WO 2017/127664 PCT/US2017/014311

' 3T Antihade & ARl S RS T taed ] v
RORT Antihady Composifions and Related Methods

CROSS-REFERENCE TO RELATED APPLIECATIONS
{8001} The subject patent application clabms the benefit of priority to U8, Provisional
Patent Application Number 62/280,843 (filed January 20, 2016). The full disciosure of the

priority application is incorporated herein by reforence in its entirety and for all purposes,

BACKGROUND OF THE INVENTION
{0002} Cancer is one of the leading causes of death, 1 is a class of diseases which is
caused by malignant transformation of healthy cells, caused by genetic alierations, tike
chromosomal translocations, mutstions in tumor suppressor genes, ranscription factors or
growth-factor receptors, leading to the mmortalization of the cells, If the immortalization is
combined with excessive proliferation the immortalized cells generate tumors with or
without metastasis {(in case of solid tumors} or leukemiss and lymphomas {cancers of the
blood). Defective apoptosis, or programmed cell death, can further contribute to malignant
fransformation of cells leading to cancer.
{8603} A family of membrane associated receptor tyrosine kinases, consisting of the
receptor tyrosing kinase grphan recepiors-1 and -2 (ROR1 and ROR2Z) have been described
as being specifically associated with particular cancers (Rebagay et al. {2012} Front (ncol.
2{34}}, while being largely absent in expression on healthy tissue with fow exceptions
{Balakrishnan et al. {2016} Cfin Cancer Res. dot: 10.11538/1078-0432). Whether or not ROR
expression is functionally associated with tumorigenesis remains unclear, However, due to
the very tumor-selective expression of the ROR family members, they represent relevant
{argets for targeted cancer therapiss. Receptor tyrosine kingse orphan receptors-1 (ROR1Y is
of particular interest as a cancer target, due to its neavly 100% association with chronie
fvmphoeytic leukemia (CLLY (Cui et al. (2018} Blood 128(25), p. 2831} and the observation
that is also expressed In cortain solid tumors, like that of lung and breast (Balakrishnan et al.
(2016} Clin Cancer Res, dol: 10.1158/1078-0432). Members of the ROR family are type-i
transmemnbrane proteins containing three distinet extracellular domains, an Ig, a Kringle and

a Frizzled domain, followed a wansmembrane spanning region, and an intracellular portion,
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Within the intraceliular portion, ROR1 possesses a tyrosine kinase domalin, two
serinefthreonine-rich domains and a proline-rich domain, RORs have been studied in the
context of embryonic patierning and neurogenesis through a varlety of homologs. These
physiclogic functions are dichotomous based on the requirement of the kinase domain, A
growing literature has established ROR1 as a marker for cancer, such as in chronic
lymphocytic levkemia (CLL) for which RORT expression is nearly 100% correlaied, some
acute hymphoblastic leukemias (ALL), mantle cell lymphomas, and some other blood
malignancies. In addition, ROR1 is critically involved in progression of a number of solid
tumors, such as in neurcblastoma, sarcomas, rensl cell carcinoma, breast cancer, lung cancer,
colon cancer, head and neck cancer, melanoma, and other cancers. ROR T has besn shown to
inhibit apoptosis, potentiate EGFR signaling, induce epithelial-mesenchymal transition
{(EMT}, and contribute to caveolag formation. Importantly, ROR1 i mainly detectable in
embryonic tissue and generally absent in adult tissue, making the protein an ideal drug target
for cancer therapy. As such, RORI has previously been recognized as a target for the
development of ROR1 specific antibodies. However, due to the high bomology of ROR1
between different mammalian species, which is 100% conserved on the amino acid level
between humans and eynomolgus monkeys, 8.7 % homologous between human and mouse,
and 96.3 % homologous between human and rabbit, it has been difficult to raise high affinity
antibodies against this target by standard technodogies, like animal immunizations.

{6004} A few murine and rabbit antibodies have been discussed in the literature, For
example, WO 2007/051077 discussed monoclonal antibodies, including humanized
antibodies, directed against native ROR1 found on lymphomas incheding CLL, small
lymphocoyvtic lymphoma, marginal B-cell lymphoma and Burketi’s Iymphoma, Methods for
inhibiting growih of a tumor cell using agents, which may be ROR1-binding antibodies that
inhibit ROR1 kinase activity, are the subject of WO 2007/146957. WO 2081 1/054007
discussed a method of treatment or prophylaxis of cancer in which the extracellular domain
of ROR1I is expressed by administration of specific ROR 1 -targeting antibodies.

{0885  Additionally, WO 2010/124188 discussed anti-human ROR1 antibodies, and in
particular to monoclonal murine antibody referred o under the name 2AZ, while WO
2012/¥75158 refers to monocional rabbit antibodies named R11 and RI2. Particular RORI-
targeting antibodies are also mentioned in WO 2016/094873. Both WO 2011/079%02 and
WO 2012/076066 discussed biological inhibitors of ROR1 capable of inducing cell death
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that bind to selected extracellular ROR1 domain sequences, WO 2014/031174 refers to anti-
ROR1 antibodies having the same binding specificity as an antibody named 99961, Binding
epitopes of amti-ROR 1 antibodics are further reforred to in WO 2016/187220. WO

201 1/159847 discussed particular soFv antibody fragment conjugates that bind ROR1. WO
2014/167022, WO 2016/0555%92 and WO 2018055593 discussed bispecific ROR i -targeting
antibodies and their uses, while WO 2015/184203 discussed tri-specific binding molecules.
Especially newer documents disclosing humanized anti-RORI monoclonal antibodies are
based on the originally disclosed mouse or rabbit antibodies, ke 2A2, R11, R12 or DG
jGids] Due to the low number of gvailable ROR1 specific monoclonal antibodies, there
is a need in the art for better anti-ROR1 antibodies that have higher affinity or other
functional properties not possessed by the known antibody clones. There is also a need for
additional diagnostic tools for detecting ROR1 expressions in RORI-related disease
conditions by, ¢.g., Western blotting and/or immunohistochemistry {IHC). The instant

