirety.

in some embodiments, Am-L-Z is represented by formuia (1A} or formula (iB},

wherein R; and R; are each independently H or OH;

Ra, Rs, and Ry are each H;

R4 and Rs are each independentiy H, OH, OR¢, or Re;

Rs is OH or NHz;

Rgis H or OH; and

wherein X and Rc are as defined above. Such amatoxin conjugates are described, for
example, in US Patent Application Publication No. 2015/0218220, the disclosure of which is
incorporated herein by reference in its entirety.

in some embaodiments, Am-L-Z is represented by formuia {§A} or formuia (iB),

wherein R; and R: are each independently H or OH;

Ra, Rs, and Ry are each H;

R4 and Rs are each independently H or OH;

Rg is OH, NH;, ORg, or NHR¢;

Reis H or OH; and

wherein R is as defined above. Such amatoxin conjugates are described, for example, in
US Patent Nos. 8,233,173 and 2,389,681, as well as in US 2018/0083450, the disclosures of each
of which are incorporated herein by reference in their entirety.

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

In some embodiments, Am-L-Z is represented by formula (), formula (IlA), or formula (1iB)
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{m,

HO

(1A}, or

By,
5 wherein X is 8§, 80O, or 80:; R1 is H or a linker covalently bound to the antibody or antigen-
binding fragment thereof through a chemical moiety Z, formed from a coupling reaction between a

reactive substituent present on the linker and a reaclive substituent present within an antibody, or
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antigen-binding fragment thereof, and Ry is H or a linker covalently bound to the antibody or
antigen-binding fragment thereof through a chemical moiety Z, formed from a coupling reaction
between zg reactive substifuent present on the linker and a reactive substituent present within an
antibody, or antigen-binding fragment thereof; wherein when R; is H, Ry is the linker, andwhen R,
5 is H, Ry is thelinker.

in some embodiments, the linker includes a -{CHa) — unit, where n is an integer from 2-6.
In some embodiments, R is the linker and Rz is H, and the linker and chemical moisty, together as
L-Z,is

10

in some embodiments, the cytotoxin is an a-amanitin. in some embodiments, the ¢

15  amanitin is a compound of formula . In some embodiments, the a-amanitin of formula lll is
attached o an antibody, or antigen-binding fragment thereof, that binds CD2Z or CD5 via a linker L.
The linker L may be attached (0 the g-amanitin of formuila B at any one of several possible
positions (e.g., any of R'-R% to provide an g-amanitin-linker conjugate of formula §, 1A, IB, I, HA,
or H{iB. In some embodiments, the linker is attached at position R, in some embodiments, the

20 linker is attached at position R2. In some embodiments, the linker is attached at position R® In
some embodiments, the linker is attached at position R4, In some embodiments, the linker is
attached at position R®. In some embodiments, the linker is attached at position R®. In some
embodiments, the linker is attached at position R7. In some embodiments, the finker is attached at
position R In some embodiments, the linker is attached at position R®. In some embodiments, the

25 linker includes a hydrazine, a disulfide, a thicether or a dipeptide. Inh some embodiments, the linkar

includes a dipeptide selected from Val-Ala and Val-Cit. In some embodiments, the linker includes a
84
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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=C){CH:)s— unit, wherein n is an integer from 1-6

In some embodiments, the linker includes a -{CH3),— unit, where n is an integer from 2-
6. In some embodiments, the linker is —PAB-Cit-Val-({C=0)}CH:) —. In some embodiments, the
linker is —PAB-Ala-Val-{C=0}{CHgz},— In some embodiments, the linker L and the chemical
moiety Z, taken togetheras L-Z, is

OoF

Antibodies, and antigen-binding fragments, for use with the compositions and methods
described herein can be conjugated to an amatoxin, such as a-amanitin or a variant thereof, using
conjugation techniques known in the art or described herein. For instance, antibodies, and
antigen-binding fragments thereof, that recognize and bind CD2 or CD5 can be conjugated to an
amatoxin, such as g-amanitin or a variant thereof, as described in US 2015/0218220, the
disclosure of which is incorporated herein by reference as it pertains, for example, to amatoxins,
such as a-amanitin and variants thereof, as well as covalent linkers that can be used for covalent
conjugation. . Synthetic methods of making amatoxins are described in, for exampie, U.S. Patent
No. 9,676,702, which is incorporated by reference herein with respect 1o the synthetic methods
disciosed therein.

Antibodies, or antigen-binding fragments, for use with the compositions and methods
described herein can be conjugated to an amatoxin, such as g-amanitin or a variant thereof, using
conjugation techniques known in the art or described herein. For instance, antibodies, or antigen-
binding fragmenis thereof, that recognize and bind CD2 or CD5 can be conjugated to an amatoxin,
such as a-amanitin or a variant thereof, as described in US 2015/0218220, the disclosure of which
is incorporated herein by raeference as it pertaing, for example, to amatoxing, such as a-amanitin
and variants thereof, as well as covalent linkers that can be used for covalent conjugation.

Exempilary antibody- drug conjugates useful in conjunction with the methods described
herein may be formed by the reaction of an antibody, or an antigen-binding fragment thereof, with
an amatoxin that is conjugated to a inker containing a substituent suitable for reaction with a
reactive residue on the antibody, or the antigen-binding fragment thereof. Amatoxins that are
conjugated to a linker containing a substituent suitable for reaction with a reactive residue on the
antibody, or antigen-binding fragment thereof, described herein include, without imitation, 7'C~(4-
{6-(maleimidojhexanoylipiperazin- 1-yi)-amatoxin; 7°C-{4-(6-(maleimido}hexanamido)piperidin-1-
yh-amatoxin, 7C-(4-{6-(6-(maleimido)hexanamido}hexanovi)piperazin-1-yl}-amatoxin; 7'C-{4-(4-
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{{maleimido)methyl}cyclohexanecarbonyi)piperazin-1-yl}-amatoxin; 7'C-{4-(6-({4-
{{maleimido)methyl}cyclohexanecarboxamidoyhexanoyl)piperazin-1-yl)-amatoxin, 7'C-(4-{2-(6-
{maleimidolhexanamidoethylipiperidin-1-yl}-amatoxin; 7'C-{4-2-(6-(6-
{maleimido)hexanamidolhexanamido)ethylipiperidin- 1-yl}-amatoxin; 7'C-{4-(2-(4-
{{maleimido)methylhcyclohexanecarboxamido)ethylipiperidin-1-yi)-amatoxin; 7'C-{4-(2-(6-{4-
{{maleimido)methyl)cycichexanecarboxamidoyhexanamido)ethyl)piperidin-1-yl)-amatoxin; 7'C-(4-
{2-({3-carboxypropanamido)ethyipiperidin-1-yh-amatoxin; 7C-{4-(2-(2-
bromoacstamido)ethyl)piperidin- 1-yl}-amatoxin; 7C-(4-(2-{3-{pyridin-2-
yidiseifanylypropanamido}ethyl)piperidin-1-yl)-amatoxin; 7'C-{4-{2-(4-
{malsimido)butanamido)ethyl)piperidin-1-yi}-amatoxin; 7'C-{4-{Z-(maleimido)acetylipiperazin-1-vi)-
amatoxin; 7'C-{4-(3-(maleimido}propanoyl)piperazin-1-yh-amatoxin, 7°C-{(4-(4-
{maleimido)butanovlpiperazin- f-yl}-amatoxin; 7'C-{4-(2-(6-(4-
{{maleimido)methyl}cyclohexanecarboxamidolhexanamido)ethyl)piperidin- 1-yl)-amatoxin; 7'C-{3-
{{B-{maleimidohexanamido)methyhpyrrolidin-1-vh-amatoxin; 7'C-{3-{(6-{&-
{maleimido)hexanamidoihexanamidoymethypyrrolidin- 1-yi}-amatoxin; 7°C-{3-{{4-
{{maleimidoimethvylicyciochexanecarboxamidoymethylipyrrolidin-1-yl}-amatoxin; 7'C-{3-{(6-{{4-
{maleimidoimethyl)cyclchexanscarboxamidorhexanamidolmethyl) pyrrofidin- 1-yi)-amatoxin; 7'C-{4-
{2-(8-{2-{aminooxy)acetamido)hexanamido)ethylpiperidin-1-yi}-amaloxin; 7'C-{4-(2-{4-(2-
{(aminooxy)acetamido)butanamido)ethylpiperidin-1-yly-amatoxin; 7' C-(4-(4-(2-
{aminooxy}acetamido}butanoyl)piperazin-1-yi}-amatoxin; 7'C-{4-(6-{2-
{aminooxyacetamidoyhexanoylipiperazin- 1-yli-amatoxin, 7'C-{{(4-(6-
{maleimidolhexanamido)piperidin- t-ylymethyl}-amatoxing, 7'C-{{4-(2-(6-
{maleimido)hexanamido)ethylipiperidin-1-ylymethyl}-amatoxin, 7°C-{(4-(6-
{maleimido)hexanoyl)piperazin- t-yhimethyl)-amatoxin; (R)-7'C-{{3-({&-
{maleimido)hexanamido)methyl) pyrrolidin- 1-ylimethyl)-amatoxin; {(S)-7°C-{{3-{{&-
{maleimido)hexanamidoimethylhpyrrolidin-1-yhmethyl-amatoxin, 7'C-{{4-(2-(6-(6-
{maleimido)hexanamido}hexanamido)ethylpiperidin-1-yiymethyi}-amatoxin; 7'C-{{4-(2-(4-
{{(maleimido}methyl}cyclohexanecarboxamido)ethyl)piperidin-1-ylymethyl}-amatoxin; 7'C-{(4-(2-{6-
{(4-((maleimido)methylcyciohexanecarboxamidolhexanamidolethylipiperidin-1-yl)methyl)-
amatoxin, 7C-{(4-(2-{6-{maleimido}hexanamido)ethyl}piperazin-1-yiimethyl)-amatoxin; 7'C-((4-(2-
{6-(6-(maleimidolhexanamidoihexanamidolethyl)piperazin-1-yiimethyl)}-amatoxin; 7°C-{{4-(2-(4-
{{maleimidoymethyl)cyclohexanecarboxamido)ethyl)piperazin-1-ylimethyl}-amatoxin; 7°C-((4-(2-(6-
{4-((maleimidoimethyhcyciohexanecarbhoxamidaihexanamide)ethypiperazin- 1-yhmethyl)-
amatoxin; 7°C-{(3-({6-(8-({maleimido)hexanamidolhexanamido}-S-methyl) pyrrolidin-1-ymethyi)-
amatoxin; 7'C-{(3~-({6-(8-(maleimido)hexanamidohexanamido)}-R-methylpyrrolidin- 1-yimethyl}-
amatoxin; 7'C-{{3-({4-{(maleimido)methyl}cyciohexanecarboxamido)-S-methyi)pyrrolidin-1-
yhmethyl)-amatoxin, 7'C-{(3-{({4-{(maleimido)ymethyl}cycichexanecarboxamido)-R-
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methylipyrrolidin- 1-ylimethyl)-amatoxin; 7'C-({3-((6-{4-
{{maleimidoimethyljcyclohexanecarboxamido}hexanamidoymethyhpyrrolidin-1-yi)methyl}-
amatoxin; 7 C-{((4-(2-(3-carboxypropanamido)ethyl)piperazin-1-yiimethyh-amatoxin; 7'C-{({4-(6-(6-
{maleimido)hexanamido}hexanoylipiperazin-1-yiimethyl)-amatoxin; 7C-{{4-(6-(4-
{{maleimido)methyl}cyclohexanecarboxamido}hexancypiperazin-1-yiymethyt)-amatoxin; 7'C-{{4-
(2-{maleimido)acetyl)piperazin- 1-yimethyl)-amatoxin; 7'C-{{4-(3-(maleimido)propanoyl)piperazin-
1-yiimethybh-amatoxin, 7C-((4-{4-(malsimido}butanovilpiperazin-1-yimethyh-amatoxin, 7'C-{{4-(2-
{2-{maleimidojacetamido}sthyl}piperidin-1-y)methyi}-amatoxin; 7'C-{{4-{2-(4-
{maleimido)butanamido)ethyl)piperidin- 1-y)methyl}-amatoxin; 7'C-({4-{2-(6-(4-
{{maleimidoimethylicyclohexanecarboxamidoyhexanamidolethylipiperidin-1-yimethyh-amatoxin;
7'C~{3-{{(6-(maleimidoyhexanamidoymethyhazetidin- 1-yly methyh-amatoxin, 77C-((3-(2-(6-
{maleimidohexanamido)ethylazetidin-1-ylymethyl}-amatoxin; 7'C-{{3-((4-
{{maleimido)methyl}cyclohexanecarboxamidoymethyl}azetidin- 1-yijmethyl)-amatoxn; 77C-{{3-(2-(4-
{{maleimidoymethyllcvclohaexanecarboxamido)ethyhazetidin- 1 yiymethyl}-amatoxin; 7'C-{{(3-(2-(6-(4-
{{maleimidoimethyhcyclohexanecarboxamidothexanamido)ethyllazetidin- 1-yiymethyl}-amatoxin;
7'C-{{2-{B6-{maleimido}-N-methylhexanamido)ethyl}{methyl}aminoimethyt}-amatoxin; 7'C-{{{4-(6-
{maleimido)-N-methylhexanamido)butyi{ methylfaminoymethyl)-amatoxin; 7°C-((2-(2-(6-
{maleimidoihexanamido)ethyhaziridin- 1-yl)methyl}-amatoxin, 7'C-({2-(2-(6-(4-
{(maleimidoymethylicyclohexanecarboxamidoyhexanamido)ethyliaziridin- 1-yimethyi}-amatoxin;
7'C-({4-(8-(6-(Z-{aminooxy)acetamido}hexanamido)hexanoylipiperazin- 1-yfimethyl}-amatoxin; 7°C-
{{(4-(1-(aminooxy)-2-0x0-6,9, 12, 15-tetraoxa-3-azaheptadecan-17-oylipiperazin- i-ylymethyl)-
amatoxin; 7'C-{(4-(2-(2-{amincoxy)acetamido)acetylipiperazin-1-yiimethyl)}-amatoxin; 7°C-({4-{3-{2-
{aminooxy)acetamido}propanoypiperazin-1-yimethylj-amatoxin, 7'C-{{4-(4-(2~
{aminooxy)acetamido)butanoyl) piperazin-1-ylymethyl}-amatoxin; 7'C-{{4-(2-(6-(2-
{aminooxy)acetamidco)hexanamido)ethyl}piperidin-1-yhimethyl}-amatoxin; 7'C-{({(4-{2-(2-(2-
{aminooxylacetamidolacetamido)ethyhipiperidin- 1-viimethyl-amatoxing 7C-{({4-(2-{4-(2-
{aminooxy)acetamido)butanamido)ethylpiperidin- 1-yljmethyl}-amatoxin; 7'C-{{4-(20-(aminooxy)-
4. 19-dioxo-8,9, 12, 15-tetraoxa-3, 18-diazaicosyl)piperidin- 1-ylimethyl}-amatoxin; 7'C-{{{2-{6-(2-
(aminooxy}acetamido)-N-methylhexanamido)ethyl}{methyllamino)methyl)-amatoxin; 7C-({{4-(6-(2Z-
{aminooxy}acetamidoe)-N-methylhexanamido) butyl}{ methyllaminoimethyl)-amatoxin, 7C-({3-({6-{4-
{{maleimidoimethyl)cycliohexanecarboxamidoyhexanamidoymethvh pyrrolidin- 1-yi)-S-methyi)-
amatoxin; 7'C-{(3-({6-(4-((maleimido)methyl}cyclohexanecarboxamidoyhexanamido)-R-
rmethyhpyrrolidin- t-yhimethyli-amatoxin; 7'C-({4-(2-{2-bromoacetamidojethyl)piperazin-1-
yhmethyli-amatoxin, 7'C-{{4-(2-{2-bromoacetamido)ethyl)piperidin- 1-ylimethyl}-amatoxin; 7°C-((4-
{2-{3-(pyridine-2-yldisulfanyl)propanamido)ethyhipiperidin-1-y)methyl)-amatoxin; 6'0-{6-{6-
{maleimido)hexanamido}hexyl}-amatoxin; 6'0-(5-{4-
{{maleimido}methyl)cyciohexanecarboxamidopentyl)-amatoxin; 6'0-(2-{(6-(maleimidolhexylioxy)-
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2-oxoethyl}-amatoxin; 8'0-({6-(maleimido)hexyl)carbamoyl}-amatoxin; 6'0O-{{6-(4-
{{maleimido)methyljcyclohexanecarboxamido}hexylicarbamoyl}-amatoxin; 6'0-(6-(2-
bromoacetamidothexyl}-amatoxin; 7'C-(4-(5-(azidojhexanamidopiperndin-1-yi}-amatoxin; 7'C-{4-
{hex-5-ynoylamino)piperidin-1-yl}-amatoxin; 7°C-(4-(2-(6-(maleimido)hexanamido)ethylpiperazin-
1-yh-amatoxin, 7'C-{4-(2-(6-{6-{maleimido)hexanamido)hexanamido)ethyl)piperazin-1-vi)-
amatoxin; 8'C-{6-(6-(11,12-didehydro-5,6-dihydro-dibenz]b, flazocin-5-yi)-6-oxchexanamido}hexyl}-
amatoxin; 8'0-(6-(hex-5-ynoylaminothexyll-amatoxin; 6'0-(6-(2-(aminooxy)acetylamido)}hexyl)-
amatoxin; 8'C-{{B-aminooxy)hexyl}-amatoxin; and 6'Q-(6-(2-iodoacetamidojhexyl}-amatoxin. The
foregoing linkers, among others useful in conjunction with the compositions and methods
described herein, are described, for example, in US Patent Application Publication No.
2015/0218220, the disclosure of which is incorporated herein by reference in its entirety.

Anti-CD5 or CD2 antibodies and antigen-binding fragments thereof, including those described
herein, can be conjugated o a cytotoxin that is an auristatin (U.5. Pat. Nos. 5,635,483, 5,780.,588).
Auristatins are anti-mitotic agents that interfere with microtubule dynamics, GTP hydrolysig, and
nuclear and cellutar division (Woyke et al {(2001) Antimicrob. Agents and Chemother. 45{12):3530-
3584} and have anticancer (U.5. Pat. No. 5,663,148} and antifungal activity (Pettit et al (1998}
Andimicrob. Agents Chemother, 42:2961-2965). (U.S. Pat. Nos. 5,635,483, 5,780,588). The auristafin
drug moiety may be attached to the antibody through the N {(amino) terminus or the C {(carboxyl)
terminus of the peptidic drug moiety (WO 02/088172}.

Exemplary auristatin embodiments include the N-terminus linked monomethylauristatin drug
moicties DE and DF, (MMAE and MMAF, respectively), disclosed in Senter et al, Proceedings of the
American Association for Cancer Research, Volume 45, Abstract Number 623, presented Mar. 28,
2004, the disclosure of which is herein incorporated by reference in its entirety.

An exempiary auristatin embodiment is MMAE, wherein the wavy line indicates the point of

covalent attachment to the linker of an antibody-linker conjugate (-1 -Z-Ab or -L-Z’, as described
herein},
N

y 9
Ly NYJLN N
e ALt
' H  on

wherein the wavy line indicates the point of covalent attachment to the linker of an antibody-

-

drug or drug-linker conjugate {(-L-Z-Ab or -L-Z’, as described herein).

Ancther exemplary auristatin embodiment is MMAF:

88

CA 03140447 2021-12-2



10

15

20

25

30

WO 2020/247872 PCT/US2020/036494

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.

Auristatins may be prepared according 1o the methods of: U.S. Pat. No. 5,635,483, U.8. Pat.
No. 5,780,588; Pettit et al (1989} . Am. Chem. Soc. 111:5463-5465; Peilit et al {1998} Anti-Cancer
Prug Design 13:243-277; Pettit, G. R., et al. Synthesis, 1996, 719-725; Pettit et al (1996} J. Chem.
Soc. Perkin Trans. 15:859-863; and Doronina {2003) Nat. Biotechnol. 21{(7):778-784.

SMaviansingids

ANnti-CD5 or CD2 antibodies and antigen-binding fragments thereof described herein can be
conjugated to a cytotoxin that is a microtubule binding agent. In some embodiments, the microtubule
binding agent is 2 maytansine, a mayiansinoid or a maytansinoid analog. 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. 3,8986,111). Subsequently, it
was discovered that certain microbes also produce maytansinoids, such as maytansing! and C-2
maytansinol esters (U.S. Pat. No. 4,151,042). Synthetic maytansinol and derivatives and analogues
thereof are disclosed, for example, in U.S. Fat. 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, 4,315,929, 4,317 .821;
4,322,348; 4,331,598, 4,361 650; 4,364,866; 4,424 219, 4 450 254; 4,362,683, and 4,371,533.
Maytansincid drug moisties are attractive drug moieties in antibody drug conjugates because they
are: {i} relatively accessible to prepare by fermentation or chemical modification, derivatization of
fermentation products, (it) amenabie to derivatization with functional groups suitable for conjugation
through the non-disulfide linkers to antibodias, (i) stable in plasma, and (iv) effective against a
variety of tumor cell lines.

Examples of suitable maytansinoids include esters of maytansinol, synthetic maytansinol,
and mayiansinol analogs and derivatives. Included herein are any cytotoxins that inhibit microtubule
formation and that are highly toxic to mammalian cells, as are mayiansinoids, maytansinol, and
maytansinol analogs, and derivatives.

Examples of suitable maytansinol esters include those having a modified aromatic ring and
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those 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; 4,294,757; 4,307,0186;
4,308,268; 4,308,269; 4,309,428; 4,313,946; 4,315,929; 4,317,821; 4,322,348; 4,331,598;
4,361,650; 4,362,663; 4,364,866; 4,424,219 ;4,450,254; 4,322,348; 4,362,663; 4,371,533; 5,208,020;
5 5,416,064; 5,475,092; 5,585,499; 5,846,545; 6,333,410; 7,276,497; and 7,473,796, the disclosures of
each of which are incorporated herein by reference as they pertain to maytansinoids and derivatives
thereof.
In some embodiments, the antibody-drug conjugates (ADCs) of the present disclosure utilize
the thiol-containing maytansinoid (DM1), formally termed N”-deacetyl-N”-(3-mercapto- 1-oxopropyl)-
10  maytansine, as the cytotoxic agent. DM1 is represented by the following structural formula VI:

V1)

In another embodiment, the conjugates of the present invention utilize the thiol-containing
maytansinoid NZ'-deacetyl-N?'(4-methyl-4-mercapto-1-oxopentyl)-maytansine (e.g., DM4) as the
cytotoxic agent. DM4 is represented by the following structural formula VII:

15 1)

Another maytansinoid comprising a side chain that contains a sterically hindered thiol bond is
NZ-deacetyl-N-2(4-mercapto-1-oxopentyl}-maytansine {termed DM3), represented by the following
structural formula VII:

20
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MeO

(VIIl)

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 7,276,497 is incorporated herein by reference.

Many positions on maytansinoids can serve as the position to covalently bond the linking
moiety and, hence the antibodies or antigen-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 all expected to be useful. In some embodiments, the C-3 position serves as the position to
covalently 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 U.S. Pat. Nos. 5,208,020, 6,441,163, and EP Patent No. 0425235 B1; Chari et al.,
Cancer Research 52:127-131 (1992}; and U.S. 2005/0169933 A1, the disclosures of which are
hereby expressly incorporated by reference. Additional linking groups are described and exemplified
herein.

The present invention also includes various isomers and mixtures of maytansinoids and
conjugates. Certain compounds and conjugates of the present invention may exist in various
stereoisomeric, enantiomeric, and diastereomeric 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.

Ardhracyciines

In other embodiments, anti-CD5 or CD2 antibodies and antigen-binding fragments thereof
described herein can be conjugated to a cytotoxin that is an anthracycline molecule.
Anthracyclines are antibiotic compounds that exhibit cytotoxic activity. Studies have indicated
that anthracyclines may operate to kill cells by a number of different mechanisms including: 1)

9N
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intercalation of the drug molecules into the DNA of the celi thereby inhibiting DNA-dependent
nucieic acid synthesis; 2) production by the drug of free radicals which then react with cellular
macromolecules to cause damage 10 the cells or 3} interactions of the drug molecules with the
cell membrane [see, e.9., C. Peterson et al.,” Transport And Storage Of Anthracycline In
5 Experimental Systems And Human Leukemia” in Anthracycline Antibiotics in Cancer Therapy;

M.R. Bachur, “Free Radical Damage” id. at pp.97-102]. Because of their cytotoxic potential
anthracyclines have been used in the treatment of numerous cancers such as leukemia, breast
carcinoma, lung carcinoma, ovarian adenocarcinoma and sarcomas {see e.g., P.H- Wiernik, in
Anthracycline: Current Blatus And New Developments p 11). Commuoniy used anthracyclines

10 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. Representative examples of anthracyclines include, but are not limited to daunorubicin
{Cerubidine; Bedford Laboratories), doxorubicin (ADRIAMYCIN ®; Bedford Laboratories; also
referred to as doxorubicin hydrochloride, hydroxy-daunorubicin, and RUBEX®), epirubicin

15 (ELLENCE®; 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 i, which unwinds DNA
for transcription. Doxorubicin stabilizes the topoisomerase H complex after it has broken the DNA
chain for replication, preventing the DNA double helix from being resealed and thereby stopping the

20  process of replication. Doxorubicin and daunorubicin {DAUNCMYCEN) are prototype cytotoxic natural
product anthracycline chemotherapeutics (Sessa et al., (2007} Cardiovasc. Toxicol. 7.75-79).

One non-limiting example of a suitable anthracycline for use herein 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

25 formuia:

OCH,

Muitiple positions on anthracyclines such as PNU can serve as the position 1o covalently
bond the linking moiety and, hence the bispecific binding agents as described herein. For
example, inkers may be introduced through modifications to the hydroxymethyl ketone side chain.,

30 in some embodiments, the cytotoxin is 2 PNU derivative represented by structural formula:

8z
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OCH;

wherein the wavy ling indicates the point of covalent attachment o the linker of the ADC as
described herein.
in some embodiments, the cytotoxin is & PNU derivative represented by structural formula:

wherein the wavy line indicates the point of covalent attachment to the linker of the ADC as
described harain.

Benzodiazepine Oviotoxins

10
Anti-CD45 antibodies, and antigen-binding fragments thereof, as described herein

{inciuding e.g., bispecific and biparatopic antibodies) can be conjugated to a cytoloxity comprising
a benzodiazepine moiety, such as a PBD or an IGN, as described herein.

Purraiohenrodiarepines {PBDa}

15 PBDs are of the general structure:

g
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They differ in the number, type and position of substituents, in both their aromatic {"A") rings
and pyrrolo {"C") rings, and in the degree of saturation of the C ring. in the diazepine B-ring there is
either an imine (N=C}, a carbinclamine (NH-CH{OH}}, or a carbinolamine methyl ether {NH-
CH(OMe)) at the N10-C 11 position. This position is the electrophilic moiety responsible for DNA

5 alkylation. Al of the known naturat product PBDs have an {S)-configuration at the chiral Ciia
position which provides them with a right-handed twist when viewed from the C ring towards the A
ring. This provides the appropriate three-dimensional shape for isohelicity with the minor groove of B-
form DNA, leading to a tight fit at the binding site {Kohn, In Antibiofics ). Springer-Verlag, New York,
pp. 3-11 {1975); Hurley and Needham-VanDevanter, Acc. Chem. Res., 19, 230-237 (1988)). The
10 ability of PBDs {0 form adducis in the minor groove enables them {o interfere with DNA processing,
resuiting in anti-tumor activity.

it has been previously disclosed that the biclogical activity of these molecules can be
potentiated by joining two PBD units together through their C8-hydroxyl functionalities via a flexible
alkylene linker (Bose, D. 8., etal., J Am. Chem. Soc, 114, 4939-4941 (1992); Thurston, D. E., et al |

15  J Crg. 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, 8232-8238 (2003}; Martin, C., et al., Biochemisiry, 44, 4135-4147) which is thought
to be mainly responsible for their biological activity. An advantagecus dimeric pyrrolohenzodiazepine
compound has been described by Gregsen et al. (Chem. Commun. 1998, 797-7¢8; "compound 17,

20 and by Gregson et al. (J. Med. Chem. 2001, 44, 1181-1174; "compound 4a"). This compound, also
known as SG2000, is of the structural formula:

R L\ O N"?i\
A oM e NN

Generally, modifications 1o the pyrrolidine alkene moiety provide the handle with which to
25  covalently bond the linking moiety and, hence the anfibodies or antigen-binding fragments thereof (-
L-Z and -1-Z-Ab, respectively, as described herein). Alternatively, a linker may be attached at
position N10.
in some embodiments, the cytotoxin is a pyrrolobenzodiazepine dimer represented by the
structural formuia:

O
] ?:%' ~
30 .

wherein n is an integer from 2 to 5. The compound of this formula wherein n is 3 is known as
DSB-120 {Bose et al., J. Am. Chem. Scc. 1982, 114, 4938-4941).
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in some embodiments, the cytotoxin is a pyrrolobenzodiazepine dimer represented by the

structural formula:

H =N O—(CHzjn—0 N H
: i

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).

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

structural formula:

H /Ni\owo Mo H
# ~ome
¥ 7 owe
H 1

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 exampie, Sutherland et al., Biood
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:

Myt

HO
!i’{h{ O—(CHzyn—0 Naoy H
P §j e Meo;@gf( o

wherein nis 3 or 5, and wherein the wavy line indicates the point of covalent attachment (o
the linker of the ADC as described herein.
in some embodiments, the cytotoxin is a PBD dimer represented by the structural

formula (§) below:

o,
HO
H "{ PN NP N\ H
' _pOMe MeQO =
.

wherein the wavy line indicates the point of covalent attachment to the linker of the ADC as
described herein.
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fndolincbenzodiazepines ({GNs)

in some embodiments, the antibodies, or antigen-binding fragments thereof, that bind CD45
as described herein can be conjugated to a cytotoxin that is an indolinohenzodiazepine ("IGN") or a

5 cytotoxin that comprises an IGN. In some embodiments, the {GN cyiotoxin is an

indolinobenzodiazepine dimer or an indolinobhenzodiazepine pseudodimer.

Indolinokenzodiazepine dimers represent a relatively new chemical class of cytotoxins with
high in vifro potency {(low pM range 1Cs values) towards cancer celis. Similar to the PBD dimer SJG-
136, KGN dimers bind to the minor groove of DNA, and covalently bind to guanine residues via the

10 two imine functionalities in the dimer, resulting in crosslinking of the DNA. An IGN dimer (IGN &;
replacing the methylene groups of the PBD moiety with phenyl rings) demonstrated ~10-fold higher
potency in vitro as compared to SJG-136, possibly due to faster rate of adduct formation with DNA
IGN (see, e.g., Miller et al., "A New Class of Antibody-Drug Conjugates with Potent DNA Alkylating
Activity" Mol Cancer Ther. 2016, 15(8), 1870-1878). in contrast, IGN pseudodimers comprise &

15  single reactive indolinobenzodiazepine imine; the second indolincbenzodiazepine in the dimeric
cytotoxin is present in reduced (amine) form. Accordingly, IGN pseudodimers alkytate DNA through
the single imine moiety present in the dimer, and do not crossiink DNA.

in some embodiments, the cytotoxin is an IGN pseudodimer having a structure of formula:

o
HN

20 wherein the wavy ling indicates the attachment point of the linker.
in some embodiments, the cylotoxin-linker conjugais, prior to conjugation to the antibody and

including the reactive substituent Z', takern together as Cy-L-Z', has the structure:

HN \g/\ﬁ ~ TSN
H
N G o N
O Ohde Rde
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This cytotoxin-linker conjugate is referred to herein as DGN549, and is present in the ADC
IMGNB32, both of which are disclosed in, for example, Intemnational Patent Application Publication
No. WO2017004026, which is incorporated by reference herein.

In some embodiments, the cytotoxin is an indolinobenzodiazepine pseudodimer having a

5 structure of formula:
/OWVO\/\N/XS\ é’r
T —

H
N o O N
H \pi\ﬁe M&@ i i

wherein the wavy line indicaies the attachment point of the linker. This IGN pseudodimer

od

cytotoxin is referred to herein as DGN462, disclosed in, for example, U.8. Patent Application
10 Publication No. 20170080102, which is incorporated by reference herein.
in some embodiments, the cylotoxin-tinker conjugate, prior to conjugation to the antibody and

including the chemical moiety Z, taken together as Cy-1-Z, has the structure:

i5 wherein the wavy line indicates the point of attachment to the antibody {e.g., an anti-CD45
antibody or fragment thereof). This cytotoxin-linker conjugate is present in the ADC IMGN773,
disclosed in, for exampie, U.S. Patent Application Pubklication No. 20170080102, previously
incorporated by reference herein.
Cafichegmicin
20
in other embodiments, the antibodies and antigen-binding fragments thereof described herein
can be conjugated o a2 cytotoxin that is an enediyne antitumor antibiotic {e.g., calicheamicins,
ozogamicin). The calicheamicin famity of antibiotics are capable of producing double-stranded DNA
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breaks at sub-picomotar concentrations. For the preparation of conjugates of the calicheamicin
family, see U.S. Pat. Nos. 5,712,374; 5,714,586; 5,739,116; 5,767,285, 5 770,701, 5,770,710,
5 773,001, and 5,877.295 (all to American Cyanamid Company). Structural analogues of
calicheamicin which may be used include, but are not limited {o, those disclosed in, for example,
5 Hinman et al., Cancer Research 53:3336-3342 (1993), Lode et al., Cancer Research 58:2925-2028
{1998}, and the aforementioned U.5. patents to American Cyanamid.
An exemplary calicheamicin is designated y4, which is herein referenced simply as gamma,

and has the siructural formula:

10 in some embodiments, the calicheamicin is a gamma-calicheamicin derivative or an N-
acetyl gamma-calicheamicin derivative. Structural analogues of calicheamicin which may be used
include, but are not limited to, those discliosed in, for example, Hinman et al., Cancer Research
53:3336-3342 {1993), Lode et al., Cancer Rasearch 58:2925-2828 (1998), and the aforementioned
.S, patents. Calicheamicins contain a methyltrisulfide moiety that can be reacted with appropriate

i5  thiols to form disulfides, at the same time introducing a functional group that is useful in attaching a
calicheamicin derivative {0 a bispecific binding agent as described herein, via a linker. For the
preparation of conjugaates of the calicheamicin family, see U.S. Pat Nos. 5,712,374; 5,714,588;
5,738,118; 5,767,285, 5,770,701, 5,770,710; 5,773,001, and 5,877,298 {all to American Cyanamid
Company). Structural analogues of calicheamicin which may be used include, but are not limited

20 to, those disclosed in, for example, Hinman et al., Cancer Research 53:3336-3342 {1993), Lode et
al., Cancer Research 58:2925-2928 (1998), and the aforementioned U.S. patents to American
Cyanamid.

in some embodiments, the cytotoxin of the ADC as disciosed herein is a calicheamicin

disulfide derivative represented by the formuia;
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HO

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

Additional cytotoxins that can be conjugated to antibodies, and antigen-binding fragments
thereof, that recognize and bind CD2 or CD5 for use in direcily freating a cancer, auvtommine condition,
or for conditioning a patient {e.g., a8 human patient} in preparation for hematopoietic stem cell
transplant therapy include, without limitation, 5-ethynyluracii, abiraterone, acylfulvene, adecypenoil,
adozelesin, aldesieukin, alfretamine, ambamustine, amidox, amifostine, aminclevulinic acid, amrubicin,
amsacrine, anagrelide, anastrozole, andrographolide, angiogenesis inhibitors, antarelix, anti-
dorsalizing morphogenetic protein-1, antiandrogen, prostatic carcinoma, antiestrogen, antinecplaston,
antisense cligonuclectides, aphidicolin glycinate, apopiosis gene modulators, apoptosis regulators,
apurinic acid, asulacrine, atamestane, atrimustine, axnastatin 1, axinastatin 2, axinastatin 3,
azasetron, azatoxin, azatyrosine, baccatin Il derivatives, balanol, batimastat, BCR/ABL antagonists,
benzochilorins, benzoylstaurosporineg, beta lactam derivatives, beta-alethine, betaclamycin B, betulinic
acid, bFGF inhibitors, bicalulamide, bisantrene, bisaziridinylspermine, bisnafide, bistratens A,
bizelesin, breflate, bleomycin A2, bleomycin B2, bropirimine, budotitane, buthionine suffoximine,
calcipotriot, calphostin C, campiothecin derivatives (e.g., 16-hydroxy-camptothecin}, capecitabine,
carboxamide-amino-triazole, carboxyamidotriazole, carzelesin, casein kinase inhibitors,
castancspermine, cecropin B, cetrorelix, chlorins, chioroguinoxalineg sulfonamide, cicaprost, cis-
porphyrin, cladribine, clomifene and analogues thereof, clotrimazole, collismycin A, collismycin B,
combretastatin A4, combretastiatin analogues, conagenin, crambescidin 816, crisnatol, cryptophycin 8,
cryptophycin A derivatives, curacin A, cyclopentanthraguinones, cycloplatam, cypemycin, cytarabine
ocfosfate, cytolytic factor, eviostatin, dacliximab, decitabine, dehydrodidemnin B, Z'deoxycoformycin
{DCF), deslorelin, dexifosfamide, dexrazoxane, dexverapamil, diaziquone, didemnin B, didox,
diethytnorspermine, dihydro-5-azacytidine, dihydrotaxocl, dioxamycin, dipheny! spiromustine,
discodermolide, docosanol, dolasetron, doxifluridine, droloxifene, dronabinol, duocarmycin SA,
ebselen, ecomustine, edelfosine, edracolomab, efiornithine, elemens, emitefur, epothilones,
epithilones, epristeride, estramustine and analogues therecf, etoposide, etoposide 4'-phosphate (also
referred to as etopofos), exemestane, fadrozole, fazarabine, fenretinide, filgrastim, finasteride,
flavopiridol, flezelastine, fluasterone, fludarabine, flucrodaunorunicin hydrochioride, forfenimex,
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formestane, fostriecin, fotemustine, gadolinium texaphyrin, gallium nitrate, galocitabine, ganirelix,
gelatinase inhibitors, gemcitabine, glutathione inhibitors, hepsuifam, homoharringtonine (HHT),
hypernicin, ibandronic acid, idoxifene, idramantone, imofosine, ilomastat, imidazoacridones, imiquimod,
immunostimulant peptides, iocbenguane, iododoxorubicin, ipomeanaol, irinctecan, iroplact, irsogladine,
5 iscbengazole, jasplakinolide, kahalalide F, lameklarin-N triacetate, lanreotide, leinamycin, lenograstim,
lentinan sulfate, leptoistating, letrozole, lipophilic platinum compounds, lissoclinamide 7, lobaplatin,
lometrexol, ionidamine, iosoxantirone, loxoribine, lurictecan, utetium texaphyrin, lysofviiine,
masoprocol, maspin, matrix metalloproteinase inhibitors, menogaril, merbarone, meterelin,
methioninase, metoclopramide, MIF inhibitor, ifepristone, miltefosine, mirimostim, mithracin,

10 mitoguazone, miolactol, mitomycin and analogues thereof, mitonafide, mitoxantrone, mofarctene,
molgramostim, mycaperoxide B, myriaporane, N-acetyldinaline, N-substituted benzamides, nafarelin,
nagrestip, napavin, naphterpin, nartograstim, nedaplatin, nemorubicin, neridronic acid, nilutamide,
nisamycin, nitrullyn, octrecotide, ckicenone, onapristone, ondansetron, oracin, ormaplatin, oxaliplatin,
oxaunomycin, padiitaxel and analogues thereof, palauamine, palmitoyirhizoxin, pamidronic acid,

15  panaxytriol, panomifene, parabactin, pazelliptine, pegaspargase, peldesine, pentosan polysulfate
sodium, pentostatin, pentrozoile, perfiubron, perfosfamide, phenazinomycin, picibanil, pirarubicin,
piritrexim, podophyilotoxin, porfiromycin, purine nucieoside phosphorylase inhibitors, rafiitrexed,
rhizoxin, rogletimide, rohituking, rubiginone B1, ruboxyl, safingol, saintopin, sarcophyiot A,
sargramostim, sobuzoxane, sonermin, sparfosic acid, spicamycin D, spiromustine, stipiamide,

20 sulfinosine, tallimustine, tegafur, temozolomide, teniposide, thaliblastine, thiocoraline, tirapazamine,
topotecan, topsentin, triciribine, trimetrexate, veramine, vinorelbine, vinxatitine, vorozole, zeniplatin,
and zitascorb, among others.