invention is divected to addressing these and other needs,

SUMMARY OF THE INVENTION
{8887} in one aspeoet, the invention provides novel, high-affinity binding domains of
rabbit antibodies that specifically bind to the extracellular domain of human receptor
tyrosine kinase-like orphan receptor 1 (RROR1) and that have been selected from highly
diverse phage-display libraries of non-immunized rabbits using human RORT (hBRORT)
extracellular domains expressed in mamimalian cells as a bait, The variable regions ot rabhit
antibodies have been selected by screening for the binding against the ECD of hROR1 both
as recombinant proteins and also based on the binding of hRORI over-expressed on the
surface of mammalian host cells. By this strategy novel antibodies for RRORT of
unprecedented guality and favorable functional properties have been identified. Furthermore,
the invention provides chimeric full-length antibodies of the rabbit variable domains fused to
the constant region domains of humen IgG; antibodies. Furthermore the invention provides
novel, high-affinity humanized antibodies that were generated by CDR grafting of the rabbit
anti-ROB 1 antibodies disclosed herein into the framework of variable immunoglobulin
heavy and light chains. Such humanized antibodies can be nsed for the therapy of human
discases due to the high homology of said humanized antibodies to endogenous, fully human

antibodics. {n 5 second aspect of the invention site-specifically conjugsted antibody drug
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conjugstes (ADCs) based on the chimeric rabbit-human and humanized anti-hwman RORI
(hROR 1) antibodies with an ultra-potent anthracycling toxin are provided by the invention,
The site-specific conjugation is achieved by enzymatic conjugation using soriase enzyms,
essentially as disclosed in WO2014140317, which is incomorated as reference herein, The
ultra~potent anthracyoline toxin resulting in anti-hROR1 ADCs with unprecedented potency
in various in vitre and ix vive tumor models has been disclosed in WO2016102679, which is
incorporated as reference herein,

EERY] Lastly, the invention provides chimeric antigen receptors (CARs) and T cells
engineered with these CARs, Le. so-called CAR-T cells, emploving said anti-hROR1
binding domains showing high efficacy in vitro.

{8089 Therefore the invention relates to anti-hROR | antibodies, antibody-based binding
proteins, antibody fragments thereof, antibody drug conjugates {ADCs), or CARs having the
same binding specificity for AROR] as that of hROR1 specific antibodies containing an
imymunoglobulin heavy chain variable region sequence and an immunoglobulin light chain
variable region sequence, respectively, shown in (1} SEQ D NO:T and SEQ ID NG44, ()
SEQ 1D NG:2Z and SEQ I NO:S; (3) SEQ ID NQO:T and SEQ ID NG 16; (4) SEQ TD NG4
ard SEQ IR NG:17; (5) SEQ ID NGS5 and SEQ ID NO:1E; (6) SEQ ID NG:6 and SEGQ ID
NS, (7 SEQ TD NO7 and SEQ 1D NO:26; (8) SEQ ID NGB and SEQ ID N2 L ()
SEQIDNO? and SEQIDRO2Z (1N SEQ ID NG 10 and SEQ IDNOES (I SEQ ID
KO:11 and SEQ 1D NOx24; {12) SEQ D NG 12 and SEQ IDNGLZS; (13) SEQ IDNOQ:3
and SEQ ID NG:26; (14) SEQ ID NG 130 and SEQ ID NG:136; (15) SEQ ID NG 13 and
SEQ ID NGUST (16) SEC D NO32 and SEQ ID NGB8 (17 SEQ ID NO:33 and
SEQID NG9 (18) SEG ID NO:134 and SEQ 1D NO:140; or {(19) SEQ 1D NO:135 and
SEQ ID NG 141,

{8018}  The invention further relates to anti-hROR 1 antibodies, antibody-based binding
proteins, antibody fragments thereof, antibody drug conjugates {ADCs), or CARs
comprising immunoglobulin heavy chain CDR sequences and immunoglobulin light chain
CI sequences that are at least 90%, or at least 95% or greater than 95%, but less than
100% identical, respectively, 1o (1) SEQ ID NOs:27-29 and SEQ 1D NOs:66-88, (2 SEQ ID
NOs:36-32 and SEQ 1D NOs:69-71, (3) SEQ 11 NOs:33-35 and SEQ ID NQe:72-74, (4)
SEQ ID NOs:36-38 and SEQ ID NOs:75-77, (5) SEQ 1D NOs:3%-41 and SEQ 1D NOs: 78~
$0, () SEQ 1D NGs:42-44 and SEQ 1D NOs:81-83, (73 SEQ 1D NOs:45-47 and SEQ 1D
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NOs:34-86, (B) SEQ D NOs:48-50 and SEG ID NOs:87-88, (9) SBG ID NOs:51-33 and
SEQ 1D NOs:80-92, (10} SEG 1D NOs:54-56 and SEQ ID NOx:93-65, (11D SEQID
N5:57-59 and SEG ID NOs:96-98, (12) SEQ ID NCs:60-62 and SEQ [D NOs:88-104, or
(13} SEQ 1D NOs:63-65 and SEQ D NQOs:102-104,

j8Riy The invention farther relates to anti-hROR! antibodies, antibody-based binding
proteins, anttbody fragments thereof, antibody drug conjugates {ADCs), or CARs
connprising immunogiobulin heavy chain CDR sequences and immunoglobulin light chain
CDR sequences that are identical, respectively, to (13 SEQ 1D N(Os:27-29 and SEQ ID
NOs:66-68, (3) SEQ 1D NOs:30-32 and SEGQ ID NOg:69-71, (3) 3EQ D N(s:33-35 and
SEQ D NOs72-74, {4) SEQ 1D NOs:36-38 and SEQ ID NOs78-77, (5) 8BQ D NOs:39-
41 and SEQ ID NOs:78-80, (6) SEQ ID NOa:42-44 and SEQ ID NOs:81-83, (N SEQ D
Ns:45-47 and SEC ID NOs:84-86, {8) SEQ 1D NOs:48-30 and SEQ ID NGs:87-89, (%)
SEQ ID NOs:51-53 and SEQ ID NOs:90-92, {16) SEQ 1D NOs:54-56 and SEQ 1D NOs:93-
95, (11} SEQ ID NOs:57-59 and SEQ 1D NOs:96-98, (12) SEG ID NOs:60-62 and SEGQ ID
NGs:99-101, or (13) SEQ 1D NOs:63-65 and SEQ ID NOs: 102-104,