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

formuia (V)
va. == 1 ST ?
#~ Me Me )
:{67\: d~

# bie
v

Y

25

A variety of linkers can be used 10 conjugate antibodies, and antigen-binding fragments,
described herein that recognize and bind CD2 or CD5, with a cytotoxic molecule.
The term “Linker” as used herein means a divalent chemical moiety comprising a
30  covalent bond or a chain of atoms that covalently attaches an anti-CD5 or CD2 antibody or
fragment thereof (Ab} to a drug moiety {D) to form antibody-drug conjugates of the present
disclosure (ADCs; Ab-Z-L-D, where D is 3 cytoctoxin). Suitable linkers have two reactive termini,
one for conjugation o an antibody and the other for conjugation to a cytotoxin. The antibody

conjugation reactive terminus of the linker {reactive moiety, Z) is typically a site that is capable of
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conjugation to the antibody through a cysteine thicl or lysine amine group on the antibody, and so
is typically a thiol-reactive group such as a double bond {as in maleimide) or a leaving group such
as a chlore, bromo, iodo, or an R-sulfanyt group, oF 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 cytotoxin through formation of an amide bond with a basic amine or
carboxyl group on the cytotoxin, and so is typically a carboxy! 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 moiety Z, having been converted to chemical moiety Z) or
incomplete {such as being only the carbonyl of the carboxylic acid) because of the formation of the
bonds between the inker and/or the cytotoxin, and between the linker andfor the antibody or
antigen-binding fragment thereof. Such conjugation reactions are described further herein helow.

A variety of linkers can be used to conjugate the antibodies, or antibody fragmenis
described herein {o a cytotoxic molecule. in some embodiments, the linker is cleavable under
intracelular conditions, such that cleavage of the linker releases the drug unit from the antibody in
the intracellular environment. In yet other embodiments, the linker unit is not cleavable and the
drug is released, for example, by antibody degradation. The tinkers useful for the present ADCs
are preferably stable extraceliularly, prevent aggregation of ADC molecuies and keep the ADC
freely soiuble in aquecus madia and in a monomeric state. Defore tfransport or delivery into a cell,
the ADC is preferably stable and remains intact, i.e. the antibody remains linked to the drug
moiety. The linkers are stable outside the target cell and may be cleaved at some efficacious rate
inside the ceil. An effective linker will: (i) maintain the specific binding properties of the antibody;
(i) allow intracellular delivery of the conjugate or drug moiety; (iii) remain stable and intact, i.e. not
cleaved, untll the conjugate has been delivered or transported to its targeted site; and (iv) maintain
a cytotoxic, celi-killing effect or a cytostatic effect of the cytotoxic moiety. Stability of the ADC may
be measured by standard analytical technigues such as mass spectroscopy, HPLC, and the
separation/analysis technigue LC/MS. Covalent attachment of the antibody and the drug moiety
requires the linker to 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 biclogically active
moieties, such as peptides, nucieic acids, drugs, toxins, antibodies, haptens, and reporter groups
are known, and methods have been described their resulting conjugates (Hermanson, G. T. {1996)
Bicconjugate Techniques; Academic Press: New York, p. 234-242),

Suitable cleavable linkers include those include those that may be cleaved, for instance, by
enzymatic hydrolysis, photolysis, hydrolysis undear acidic conditions, hydrolysis under basic
conditions, oxidation, disulfide 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).
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Linkers hydrolyzable under acidic conditions include, for example, hydrazones,
semicarbazones, thiosemicarbazones, cis-aconitic amides, orthoesters, acetals, ketals, or the like.
{See, e.q., U.S. Pal. Nos, 5,122,368, 5,824 805; 5,622,329; Dubowchik and Walker, 1999, Pharm.
Therapeutics 83:67-123; Neville et al_, 1989, Biol. Chem. 264:14653-146861, the disclosure of each
of which is incorporated herein by reference in iis entirety as it pertains to linkers suitable for
covalent conjugation. Such linkers are relatively stable under neutral pH conditions, such as those
in the blood, but are unstable at helow 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 disulfide linkers are known in the art, including, for exampile, those that can be formed using
SATA (N-succinimidyl-S-acetylthiocacetate), SPDP (N-succinimidyl-3-(2-pyridyidithio}propionate),
SPDB {N-succinimidyl-3-(2-pyridyidithio)butyrate) and SMPT (N-succinimidyl-oxycarbonyl-alpha-
methyl-alpha-{2-pyridyl-dithio)toluene), SPDB and SMPT (See, e.g.. Thorpe et al., 1887, Cancer
Res. 47:5824-5931; Wawrzynczak et al., In Immunoconjugates: Antibody Conjugates in
Radioimagery and Therapy of Cancer (C. W. Vogel ed., Oxford U. Press, 1987. See also U.S. Pat.
No. 4 880 935, the disclosure of each of which is incorporated herein by reference in its entirety as
it pertains to Enkers suitable for covalent conjugation.

Exampies of linkers useful for the synthesis of drug-antibody conjugates include those that
contain electrophiles, such as Michael acceptors {e.g., maleimides), activated esters, electron-
deficient carbonyt compounds, and aldehydes, among others, suitable for reaction with
nucteophilic substituents present within antibodies or antigen-binding fragments, such as amine
and thiol moieties. For instance, linkers suitable for the synthesis of drug-antibody conjugates
include, without limitation, succinimidyl 4-(N-maleimidomethyl}-cyclohexane-L-carboxylate
{SMCC). N- succinimidyl iodoacetate (SIA), sulfo-SMCC, m-maleimidobenzoyl-MV-
hydroxysuccinimidyl ester (MBS), sulfo-MBS, and succinimidyl iodoacetate, among others
described, for instance, Liu et al., 18:690-697, 1979, the disclosure of which is incorporated herein
by reference as it pertains to linkers for chemical comjugation. Additional linkers include the non-
cleavable maleimidocaproyl inkers, which are particularly useful for the conjugation of
microtubute-disrupting agents such as auristatins, are described by Doronina et al., Bioconjugate
Chem. 17:14-24, 20086, the disclosure of which is incorporated herein by reference as it pertains to
linkers for chemical conjugation. Additional linkers suitable for the synthesis of drug-antibody
conjugates as described herein include those capabie of releasing a cytotoxin by a 1,6-elimination
process, {a "self-immolative” group), such as p-aminobenzyi alcohol (PABC), 6-
rmaleimidohexanoic acid, pH-sensitive carbonates, and other reagents described in Jain et al.,
Pharm. Res. 32:3526-3540, 2015, the disclosure of which is incorporated herein by reference in its
entirety. in some embodimenis, the linker includes a seif-immolative group such as the afore-
mentioned PAB or PABC {para-aminobenzyloxycarbonyl), which are discilosed in, for exampie,
Carl et al., J. Med. Chem. (1981) 24:479-480; Chakravarty et al {1983) .J. Med. Chem. 26:638-6844;
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US 8214345; US20030130188; US20030096743; US6759509; US20040052793; US621851%;
USB835807; US6268488; US20040018194; WEGBSB/13059; US20040052793; USE677435;
US5621002; US20040121940; WO02004/032828). Other such chemical moieties capable of this
process (“self-immolative linkers”} include methylene carbamates and heteroaryl groups such as

5 aminothiazoles, aminoimidazoles, aminopyrimidines, and the like. Linkers containing such
heterocyclic self-immolative groups are disclosed in, for example, U.S. Patent Publication Nos.
20160303254 and 20150079114, and U.S. Patent No. 7,754,681; Hay et al. (1999) Bicorg. Med.
Chem. Letl. 9:2237; US 2005/0256030; de Groot et al {2001} J. Org. Chem. §6:8815-8830; and
Us 7223837.

10 Linkers susceptible to enzymatic hydrolysis can be, e.¢.. a peplide-containing linker that is
cleaved by an intracelivlar peptidase or protease enzyme, including, but not limited to, a lysosomal
or endosomal protease. One advantage of using intraceliular proteolytic release of the therapeutic
agent is that the agent is typically attenuated when conjugated and the serum stabilities of the
conjugates are typically high. In some embodiments, the peptidyl linker is at least two amino acids

15  long or at least three amino acids long. Exemplary amino acid linkers include a dipeptide, a
tripeptide, a tetrapeptide or a pentapeptide. Examples of suitable peptides include those
containing amino acids such as Valine, Alanine, Citrulline (Cit), Phenvialanine, Lysine, Leucins,
and Glycine. Amino acid residues which comprise an amino acid linker component include those
occurring naturally, as well as minor amino acids and non-naturailly ccourring amino acid analogs,

20  such as citruiline. Exemplary dipeptides include valine-citrulline {vc or vai-cit) and alanine-
phenylalanine (af or ala-phe). Exemplary tripeptides include glycine-vaiine-citrulline {gly-val-cit)
and glycine-glycine-glycine (giv-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, lle-Cit, Phe-Arg, or Trp-
Cit. Linkers containing dipeptides such as Val-Cit or Phe-Lys are disclosed in, for example, U.S.

25 Pat. No. 5,214,345, the disclosure of which is incorporated herein by reference in its entirety as it
pertains o linkers suitable for covalent conjugation. in some embodiments, the linker includes a
dipeptide selected from Val-Ala and Val-Cit. In some embodiments, a dipeptide is used in
combination with a selif-immolative linker.

Linkers suitabie for conjugating the antibodies, or antibody fragments, described hereinto a

30 cytotoxic molecule include those capable of releasing a cyiotoxin by a 1,6-elimination process.
Chemical moieties capabile of this elimination process include the p-aminobenzyl (PAB) group, 6-
maleimidohexanoic acid, pH-sensitive carbonates, and other reagents as described in Jain et al,
Pharm. Res. 32:3526-3540, 2015, the disclosure of which is incorporated herein by reference in its
entirety, and particularly as it pertains o linkers suitable for covalent conjugation.

35 in some embodiments, the linker includes a “self-immolative” group such as the afore-
mentioned PAB or PABC (para-aminobenzyloxycarbonyi), which are disciosed in, for exampie, Carl
et al, J. Med. Chem. (1981} 24:479-480; Chakravarty et al (1883} J. Med. Chem. 26:638-644; US
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6214345; US20030130189, US20030096743; USE759508; US20040052793; US6218519;
LIS6835807; US6268488; US20040018194; WOBB/13059; US20040052793; USBE77435;
LS5621002; US20040121940; W02004/032828). Other such chemical moieties capable of this
process (“self-immolative linkers”} include methylene carbamates and heteroaryl groups such as
5 aminothiazoles, aminoimidazoles, aminopyrimidines, and the like. Linkers containing such
heterocyclic self-immolative groups are disclosed in, for example, U.S. Patent Publication Nos.
20160303254 and 20150079114, and U.S. Patent No. 7,754,681; Hay et al. (19299} Bioorg. Med.
Chem. Left. 9:2237; US 2005/0256030; de Groot et al (2001) J. Org. Chem. 66:8815-8830; and US
7223837. In some embodiments, a dipeptide is used in combination with a self-immolative linker.
10 Suitable linkers may contain groups having sclubility enhancing properties. Linkers
including the (CHxCH20O), unit {polyethylene glycol, PEG), for example, can enhance solubility, as
can alkyl chains substituted with amino, sulfonic acid, phosphonic acid or phosphoric acid
residues. Linkers including such moieties are disclosed in, for example, U.5. Patent Nos.
8,236,319 and 9,504,756, the disclosure of each of which is incorporated herein by reference as it
15  pertains to linkers suitable for covalent conjugation. Further solubility enhancing groups include,

for example, acyl and carbamoy! suifamide groups, having the structure:

%o o
“oyy
Rig
whereinais O or 1; and
20 R* is selected from the group consisting of hydrogen, C4-Cgzs alkyl groups, Cs-Czs

cycloalkyl groups, C+-Ca4 {hetero}aryl groups, C.-Cy4 alkyl{hetercaryl groups and C+-Coaa
{(heterolarylalkyl groups, the Ci-Cos alkyl groups, C3-Cag cycloalkyl groups, C;-Cas (hetero)aryl
groups, Ca-Caq alkyl{hetero}ary! groups and C»-Cas (hetero)aryvlalkyl groups, each of which may be
optionally substituted and/or optionally interrupied by one or more hetercatoms selected rom O, 5

25 and NRYR'2 wherein R and R'? are independently selected from the group consisting of
hydrogen and C:-C4 alkyi groups; or R™ is a cytotoxin, wherein the cytotoxin is optionally
connected to N via a spacer moiety. Linkers containing such groups are described, for example, in
U.S. Patent No. 8,636,421 and U.S. Patent Application Publication No. 2017/0298145, the
disclosures of which are incorporated herein by reference as they pertain to linkers suitable for

30  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 disuifide, a

thioether, a dipeptide, a p-aminocbenzyl (PAB) group, a heterocyclic self-immolative group, an
optionally substituted C1-Cs alkyl. an optionally substituted C4-Cs hetercalkyl, an optionally
substituted C-Cs alkenyl, an optionally substituted C,-Cs heteroalkenyl, an optionally substituted

35 CxCsalkynyl, an opticnally substituted Co-Cs heteroatkynyl, an optionally substituted Cs-Cs
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cycloalkyl, an optionally substituted heterocycloalkyl, an opticnally substituted aryl, an optionally
substituted heteroaryt, a solubility enhancing group, acyl, -(C=0}-, or -{CHCH.0)y- group, wherein
p is an integer from 1-8. 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., C+-Ce akkylene and the lke.

in some embodiments, the inker L comprises the moiety *-L:L>-**, wherein:

L1 is absent or is -{(CH2)aNRPC(=0)-, -(CH2}mNR -, -(CH2}nX{CH2}m-,

R AT Ol

O v O L O

Lz is absent or is -{CHzler, ~-NR"{CHo) -, -{(CH2aNRPZPC(=OWCHw-, -Xq. -
{CH2)mNRC{(=0)X4, - {CH2)xNR"*C(=0)-, -((CH2)mO){CHa}mr, ~-{CH2}aO(CH2)mXs(CH2)or, -
NR¥((CH2)mOX3(CH2)mm, ~-NRP{(CH2}mO)a( CH2)anXa(CH2)m-, -X: X2C(=CHCHa}m-. -
(CH2)m(O(CH2)m)a, -(CH2)mNR™*(CHz)gr, -(CH2)mNRPC{=0}CH2)mX{(CHz)m-, -
{CH2)mC(=ONR"*{CHz}uNR"P*C(=O}{CH2)mr, -(CH2}nC(=0})-. - (CH2)uNR**(CH2)mC{=0)X2X1C(=0)-,
“{CH2)mXa{CH2)mC(=O) XX 1 C{=0)-, - (CH2)mC{=OINR*}(CHa)em-, -

(CH2)mC(=0)NR (CH2}mXa(CHz)me, ~(CH2)mXa(CH2)mNRPC(=0)(CHa)r, -
{CH2)mX2{CH2}mC{=0INR*(CHz)m-, - {CH2)mO)a(CH2)mNRC{=0OCHz)w-, -
{CH2)mC{=O)NR(CH2}n{O{CHz)m)n~, - {(CH2)u(O{CH2)m)eC(=0)-, {CH2)mNR¥{CH2)C(=0}-, -
(CH2)mC(=OINRHCH2)mNR P C(=0)-, -(CH2)m(O(CH2)m)nX3(CH2)m, - (CH2}mXa{({CH2)amO)e{CH2) . -
(CH2)mXa( CH2)mC(=0)-, - (CH)mC{=OINR"*(CHz}mO)n{CH2)mXs(CHz)m-. -

{CH2)mXs{CH2)m{ O{CH2}m}aNRPPC(=OHCH2)m-, -(CH2)mX3{CH2)m{O{CH2}m}nC(=0)-, -
(CH2)wX{CH2}:n{O{CHz)a}a-, -(CH2)wC{=O)NR"(CH2)xC(=0}-. -
(CH2ImC(=0)NR *(CH2)d OCCHmInC(=0)-, ~({CHImOICHmNRC(=0}CHz)nr, -
{CH2)mC{=OINR'¥{CHnC(=OINRB(CH) mr, -(CH2ImNRZPC{(=0OHCH)mNRSC(=0){CH.) -
{CH)mX{CHImC{=0INR Y-, {CH)C=OINR -, -(CH2) e, -C{R%12(CH2)m, {(CH2ImC{R¥)2NR -
, {CHRCEOINR ¥ CH)mNR - - (CH)eC(=0)INRPH{CHImNRBPC{=0Q)NR -, -
{CH2)mC{=0X 1 C=0)-, - CIRMACH2)NRPC(=0O}CHz)m-, -
(CH2)mC(EOINR™HCHImCRNR -, - CR'2(CH)mXs(CHz)ur, (CH2mXo(CH)mC(R™)NR-, -
C(R")2(CH2}mOC{=0)NR¥{CH)m-, -(CH2)mNRPC{(=0)O({CH2)mC(R??)NR -, -
{CH2)mwXa{CHa)aNR 3, -{CH2)mXs{CH2)m{O({CH2)m)aNR 1>~ {CH2)mNR -, -
{CH)mC{(=OINR¥{CH2}n{ O{CH2}m}aNR 2 ~, «{CH2}m{O{CH2)m}aNR -, «(CH2CHO)n(CH2}m-, ~
{CH2)m{OCH2CHz}n: (CH2)mO{CH2)mr, {(CH2)mB(=0)2-, - (CH2}mC(=OINR ¥ CH)mS(=0)2-, -

{CH2)m G{CH2pS{(=0)2-, -(CHz)nmX X C(=0}-, -{CH2)m{O(CHz)m)nC(=0XX C{=0)-, -

{CH2)m{ O{CH2}n}aX X1 C{=0}-, - (CH2}m?G{CH2)mX G C{=0)-, {CHz)eX{(CH2)m{O(CH2pmin X
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C(=0)-, - (CH2)mX(CH)mC(=OINR (CH)mNR PC(=0)-, -(CH2)mXa{CH2)mC(EOINR JHCHInC(=0)-,
-{CH2)mX3(CHmC{=Q)NR**(CH2)m{O(CH2)m)nC(=0)-, {CH2}mC(=0)X2X:C{(=O)NR"*(CH2)m-, -
{CH2)aXa(O{CH)m)nC(=0)-, ~(CH2)wNR *C{=0){{CH2)xO)(CH2)er-, -
{CH2)m{HCHmI"CEOINR 3(CH2) -, (CH2)mNRZC{=OINR ¥ (CHz)m- of -
5  (CH2)mXs(CH2)aNR '} C(E=0)-
wherein
Xiis

H . or

By o

O
NH,
Hh o
"
o ~
%AN’EC\; o
H 3] N\
' ar 2] ,f
10
Xais
Ry 7
% N
Nh ?—’ /[ ‘N
N
“{ M ¢ s and
Xz is
ey,
5 whersin
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R* is independently selected for each occasion from H and C:-Cs alkyt;
m is independently selected for each occasionfrom 1, 2, 3,4, 5,6, 7, 8, @ and 10;
n is independently selected for each occasionfrom 1, 2, 3. 4,5, 6,7, 8, 9, 10, 11, 12, 13
and 14; and
5 wherain the single asterisk (*} indicates the attachment point to the cytotoxin (2.g9., an
amatoxin}, and the double asterisk {**) indicates the attachment poirtt to the reactive substituent 2/
or chermical moiety Z, with the proviso that L and L are not both absent.
in some embodiments, the linker includes a p-aminobenzyl group {PAB). In some
embodiments, the p-aminobenzyl group is disposed between the cytotoxic drug and a protease
10 cleavage site in the linker. In some embodiments, the p-aminobenzyl group is part of a p-
aminobenzyioxycarbonyl unit. In some embodiments, the p-aminobenzyl group is part of a p-
aminobenzylamido unit.
in some embodiments, the linker comprises PAB, Val-Cit-PAB, Val-Ala-
PAB, Val-Lys{Ac)-PAB, Phe-Lys-PAB, Phe-Lys(Ac)-PAB, D-Val-Leu-Lys, Gly-Gly-Arg, Ala-Ala-
15 Asn-PAB, or Ala-PAB.
in some embodiments, the linker comprises a combination of
one or more of a peptide, oligosaccharids, -(CHz)p-, -(CHCH20)-, PAB, Val-Cit-PAB, Val-Ala-
PAB, Val-Lys(Ac)-PAB, Phe-Lys-PAB, Phe-Lys(Ac)-PAR, D-Val-Leu-Lys, Giy-Giy-Arg, Ala-Ala-
Asn-PAB. or Ala-PAB.
20 in some embodiments, the linker comprises a -(C=0O}{CHz)y- unit, wherein p is an integer
from 1-6.
in one specific embodiment, the linker comprises the structure:

wherein the wavy lines indicate attachment points to the cytotoxin and the reactive moiety

25  Z'. In ancther specific embodiment, the linker comprises the structure:
\h o H \:,/ O
N NK'\NJI\/\:"F
H H

HN
sz”go
wherein the wavy lines indicate attachment points to the cytotoxin and the reactive moiety
Z'. Such PAB-dipeptide-propionyl linkers are disclosed in, e.g., Patent Application Publication No.
WO2017/148077, which is incorporated by reference herein in its entirety. Further, the cytotoxins
30 disclosed in WO2017/148077 are incorporated by reference herein.
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in certain embodiments, the linker of the ADC is maleimidocaproyt-Val-Ala-para-
aminobenzyl {(mc-Val-Ala-PAB]).

in certain embodiments, the knker of the ADC is maleimidocaproyl-Val-Cit-para-
aminobenzyl (mc-vc-PAB).

in some embodiments, the linker comprises

O
"-LL/L\/\/O O
/N\ﬁuf

in some embodiments, the linker comprises MCC (4-[N-maleimidomethyl]cyclohexane-1-
carboxylate).

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 combined in multiple ways to form linkers useful for
conjugation of the antibodies and cytotoxins as disclosed herein. Further linkers useful in
conjunction with the compositions and methods described herein, are described, for exampie, in
U.S. Patent Application Publication No. 2015/0218220, the disclosure of which is incorporated
herein by referencs in its entirety.

Linkers suitable for use herein further may include one or more groups selected from C+-Csg
alkylene, C+-Ce heteroalkylene, Co-Cs alkenylene, C2-Ce heteroalkenylene, C-Cs alkynylene, C2-Cq
heteroalkynylene, Cs-Ce cycicalkylene, heterocycloalkylene, arviene, hetercarylene, and
combinations thereof, each of which may be optionally substituted. Non-limiting examples of such
groups include {CHa)a, (CHCH20},, and —{C=0}CHb)— units, wherein n is an integer from 1-6,
independently setected for each occasion.

in some embodiments, the linker may include one or more of a hydrazine, a disulfide, a
thioether, a dipeptide, & p-aminobenzyl (PAB) group, a heterocyclic self-immolative group, an
optionally substituted C4-Cs alkyl, an optionally substituted C1-Cs heteroalkyl, an optionally
substituted C>-Ce alkenyl, an optionally substituted C>-Cs heteroalkenyl, an optionally substituted
C=-Cs alkynyl, an optionally substittted C;-Cs hetercalkynyl, an optionally substituted Cs-Ce
cycloalkyl, an optionally substituted heterocydclcalkyl, an optionally substituted arvl, an optionatly
substituted heteroaryl, acyt, (C=0)-, or -(CH2CH2OYe- group, wherein n 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) speciss, e.g., C+-Cqs alkylene and the iike.

in some embodiments, the linker includes a p-aminobenzyi group (PAB). In one
embodiment, the p-aminobenzy! group is disposed between the cytotoxic drug and a protease
cleavage site in the linker. in one embodiment, the p-aminobenzy! group is part of a p-
aminobenzyloxycarbonyl unit. In one embodiment, the p-aminobenzyl group is part of a p-
aminobenzylamido unit.

108

CA 03140447 2021-12-2



10

15

20

25

30

35

WO 2020/247872 PCT/US2020/036494

in some embodiments, the linker comprises PAB, Val-Cit-PAB, 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 comprises a combination of one or more of a peptide,
oligosaccharide, -(CHz)e-, -{CH.CH20)e-, PAB, Val-Cit-PAB, Val-Ala-PAB, Val-Lys{Ac)-PAB, Phe-
Lys-PAR, 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 -(C=0)(CH:z).- unit, wherein n is an
integer from 1-8.

in some embodiments, the linker comprises a -(CHz)n- unit, wherein n is an integer from
2to6.

in certain embodiments, the linker of the ADC is N-beta-maleimidopropyl-Val-Ala-para-
aminobenzyl (BMP-Val-Ala-PAB).

Linkers that can be used to conjugate an ardibody, or an antigen-binding fragment thereof,
{0 a cytotoxic agent include those that are covalently bound to the cytotoxic agent on one end of
the linker and, on the other end of the linker, contain a chemical moiety formed from a coupling
reaction between a reactive substituent present on the linker and a reactive substituent present
within the antibody, or an antigen-binding fragment thereof, that binds CD2 or CD5. Reactive
substituents that may be present within an antibody, or an antigen-binding fragment thereof, that
binds CD2 or CD5 include, without limitation, hydroxyl moieties of serine, threonine, and tyrosine
residues; amino moieties of lysine residues; carboxyl moieties of aspartic acid and glutamic acid
residues; and thiol moieties of cysteine residues, as well as propargyl, azido, haloaryl (e.g.,
fluoroaryl), haloheteroary! (e.g., fluorocheteroaryl), haloalkyl, and haloheteroalkyl moieties of non-
naturally occurring amino acids.

Exampies of linkers useful for the synthesis of drug-antibody conjugates include those that
contain electrophiles, such as Michael acceptors (e.g., maleimides), activated esters, electron-
deficient carbonyt compounds, and aldehydes, among cothers, suitable for reaction with
nucleophilic substituents present within antibodies or antigen-binding fragments, such as amine
and thiol moteties. For instance, linkers suitable for the synthesis of drug-antibody conjugates
include, without limitation, succinimidyl 4-(N-maleimidomethvi}-cyclohexane-L-carboxylate
{SMCC), N- succinimidyl iodcoacetate {SIA), sulfo-SMCC, m-maleimidobenzoyl-N-
hydroxysuccinimidyl ester (MBS), sulfo-MBS, and succinimidyl iodoacetate, among others
described, for instance, Liu et al., 18:690-697, 18979, the disclosure of which is incorporated herein
by reference as it pertains t{o linkers for chemical conjugation. Additional linkers include the non-
cleavable maleimidocaproyl inkers, which are particularly useful for the conjugation of
microtubule-disrupting agents such as auristatins, are described by Doronina et al., Bioconjugate
Chem. 17:14-24, 2008, the disclosure of which is incorporated herein by reference as it pertains {o
linkers for chemical conjugation.
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H 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 combined in muitiple ways to form linkers useful for

conpugation of the antibodies and cytotoxins as disclosed herein. Further linkers useful in

conjunction with the compositions and methods described herein, are described, for exampie, in
5 U.S. Patent Application Publication No. 2015/0218220, the disclosure of which is incorporated
herein by reference in its entirety.

Linkers useful for conjunction with the antibody-drug conjugates described herein include,

withoutt Emitation, linkers containing chemical moieties Z formed by coupling reactions as depicted

in Table 2, below. Wavy lines designate points of attachment to the antibody, or antigen-binding

10 fragment, and the cytotoxic molecule.

Table 2. Exemplary chemicat moieties formed by coupling reactions in the formation of antibody-

drug conjugates

Exemplary
Coupling Reactions

Chemical Moicty Z Formed by Coupling Reactions

N*;N
[3+2] Cycloaddition L N—%
/-./
M 73
Y o
N
[3+2] Cvcloaddition @ O
Sy ~¢
§-~N'N~*N
[3+2] Cycloaddition, _ O
Esterification (@’ \/[LO
]

{3+2] Cycloaddition,
Esterification

O

o
o
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[3+2] Cycloaddition,
Esterification

[3+2] Cycloaddition,
Esterification

[3+2] Cycloaddition,
Esterification

[3+2] Cycloaddition,
Esterification

{3+2} Cydcloaddition,
Esterification

[3+2] Cycloaddition,
Esterification
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; fN\
~N" N
{3+2] Cycloaddition,
Esterification H ' H
~o
e
N~ N
[3+2] Cycloaddition,
Esterification
H v H
“SNH
;

[3+2] Cycloaddition,
Esterification

[3+2] Cycloaddition,
Etherification

[3+2] Cvcloaddition

Michae! addition
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[ o
Michael addition —-§
"‘{"‘S
imi d t T T
mine condensation, /L o
Amidation W N \/ILQ)‘L
imine condensation /L o
N
Disulfide formation 3\8,3\@:
0
Thiol alkylation K/S\)K #
o
Condensation. NH —4
Michael addition AN }k/\s
H

One of skill in the art will recognize that a reactive substituent Z attached o the linker and a
reactive substituent on the antibody or antigen-binding fragment thereof, are engaged in the
covalent coupling reaction to produce the chemical moiety Z, and will recognize the reactive

5  substituent Z. Therefore, antibody-drug conjugates usefut 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 cytotoxin-
linker conjugate including a reactive substituent 7, suitable for reaction with a reactive substituent
on the antibody, or antigen-binding fragment thereof, to form the chemical moiety Z.

10 in some embodiments, Z' is -NR*¥*C(=0}CH=CHg, -Ns, -SH, -S{=0){CH=CH_), -
{CH2)2S(=0)2(CH=CHz), -NR¥S(=0)2(CH=CHz), -NR"*C{=O}CHzR"*, -NR**C(=C)CH:Br, -
NR1C(=0)CHal, -NHC(=0O)CH:Br, -NHC(=O}CH.I, -ONH;, -C(OINHNH:, -CO;zH, -NH., -NH(C=0), -
NC(=8}.
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g 909
N N ™, hat
L O Sle e~y SV
= MH.,
HO\# ) 'Z/?d(

HO™ =0 [~

wherein
R* is independently selected for each occasion from H and C+-Cs alkyl;
5 R* is -S{CH2}-=CHR*NHC{=O)R"3;

R*is R* or -C(=0)OR"*,

R* is independently selected for each occasion from H, C+-Cs alkyt, F, Cl, and -OH;

R*" is independently selected for each occasion from H, C+-Ce alkyl, F. Cl, -NHz, -OCHs, -
OCHLCHa, -N(CHa)z2, -CN, -NO; and-OH; and

10 R'¢ is independently selected for each occasion from H, C:-Cs alkyl, F, benzyloxy substituted

with -C{(=0)OH, benzyl substituted with -C{(=CjOH. C+-C4 alkoxy substituted with -C(=0}OH. and Cs-
C4 alkyl substituted with -C{(=0)OH;
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m is independently selected for each occasionfrom 1, 2, 3, 4, 5,6, 7, 8, 8 and 10; and

n is independently selected for each occasionfrom 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13 and
14.

As depicted in Table 2, examples of suitably reactive substituents on the linker and
antibody or antigen-binding fragment thereof include a nucleophile/electrophile pair (e.g.. a
thiol/haloalky! pair, an amine/carbonyl pair, or a thiol o.p -unsaturated carbony! pair, and the like},
a dienefdiencophile pak (e.g., an azide/alkyne pair, or a diene/ o f-unsaturated carbonyl pair,
among others), and the like. Coupling reactions between the reactive substituents to form the
chemical moiety Z include, without limitation, thiol alkylation, hydroxy! alkylation, amine alkylation,
amine or hydroxylamine condensation, hvdrazine formation, amidation, esterification, disulfide
formation, cycloaddition {e.g., [4+2] Diels-Alder cycloaddition, [3+2] Huisgen cycloaddition, among
others), nucleophilic aromatic substituticn, electrophilic aromatic substitution, and other reactive
modalities known in the art or described herein. Preferably, the linker contains an electrophilic
functional group for reaction with a nucleophilic functional group on the antibody, or antigen-
binding fragment thersof,

Reactive substituents that may be present within an antibody, or antigen-binding fragment
thereof, as disclosed herein include, without limitation, nucleophilic groups such as (i) N-terminal
amine groups, (ii) side chain amines groups, e.9. lysine, {ili} side chain thiol groups, e.g. cysteine,
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
include, without limitation, hydroxyl moieties of sefine, threonine, and tyrosine residues; amino
moieties of lysine residues; carboxyl moieties of aspartic acid and ghaamic acid residues; and thiol
moieties of cysieine residues, as well as propargyl. azido, haloaryl (e.g., fluoroaryl), haloheteroaryl
{e.g., fluorohetercarvl), halocalkyl, and haloheteroalkyt moieties of non-naturally occurring amino
acids. In some embodiments, the reactive substifuents present within an antibody, or antigen-
binding fragment thereof as disclosed herein include, are amine or thiol moieties. Certain
antibodies have reducible interchain disulfides, i e. cysteine bridges. Antibodies 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 nucleophilic groups can be introduced into antibodies through the reaction of lysines
with Z-iminothiolane {Traut's reagent) resulting in conversion of an amine into a thiol. Reactive thiol
groups may be infroduced into the antibody (or fragment thereof} by introducing one, two, three,
four, or more cysteing residues (e.g., preparing mutant antibodies comprising one ofr more non-
native cysteine amino acid resicdues). U.S. Pat. No. 7,521,541 teaches engineering antibodies by
introduction of reactive cysteine amino acids.

in some embodiments, the reactive moiety Z attached to the linker is a nucleophitic group

which is reactive with an electrophilic group present on an antibody. Useful electrophilic groups on
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an antibody include, but are not limited to, aldehyde and ketone carbonyl groups. The heteroatom
of a nucleophific group can react with an electrophilic group on an antibody and form a covalent
bond to the antibody. Useful nucleophilic groups include, but are not limited {0, hydrazide, oxime,
amino, hydroxyt, hydrazine, thicsemicarbazone, hydrazine carboxylate, and arylhydrazide.

5 in some embodiments, Z is the product of a reaction between reactive nucleophilic substituents
present within the antibodies, or antigen-binding fragments thereof, such as amine and thiol
moisties, and a reactive slectrophilic substituent Z. For instance, Z may be a Michael acceptor
{e.g., maleimide), activated ester, electron-deficient carbonyt compound, or an aldehyds, among
others.

10 in some embodiments, the ADC comprises an anti-CD2 antibody or an anti-CD5 antibody
conjugated to an amatoxin of any of formuiae |, 1A, IB, 1L, lIA, or iB as disclosed herein via a linker
and a chemical moiety Z. In some embodiments, the linker includes 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 embodiments, the

15 linker includes the moiety PAB-Cit-Val. In some emboadiments, the linker includes the moiety PAB-
Ala-Val. In some embodiments, the linker includes a —({C=0}{CH2), — unit, wherein n is an integer
from 1-6. in some embodiments, the linker is —PAB-Cit-Val-{{C=0)}CHz).—

in some embodiments, the linker includes a -(CH:)w— unit, where n is an integer from 2-6.
in some embodiments, the linker is —PAB-Cit-Val-((C=0){CH:): —. In some emhodiments, the linker

20  is PAB-Ala-Val-{{C=O){CHz},— In some embodiments, the linker is -(CH.)«—. In some
embodiments, the linker is -{{CH2)—, whereinnis 6.

in some embodiments, the chemical moiety Z is selected from Table 2. In some

embodiments, the chemical moiety Z is

25  where S is a sulfur atom which represents the reactive substituent present within an antibody, or
antigen-binding fragment thereof, that binds CD2 or CD5 (e.g., from the -SH group of a cysteine
residue).

in some embodiments, the finker L and the chemical moiety 7, taken togetheras L-Z, is

or

30 One of skill in the art will recognize the linker- reactive substituent group structure, prior to
conjugation with the antibody or antigen binding fragment thereof, includes a maleimide as the
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group Z. The foregeoing linker moieties and amatoxin-linker conjugates, among others usefdl in
conjunction with the compositions and methods described herein, are described, for example, in
.S, Patent Application Publication No. 2015/0218220 and Patent Application Publication No.
WO2017/1429077, the disclosure of each of which is incorporated herein by reference inits
entirety.

in some embodiments, the linker- reactive substituent group structure, prior to conjugation
with the antibody or antigen binding fragment thereof, is:

;

or

Preparation of Antibody-Drug Conjugates

in the ADCs of formula | as disciosed herein, an antibody or antigen binding fragment
thereof is conjugated 10 one or more cytotoxic drug moieties (D), e.g. about 1 10 about 20 drug
moieties 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 skilled in the art, including: (1) reaction of a
reactive substituent of an antibody or antigen binding fragment thereof with a bivalent linker
reagent to form Ab-Z-L as described herein above, followed 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 antibody or antigen binding fragment thereof
as described herein above to form an ADC of formula D-L-Z-Ab, such as Am-Z-L-Ab. Additionai
methods for preparing ADC are described herein.

in ancther aspect, the antibody or antigen binding fragment thereof has one or more lysine
residues that can be chemically modified to introduce one or more sulfhydryl groups. The ADC is
then formed by conjugation through the sulfhydryl 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-
acetyithioacetate {(SATA) and 2-Iminothiolane hydrochioride (Traut's Reagent).
In ancther aspect, the antibody or anfigen binding fragment thereof can have one or more
carbohydrate groups that can be chemically modified {o have one or more sulthydryl groups. The
ADBC is then formed by conjugation through the sulfhydryl group’s sulfur atom as described herein
above.

In yet another aspect, the antibody can have one or more carbohydrate groups that can be
oxidized to provide an aldehyde {-CHO) group (see, for e.g., Laguzza, et al, J. Med. Chem. 1989,
32(3). 548-55). The ADC is then formed by conjugation through the comresponding aldehyde as

described herein above. Other protocols for the modification of proteins for the attachment or
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asscciation of cytotoxins are described in Coligan et al., Current Protocols in Protein Science, vol.
2, John Wiley & Sons (2002), incorporated herein by reference.
Methods for the conjugation of linker-drug moieties to cell-targeted proteing such as antibodies,
immunoglobulins or fragments thereof are found, for example, in U.S. Pat No. 5,208,020, U.S.
Pat. No. 8,441,163; WO2005037992; WO2(05081711; and WO2006/034488, all of which are
hereby expressly incorporated by reference in their entirety.

Alternatively, a fusion protein comprising the antibody and cytotoxic agent may he made,
e.g., by recombinani techniques or peptide synthesis. The length of DNA may comprise respective
regions encoding the two portions of the conjugate either adjacent one another or separated by a
region encoding & linker peptide which does not destroy the desired properties of the conjugate.

Methods of Treatment

Anti-Cb2 or anti-CD5 ADCs can be used to target T celis in the thymus of a patient where
the T cell specific ADCs can be used to deplete endogenous T celis and “reboot” the subject’s
immune system.

in vivo T cell depletion is commonly achieved using chemotherapy, such as anti-thymocyte
globulin (ATG). The present methods achieve T cell depletion while leaving the subject’s immune
system intact. T celi depletion can be used to treat a subject who has had or is planning to
undergo hematopoietic stem cell (HSC) fransplantation, such as autclogous HSC transplantation.