jaa12] The invention further relates to anti-hROR 1 antibodies, antibody-based binding
proteins, antibody fragments thereof, antibody drug conjugates (ADCs), or CARs
comprising elther an immunoglobulin heavy chain varigble region sequence or an
immunoglobulin light chain variable region sequence with at least 90%, or at least 95%, or
greater than 953% but less than 160% identity af amino acid level relative to an
immunoglobulin heavy chain variable region sequence and an immunoglobulin Hght chain
variable region sequence, respectively, shown In (1) SEQ 1D NG:1 and SEQ ID NO:14; ()
SEQ ID NO:2Z and SEQ ID NO:15; (3) SEQ 1D N3 and SEQ ID NO:16; (43 SEQ ID NG
and SEQ ID NO:17: (5) SEQ ID NO:S and SEQ ID NO:18; (6) SEQ ID NO:6 and SEQ ID
NO:19; (7) SEQ ID N7 and SEQ IDNO2G; (8) SEQ ID NG and SEGIDNG:21 (9)
SEQID NOS and SEQ ID NG22; (10 SEQID NG and SEQ ID NO23; I SEQID
N0 T and SEQ D NG:24; (12) SEQ ID NG 12 and SEQ YD NO:25; or (13) SEQ 1D NO:113
and SEQ IDNO:26,

LRS! The invention further relates to ami-hROR 1 antibodies, antibody-based binding
proteins, antibody fragments thereof, antibody drug conjugates (ADCs), or CARs
comprising an immunoglobulin heavy chain CDR sequence selected {rom the group
consisting of 8E( 1D NOs:27-65. The invention further relates io relaies to anti-hROR
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antthodies, antibody fragmenis thereof, antibody drug conjugates {ADCs), or CARs
coraprising an immumoglobulin Hght chain CDR sequence selected from the group
consisting of SEQ I3 NOs:66-104, In some embodiments, the hRROR L-specific antibodies,
antibody-based binding proteins, or antibody fragments thereof, antibody drag conjugates
{ADCs), or CARs contain heavy chain CDRI, CDR2, and CDR3J sequences that are
respectively wdentical to SEQ 1D NOs:27-29, SEQ 1D NOs:30-32, SEQ 1D NOs:33-35, SEG
1D NO36-38, SEQ ID NOs:39-41, SEQ 1D NOGs:42-44, SEQ 1D NOs:45-47, SEQ ID
Ns:48-50, SEQ D NQOs: 8153, SEQ 1D NOs:54-56, SEQ ID NGs:57-5%, SEQ ID NOw:60-
62, or SEQG 1D NOs:63-65,

HED &) The invention further relates to anti-hROR1 antibodies, antibody-based binding
proteins, antibody fragments thereof, antibody drug conjugates (ADCs), or CARs
comprising either an immunoglobulin heavy chain variable region sequence or an
immunoglobulin Hght chain variable region sequence identical to {1} SEQ I NO:1 and SEQ
D NO:14; (2) SBQ D MO and SEG ID NG:1S; (3) SEQ 10 NO:3 and SEQ ID NO16; (4
SEQ ID NO:4 and SEQ ID NO: 17 (8) SEQ ID NO:S and SEQ ID NGB, (6) SEQ ID N(ké
and SEQ IDNO:19; (73 SEQ 1D NO:7 and SEQ ID NG20; (Y SEQ ID NO:S and SEQ ID
NG:2E; (9) SEQ 1D NG9 and SEQ ID NG:22; (10) SEQ 1D NG 10 and SEQ 1D NOZ3;
(113 SEQGID NG and SEQ 1D NG:24; (12) SEG ID NO: 12 and SEQ 1D NO2S§; (13) 8EGQ
T NG:13 and SEQ TR NG:26; (14) SEG 1D NO:130 and SEQ 1D NO:136; (15) SEQ ID
NG:131 and SEQ IDNRO:137; (16) SEQ ID NO:132 and SEQ ID NO:I3E; (17) SEQ ID
NO: 133 and SEQ 1D NG 139; (18) SEQID NG 134 and SEQ I NG 4G, or (I SEQ 1D
NO:133 and SEQ D NO: 141

[B815] The invention further relates to anti-hROR 1 antibodies, antibody-based binding
proteins, atibody fragments thereof, antibody drug conjugates {ADCs), or CARs
comprising anti-hROR1 specific antibodies, antibody-based-binding proteins or sntibody
fragments thereof that comprise an immunoglobulin heavy chain variable region sequence
and an immunoglobulin light chain variable region sequence, respectively, identical to (1}
SECG ID NO and SEQ ID ROU14; () SEQ ID NG:2 and SEQ ID NO:S; (3) SEQ 1D NO3
and SEG D NO:16; (4) SEQ 1D NG and SEQ IDNO:T; (5) SEQ ID NOx35 and SEQID
NO:18; (6) SEQ 1D NOx6 and SEQ 1D NO:19; (7) SEQ 1 NO:7 and SEQ 1D NG:20; ()
SEQ ID NO:E and SEQ TD N2 (9) SEQ 1D NO:% and SEQ 1D NG:22; (I SEQID
W10 and SBG T MNO23; (11) SEQ ID NG and SEQ ID NG:24; (12) SEQ ID N2
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and SEQ ID NG, (13) SEQ 1D KO3 and 8EG ID NOG:246; (14) SEQ 13 NOx130 and
SEG IDNO:136; (15) SEQ ID NO:131 and SEQ I NO:137; (16) SEG ID NO:132 and
SEQ IDNGI3E; (17) SEQ D NG 133 and SEQ TD NO:139; (18) SEQ ID NO:134 and
SEQ 1D NOCE40; or (19) SEG ID NO:135 and SEQ 1D NO:i41,

{8816} In some embodiments, anti-hROR Y antibodies, antibody-based binding proteins,
antibody fragments thereof, antibody drug conjugates {ADCs), or CARs comprise an
immunoglobulin Hght chain CDR sequence selected from the group consisting of SEQ ID
NOs:66-104, Some of these molecules further harbor an Brununoglobulin heavy chain CDR
sequence selected from the group consisting of SEQ D NOs:27-65. Some of thess
molecules harbor immunoglobulin light chain CORY, CDRZ, and CDR3I sequences that are,
respectively, identical to SEQ ID NOg:66-68, SEG ID NOs:68-71, SEQ ID NOs:72-74, SEQ
I NORTS-77, SEG 1D NO=: 7880, SEQ ID NOs:81-83, SEQ 1D NOs:84-88, SEQ ID
MNOs:B7-8%, SEQ 10 NOs:90-92, SEQ 1D NOx:93-95, SEQ 1D NOs:96-98, SEQ ID NQOs:89-
101, or SEQ 1D NGs: 102-104. In some embodiments, the antib-hROR 1 antibodies, antibody-
based binding proteins, antibody fragments thereof, antibody drog conjugates {ADCs), or
CARs comprise immunoglobulin heavy chain CDRY, CDR2 and CDIR3 sequences and
tmmunogiobulin lght chain CDR1, CDRY and CDR3 sequences, respectively, shown in (1)
SEQ ID NOs:27-29 and SEQ 1D NOs:66-68, (23 SEQ 1D NOs:30-32 and SEQ 1D NOs:69-
71, (3) SEQ 1D NOx33-35 and SEQ 1D NOs:72-74, (4) SEQ 1D NOs:36-38 and SEQ 1D
NGs:75-77, (5 SEQ 1D NGs;39-41 and SEQ 1D NDs:78-80, {6) SEQ IR NOs:42-44 and
SEQ 1D NOs:81-83, {7) SEQ ID NOs:45-47 and SEQ ID NOs:84-86, (8) SEQ 1D ROs:48-
50 and SEQ 1D NOs:87-89, (9) SEQ ID NOs:51-53 and SEQ 1D NOs:90-92, (10) SEQ ID
NOs:54-56 and SEQ ID NOs:%3-95, (113 SEQ ID NOs:57-39 and SEQ 1D NOs:96-98, (123
SEQ ID NOs:60-62 and SEQ 1D NOs:99-101, or {13} SEQ ID NOs:63-65 and SEQ ID
NOs:102-104,

{887y The tnvention further relates to hROR L-specific humanized antibodies, antibody-
based binding proteins, antibody fragments thereof, antibody drug conjugates (ADCs), or
CARs with at least 90%, or at least 95%, or at least 95% but less than 100% homology st
amino acid level to immunoglobulin heavy or immunoglobulin light chain provided of: (14}
SEGQ ID KO:13¢ and SEQ 1D NO:136; (153 SEQ ID NCH I3 and SEQID NO:3T: (18)
SEQ ID NG:I132 and SEQ ID NO:138; (17 SEQ 1D N1 133 and SEQ ID NO:I39 (18
SEQ 1D NO:134 and SEQ ID NO:140; or {19) SEQ ID NG 1345 and SEQ I NO:141.
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{0618} I yet additional embodiments, the BROR L-specific antibodigs, antibody-based
binding proteins or antibody fragments therzof are either of IgA,, IgA,, IgD, IgE, 1gG, 1eG,,
{g(; IgGy, or IgM isotypes, or F(ab), Fy, scFy, IgGACH,, FlabY),, scFv,CH;y, Fab, Vi, Vi,
sekvs, seFva, seFvy, dsPy, Fy, scFv-Fe, (scFv)y fragments thereof, or non-depleting Ig(,
diabodies or bivalent antibodies. Some of the molecules are 1gGs selected from the group
consisting of naturally ocourring 1gG, 10, 1gGs, 1pGy isotypes, or synthetic Igls. Some of
the molecules are Fab, scFv, or dsFv. In some embodiments, the hROR I -specific
antibodies, antihody-based binding proteins or antibody fragments thereof of the invention
are conjugated to g synthetic molecule, The synthetic molecule can be, e.g., a label, a
eytotoxic agent, a radioisotope, or a liposome. The cytotoxic agent can be, e.g., a small
molecule weight toxin, a peptide toxin, or 8 protein {oxin. In some embodiments, the
hROR fspecific antibodies, antibody-based binding proteing or antibody fragments thereof
are conjugated o 2 ransmombrane region and an intraceliular T-cell receptor (TCR)
signaling domain to form a chimeric antigen receptor {CAR).

[0019) The invention further relates to antibody drug conjugates {ADCs) comprising 3
hROR1-specific humanized or chimeric antibody, antibody-based binding protein or
antibody fragment with a toxin payload that effects efficient killing of hRROR1 specific cells.
In said ADCs the toxin payload can be conjugated non-site-specifically to the antibody,
antibody-based binding protein or antibody fragment via Iysine or cystsing amino acid side
chains employing classical chemical Hinkers with maleimide functionality, or other chemics!
known in the art that can mediate conjugation to lysine or cysisine amine acid side chains, In
said ADCs the small molecular weight payload can also be conjugated site-specifically
sither by chemical, chemo-enzymatic, or enzymatic conjugations known in the att, like e.g.
with bifunctional linkers, linkers allowing Pictet-Spengler chemistry on formyl-glycine
forming enzyme modified antibodies, by glycan-wremodeled antibodies, or by bacterial
fransglutaminase or soriase enzymes.

[6826] In some related aspects, the invention provides pharmaceutical compositions or
kits that contain a therapeutically effective smount of an anti-hROR 1 antibody, antibody-
based binding protein, antibody fragment thereof, antibody drug conjugate (ADC) deseribed
herein and a pharmaceutically acceptable carrier. Some kits of the invention can additionally
contain one or more immunocassay buffers. Also provided in the invention are

polynuclectides encoding the variable region of the immunoglobulin heavy chain or
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immunoglobalin light chain of the anti-hROR 1 antibodics, amtibody-based binding proteins,
antibody fragments thereof, antibody drug conjugates (ADCs), or CARs disclosed hereln, as
well as expression vectors harboring such a polynucleotide sequence.

[8021} In another aspect, the invention provides methods for killing or inhibiting the
growth of a cell expressing hROR1. The methods involve administering a therapeutically
effective amount of anti-hROR1 antibodies, antibody-based binding protein, antibody
fragment thereof, antibody drug conjugate {ADC), or CAR of the invention to a subject in
need thereof, which enables killing or inhibition of the growth of the cell expressing hRORI
in the subject, Some of these methods are specifically directed to killing or inhibiting wumor
cells. In another aspect, the invention provides methods of treating a disease or condition
associated with elevated exprossion of RROR T in a subject. These methods entail
administering a therapeutically effoctive amount of anti-hROR T antibodies, antibody-based
binding proteins, amibody fragments thereof, ADCs, or CARs of the invention to a subjent
affticted with a disease or condition associated with elevated expression of BROR I, which
allows treatment of the disease or condition associated with elevated expression of hROR}
in the subject. Some of these therapeutic methods are specifically directed to treating cancer.
For example, the methods can be employed o treat subjects suffering from various types of
cancer, including, e.g., CLL, ALL, mantle cell lymphoma, neuroblasioma, sarcoma, renal
cell carcinoma, breast cancer, lung cancer, colon cancer, head and neck cancer, and
melanoma.