As described herein, hematopoistic stem cell transplant therapy can be administered o a
subject in need of treatment so as to populate or re-popuiate one or more blood cell types.
Hematopoietic stem cells generally exhibit muiti-potency, and can thus differentiate inte multiple
different blood lineages including, but not limited to, granulocytes (e.g., promyelocytes,
neutrophils, eosinophils. basophils), ervithrocytes {e.g., reticulocytes, erythrocytes), thrombocytes
{e.q., megakaryoblasis, platelet producing megakaryocytes, platelets), monocytes {e.g.,
monocytes, macrophages), dendritic cells, microglia, osteoclasts, and lymphocytes {e.g., NK cells,
B-cells and T-celis). Hematopoietic stem celis are additionally capable of self-renewat, and can
thus give rise to daughter cells that have equivalent potential as the mother celi, and also feature
the capacily {0 be reinireducad into a transplant recipient whsraupon they home 1o the
hematopoietic stem cell niche and re-establish productive and sustained hematopoiesis.

Hematopoietic stem cellis can thus be administered to a patient defective or deficient in one
or more cell types of the hematopoistic lineage in order to re-constiiute the defective or deficient
popuiation of celis 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 to treat a non-malignant hemoglobinopathy (2.g9.. a hemoglobinopathy selected from the
group consisting of sickle cell anemia, thalassemia, Fanconi anemia, aplastic anemia, and

Wiskott-Aldrich syndrome). Additionally or alternatively, the compositions and methods described
119

CA 03140447 2021-12-2



10

15

20

25

30

35

WO 2020/247872 PCT/US2020/036494

herein can be used to treat an immunodeficiency, such as a congenital immunodeficiency.
Additionally or alternatively, the compositions and methods described herein can be used to treat
an acquired immunodeficiency {e.g., an acquired immunodeficiency selected from the group
consisting of HIV and AIDS). The compaositions and methods described herein can be used to
treat a metabolic disorder {2.g., a metabaolic disorder selected from the group consisting of
glycogen storage diseases, mucopolysaccharidoses, Gaucher's Disease, Hurlers Disease,
sphingclipidoses, and metachromatic leukodystrophy).

Additionally or alternatively, the compositions and methods described herein can be used
to treat a malignancy or protiferative disorder, such as a hematologic cancer, myeloproliferative
disease. In the case of cancer treaiment, the compositions and methods described herein may be
administered to a patient prior to hematopoietic stem cell transplantation therapy in order {o
deplete a population of immune cells that cross-react with, and mount an immune response
against, non-self hematopoietic stem cells, such as those expressing one or more non-selff MHC
antigens. This serves 10 prevent or reduce the likelihood of rejection of the ransplanted
hematopoietic stem cell grafis, allowing the transplanted hematopoietic stem cells to home o a
stem celf niche and establish preductive hematopoiesis. This, in tum, can re-constitute a
population of csils depleted during cancer cell eradication, such as during systemic chemotherapy.
Exemplary hematological cancers that can be treated using the compositions and methods
described herein include, without limitation, acute myelcid leukemia, acute lymphoid leukemia,
chronic myeloid leukemia, chronic lympheid leukemia, multiple myeloma, diffuse large B-cell
iymphoma, and non-Hodgkin's ivmphoma, as well as other cancerous conditions, including
neuroblastoma.

ANt-CEO2 or anti-CD5 antibody drug conjugates (ADCs) can be used to treat disorders
associated with aberrant T celi activity. For exampie, an anti-CD2 ADC or an anti-CD5 ADC can
be used to treat a T cell malignancy {e.g., lymphomas that affect T celis}, where an effective
amount of an anti-CD2 or an anti-CD5 ADC is administered t0 a subject having a T cell
malignancy to reduce the growth or proliferation, of the malignant T cells. A “T cell malignancy” is
a cancer that forms in T cells. in particular, the methods disclosed herein mayb be used fo treat a
patient having a T cell malignancy associated with CD5+ expression.. in certain embodiments,
Malignant T-cells express CD5+ such that treatment with an anti-CD5 ADC targets and depletes
the malignant T-cells, resulting in a therapeutic benefit. in ceriain embodiments, the T cell
malignancy is relapsed, refractory T cell malignancy. Examples of T celi malignhancies that can be
treated using the methods disclosed herein include T-cell acute lymphoblastic lymphoma {T-ALL;
aiso called precursor T-liymphoblastic leukemia or T-cel acute lymphocytic leukemia), T-cell large
granuiar iymphocyte {(LGL) leukemia, human T-cell leukemia virus type 1-positive (HTLV-1*), adult
T-cell leukemiafiymphoma (ATL), T-cell prolymphocytic leukemia (T-PLL}, and peripheral T-cedl
lymphoma (PTCLs).
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in certain embodiments, an anti-CD2 ADC or an anti-CD5 ADC may be used to freat a
human patient having a T cell lymphoma. Examples of T cell lymphomas that may be treated
using the methods and compositions disclosed herein include, but are not limited 0, T celi
Systemic EBV+ T-cell lymphoma of childhood, exdranodal NK-/T-cell lymphoma, nasal type,
enteropathy-asscciated T-cell iymphoma, monomorphic epithelictropic intestinal T-cell iymphoma,
indolent T-cell, lymphoproliferative disorder of the Gl tract, hepatosplenic T-cell lymphoma,
subcutaneous panniculitis-like T-cell iymphoma, mycosis fungoides, Sézary syndrome, primary
cutanecus CD30+ T-cell, iymphoproliferative disorders {e.g., Lymphomatoid papulosis, Primary
cutaneous anaplastic large cell ymphoma), primary cutaneous y& T-cell lymphoma, primary
cutaneous CDB+ aggressive epidermoiropic cyiotoxic T-cell lymphoma, primary cutaneous acral
CD8+ T-call lymphoma, primary cutaneous CD4+ small/medium T-cell iymphoproliferative
disorder, angicimmunoblastic T-cell iymphoma, follicular T-cell lymphoma, nodal peripheral T-cell
lymphoma with TFH phenotype, anapiastic large-cell lymphoma {ALK+), anaplastic large-cell
lymphoma (ALK-), and breast implant—assodiated anaplastic large-cell lymphoma.

in some embodiments, a human patient having a T-cell malignancy is freated by
administering an antd-CD5 ADC, e.g., an anti-CD5 antibody conjugated to an amatoxin described
hersin via a linker.

in some embodiments, 2 human patient having a T-ceil malignancy is treated by
administering an anti-CD2 ADC, e.g., an anti-CD2 antibcdy conjugated to an amatoxin described
herein via a linker.

Additional diseases that can be treated with the compositions and methods described
herein include, without limitation, adenosine deaminase deficiency and severe combined
immunodeficiency, hyper immunoglobulin M syndrome, Chediak-Higashi disease, hereditary
iymphohistiocyiosis, osteopetrosis, ostecgenesis imperfecta, storage diseases, thalassemia major,
systemic sclerosis, systemic lupus erythematosus, multiple sclerosis, and juvenile rheumatoid
arthritis.

Anti-CD5 or CO2 ADCs described herein may be used to induce solid organ franspiant
tolerance. For instance, the compositions and methods described herein may be used to deplste
or ablate a population of immune celis prior to hematopoietic stem cell fransplantation. Following
such depletion of celis from the target tissues, a population of stem or progenitor ceils from an
organ donor (e.g., hematopoietic stem celis from the organ donor) may be administered to the
transplant recipient, and following the engraftment of such stem or progenitor cells, a temporary or
stable mixed chimernism may be achieved, thereby enabling long-term transplant organ tolerance
without the need for further immunosuppressive agents. The likelihood of rejection of the
transplanted graft can be reduced, or rejection may be prevented altogether, by administration of
an anti-CD2 ADC or an anti-CB5 ADC. In this way, the compositions and methods described
herein may be used to induce transpiant tolerance in a solid organ transplant recipient{e.g., a
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kidney transplant, lung transplant, liver fransplant, and heart transplant, among others). The
compositions and methods described herein are well-suited for use in connection the induction of
solid organ {ransplant olerance, for instance, because a low percentage temporary or stable donor
engraftment is sufficient to induce leng-term tolerance of the transplanted organ.

in addition, the compositions and methods described herein can be used to treat cancers
directly, such as cancers characterized by cells that are CD2+ or CD5+. For instance, the
compositions and methods described herein can be used to treat leukemia, particularly in patients
that exhibit CD2+ or CD5+ leukemic cells. By depleting CD2+ or CD5+ cancerous cells, such as
leukemic cells, the compositions and methods described herein can be used to treat various
cancers directly. Exemplary cancers that may be treated in this fashion include hemaiociogical
cancers, such as acute myeloid leukemia, acute lymphoid leukemia, chronic myeioid leukemia,
chronic iymphoid leukemia, multiple myeloma, diffuse large B-cell ilymphoma, and non-Hodgkin's
lymphoma,

in addition, the compositions and methods described herein can be used to treat
autoimmune disorders. The methods and compositions disclosed herein can also be used to
substantially deplete endogenous CD5+ or CD2+ T cells in the thymus of a subject having an
autoimmune disease, such as, but not limited to, muiliple sclerosis, rheumatoid arthritis, systemic
lupus erythematosus (SLE), or systemic sclerosis {SSc). 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, sc as to kil a CD2+ or CD5+ immune cell. The CD2+ or CD5+ immune
cell may be an autoreactive lymphocyte, such as a T-cell that expresses a T-cell receptor that
specifically binds, and mounts an immune response against, a self antigen. By depleting self-
reactive, CD2+ cells or CD5+ cells, 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 described herein can be used to treat an autoimmune disease by
depieting a population of endogenous hematopoistic stem cells prior {¢ hematopoietic stem cell
transplantation therapy, in which case the transplanted cells can home to a niche created by the
endogenous cell depletion step and establish productive hematopotiesis. This, in turn, can re-
consiitute a population of cells depleted during autoimmune cell eradication.

Autoimmune diseases that can be treated using the compositions and methods described
herein include, without limitation, psoriasis, psoriatic arthritis, Type 1 diabetes melilitus (Type 1
diabetes), rheumatoid arthritis (RA}, human systemic lupus (SLE), multiple sclerosis (MS},
inflammatory bowel disease ({BD}, lymphocytic colitis, acute disseminated encephalomyslitis
{ADEM), Addison's disease, alopecia universalis, ankylosing spondylitisis, antiphospholipid
antibody syndrome {APS}, aplastic anemia, autoimmune hemolytic anemia, autoimmune hepatitis,
autoimmune inner ear disease (AIED), autoimmune lymphoproliferative syndrome (ALFPS),
autoimmune oophoritis, Balo disease, Behcet's disease, bullous pemphigoid, cardiomyopathy,
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Chagas' disease, chronic fatigue immune dysfunction syndrome (CFIDS), chronic inflammatory
demyelinating polyneuropathy, Crohn's disease, cicatrical pemphigoid, coeliac sprue-dermatitis
herpetiformis, cold agglutinin disease, CREST syndrome, Degos disease, discoid lupus,
dysautonomia, endometriosis, essential mixed cryogiobulinemia, fibromyalgia-fibromyositis,
Goodpasture’ s syndrome, Grave's disease, Guillain-Barre syndrome (GBS), Hashimoto' s
thyroiditis, Hidradenitis suppurativa, idiopathic and/or acute thrombocytopenic purpura, idiopathic
pulmonary fibrosis, IgA neuropathy, interstitial cystitis, juvenile arthritis, Kawasaki's disease, lichen
planus, Lyme disease, Meniere disease, mixed connective tissue disease (MCTD), myasthenia
gravis, neuromyotonia, opsoclonus myoclonus syndrome {OMS), optic neuritis, Ord's thyroiditis,
pemphigus vulgarns, pemicious anemia, polychondritis, polymyositis and dermatomyositis, primary
biliary cirrhosis, polyarteritis nodosa, polyglandular syndromes, polymyalgia rheumatica, primary
agammaglobulinemia, Raynaud phenomenon, Reiter' s syndrome, rheumatic fever, sarcoidosis,
scleroderma, Sjogren’s syndrome, stiff person syndrome, Takayasu's arteritis, temporal arteritis
{aiso known as "giant cell arleritis”), uicerative colitis, collagenous colitis, uveitis, vasculitis, vitiligo,
vulvodynia {"vulvar vestibulitis™), and Wegener' s granulomatosis.

For instance, using the compositions and methods described herein, one of skill in the art
can administer to a subject suffering from an autoimmune disorder an anti-CD2 ADC or an anti-
CD5 ADC in a quantity sufficient ¢ treat the autoimmune pathology. For instance, the subject may
be suffering from scleroderma, muttiple sclerosis, ulcerative ¢olitis, Crohn's disease, and/or Type 1
diabetes. To ameliorate one or more of these conditions, a physician of skill in the art can
prescribe and administer to the subject an anti-CD2 ADC or an anti-CD5 ADC. An anti-CD2 ADC
or an anti-CD5 ADC can be used to deplete a population of endogenous, autoreactive CD2+ T
cells or NK cells, or a population of endogenous, autoreactive CD5+ T cells, B cells or NK cells in
a subject.

In some embodiments, an anti-CDS ADC or an anti-CD2 ADC is used {o deplete a subset
of autoreactive CD5+ or CD2+ T celis, such as Tht or Th17 cells. In some embodiments, an anti-
CD5 antibody, or antigen-binding portion thereof, conjugated to an amatoxin can be used o
deplete a Tht or Th17 cell in 2 human subject having an autoimmune disease, such as, but not
limited to, muitiple sclerosis, rheumatoid arthritis, systemic lupus erythematosis (SLE), or systemic
sclerosis (SSc¢). in some embodiments, an ant-CD2 antibody, or antigen-binding portion thereof,
conjugated to an amatoxin can be used 1o deplete a Th1 or Thi7 cell in a human subject having
an autoimmune disease, such as, bui not limited to, muitiple sclerosis, rheumatoid arthritis,
systermic lupus erythematosis (SLE}, or systemic sclerosis (33c¢). The role of T cell subsets,
including Th1 and Th17 in autcimmunity is reviewed in, €.g., Hirahara and Nakayama, int.
mmunol. 28(4).163-171, 2016; Raphael et al., Cytokine 71(1):5-17, 2015; and Sun and Zhang,
Adv, Exp. Med. Biol. 841:1-13, 2014, the teachings of which are incorporated by reference in their
entirsties.
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in some embodiments, an anti-CDS ADC or an anti-CD2 ADC is administered to a human
patient having 2 Th1 mediated autoimmune disease, such as multiple sclerosis, for treatment. A
“Th1 mediated autoimmune disease” is an autcimmune disease where detrimental Th1
lymphocyte activity is associated with the disease.

in other embodiments, an anti-CB5 ADC or an anti-CD2 ADC is administered to a human
patient having 2 Th17 mediated autoimmune disease, such as multiple sclerosis, for treatment. A
“Th17 mediated autoimmune disease” is an autoimmune disease where detrimental Thi7
lymphocyte activily is associated with the disease. Examples of such diseases include, but are not
limited to, muiltiple sclerosis, rheumatoid arthritis, systemic lupus erythematosis (SLE)}, or systemic
sclerosis (S5¢). The role of Th17 cells in inflammatory and aulcimmune disease is described in
Zambramo-Zaragoza ef al. (2014} Int J inflam., vol, 2014, article ID 851503,

in preparation for therapy, the physician may assess the quantity or concentration of
autoreactive T ceills, B cells and/or NK cells in a sample isolated from a subject. This may be
done, for instance, using FACS analysis technigues known in the art. One of skill in the art may
then administer to the subject an antibody, or fragment thereof, either alone or conjugated to a
cytotoxin, so as to deplete the population of autoreactive T cells, B cells and/or NK celis. To
evaluate the efficacy of the therapy, the physician may determine the quantity or concentration of
autoreactive T celis, B cells and/or NK cells in a sample isolated from the patient at a time
subseqguent to the adminisiration of the anti-Cb2 ABC or an anti-CD5 ADC. A determination that
the quantity or concentration of autoreactive T ceils, B cells and/or NK cells in a sampie isolated
from the subject following therapy relative 1o the quantity or concentration of T cells, B cells or NK
cells prior to therapy provides an indication that the patient is responding to the anti-CD2 ADC or
anti-Cbs ADC.

Antihody drug conjugates comprising anti-CD2 antibodies, or antigen-binding fragmenis
thereof {or anti-CD5 antibedies, or antigen-binding fragments therecf), can afso be used in
combination with CAR T therapy. Specifically, an effective amount of an anti-CD2 antibody drug
conjugate {an anti-CD5 antibody drug conjugate) can be administered to a patient in need thereof
prior to CAR T treatment in order to deplete native T cells. Depletion of native T cells expressing
CD2 or CD5 using the methods and compositions described herein can provide for more effective
fransfer of engineered T celis used in CAR T therapy.

The methods and composifions described herein can also be used to freat acute and
chronic forms of graft versus host disease (GVHD), including steroid refractory GVHD, e.g., steroid
refractory acute GVHID. GVHD is one of the main complications of ransplantation, including
allogeneic stem cell ransplantation {SCT). The compositions disclosed herein may be used to
sedectively target activated T cells in a patient who has received, is recsiving, or will be receiving a
transpiant, such as a stem cell transplant. The anti-CDS ADCs or the anti-CD2 ADCs described
hersin can be used to reduce the risk of GVHD by targeting and depleting CD5+ or CD2+ positive
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cells in @ human patient who has received, is receiving, or will be receiving a transplant, such as
but not limited 1o, an HSC {ranspiant.

in certain embodiments, the compositions and methods disclosad herein are for ireating
GVHD prior 1o appearance of symptoms of GVHD in a patient following a transplantation therapy,
2.4., allogeneic HBCs. In some embodiments, the methods and compaositions described herein
can be used to treat steroid refractory GVHD. While GVHD can be controlled by high-dose
stercids in many patients, some patients will become refractory to the steroid treatment, resuiting
in a poor prognosis. By depleting CD5+ T cells or CD2+ T cells using an antigen specific ADC,
steroid refractory GVYHD can be treated when steroids have failed. Improvements in GVHD {(e.qg.,
acute GVHD or steroid refraciory acute GVHD) can be measured using the grading system
provided by the Mount Sinal acute GVHD International Consortium (MAGIC) criteria. Thus, inone
embodiment, administration of an effective amount of an anti-CD2 or an anti-CD5 ADC to a
subject having GVHD {e.g., acute GVHD or stercid refractory acute GVHD) resulis in an
improvement in the subject's MAGIC score.

Routes of Administration and Dosing

ADCs can be administered {o a patient (e.g., a human patient in need of hematopoisiic
stem celf transplant therapy) in a variety of dosage forms. For instance, ADCs ¢can be
administered 10 a patient in need of hematopoietic stem cell transplant therapy and/or suffering
from cancer or an autoimmune disease in the form of an agueous sclution, such as an agueous
solution containing one or more pharmaceutically acceptabie excipients. Exemplary
pharmaceutically acceptable excipients for use with the compositions and methods described
herein are viscosity-modifying agents. The agqueous solution may be sterilized using techniques
known in the art.

ADCs may be administered by a variety of rotites, such as orally, transdermally,
subcutaneously, intranasally, intravencusly, intramusculardy, intraoccularly, or parenterally. The
most suitable route for administration in any given case will depend on the ADC administered, the
patient, pharmaceutical formulation methods, administration methods {e.g., administration time
and administration route), the patient's age, body weight, sex, severity of the diseases being
treated, the patient’s dief, and the patient's excretion rate.