10022] In still another aspect, the invention provides methods of detecting an altered
RORI1 fevel in o subject. Such methods involve (&) obtaining a biclogical sample from the
subject; (b) contacting the sample with anti-hROR| antibodics, antibody-based binding
profeins or antibody fragments thereof of the invention; {c} determining the level of ROR U in
the biclogical sample; and (d} comparing the level of RORT in the biclogical sampleto a
control level of ROR1 o thereby determine whether the ROR1 level in the biological sample
is altered relative to the conirol level of ROR1. In some of these methods, an increased
ROR1 level in the subject relative o the control level is indicative of a disease or condition
associated with elevated expression of ROR1 in the subject. Examples of specific discases
or conditions suttable for the methods include, e.g., CLL, ALL, mantle cell lymphoma,
neuroblastoma, sarcoma, renal cell carcinoma, breast cancer, lung cancer, colon cancer, head

and neck cancer, or melanoma.
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{6823 in another related aspect, the invention provides methods for detecting a ROR1-
gxpressing tumor in a subject. The methods involve (a) administering an hROR1 antibody,
antibody-based binding protein or antibody fragment thereof of the invention to a subject
that has, is suspected to have, or is at risk of developing a ROR l-expressing tumor; and (b)
imaging the subject for a region of altered conjugated label density or concentration, wherein
the density or concentration is relative to (1) background in proximal tissue or (ii) the density
or concentration previously detected in the same region of the subject, such that the
existence of a region of altered conjugated label density or concentration is an indication of
the presence of an ROR [-expressing tumor in the subject.

{0024} A fisther understanding of the nature and advantages of the present invention

may be realized by reference to the remsining portions of the specification and claims,

DESCRIFTION OF THE BDRAWINGS
[B8025] Figure | shows the amino acid sequences of varisble immunoglobulin heavy and
tight chains of nove! rabbit anti-hROR T mAbs, as indicated. The amine acid sequence
alignment of the rabbit variable domains (V, Vi, and Vi) is shown with framewaork regions
{FR) and complementarily determining regions {CDR) using Kabat numbering. Shown in
the figure are the heavy chain variable domain sequences (SEQ 1D NQs:1-13, respectively)
and the light chain variable domain sequences (SEQ ID NOs:14-26, respectively) of 13
antibodies designated XBR1-402, ERR1-301, ERR1-308, ERR1-314, ERRI-324, ERR-
403, ERR1-409, ERRI-TOP4, ERRI-TOPLS, ERRI-TOP2Z, ERRILTORLS, ERRIVTOR4S,
and ERRI-TOPS34. As indicated in the figure clones XBRI1-402, ERR1-301, ERR1-304,
ERRI-316, ERRI1-403, ERR1-409, ERRI-TOPS, ERRI-TOPIS, ERRI-TOR22, ERRI-
TOP4S, and ERRI-TOPS4 are variable domains of immunoglobulin A Hght chains, while
antibodies ERR1-324 and ERR1-TOP4( are variable domains of immunoglobulin « light
chaina,
{826} Figure 2 shows the binding activity of chimeric rabbit/human Fabs to human
RORI (hROR1I) and mouse RORY (mRORY) expressed as fusion proteins of the
extraceilular domain (BCD) of hROR/ and mROR1 to the human Fe domain of 2 human
IgGl antibody. The binding of gach chimeric rabbivhuman Fab to hROR1 and mRORI
fused with human [gG1 Fe (hFe-hRORT and hFe-mROR 1) was analyzed by ELIBA, hFc-
RORY or hFe-mROR1 were captured by anti-human [gG1 Fo antibody immobilized on plate
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and then incubsted with hRORI specific Fabs comprising a His-tag via detection with mouse
anti-His {ag. Speoificity of the Fabs was confirmed by using fusion proteins of the
extracellular domain (ECD) of hROR2 with the haman Fo domain of 3 human 1gGl1
antibody (hFc-hROR2) as control.

[0027]  Figure 3 shows binding activity of chimeric rabbitthuman Fabs {0 native human
ROR1 protein expressed on the cell surface of murine preB cell line 63-12 (see Example 1),
The binding of each chimeric rabbit'human Fab o the ectopically expressed human ROR1
on mouse pre-B cell (§3-12) surface was analyzed by flow cytometry, ERR2-TOP35 is g
mAb sgainst hRRORZ that served as an isotype-matched control,

[6028] Figure 4 shows epilope mapping studies for chimeric rabbit/human Fabs on six
different immobilized IgG1-Fe fusion proteins that comprise different parts of the
extracellular domain of buman ROR1: hFe-hROR1-Ig {comprising the Immunoglobulin-
domain of hROR1), hFc-hRORI-Fr {comprising the Frizzled domain of hRROR1), hFc-
BRORI-Kr {comprising the Kringle domain of hROR D), RFe-hROR 1-[g-Fr (comprising the
Immumoglobulin and Frizeled domains of hRROR ), hFe-hRORI-Fr-Ki {comprising the
Frizzied and Kringle domaing of hROR 1) and hFc-hROR {comprising the entire
exiracellular domain (ECI) of hRROR1).

f082%]  Figure 5 shows epitope binding studies performed by surface plasmon resonance.
Shown are SPR sensograms obtained for the binding of different Fabs to hFc-hRORI
captured by anti-human Foy antibody immobilized on g CMS chip. Fabs were injected in
different orders o identity independent and overlapping epitopes. Resonance unit (RU, v
axis} increases that exceeded the values found for previously injected Fabs indicated
independent epitopes because they allow simulianeous binding. For example, the increase
fonnd for the binding of Fab R17 exceeded the values found for XBR1-402 along, indicating
that Fab R11 and XBR1-462 can bind simultancously io human ROR1. By contrast, the
epitope of Fab XBR1-402 overlaps with the epitopes of ERR1-301, ERR1-403 and R12 (left
graph); the epitope of Fab ERR1-TOP43 overlaps with the epitope of ERR1-306, XBR1-402
and ERRI-TOP40. The x axis depicts the time in seconds (s).

{6038] Figure & shows affinity measurements of anti-hROR ] specific Fabs to hRROR]
ECD by surface plasmon resonance {SPR}. (A) Shown are Biscore X 1) sensorgrams
obtained for the binding of gach Fab to hFe-hROR1T capiured by anti-human Fey antibody

immobilized on CMS chip afler instantaneous background depletion. Fabs were injected at
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five different concentrations with the highest concentration indicated in table (B}, one of the
five concentrations was tested in duplicates. (B) Monovalent affinities of sach Fab are
shown in the table. The equilibrium dissociation constant (K was caloulated fom Ep'ken
{k., association rate constant; &y, dssociation rate constant).

8031} Figure 7 shows FACS-based cell staining of RROR 1 on various human cancer
cell lines with anti-hwwan ROR| antibody 2A2 as described in Example 9. Cell lines
analyzed lines inchude 697 (human scute lymphocytic leukemia, ALL), Kasumi-2 (human
preB acute lymphocytic leukemia), humar triple-negative breast cancer cell nes MDA-MB-
231, MDA-MB-468 and HS-378T, as well as human breast cancer cell line T47D, Except for
the T47D human breast cancer cell ling, all of the evaluated cells are positive for RRORI
exprossion.

{00321 Fipure 8 shows the binding activity of selected chimeric rabbivhuman IgGl to
endogenous hRORT expressed on breast cancer cells measured by fluorcscence activated cell
sorting (FACS). Human breast cancer cell line MDA-MB-231 is known to express hROR1,
human bregst cancer cell ling T47D is known to be negative for RROR1. In contrast, T47D is
known to be ROR2 positive, whereas MDA-MB-231 is known 1o be negative for ROR-2
expression. ERRI-Top34, ERRI-Topdl, ERR1-324, XBR1-402 were selected anti-hROR]
speeific mAbs, X{BR2-401 was a hRRORZ specific mAD used as a specificity control (A) The
expression of endogenous hRORT and hROR2 on breast cancer cells was detected by flow
eytometry using commercially available goat anti-human ROR1 and goat anti-human ROR2
polyclonal antibodies (R&D Svstems), respectively, followed by Alexa Fluor 647-
conjugated AffiniPure Fab’), donkey anti-goat IpG (H+L) polyelonal antibodies (Jackson
ImmunoResearch Laboratories). Control stainings were done with the Alexa Fluor 647-
conjugated AffiniPure Fab™); donkey anti-goat IgG (H+L) polycional antibodics alone, (B)
The binding of chimeric rabbit‘human IgG1 of selected clones ERR1-Top54, ERR1-Topd3,
ERR1-324, XBR1-402 (all hROR 1 specific) and XBR2-401 (hRORZ specific) to ROR1
expressing fnsman breast cancer cell Hne MDA-MB-231 and to ROR2 expressing human
breast cancer cell line T470 was analyzed by flow cvtometry using the chimeric
rabbithuman 1gGl as primary antibodies and APC-labeled goat anti-human Fe-specific
polvclonal antibodies as secondary antibody.

{8833 Figure 9 shows the binding activity of chimeric rabbitvhuman IgGl XBR1-402
and ERRI-TOP43 (both hRORT specific) to denatured BRORT in Western-blot experiments.
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BROR1 expressed on the cell surface K362 cells or purified protein was denatured and
detected by Western blotting. The Western blots contsined the following samples as
indicated: Lane 1: K362 cells ectopically expressing full longth of RRORI1, Lane 2
untransfected K62 cells, Lang 3; purified extracelivlar domain of hRORIL. Lane 4 purified
extracellnlar domain of BRORZ,

(6834} Figure 10 shows the binding analyveed by BLISA of selected hROR T specific
rabbit-human-Fe chimeric antibodies of selected clones ERR1-381, XBRI-40Z, BRR1-306,
ERR1-324, ERR1-403 and ERR1-Top43 o recombinant, purified hROR1 {panel A) and to
recombinant, purified hROR2 as a negative control {panei B).

{(835] Figure 11 shows schematically how stte-specifically conjugated ADCs disclosad
in this invention have been generated. (A} schematically shows the mechanism of gortase-
enzyme mediated gntitbody conjugation (SMAC-technology) as disclosed in
WO2014140317. In order to generate site-specifically conjugated ADCs, recombinant
antibodies need 1o be expressed with the C-terminal pentapeptide motif LPXTG (SEGQ ID
N(:144), which serve as recognition sites for the sortase enzyme A from Staphylococous
sureus (SrtA), When a glycine modified toxin substrate is incubated with pentapeptide motif
LPXTG containing antibody and sortase A enzyme, the sortase A enzyme catalyzes a
franspeptidation reaction by which the glycine-modified toxin replaces the C-terminal
ghveine of the LFXTG motif and is covalently coupled to the threonine of the remaining
LEXT (S8EQ 1D NO: 147} sequence. This way C-lerminally toxin-conjugated ADCs can be
generated with high efficiency, (B) shows the structure of the preferred toxin, a PNU-159682
derivative comprising an ethylene-diamino (EDA} linker conneeting a 5% glycine stretch to
the carbonyl group at C13 of the anthracyeline structure, as disclosed in WOR016102697.
[8836] Figure 12 shows the efficacy for & vitvo cell killing assays performed on (panel A)
immortalized human breast cancer cell line MDA-MB-468 with known hROR I-targeting
ADCs 2A2-G3-PNU, R12-G3-PNU) and a novel ADC provided in the invention {ERR -
Top43-GS-PNU}, and (panel B} immortalized human breast cancer cell line HS 5787 with
known hRROR 1 -targeting ADCs (2A2-GS-PNU, R12-G3-PNU} and novel ADCs provided in
the invention (XBR1-402-G5-PNU and ERRI-Topd 3-G5-PNU). CD30 targeting ADC
AclO-GI-PNU was used as an isotype-matched control ADRC in both panels,

88371 Figure 13 shows in vitre potency for cell killing of ROR/Y positive acute
lymphoeytic leukemia cell line 897 with fowr anti-RORI-PNU ADCs, inclading ADCs
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based on antibody clones 242, R11 and R12, and based on anti-ROR I -antibody clone
XBR1-402 disclosed berein. All antibodies were expressed as rabbit-heman (R11, R12,
XBR-402) or murine-human (2A3) chimeric IgGy. (&} shows the cell killing overa
concentration range of ADCs site-specifically conjugated to the toxin payload Glys-EDA-
PN (abbreviated GS-PNU) with cach of the ADCs. {(B) shows the numeric ICsp vahues for
cell killing calculated from the curves in {A) for cach of the anti-ROR 1 ADCs.