The effective dose of an ADC can range, for exampie from about 0.001 to about 100 mgikg
{e.g., about 0.001 mg/kg to about 0.01 mg/kg, about 6.01 mg/kg to about 0.1 mgikg, about 0.1
mg/kg to about 1 mg/kg, about 1 makg to about 10 mgkg. about 10 mg/kg 1o about 100 mgika) of
body weight per single {e.g., bolus) administration, muitiple administrations, or continuous
administration, or o achieve an optimal serum concentration {e.g., a serum concentration of about
0.0001 to about 5000 pg/mtb, about 0.0001-0.001 pg/mL, about 0.001-0.01 pg/mb, about 0.01-0.1
pg/mi, abouwt 0.1-1 pa/mi., about 1-10 pugimi., about 10-100 pyg/mi., about 100-1000 pug/mi., about
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1000-2000 pg/ml, about 2000-3000 ug/mL, or about 3000-5000 g/mt ) of the antibody, or an
antigen-binding fragment thereof. The dose may be administered one or more times (e.g., about
2-10 times) per day, week, or month to a subject {e.g., a human)} undergoing conditioning therapy
in preparation for receipt of a hematopoietic stem cell transplant. The ADC can be administered to
the patient at a time that optimally promotes engraftment of the exogenous hematopoietic stem
cells, for instance, at a time that optimally depletes CD2+ (or CD5+) T cells, B celis or NK cells that
cross-react with a non-self hematopoietic stem celt antigen (e.9., a non-self MHC antigen
expressed by the hematopoietic stem cells) prior ioc hematopoietic stem cell transplantation. For
example, anti-CD2 ADCs or anti-CD5 ADCs, may be administered to a patient undergoing
hematopoietic stem cell transplant therapy from about 1 hour {0 about 1 week (e.g., about 1 hour,
about 2 hours, about 2 hours, about 4 hours, about 5 hours, about 8 hours, about 7 hours, about 8
hours, about 9 hours, about 10 hours, about 11 hours, about 12 hours, about 13 hours, about 14
hours, about 15 hours, about 16 hours, about 17 hours, about 18 hours, about 19 hours, about 20
hours, about 21 hours, about 22 hours, about 23 hours, about 24 hours, about 2 days, about 3
days, about £ days, about 5 days, about 6 days, or about 7 days; or about 1 to 3 days, about 1tc 4
days,; about 12 hours to 3 days) or more prior to administration of the exogenous hematopoistic
stemn cell ransplant. The halfife of the antibody mav be betwsen about 1 hour and about 24
hours (e.g., about 1 hour, about Z hours, about 2 hours, about 4 hours, about 5 hours, abowt &
hours, about 7 hours, about 8 hours, about 9 hours, about 10 hours, about 11, hours, about 12
hours, about 13 hours, about 14 hours, about 15 hours, about 16 hours, about 17 hours, about 18
hours, about 19 hours, about 20 hours, about 21 hours, about 22 hours, about 23 hours, or about
24 hours).

in one embodiment, an anti-CD2 ADC or an anti-CD5 ADC has a reduced half life
{compared to an ADC comprising an antibody with wild type Fc region) where the Fc region of the
antibody comprises an H435A mutation {numbering according to the EU index).

According to the methods disclosed herein, a physician of skill in the art can condition a
patient, such as a human patient, so as to promote the engraftment of exogenous hematopoietic
stem ceif grafts prior to hematopoietic stem celt transplant therapy. To this end, a physician of skili
in the art can administer to the human patient an antibody, or antigen-binding fragment thereof,
capable of hinding CD2 or CD5, such as an anti-CD2 ADC described herein. The antibody, or
fragment thereof, may be covalenily conjugated fo a toxin, such as a cytotoxic molecule described
herein or known in the art, or an Fc domain. For instance, an anti-CD2 ADC can be covalently
conjugated io a cytotoxin, such as pseudomonas exotoxin A, deBouganin, diphthena toxin, an
amatoxin, such as g-amanitin, saporin, maytansine, a maytansinoid, an auristatin, an
anthracycline, a calicheamicin, irinotecan, SN-38, a duoccarmycin, a pyrrolobenzodiazepine, a
pyirolobenzodiazeping dimer, an indolinobenzodiazepine, an indolinobenzodiazepineg dimer, or a
variant thereof. This conjugation can be performed using covalent bond-forming techniques
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described herein or known in the art. The antibody, antigen-binding fragment thereof, or antibody-
drug conjugate can subsequently be administered 1o the patient, for example, by infravenous
administration, prior {o transplantation of exogenous hematopoietic stem cells (such as
autologous, syngeneic, or allogeneic hematopoietic stem celis) to the patient.

An anti-CD2 or anti-CDS antibody-drug conjugate can be administered in an amount
sufficient to reduce the quantity of endogenous T cells, B cells, and/or NK cells such as bone
marrow resident T cells, for example, by about 10%, about 20%, about 30%, about 40%, about
50%, about 60%, about 70%, about B0%, about 80%, about 95%, about 10% to 90%, about 10%
to 70%, about 10% to 60%, or more prior to hematopoietic stem cell ranspiant therapy. For
example, the anti-CD2 or anti-CD5 ADC can be administered in an amount sufficient to reduce the
quantity of endogenous T celis, B cells, and/or NI cells, such as bone marrow rasident 7 cells, for
example, by about 10%-20%, by about 20-30%, by about 30-40%. by about 40-50%, by about 50-
60%, by about 60-70%, by about 70%-B0%, by about 80%-90%, by about 90%-95%, or more prior
{o hematopdsietic stem cell transplant therapy. For example, the anti-CD2 or anti-CD5 antibody-
drug conjugate, can be administered in an amount sufficient to reduce the guantity of endogenous
T cells, B celis, and/or NK ceils, such as bone marrow resident T cells, for example, by at least
about 10%, by at least about 20%, by at least about 30%, by at least about 40%, by at least about
50%, by at least about 60%, by at least about 70%, by at least about 80%, by at lsast about 80%,
by at least about 95%, or more prior {0 hematopoietic stem cell fransplant therapy. The reduction
in T cell count can be monitored using conventional techniques known in the art, such as by FACS
analysis of cells expressing characteristic T cell surface antigens in a blood sample withdrawn
from the patient at varying intervals during conditioning therapy. For instance, a physician of skill
in the art can withdraw a bone marrow sampie from the patient at various time points during
conditioning therapy and determine the exient of endogenous T cell reduction by conducting a
FACS analysis to elucidate the relative concentrations of T cells in the sample using antibodies
that bind t0 T cell marker antigens. According (o some embodiments, when the concentration of T
cells has reached a minimum value in response to conditicning therapy with an anti-CD2 or anti-
CBb5 antibody-drug conjugate, the physician may conclude the conditioning therapy, and may
begin preparing the patient for hematopoietic stem cell transplant therapy.

The anti-CD2 or anti-CD5 antibody-drug conjugate, can be administered to the patient in
an aqueous solution containing one or more pharmaceutically acceptable excipients, such as a
viscosity-muodifying agent. The agueous solution may be sterilized using techniques described
herein or known in the art. The antibody-drug conjugate. can be administered to the patient at a
dosage of, for exampie, from about 0.001 mg/kg o about 100 mg/kg (e.g., about 0.00t mg/kg to
about 0.01 mg/kg, about 0.01 mg/kg to about 0.1 mg/kg, about 0.1 mg/kg to about 1 mg/kg, about
1 mg/kg to about 10 mg/kq, about 10 mg/kg to about 100 mg/kg) prior to administration of a
hematopoietic stem cell graft to the patient. The antibody-drug conjugate, can be administered to
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the patient at a time that oplimally promotes engraftment of the exogencus hematopoietic stem
cells, for instance, from about 1 hour to about 1 week {e.g., about 1 hour, about 2 hours, about 3
hours, about 4 hours, about 5 hours, about 6 hours, about 7 hours, about 8 hours, about § hours,
about 10 hours, about 11 hours, about 12 hours, about 13 hours, about 14 hours, about 15 hours,
about 18 hours, about 17 hours, about 18 hours, about 19 hours, about 20 hours, about 21 hours,
about 22 hours, about 23 hours, about 24 hours, about 2 days, about 3 days, about 4 days, about
5 days, about € days, or about 7 days) or more prior 10 adminisiration of the exogenous
hematopoietic stem celi transplant.

Foliowing the conclusion of conditioning therapy, the patient may then receive an infusion
{e.g., an intravenous infusion) of excgenous hematopoietic stem cells, 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 autologous, syngeneic, or allogeneic hematopoigtic stem
cells, for instance, at a dosage of from about 1 x 10° to about 1 x 10° hematopoietic stem celis/kg
{e.g., from about 1 x 10° hematopoietic stem cells to about 1 x 104, from about 1 x 104
hematopoietic stem celis to about 1 x 10%, from about 1 x 10° hematopoietic stem cells to about 1 x
108, from about 1 x 10° hematopoietic stem celis 1o about 1 x 107, or from about 1 x 108
hematopoietic stem celis to about 1 x 10%), The physician may monitor the engraftment of the
hematopoigtic stem cell transplant, for example, by withdrawing a blood sample from the patient
and determining the increase in concentration of hematopoistic stem cells or celis of the
hematopoietic ineage (such as megakaryocytes, thrombocytes, platelets, erythrocytes, mast cells,
myeoblasts, basophils, newtrophils, eosinophils, microglia, granulocytes, monocytes, osteociasts,
antigen-presenting celis, macrophages, dendritic cells, natural killer cells, 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 celi
transplant therapy (e.g., about 1 hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours,
about 6 hours, about 7 hours, about 8 hours, about @ hours, about 10 hours, about 11 hours, about
12 hours, about 13 hours, about 14 hours, about 15 hours, about 16 hours, about 17 hours, about
18 hours, about 19 hours, about 20 hours, about 21 hours, about 22 hours, about 23 hours, about,
24 hours, about 2 days, about 3 days, about 4 days, about 5 days, about 6 days, about 7 days,
about 2 weeks, about 3 weeks, about 4 weeks, about 5 weeks, about 6 weeks, about ¥ weeks,
about 8 weeks, about 9 weeks, about 10 weeks, about 11 weeks, about 12 weeks, about 13
weeks, about 14 weeks, about 15 weeks, about 16 weeks, about 17 weeks, about 18 weeks,
about 19 weeks, about 20 weeks, about 21 weeks, about 22 weeks, about 23 wseks, about 24
weeks, or more). A finding that the concentration of hematopoietic stem celis or celis of the
hematopoietic lineage has increased {e.g., by about 1%, about 2%, about 3%, about 4%, about
5%, about 6%, about 79, about 8%, about 8%, about 10%, about 20%, about 30%, about 40%,
abolt 50%, about 60%, about 70%, sbout 80%, about 90%, about 100%, about 200%, about
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500%, or more) following the transplant therapy relative to the conceniration of the comresponding
cell type prior to transplant therapy provides one indication that treatment with the anti-CD2 or anti-
CD5) antibody-drug conjugate, has successfully promcted engraftment of the fransplanted
hematopoistic stem cell graft.

Examples
The following examples are put forth s¢ as to provide those of ordinary skill in the art with 2
descripiion of how the compositions and methods described herein may be used, made, and
evaluated, and are intended to be purely exemplary and are not intended to limit the scope of what

the inventors regard as their invention.

Example 1: In vitro binding analysis of anti-CD2 antibodies.

To determine the binding characteristics of anti-C52 antibodies RPA-2.10 migG1 and Ab1
higG1, antibody binding studies were performed at 25 degrees Celsius in 1x PBS supplemented
with 0.1% w/v bovine serum albumin with a Pall ForteBio Octet RedS6 using biclayer
interferometry {(BLI). The indicated purified human (Ab1-higG1) or murine (RPA-2.10 migG1)
antibody was immobilized onto anti-human Fc biosensors {AHC; Pall ForteBio 18-5063) or anti-
murine Fc biosensors {AMQ; Pall ForteBio 18-5090 and incubated with 50nM of purified human
Cb2 ectodomain {Sigma Aldrich and Catalog #5086). The apparent monovalent affinity (Kg),
apparent association rate (Ko}, and apparent dissociation rate {Kpis) were determined by local full
fitting with a 1:1 binding model as calculated by ForteBio data analysis software version 10 of each
g to purified human CD2 ectodomain are shown in Table 3.

Further characterization of anti-CD2 antibodies is provided in Examples 2 to 6.

Table 3: Binding kinetics of the indicated IgG to human CD2 ectodomain

Antibody Conc. Response Ko {M) Kok Koss (1/8) Full R?
(nM) (nm) (1/Ms)

mRPA-2.10 50 0.1807 | 2.00E-09 | 8.60E+04 | 1.72E-04 G.9952

Ab1 50 0.0615 | 2.12E-09 | 1.36E+05 | 2.89E-04 0.9683

Example 2: In vitro celi fine binding analysis of anti-CD2 antibodies

MOLT-4 cells (t.e., an immeonrtalized human T lymphoblast cell ling) were plated at 20,000
celisiwell and stained with a titration of the indicated murine anti-CD2 antibodies {i.e., RPA-2.1C,
T81/8, BH1, UMCD2, 1EVEB.G4, or LT2) for 2 hours at 4 °C. Secondary anti-mouse AF488 stain,
at a constant amount, was added for 30 minutes at 4 °C. After washing, plates were run on a flow
cytometer and binding of the indicated antibody {and the negative control, k.e., migG1) was
determined based on geometric mean fluorascencs infensily in the AF488 channel. Results from
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these assays are provided in Fig. 1.

As shown in Fig. 1, the murine anti-CD2 antibedies RPA-2 .10, TS1/8, BH1, UMCD2,
1E7E8.G4, and LT2 bind {o human T lymphoblast celis {i.e. MOLT-4 celis), with an ECss = 160 pM
{RPA-2.10), 125 pM (TS 1/8), 639 pM (BH1), 151 pM (UMCD2), 134 pM (1E7ES8), and 60 pM
{LT2).

Example 3; In vitro primary cell binding analysis of anti-CD2 antibodies

Primary human T-cells were plated at 8 x 10* celis/well and stained with a titration of the
murine anti-CD23 antibody RPA-2.10 for 2 hours at 37°C. Secondary anti-mouse or anti-human
AF488 stain, refative to primary antibody, at a constant amount, was added for 30 minutes ai 4 °C.
After washing, plates were run on a flow cytometar and binding of the indicated antibody {(and the
negative control, i.e., migG1 or higG1) was determined based on geometric mean fluorescence
intensity in the AF488 channel. Results from these assays are provided in Fig. 2.

As shown in Fig. 2, the murine anti-CD2 antibody RPA-2.10 binds 10 primary human T-cells
with an ECs = 1.84 pM (RPA-2.10).

Example 4. In vitro analysis of an anti-CD2-amanitin antibody drug conjugate {ADC) using
an in vitro T-cell killing assay

The anti-CD2 antibody RPA 2.10 was conjugated to amanitin with a cleavabie linker to
form an anti-CD2-ADC. One anti-CD2-ADC was prepared from the murine anti-CD2 antibody
RPA-2.10 having an average interchain drug-to-antibody ratio (DAR) of 6. A second anti-CD2-
ADC having an average DAR of 2 was prepared using a human chimeric variant of RPA-2.10
conjugated to amanitin using site-specific conjugation. Further, a fast half-life variant of anti-CD2-
ADC was generated through the introduction of a H435A mutation. Each anti-CD2-ADC was
assessed using an in vifro T-cell killing assay.

Cryopreserved negatively-selected primary human T cealis were thawed and stimulated with
anti-CD3 antibodies and 1L-2. At the start of the assay, 2x10? T cells were seeded per well of a
384 weli piate and the indicated ADCs or non-conjugated anti-CD2 antibody were added to the
welis at various concentrations between 0.003 nm and 30 nm before being placed in an incubator
with 37 "C and 5% CO.. Following five days of culture, cells were analyzed by flow cytometry.
Cells were stained with a viability marker 7-AAD and run on a volumeiric flow cytometer. Numbers
of viable T-cells (Figs. 3A and 3B} were determined by FSC vs SSC and 7-AAD staining. A non-
conjugated anti-CD2 antibody (RPA 2.10) served as a comparator (Fig. 3A).

As shown in Fig. 3A, anti-CD2-ADCs having an interchain drug-to-antibody ratio of 8
exhibited potent and specific killing of T cells (iC50=5.0pm) whereas T cells remained viable in the
presence of non-conjugated ("naked”) anti-CD2 antibodies. As shown in Fig. 3B, human chimeric
anti-CD2-ADCs having a site-specific drug-to-antibody ratio of 2 retained a potent level of T-celi

130

CA 03140447 2021-12-2



10

15

20

25

30

35

WO 2020/247872 PCT/US2020/036494

killing (1C50=1.0pm) similar to that of the DAR 6 ADCs. Further, the fast-half life variant of the
anti-CD2-ADCs {H435A) exhibited a similar level of T-cell killing {1C50=6.3 pm; Fig. 3B} as an anti-
CBD2-ADC with WT haif-life.

Example 5. In vitro analysis of an anti-CD2-amanitin antihody drug conjugate {ADC) using
an in vitro T-cell killing assay

The anti-CD2 antibody RPA 2.10 was conjugated to amanitin with a cleavable linker to
form an interchain anti-CD2-ADC with an average interchain drug-to-antibody ratio {DAR) of 6.
The anti-CB2-ADC was assessed using an jn vitro natural killer (NK)-cell killing assay.

Primary human CD58+ CD32 NK celis were cultured with recombinant 1L-2 and IL-15 for
four days. At the start of the assay, 30,000 freshily isolated NK celis from a healthy human donor
were seeded per well of a 384 well plate and the indicated ADC or controd (i.e., 1gG1 or IgG1-
amanitin ADC) was added to the wells at various concentrations between 0.003 nm and 30 nm
before being placed in an incubator with 37 °C and 5% CQO.. Following 4 days of culture, NK cel
viabitity was analyzed by a CeliTiter-Glo assay (Fig. 4).

As shown in Fig. 4, anti-CD2-ADC exhibited potent killing of NK celis, with an IC50 of 5.2
PM. The lack of compiete killing by the anti-CD2-ADC is consistent with the fact that CD2 is only
exprassed on about 75% of NK celis.

Example 6. Analysis of T-¢cell Depletion using a hNSG Mouse Model

in viva T-cell depletion assays were conducted using humanized NSG mice (Jackson
Laboratories). An anti-CD2 antibody RPA 2,10 was conjugated to amanitin with a cleavable linker
to form an anti-CD2-ADC. One anti-CD2-ADC was prepared with meurine RPA 2,10 having an
average interchain drug-to-antibody ratio {DAR) of 8 while another anti-CD2-ADC was prepared
with human chimeric RPA 2.10 having an average site-specific DAR of 2. Each anti-CD2-ADC
{DARS and DARZ)} was administered as a single intravenous injection {0.3 mg/kg, 1 mgfkg. or 3
mg/kg for DARS ADCs, and 1 mg/kg or 3 mg/kg for DARZ2 ADCs) to the humanized mouse model.
Peripheral blood cells, bone marrow, or thymic samples were collected on Day ¥ and the absolute
number of CD3+ T-cells was determined by flow cytomelry (see Figs. 5A and 5B for DAR2 ADCs,
and 8A-8C for DARS ADCs).

As shown in, Figs. 5A-5B, humanized NSG mice freated with 0.3 mg/kg, 1 mgrkg, or 3
mg/kg interchain DARS anti-CD2-ADC exhibited potent T-cell depletion in peripheral biood or bone
rmorrow white thymic T-celis were depleted following treatment with 3 mg/kg of DARS anti-CD2-
ADGC. For comparison, Figs. 5A and 5B also show the level of T-cell depletion following treatment
of humanized N3G mice with 25 mg/kg Ab1 {(an unconjugated anti-CDZ2 antibody) or with the
indicated controls {i.e., 25 mg/kg anti-CD52 antibody {clone YTH34.5); 3 mg/kg higG1-amanitan
ADC {(*higG1-AM"), 25 mg/kg higG1, or PBS3).
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As shown in, Figs. BA-6C, humanized NSG mice freated with 1 mg/kg or 3 mg/kg site-
specific DARZ2 anti-CD2-ADC exhibited potent T-cell depletion in peripheral blood or bone morrow
while thymic T-cells displayed about 59% depleted following treatment with 3 mg/kg of DARZ anti-
CD2-ADC. For comparison, Figs. 6A-6C also show the level of T-cell deplstion following treatment

5 of humanized NSG mice with 3 mg/kg of an unconjugated anti-CD2 antibody or with the indicated
controls {i.e., 3 mg/kg higG1-amanitan-ADC {"higG1-AMC”) or PBS).