0838} Figure 14 shows in vitro cell killing of ROR1 positive ALL cell lines Kasumi-2
(A} and 697 (B) with selected anti-hRORY ADCs site specifically conjugated to the Glys-
EDA-PNU toxin paviead {abbreviated G5-PNU} The ADCs are based on anti-ROR1
antibody clone 2A2 and R12, and ant-ROR] clone XBR1-402 as indicated. HER-2 specific
frastuzamab, site~specifically conjugated to Glys-EDA-PNU toxin payioad was used as an
isotype matched control ADC, Panels € and D show the expression levels of RORI
measured on the cell surface of Kasumi-2 and 697 as analvzed by FACS using antibody 242
s a primary antibody versus an isotype-matched controf antibody.

{8839] Figure 15, {A) shows /s vive efficacy of ADCs in 2 disseminated mouse mode] of
ROR -posttive 687 with EDA-Gly-PFNU ADCs. Mice (groups of § animals) have been
transplanted intravenously with 10° 697 human ALL cells and treated 7 and 14 days later
with each 1 mg'kg PNU-ADC based on antibody 2A2 and novel antibody XBR1-402, oras a
negative controd, with PNU-ADC based on HER2-specific antibody trastuzumab. Percent
survival in the groups of mice was plotted over time. (B} shows the plasma concentration of
the ADCs measured in the mice that received | mg'kg after 12 and 19 days measured by
imnuno-based ELISA assay using capturing with an anti-human Fog reagent and detection
with either an anti-kappa-light chain detection antibody for the antibody concentration and
an anti-PNU detection antibody for the ADC concentration.

{8040} Figure 16, Panel {A) shows s vitro celi killing ofhROR1 fransfected mouse
breast cancer cell line EMTéS-clonel4 (abbreviated EMT6-¢114} with site-specifically
conjngated PNU-ADCs based on anti-ROR 1 antibody R12 and novel antibody XBR1-442,
both expressed a5 chimerie humnan 1gGl antibodies, A Trastuzumasbh-G3-PNU ADC, speeific
for HERZ, was used as an isctype-matched control ADRC, (B) As a further control the same
cell killing experiment with the same ADCs was also performed on the untransfected (and

ROR I-negative} EMT6 parental cells. Panel {C) shows the relative expression of hROR! in
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BRORI wransfocted versus untransfected EMT6 cells as detected by FPACS with RORI-
specific antibody 2A2,

fag41 Figure 17, In vitre cell killing of RROR] transfected mouse breast cancer cell fine
EMTé-clonel4 {abbreviated EMT6-cl. 14} with site-specifically conjugated PNU-ADCs
based on anti-ROR1 antibody ms861 and novel antibodies XBR1-402 and ERR1-324, esch
expressed as chimeric buman IgGl antibodies. A Trastuzumab-GS-PNU ADC, specific for
HERZ2, was used as an isotype-matched control ADC,

{8042} Figure 18 (A) shows results of an i vive efficacy study with an orthotopic mouse
breast cancer model using hROR 1 transfocted EMTE6 mouse breast cancer cell Hne that was
implanted into the mammary fat pads of Balb/c wild-typs mice. The upper panel shows
survival curves of mice treated twice with control ADC trastuzumab-G5-PNLL The middle
panel shows survival curves of mice treated with PNU-ADC based on anti-ROR 1 antibody
B 12, and the lower panel shows the survival curves of mice treated with PNU-ADC based
on novel anti-ROR 1 antibody XBR1-402, Little riangles below the x-axis indicate the two
treatmentis with 1 mg'kg of each respective ADC at day 14 and 21 after transplantation of the
tumors. (B) shows the Kaplan-Meier Plot of the three experiments displayed in panst (A}
{80431  Figure 19 shows the in vitre stability of the XBR1-402-G5-FPNU ADC in NOD
SCID mouse serom {panel A) and in buman seram {panel B) snalyzed by an immune-based
ELISA assay detecting cither the total antibody (solid ling) or the intact ADC {dotted line).
{8044 Pigurs 20 shows the in vive plasma stability of novel naked anti-ROR1 antibody
XBRI1-402, as well as of XBR1-402-G35-PNU ADC evaluated in female CI-1 mice,
Depicted are plasma stability measured by immune-based ELISA assay of total IgG detected
with a human Fo detection reagent as well as of intact ADC detected with a PNU-specific
detection reagent.

[88458]  Figure 21 shows the analysis of different patient derived tumor lysates for
hROR1 profein expression by Westermn-Blot analysis, inclading lysates from two control cell
fines Kasumi-2 (thuman ALL cell tine) and AS4% (homan fung cancer cell line). The patient-
derived tumor lysates are of the following designation and origin: PXF 1118:
plevramesocthelioma, RXF 486: hypernephroma, PXF 541, pleuramesothelioma, SXFE 1407
newrofibrosarcoma, CXF §33: adenocarcinoma.

jode) Figure 22 shows the efficacy of the site-specifically conjugated PNU-ADC of
XBRI1-402 anti-RORT ADRC in different patient derived tumor models (PDX models)
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gstablished in female NMRI nude mice implanted with OXF533, RXF 488, PXF 1118,
SXFS 1467 and PXF 341 patlent-derived tumor material as compared to mice freated with
vehicle control,

{88471 Figure 23 shows VH and VL amino acid sequences of humanized antibody
clones derived from novel anti-ROR1 antibody XBR1-402, The amine acid sequence
alignment of the humanized variable domains (V) and Vg) is shows with framework regions
(FR} and complementarity determining regions {CDR) using Kabat numbering. Shown in
the figure are the heavy chain variable domain sequences (SEQ ID NOs:130-135,
respectively) and the light chain variable domain sequences (SEQ ID NQOs:136-141,
respactively) of § antibodies designated HuXBR1-402(3), HuXBRI1-402(8), HuXBR1-
402(15), HuXBR1-402(17), HuXBR1-402(19), and HuXBR1-402(26).

{6048} Figure 24 provides data of the affinity measurements with novel humanized
clones of parental mAb XBRI-402, inchuding ko, and Koy data as indicated.