Example 7: In vitro binding analysis of anii-CD5 antibodies.
To determine the binding characteristics of anti-CD5 antibody 507 higG1, antibody binding
10 studies were performed at 25 degrees ceisius in 1x PBS supplemented with 0.1% w/v bovine
serum albumin with a Pall ForteBico Octet Red96 using biolayer interferometry (BLI). The purified
human anti-CD5 antibody (6D7) was immobilized onto anti-human Fc¢ biosensors (AHC,; Palil
ForteBico 18-50683) and incubated with 50nM of purified human CD5 ectodomain). The binding
characteristics of anti-CD5 antibody 5D7 are shown in Table 4. Anti-human CDS antibody 5D7 as
15  used in Examples 7 to 11 is a humanized version of murine antibody 507 (see US 2008/0254027}.
The sequences of antibody 5D7 as used herein are described in SEQ! D Nos: 282 and 283 {heavy
and light chain varabile region amino acid sequences) and SEQ D Nos: 54 to 59 (heavy and light
chain CDRs).

20  Table 4. Binding kinetics of 5D7 to human CD5 ectodomain

Antibody Conc. Response Ko (W) Ko Ko (1/5) Full R?
(nM) (nm) (1/Ms)
507 50 0.65696 1.41E-101 2. 39E+05 | 3.36E-05 0.9986

Example 8; In vitro celi line binding analysis of anti-CDS antibodies
MOLT-4 celis {i.e, an immortalized human T lymphoblast cell line) were plated at 20,000
celisiwell and stained with a titration of the indicated murine anti-CD5 antibodies {i.e., L17F12,

25 UCHT2, 205912, and CRIS-1) for 2 hours at 4 °C. Secondary anti-mouse AF488 stain, at a
constant amount, was added for 30 minutes at 4 °C. After washing, plates were run on a flow
cytometer and binding of the indicated antibody {and the negative control, i.e., migG1)} was
datermined based on geometric mean fluorescence intensity in the AF488 channel. Results from
these assays are provided in Fig. 7.

30 As shown in Fig.7, the murine anti-CDS5S antibodies L17F12 {Thermo Fisher}, UCHT2
{BicLegend), 205918 (Novus Biologicals), and CRIS-1 {Novus Biviogicals) bound tohwman T
lymphobilast cells {i.e. MOLT-4 celis), with an ECso = 207 pM (L17). 354 pM (UCH), 1350 pM {205},
and 43 pM (CRIS).
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Example 9: In vitro primary cell binding analysis of anti-CD5 antibodies

Primary human T-cells were plated at 8 x 10 cellsfwell and stained with a titration of the
human anti-CD5 antibody 507 for 2 hours at 37°C. Secondary anti-mouse AF4828 stain, at a
constant amount, was added for 30 minutes at 4 °C. After washing, plates were run on a flow
cytometer and binding of the anti-CD5 507 antibody (and the negative control, i.e., higG1} was
determined based on geometric mean fluorescence intensity in the AF488 channel. Results from
these assavs are provided in Fig. 8.

As shown in Fig. 8, the anti-CD5 antibody 5D7 bound to primary human T-celis with an
ECsoc = 3.0 pM.

Example 10. In vitro analysis of an anti-CD5-amatoxin antibody drug conjugate {ADC)
using an in vitro T-celi killing assay

The anti-CD5 antibody 5D7 was conjugated to an amatoxin (amanitin) with a cleavabile
linker to form an anti-CD5 5D7ADC. Anti-CD5 5D7-ADCs having a drug to antibody ratio {DAR) of
about 6 (interchain DARS) were tested, as well as anti-CD5 5D7-ADCs having a DAR of about 2
{prepared using site-specific conjugation via a D265C mutation}. Further, a fast half-life variant of
the anti-CDS5 5D7-ADC was generated through the introduction of an H435A mutation within the Fc
region.

Each anti-Cb5 5D7-ADC was assessed using an in vitro human T-cell Killing assay.
Cryopreserved negatively-selected primary human T cells were thawed and stimulated with anti-
CD3 antibodies and 1L-2. At the start of the assay, 2x10* T cells were seeded per well of a 384
well plate and the indicated ADCs or non-conjugated anti-CD5 antibody were added to the wells at
various concentrations between 0.003 nm and 30 nm before being placed in an incubator with 37
*C and 5% CG.. Following five days of culiure, cells were analyzed by flow cytometry. Cells were
stained with a viability marker 7-AAD and run on a volumetric fiow cytometer.

Numbers of viable T-cells (Figs. 9A and 9B) were determined by FSC vs 85C and 7-AAD.
A non-conjugated anti-CD5 5D7 antibody served as a comparator (Fig. 9A).

As shown in Fig. 9A, ant-CD5 5D7-ADCs having a DAR of about 6 exhibited potent and
specific killing of human T cells (IC50=3.7 pm) whereas T cells remained viable in the presence of
non-conjugated ("naked”} anti-CD5 5D7 antibodies. As shown in Fig. 9B, ADCs having a site-
specific (D265C) DAR of about 2 retained a potent level of T-cell killing (IC50 =5.0 pm) similar to
that of the DAR 6 ADCs. The fast-half life variant of the anti-CD5 5D7-ADC (H435A) exhibited a
similar level of T-cell killing (KC50=4.9 pm: Fig. 9B).

Example 11. Analysis of T-cell Depletion using a hNSG Mouse Model
in vivo T-cell depletion assays were conducted using humanized N3G mice (Jackson
Laboratories). Anti-CDS antibody 507 was conjugated to amatoxin {amanitin) with a cleavable
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linker to form an anti-CD5 5D7-ADC. Anti-CDS5 5D7-ADCs were prepared either as a DAR of
about 6 or a DAR of about 2, as described above. Each anti-CD5S 5D7ADC (DARS or DAR2) was
administered as a single intravenous injection (0.3 mg/kg. 1 mg/kg, or 3 mg/kg for DARS ADCs, or
1 mg/kg or 3 mg/kg for DAR2 ADCs) to the humanized mouse. Peripheral blood cells, bone
marow, or thymic samples were coliected on Day 7 and the absclute number of CD3+ T-cells was
determined by flow cytometry (see Figs. 10A-10B for DARZ ADCs, and 11A-11C for DARS ADCs).

As shown in, Figs. 10A-10B, humanized NSG mice treated with 0.3 mg/kg, 1 mg/kg, or 3
mg/kg DARS anti-CD5 5D7-ADCs exhibited potent T-cell depletion in peripheral blood or bone
morrow while thymic T-cells were depleted following treatment with Tmg/kg or 3 mg/kg of DARG
anti-CBb5 5D7-ADCs. MNegative controls used in this /7 vivo experiment included a human 1gG1 not
speciic to CD5 (as a naked antibody (hulgG 1) and conjugated to an amatoxin (hulgG1-AM). As
described in Figures 10A to 10B, the huigG1 naked and conjugated controls had noimpacton T
cell depletion in peripheral blood {Fig. 10A) and bone marrow (Fig. 10B) as these confrols were
comparable 1o the PBS control. An anti-CD52 antibody (antibody YTH34.5) was used as a control
as well, and was also able to deplete peripheral and bone marrow T cells at a dose of 25 mg/kg.

As shown in, Figs. 11A-11C, humanized NSG mice treated with 1 mg/kg site or 3 mg/kg
site-specific DARZ anti-Cb5 5D7-ADC sxhibited potent T-cell depletion in peripheral biood, bone
morrow, and thymic T-celis. In each of Figures 11A to 11C, naked antibody 507 was also used as
a control. Antibody 5D7 was able to deplete peripheral T celis (relative 1o a non-specific human
igG1 control or PBS) as described in Figure 11A, but was unable o deplete either marrow T celis
or thymic T celis whereas the 50D7-AM ADC wag effective at depleting both marrow and thymic as
described in Figures 11B and 11C.

Example 12. Anti-CD5 ADC Depietes Tht and Thi7 Ceil Subsets in Polarizing Conditions

Tht and Th17 have been implicated as playing a pathogenic role in a number of
autoimmune diseases, such as MS and RA. To test the ability of anti-CD2 and anti-CDS ADCs to
depiete Th1 and Th17 cells, an in vitro assacy was performed under polarizing conditions.

Primary human T-celis were culiured for 6 days in the presence of either an anti-CD2 or an
anti-CD5 ADC in polarizing conditions. For Th1 differentiation, primary T-cells were culiured in the
presence of aCD3, aCD28, rhiFNg, 1L-12, IL27, and all-4. For Th17 differentiation, primary T-
cells were cultured in the presence of aCD3, aCD28, rhil-5, iL-1B, TGF-B1, IL-23, alL-4, and
alFNg. The anti-CD5 ADC (also called CD5-AM) used in the experiment was an anti-CD5
antibody 507 conjugated to an amatoxin {reprasenied by Formnula (Il}) via a non-cleavable
maleimide finker. The sequences of antibody 507 as used herein are described n the sequence
table {see table for 5D7 CDRs and humanized 5D7). The anti-CD2 ADC (also called CD2-AM)
used in the experiment was antibody RPA-2.10 human 1gG conjugated to an amatoxin
{represented by Formula (i) } via 2 non-cleavable maleimide linker. Both the anti-CD2 antibody
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and the anti-CD5 antibody contained mutations D265C and H435A (EU index). On Day 8, cells
were simulated for 4 hours with PMA, iohomycin, transport inhibitor, and stained for intracellular
IFNg and tL-17.

As shown in Figs. 12A and 12B, the anti-CD5 ADC and the anti-CD2 ADC depleted Th1
and Th17 cells, respectively, at single-digit picomolar concenirations. Fig. 12A shows that the
anti-CD5 ADC and the anti-CD2 ADC was able to deplete Th1 cells at an IC50 of 2.73 pM, as
indicated by the drop in IFNg signal, indicating depletion of Thi cells. The isotype conirol antibody
was unable 1o deplete Th1 cells. Similarly, Fig. 12B shows that the anti-CD5 ADC and the anti-
CBb2 ADC were both able o deplete Th17 cells at an HC50 of 2.53 pM, as indicated by the drop in
H-17 signal, indicating depletion of Thi7 cells. [sotype control antibody was unable to deplete
Th17 cells.

Example 13. Anti-CD5 ADC Extends Survival in T-ALL PDX Mouse Model

in this study, patient-derived xenograft (PDX) model of pre-T-cell acute lymphoblastic
leukemia (T-ALL) was used to examine the efficacy of an anti-CD5 ADC and the efficacy of an
anti-CD2 ADC on mouse survival as compared {c isotype and vehicle controls. The cells of the
xenograft express CD5+ and CD2+ {data not shown). The anii-CDS5 ADC and the anti-CD2 ADC
used in this example are both described in Example 12. When peripheral tumor burden in mice
reached 5%, the mice were treated with a single dose of gither the anti-CD2 ADC or the anti-CD5
ADC at a dose of 6 mgrkg.

As shown in Fig. 134 and 13C, the anti-CD5 ADC and anti-CD2 ADC, respectively, were
both able to extend survival by more than 20 days compared {o isotype and vehicle controls.
Moreover, survival conferred by a single dose of anti-CDB5 ADC or anti-CD2 ADC appeared
comparable o the positive control {chemotherapeutic Ara-C) and markediy more effective than
standard of care {dexamethasone} (Fig. 13A and Fig. 13C). As shown in Fig. 138 and Fig. 13D,
the anti-CD5 ADC and the anti-CD2 ADC, respectively, also each decreased tumor burden in mice
as compared fo isotype and vehicle controls.

Example 14. Anti-CD5 ADC Prevents Acute GvHD in Xenografi Model

The following experiment determined the efficacy of an anti-CD5 ADC to prevent acute
graft versus host disease (GVHD). The description of the anti-CD5 ADC is provided in Example
12.

Humanized NSG mice were irradiated one day prior (Day -1) to transplantation with
peripheral blood mononuclear cells {(PBMC) (Day 0). The following day, the mice were treated
with a singie dose of anti-CD5 ADC (8 mg/kg).
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As shown in Fig. 14A, slight body weight loss {(BWL) was seen in mice treated with anti-

CD5-ADC, however, recovery was observed by Day 13 post transpiant. As shown in Fig. 148,

anti-CD5-ADC conferred a susiained survival of 80% in this model.

Table 5: Sequence Summary

e

TR

tttt\\\\\\\\\\\\\tttttttttt:tttttt\\\\\\. e o e A A AN NS N i

SEQ 1D NO: 1 EYYMY
SEQIDNO: 2 | Abt CDR-H2 RIDPEDGSIDYVEKFKK
SEQIDNO:3 | Ab1 CDR-H3 GKFNYRFAY
SEQIDNO: 4 | Abt CDR-L1 RESSQSLEHSSGNTYLN
SEQIDNO: 5 | Abt1 CDR-12 LVSKLES
SEQIDNO:. 8 Abt CDR-L3 MQFTHYPYT
QVOLVQSGAEVKKPGASVKVYSCKASGYTFTEYY
SEQ ID NO: 7 Ab1 Heavy chain MYWVRQAPGOGLELMGRIDPEDGSIDYVEKFKK
: variabie region KVTLTADTSSSTAYMELSSLTSDDTAVYYCARGK
FNYRFAYWGQGTLVTVSES
DVWMTQSPPSLLVTLGOQPASISCRESQSLLHSSG
SEQ ID NO: 8 Ab1 Light chain NTYLNWLLGRPGQSPOPLIYLVSKLESGVYPDRFS
’ variable region GSGSGTOFTLKISGVEAEDVGVYYCMQFTHYPYT
FGQGTKLE IK
QVOLVOUSGAEVORPGASVKVSCKASGYIFTEYY
SEQ ID NO: 9 Abta Heavy chain MYWVRQAPGQGLELVGRIDPEDGSIDYVEKFKKK
: variable region VTLTADTSSSTAYMELSSLTSDDTAVYYCARGKF
NYRFAYWGQGTLVTVSS
DVWMTQSPPSLLVTLGOQPASISCRSSQOSLLHSSG
SEQ ID NO: 10 Ab1a Light chain NTYLNWLLORPGQSPOQPLIYLVSKLESGVFPDRFS
’ variabie region GSGSGTOFTLKISGVEAEDVGVYYCMQFTHYPYT
FGOGTKLEIK
Consensus human EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYA
SEQ ID NO: 11 Ab - . MSWVRQAPGKGLEWVAVISENGSDTYYADSVKG
: Heavy chain variable | RFTISRDDSKNTLYLQMNSLRAEDTAVYYCARDR
domain GGAVSYFDVWGQOQGTIVTVES
Consensus human DIOMTQSPSSLSASVGDRVTITCRASQDVSSYLA
SEQ ID NO: 12 Ab WYQOKPGKAPKLLIYAASSLESGVPSRFSGSGS
: Light chain variable GTDFTLTISSLOPEDFATYYCQQYNSLPYTFGQG
domain TKVEIKRT
MSFPCKFVAS FLLIFNVSSK GAVSKEITNA
LETWGALGQD INLDIPSFOM SDDIDDHKWE
Human CD2 KTSDKKKIAQ FRKEKETFKE KDTYKLFKNG
SEQ ID NO: 13 sequence TLKIKHLKTD DQDIYKVSEY DTKGKNVLEK
IFDLKIQERYV SKPKISWTCI NTTLTCEVMN
GTDPELNLYQ DGKHLKLSQR VITHKWITSL
SAKFKCTAGN KVSKESSVEP VSCPEKGLDE
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YLUGICGGG SLEMVFVALL VFYITKRKKQ
RSRRNDEELE TRAHRVATEE RGRKPHQOIPA
STPQNPATS( HPPPPPGHRS QAPSHRPPPP
GHRVQHQPOK RPPAPSGTQV HQQKGPPLPR
PRVQPKPPHG AAENSLSPSS N
SEQ ID NO: 14 | RPA-2.10 CDR-H1 GFTFSSY
SEQ ID NO: 15 | RPA-2.10 CDR-H2 SGGGF
. RPA-Z 10 CDR-H3
SEQ 1D NO: 18 Variant 1 SSYGEIMDY
. RPA-Z.10 CDR-H3
SEQ ID NOG: 17 Variant 2 SSYGELMDY
SEQ ID NO: 18 | RPA-2.10 CDR-L1 RASQRIGTSIH
SEQ ID NO: 19 | RPA-Z2.1C CDR-L2 YASESIS
SEQ [D NO: 20 | RPA-2.10 CDR-L3 QQSHGWPFTF
RPA-2.10 Heavy EVKLVESGGGLVKPGGSLKLSCAASGFTFSSYDM
SEQ ID NO: 21 | chain V ariable region SVWWROTPEKRLEWVASISGGGFLYYLDSVKGRFT
) Variant 1 9 ISRDNARNILYLHMTSLRSEDTAMYYCARSSYGEI
anan MDYWGQGTSVTVSS
RPA-2 10 Heay EVKLVESGGGLVKPGGSLKLSCAASGFTFSSYDM
SEQ ID NO: 22 | chain \;ariab!e rggion SWVYROQTPEKRLEWVASISGGGFLYYLDSVKGRFT
: Variant 2 ISRDNARNILYLHMTSLRSEDTAMYYCARSSYGEL
MDYWGQGTSVTVSS
DILLTQSPAILSVSPGERVSFSCRASQRIGTSIHWY
SEQ ID NO: 23 RPA-2.10 Light QQRTTGSPRLLIKYASESISGIPSRFSGEGSGTDF
: chain variable region | TLSINSVESEDVADYYCQQOQSHGWPFTFGGGTKLE
IE
AKTIPPSVYPLAPGSAAQTNSMVTLGCLVKGYFP
EPVTVTWNSGSLSSGVHTFPAVLQSDLYTLSSSY
TVPSSTWPSETVTCNVAHPASSTKVDKKIVPRDC
GCKPCICTVPEVSSVFIFPPKPKDVLTITLTPRVTC
RPA-2.10 Heavy VVVDISKDDPEVQFSWFVDDVEVHTAQTQPREE
SEQ 1D NO: 24 | chain constant QFNSTFRSVSEELPIMHQDWILNGKEFKCRVNSAAF
region PAPIEKTISKTKGRPKAPQVYTIPPPKEQMAKDKY
SLTCMITDFFPEDITVEWCOWNGQOPAENYKNTQRI
MDTDGSYFVYSKLNVOKSNWEAGNTFTCSVLHE
GLHNHHTEKSLSHSPGK
RADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPK
RPA-2.10 Light DINVKWKIDGSERGNGVLNSWTDQDSKDSTYSM
SEQ ID NO: 25 | chain constant SSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSFN
region RNEC
DIOMTQEPSSMSASLGDRVTITCRASQDINSYLS
SEQ ID NO: 26 Light chain variable WFOQKPGKSPKTLIYRANRLVDGVPSRFSGSGS
’ region GCTDYTLTISSLQYEDFGIYYCOQQYDESPWIFGGG
TKLEIK
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QIGLVOSGPGLKKPGGSVRISCAASGYTFTNYGM
Heavy chain variable | NWVKQAPGKGLRWMGWINTHTGEPTYADDFKG

SEQIDNO: 27 | oion RFTFSLDTSKSTAYLQINSLRAEDTATYFCTRRGY
DWY FDVWGQGTTVTVSS

SEQ ID NO: 28 | CDR-H1 GYTETNY

SEQ ID NO: 28 | CDR-H2 NTHTGE

SEQ ID NO: 30 | CDR-H3 RGYDWYFDV

SEG ID NO: 31 | CDR-L1 RASQDINSYLS

SEQ ID NO: 32 | CDR-L2 RANRLVD

SEQ ID NO: 33 | CDR-L3 QQYDESPWT

DIOGMTQSPSSESASVGDRVTITCRASQDINSYLSW
Light chain variable FQQKPGKAPKTUYRANRLESGVPERFSGSGSGT
region DYTLTISSLQYEDFGIYYCQQYDESPWTFGGGTK
LEIK
EHOLVOSGGGLVKPGGSVRISCAASGYTEFTNYGM
Heavy chain varigble | NWVRQAPGKGLEWMGWINTHYGEPTYADSFKG

SEQ 1D NO: 34

SEQ 1D NO: 35

region TRTFSLDDSKNTAYLQINSLRAEDTAVYFCTRRGY
DWYFBVWGQGGTTVIVSS
SEQ ID NO: 36 | CDR-H1 GYTFTNY
SEQH D NO: 37 | CDR-H2 NTHYGE
SEQ D NO: 38 | COR-H3 RRGYDWYFDV
SEQ D NO: 39 | CDR-L1 RASQDINSYLS
SEQ ID NO: 40 | CDR-L2 RANRLES
SEQ ID NO: 41 | CDR-L3 QQYDESPWT
SEQ ID NO: 42 | CDR-H1 GYSITSGYY
SEQ ID NO: 43 | CDR-H2 ISYSGFT
SEQ 1D NO: 44 | COR-H3 AGDRTGSWFAY
SEQ 1D NO: 45 | CDR-L1 QDISNY
SEQ 1D NO: 46 | CDR-L2 ATS
SEQ ID NO: 47 | CDR-L3 LOYASYPFT
SEQ 1D NO: 48 | CDR-H1 GYIFTNYG

SEQ D NO: 49 | CDR-H2 INTYNGEP
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SEQ 1D NO: 50 { CDR-H3 ARGDYYGYEDY
SEQ 1D NO: 51 | COR-L1 QGISNY
SEQ 1D NO: 52 | COR-L2 YTS
SEQID NGQ: 53 { CDR-L3 QQYSKLPWT
SEQ D NO: 54 | 507 COR-H1 FSLSTSGMG
SEQ ID NO: 85 | 5D7 CDR-H2 WANDDD
SEG D NO: 56 | 5D7 CDR-H3 RRATGTGFDY
SEQ D NO: 57 | 507 CDR-L1 QDVETA
SEQ D NO: 58 | 5D7 CDR-L2 WTSTRHT
SEQ ID NO: 59 | 5D7 CDR-L3 YRNSYNT
o3 ID NOs: See Table 1 for summary of SEQ ID NOs: 35-256
Humanized 5D7
. . \ QVTLKESGPVLVKFTETLTLTCTFSGFSLSTSGM
?8529 1D NC: ?ee?:g ?&%“R‘;"‘:gab’e GVGWIRQAPGKGLEWVAHIWWDDDVYYNPSLKS
bo? a) RLTITKDASKDOVSLKLSSVTAADTAVYYCVYRRRA
TGTGFDYWGAGTLVIVSS
Humanized 5D7
SEQ ID NO- Light chain variable NIVMTOSPSSLSASVGDRVTITCOASQDVGTAVA
283 reqion WYQOKPDOSPKLLIYWTSTRHTGVPDRFTGSGS
9 . GTDFTLTISSLOPEDIATYFCHQYNSYNTFGSGTK
{CDRs in bold) LEIK
Consensus human EVQLVESGGGLVOQPGGSLRLSCAASGFTFSDYA
SEQ 1D NO: Heavy chain variable | MSWVRQAPGKGLEWVAVISENGSDTYYADSVKG
284 domain (CDRs in RFTISRDDSKNTLYLOMNSLRAEDTAVYYCARDR
boid) GGAVSYFDVWGOGTLVTVSS
Consensus human DIOMTQSPSSLSASVGDRVTITCRASQDVYSSYLA
SEQ 1D NO: Light chain variable WYQOKPGKAPKLLIYAASSLESGVPSRFSGSGS
285 domain {CDRs in GTDFTLTISSLOPEDFATYYCQQYNSLPYTFGQG
bold} TKVEIKRT
MVCSQSWGRS SKQWEDPSOA SKVCQRLNCG
VPLSLGPFLY TYTPQSSIHC
YGQOLGSFSNCSHSRNDMCHS LGLTCLEPQOK
TTPPTTRPPP TTTPEPTAPP RLOLVAQGSGG
QHCAGVVEFYSGSLGGTISY EAQDKTQDLE
SEQ 1D NO: Human CD5 amino NFLCNNLQCG SFLKHLPETE AGRAQDPGEP
286 acid sequence REHQPLPIGQWKIQNSSCTSL EHCFRKIKPQ
KSGRVLALLC SGFOPKVASR EVGGSSICEG
TVEVROGAOQWAALCDSSSAR SSLRWEEVCR
EQOQCGSVNSY RVLDAGDPTS RGLFCPHOKL
SQCHELWERNSYCKKVFEVTC QDPNPAGLAA
GTVASIHLAL VELWELLVVWC GPLAYKKLVK
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KFROKKOQRQWIGPTGMNONM SFHRNHTATYV
RSHAENPTAS HVDBNEYSQPP RNSHLSAYPA
LEGALHRSSMQPDNSSDSDY DLHGAQRL
gBES ID NO: Hinge EPKSSDKTHTSPPSP
Humanized 5D7 QVTLKESGPALVKPTQTLTLTCTFSGFSLSTSGM
SEQ 1D NO: Heavy chain variable | GVGWIRQPPGKGLEWVAHIWWDDDVYYNPSLKS
288 region {CDRs in RLTITKDASKDQVWWVLTMTNMDPVCTATYYCVRRR
bold) ATGTGFDYWGQGTLVTVSS
Humanized 5D7 NIVMTOSPPTLSLSPGERATLSCRASQDVGTAVA
SEQ ID NO: Light chain variable WYQOKPDQSPKELIYWTSTRHTGVPDRFTGSGS
289 region GTDFTLTISRLEPEDFAVYFCHOYNSYNTFGSGTK
{CDRs in boid) LEIK
DIQVTQSPSSLSASLGERISLTCRTSQDISNYLNW
SEQ (D NO: MAT304 light chain FQOKPDGTFKRLIYATSSLDSGVPKRFSGSGSGS
290 variabie region DYSLTISSLESEDFADYYCLQYASYPFTFGSGTKL
ElK
EVOLOESGPGLVKPSQTLSLTCSVTGYSITSGYY
SEQ ID NO: MAT304 variabie WHWIRQFPGNKLEWMGYISYSGFTNYKTSLINRI
291 heavy chain SITHDTSENQFFLNLNSVTTEDTATYYCAGDRTGS
WFAYWGQGTLVTIVEA

Other Emboadiments
All publications, patents, and patent applications mentioned in this specification are

incorporated herein by reference to the same extent as ¥ each independent publication or patent

5 application was specifically and individually indicated to be incorporated by reference.

While the invention has been described in connection with specific embodiments thereof, it

will be understood that it is capable of further modifications and this application is intended to

cover any variations, uses, or adaptations of the invention following, in general, the principles of

the invention and including such departures from the invention that come within known or

10 customary practice within the art to which the invention pertains and may be applied to the

essential features hereinbefore set forth, and foliows in the scope of the claims.

OCther embodiments are within the claims.
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CLAIMS

1. A method of depleting 7 cells in a subject having an auwtoimmune disease, said method
comprising administering an effective amount of either an anti-CD5 antibody drug conjugate (ADC)
or an anti-CD2 ADC to a subject having an autoimmune disease, wherein the ADC comprisas an
anti-CB5 antibody, or antigen-binding fragment thereof, or an anti-CD2 antibody, or antigen-
binding fragment thereof, conjugated to a cytotoxin via a linker.

2. The method of claim 1, wherein the effactive amount is an amount sufficient to substantially
depiete endogenous CD5+ or CD2+ T celis in the thymus of the subject

3. The method of claim 1 or 2, wherein the subiect has multiple sclerosis, rheumatoid arthritis,

systemic lupus ervthematosus (SLE}, or systemic sclerosis {SSc).

4, A method of treating a subject having steroid-refractory graft versus host disease (GVHD)
or at risk for developing GVHD, said method comprising administering an anti-CD2 ADC or an
anti-CBb5 ADC to the subject having stercid-refractory GVHD, such that the steroid refraciory
GVHD is treated, wherein the ADC comprises an anti-CD5S antibody, or antigen-binding fragment
thereof, or an anti-CD2 antibody, or antigen-binding fragment therecf, conjugated to a cytotoxin via
a linker.

5. The method of claim 4, wherein the steroid refractory GVHD is steroid refractory acute
GVHD.

53 The method of claim 4 or 5, wherein the subject previously received an allogeneic HSC

transplant.

7. The method of claim 5 or 8, wherein the subject has steroid refractory acute GVHD Grade
2 to Grade 4 (Mount Sinai acute GVHD International Consortium (MAGIC) criteria).

8. The method of claim 7. wherein the GVHD grade is decreased by one grade according to
the MAGIC criteria following administration of the anti-CD2 ADC or anti-CD5 ADC.

9. A method of treating a subject having a 7 cell malignancy, said method comprising
administering an effective amount of an anti-CD2 ADC or an anti-CD5 ADC to the subject, wherein
the ADC comprises an anti-CD5 antibody, or antigen-binding fragment thereof, or an anti-CD2
antibody, or antigen-binding fragment thereof, conjugated to a cytotoxin via a linker.
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10. The method of claim 9, wherein the T cell malignancy is a lymphoma.

1. The method of claim 9, wherein the T cell malignancy is T-cell acute lymphoblastic
lymmphoma (T-ALL), T-cell large granular lymphocyte (LGL) teukemia, human T-cell leukemia virus
ype 1—positive (HTLV-1+), adult T-cell leukemiallymphoma (ATL), T-cell prolymphocytic leukemia
(T-PLL}, or peripheral T-cell ymphoma (PTCLs).

12. The method of claim 10 or 11, wherein in the T cell malignancy is a relapsed, refractory T

cell malignancy.

13. The method of any one of claims 1 to 12, wherein the ADC comprises a humanized

antibody or a human antibody.

14, The method of any one of claims 1 {o 13, wherein the antibody has an isotype selected
from the group consisting of IgG, IgA, IgM, IgD, and IgE.

15. The method of claim 14, wherein the 1gG isotype is an igG1 or an lgG4.

16. The method of any one of claims 1 to 15, wherein the ADC is an anti-CD5 ADC.

17. The method of any one of claims 1 to 15, wherein the ADC is an anti-CD2 ADC.

8. The method of any one of claims 1 to 17, wherein the cytotoxin is selected from the group
consisting of pseudomonas exotoxin A, deBouganin, diphtheria toxin, an amatoxin, saporin,
maylansine, a mavtansinoid, an auristatin, an anthracycline, a calicheamicin, ¥inotecan, SN-38, a
duocarmycin, a pyrrolobenzodiazepine, a pyrrolcbenzodiazepine dimer, an

indolinobenzodiazepine, or an indolinocbenzodiazepine dimer.

19, The method of any one of claims 1 {0 17, wherein the cytotoxin is an RNA polymerase
inhibitor,

20 The method of claim 19, wherein the RNA polymerase inkubitor is an RNA polymerase i
inhibitor.

21. The method of claim 19, wherein the RNA polymerase inhibitor is an amatoxin.
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22, The method of any one of claims 1 to 17, wherein the ADC is represented by the formula
Ab-Z-1-Am, wherein Ab is the anti-CD5 antibody or antigen-binding fragment thereof, L is a linker,
Z is a chemical moiety, and Am an amatoxin represented by formula {1}

whersin R: is H, OH. ORa, or ORe:

Rz is H, OH, ORg, or OR;

Rasand Rs, when present, together with the oxygen atoms {o which they are bound,
combine to form an optionally substituted 5-membered heterocyclolatkyl group;

Rsis H, R, of Rp;

Ra, Rs, Rs and Ry are each independently H, OH, ORc, ORp, Re, of Ro;

Rz is OH, NH2, ORc, ORp, NHRc, or NRcRg;

Rs is H, OH, ORc, or ORp;

X is «8-, -8(0)~, or -S0x;

Reis-L-Z;

Rp is optionally substituted C.-Cs alkyl, optionally substituted C+-Cs hetercalkyl, optionally
substituted C-Cs alkenyl, optionally substituted C2-Cs heteroalkenyt, optionaily substituted C-Cs
alkynvi, optionally substituted C.-Cs hetercalkynyl, optionally substituted cycloalkyl, optionally
substituted heterccycloalkyl, optionally substituted aryl, or optionally substituted heteroaryi;

L is optionally substituted C:-Ce alkylene, optionally substituted C.-Cs heteroalkyiene,
optionally substituted C,-Cs alkenylene, optionally substituted C.-Cs heteroatkenylene, optionally
substituted Cx-Cs alkynylene, optionally substituted C>-Cs hetercalkynylene, optionally substituted
cycloalkylene, optionally substituted heterocycloalkylene, optionally substituted arylene, optionally
substituted hetercarylene, a dipeptide, -C{=0}-, a peptide. or a combination thereof, and

Z 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 Re substituent
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23. The method of claim 22, wherein Am-L-Z is represented by formula {(1A).

whaerein R is H, OH, OR,, or ORg;
Rz is H, OH, ORsg. or ORc:

Rasand Rg, when present, together with the oxygen atoms to which they are bound,
combine to form an optionally substiiuted 5-membered heterocycloalkyl group;,
Rsis H, Rc, or Rp;

R4, Rs, Rs and Ry are each independently H, OH, ORc, ORp, R, or Ro;
Rs is OH, NHz, OR¢, ORp, NHR¢, or NRcRp;

Rois H, OH, ORc, or ORgp;

X is -5-, -S{O)-, or -S0-;

Rc¢ is -L-Z;

Rp is optionally substituted C+-Cs alkyl, optionally substituted C+-Ce heteroalkyl, optionally
substituted C2-Cs alkenyl, optionally substituted C,-Cs hetercalkenyt, optionally substituted C=-Ce
alkynyl, optionally substituted Co-Cs hetercalkynyl, optionally substituted cycloatkyl, optionally
substituted heterocycloalkyl, optionally substituted aryl, or optionally substituted heteroaryi;

L is optionally substituted C+-Ce alkylene, optionally substituted C.-Cs hetercalkylene,
optionally substituted C-Cs alkenylene, opticnally substituted Cx-Cs heteroalkenyiene, optionally
substituted C2-Cs alkynylene, optionally substiiuted Co-Cs heteroalkynylene, optionally substituted
cycloalkylene, optionally substituted heterocyciocalkyiene, optionally substituted arylene, optionally
substituted hetercarylene, a dipeptide, -C{=0}-, a peptide, or a combination thereof;

Z is a chemical moiety formed from a coupling reaction between a reactive substituent
present on L and a reaciive substituent present within the antibody or antigen-binding fragment
thereof, and

wherein Am comprises exactly one R¢ substifuent.
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24, The method of claim 23, wherein Am-L-Z is represented by formula {I1B).
RZ

R'r

(iB)
wherein R1is H, OH, ORa, or ORz;
Rz is H, OH, ORsg, or ORc;

R and Re, when present, together with the oxygen atoms to which they are bound,
combine to form an optiocnally substituted 5-membered heterocycloalkyl group;
Rsis H, Re, or Rp;

R4, R:, Rs and Ry are each independently H, OH, ORc, ORp, Re, or Rp;
Rs is OH, NH;, OR¢, ORp, NHR¢, or NRcRp;

Rois H, OH, ORc, or ORg;

Xis -5-, -S5{C}-, or -S0z-,

Reis-L-Z;

Rp is optionally substituted C+-Cq alky!, optionally substituted C:-Cs heteroalkyl,
optionally substituted C»-Cs alkenyl, optionaily substituted C»-Cs heteroalkenyl, optionally
substituted C>-Ce alkynyl, optionally substituted Cz-Cs heteroalkynyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl, optionally substituted aryl, or optionaily
substituted hetercaryt;

L is optionally substituted C1-Cs alkylene, optionally substituted C+-Ce heteroalkylene,
optionally substituted Co-Cs alkenviene, optionally substituted C>-Ce heteroasikenviene, optionally
substituted C>-Cs alkynylene, optionally substituted C.-Cs hetervalkynylene, optionally substituted
cycloalkylene, optionally substituted heterocycloalkyiene, optionally substituted arylene, optionally
substituted heteroarylene, a dipeptide, -C(=0)-, a peptide, or a combination thereof, and

Z 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,

whierain Am comprises exactly one Re substituent

25, The method of any one of claims 1 {o 17, wherein the ADC is represented by the formuia
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Ab-Z-L-Am, wherein Ab is the antibody or antigen-bhinding fragment thereof, Z is a chemical
moiety, L is a linker, and Am is an amatoxin, and the amatoxin-linker conjugate Am-L-Z is
represerded by formula (H), formula (1A}, or formuia (HHB)

HO
HO
H
N
NH O
o
H
A
2 X O
G H o ﬂ
H H
N N NL/
H H
o)
H )
o
HO
(HA)
o
HO'
B,
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wherein X is S, SO, or SOy,

R: is H or a linker covalently bound to the aniibody or antigen-binding fragment thereof
through a chemical moiety Z, formed from a coupling reaction between a reactive substituent
present on the linker and a reactive substituent present within an antibody, or antigen-binding
fragment thereof, and

R: is H or a linker covalently bound to the antibody or antigen-binding fragment thercof
through a chemical moiety Z, formed from a coupling reaction bebwveen a reactive substituent
present on the linker and a reactive substituent present within an antibody, or antigen-binding
fragment thereof;
wherein when R, is H, R; is the linker, and when R; is H, R; is the Enker.

26. The method of any one of claims 1 to 17, wherein the cytotoxin of the ADC is whichis a

maytansinoid.
27. The method of claim 26, wherein the maytansinoid is DM or DM4,
28. The method of any one of claims 1 to 17, wherein the cytotoxin of the ADC is an auristatin.

29. The method of claim 28, wherein the auristatin is monomethyt auristatin E (MMAE) or
monomethyl auristatin F (MMAF}.

30. The method of any one of claims 1 {o 17, wherein the cytotoxin of the ADC is an

anthracyciine.

31. The method of claim 30, wherein the anthracycline is daunorubicin, doxorubicin, epirubicin,
or idarubicin.

32. The method of any one of claims 1 to 17, wherein the cytoioxinof the ADC is a
pyirolobenzodiazepine dimer derivative represented by formula (1V)

R
1]
e e

{v).

33. The method of any one of claims 1 to 32, wherein the ADC is internalized by a CD5+ ora

CD2+ immune cell following administration to the patient.
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34. The method of any one of claims 1-32, wherein the ADC is intemalized by a CD5+ immune
cell following administration to the patient.

35. The method of any one of claims 1-32, wherein the ADC is intemalized by a CD2+ immune

cell following administration to the patient.

36. The method of claim 34, whergin the immune ¢ell is a malignant T celf.

37. The method of any one of the preceding claims, wherein the subject is 8 human.

38. The method of any one of the preceding claims, wherein the anti-CD5 antibody, or antigen-
binding portion thereof, comprises a heavy chain comprising a variable region as set forth in the
amino acid seguence of SEQ 1D NO: 282, and a light chain comprising a variable region

comprising the amino acid sequence set forth in SEQ 1D NO: 283,

39. The method of any one of the preceding claims, wherein the anti-CD5 antibody, or antigen-
binding portion thereof, comprises a heavy chain comprising a variable region as set forth in the
amino acid sequence of SEC ID NO: 288, and a light chain comprising a variable region
comprising the amino acid sequence set forth in SEQ 1D NQO: 284

40. The method of any one of the preceding claims, wherein the anti-CDS antibody, or antigen-
binding portion thereof, comprises a heavy chain comprising a variable region as set forth in the
amino acid sequence of SEQ 1D NO: 291, and a light chain comprising a variable region
comprising the amino acid sequence set forth in SEQ 1D NO: 290.
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