[0049]  Figure 23 shows (Panel A) the dose-response curves of in vitre cell killing assays
performed on human 697 ALL cancer cells with hROR 1-targeting parental XBR 1-402-G3-
PNU and with ADCs based on humanized antibodies; huXBR1-402-3-G5-PNU, huX{BR1-
402-8-GS-PNUL buXBR1-402-15-G5-PNU, huXBR1-402-17-G5-PFNU, huXBR1-402-19-
G5-PNU and huXBR1-402-26-GS-PNU, & PNU-ADC based on HER2-targeting antibody
trastuzumab was used as an isotype control ADRC {(Tras-GS-PNU). Panel B shows the
quantification of the in vitre cell killing efficacy {(1Cs).

{083568] Figure 26 shows a comparison of the im vifre activities of ROR1-targeting XBRI-
462 CAR-T and R12 CAR-T.

{0051] Figure 27 shows a comparison of the #» vitro activities of ROR1-targeting XBR1I-
402 CAR-T with short and long spacer.

{8082} Figure 28 provides an overview of the specificity analysis of chimeric
rabbitfhuman anti-human ROR1 [gG1 XBR1-402 and, as a control, chimeric rabbitthuman
anti-human ROR2 IgG1 XBR2-401, with the Retrogenix Cell Microarray Platform.

{08331 Figure 29 shows a specificity analysis of chimeric rabbitvhuman anti-human ROR 1
IgGl XBR1-402 and, as & control, chimeric rabbithuman anti-human ROR2 101 XBR2-
401, with the Refrogenix Cell Microarray Platform. Primary binding hits from the large
screen involving 4,336 human plasma membrane proteins {see Figure 28) were combined on

& single slide and stained with chimeric rabbivhuman anti-human RORT 1gG1 XBR 1402
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and, as controls, chimeric rabbitheman anti-human ROR2 IgG1 XBR2-461 and a rituximab
biosimilar. ZeGreen! signals on the left indicate the expression levels of the various human
mesmbrane profeins. In addition o their respective antigens (ROR1, ROR2, and CD20), the
tested antibodies in [gG1 format also bind to Foy receptors FCGRIB (CDI6B), FCGRIA
{€D64A), and FOGR2A {CD32A) as expected. Staining with the secondary antibody alone
detects the buman 1gG3 heavy chain (IGHG3) as expecied.

DETAILED DESCRIPTION
H

[8834]  The invention is predicated in part on the generation by the present inventors of g

large nsive chimeric rabbithuman Fab Hbrary and selection for binders to human ROR1 via
phage display. Receptor fyrosine kinase orphan recepiors-1 and -2, ROR1 and ROR2, are
the only two family members defining 2 new receptor tyrosine kinase family, based on the
overall structural design and some functional similarities. Both ROR T and ROR2 proteins
are type I-single pass trans-membrane receptors with an extraceihular domain (ECD)
consisting of an immunoglobulin domain, 8 cysteine rich frizzled domain and & Kringle
domain. These three extracellular domaing are followed by a trans-membrane domain
connecting the ECD to an infraceliuvlar portion of the protein comprising kinase domains
{Rabagay et al, (2012) Frontiers Oncol. 2: 1-8). The human ROR1 and ROR2 proteins are
38% homologous between each other, but sach of the ROR proteins is highly conserved
between species. The most conserved is actually the ROR1 protein, 2 %37 as long protein,
ihat Is over $8.5% identical between humans and all sequenced non-human primate species,
and even 96.7 and 96.3 % homologous between human and mouse and rabbit ROR1,
respectively (Boreherding ot sl (2014) Protein Cell 5: 496-302). Therefore, it has been g
challenge to generate high-quality anti-ROR1 antibodies by mouse or rabbit immunizations,
and there are only very few known antibodies with acceptable affinity. See, e.g., WO
2010/124188 {murine monoclonal antibody 2A2), WO 2012/075158 (rabbit antibodies R11
and R12}, WO 2012/097313 (mouse monoclonal antibody D10} and W(02014/031174
{humanized versions of mouse mAb 99961, which binds the same epitope as that by mAb
D1ty

LR In order to not repeat genoration of anti-ROR1 antibodies by conventional

immunization/screening of mice/rabbits that would direct antibodies against epltopes of
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greatest divergence hetween mouse/rabbit RORI and human ROR1 (as was the case in the
identification of mAbs 242, R11, R12, D10 and 99961}, the present lnventors have
generated a very high-complexity naive rabbit antibody Fab Hbrary displayed by phage and
screened this Hibrary for binding to native mammalisn recombinant ECD of ROR1 and to
cell-surface expressed human ROR], in order to select most functional and diverse antibody
clones reactive with native human ROR1 protein, This strategy was chosen because the
antibody reperioire to be mined is still derived from natural rabbit B lymphocytes and thus
selected for immune-system pre-selected antibody heavy and light chains. However, due io
the applied sersening strategy involving native recombinant and cell-expressed human
ROR1, it was the hope that hROR1 specific antibodies would be identified with good
developability and functional qualities and that are particularly useful for the therapy of
human diseases associated with ROR1 expression, like in particular ROR -positive cancer,
{0856]  As s result of the chosen strategy, a number of novel rabbit high-affinity anti-
human RORT aniibodies have been identified with diverse CDR1, 2 and 3 clonotypes
{Figure 1) and with high binding selectivity for human RORI, but not for its most related
“sister molecule”, human ROR2 (Figures 2, 3 and 10). Some of the hROR 1-specific
antibodies showed high affinity (single-digit oM affinitles) for the hRORI target (Figure ).
As detailed herein, thirteen monoclonal antibodies (mAbs) in chimeric rabbithuman Fab
format with different heavy snd Hght chain sequences were obtained. These mAbs were
tentatively named “XBR1-402", “ERR1-3017, “ERR-3067, “ERR1-3167, “BERR1-324",
“ERR1-4037, “ERRI-409", “ERRI-TOP4”™, “ERRI-TOPIS”, “ERRI-TOP22”, “ERRI-
TOP40™, “ERRI-TOP43”, and “ERRI-TOPS4”. Al thirteen antibodies bind to purified
human ROR1 ss anslyzed by ELISA and o cell surface human ROR1 as analyzed by flow
cytometry. Meither binds to ROR2, which i the closest relative of ROR1 and shares 58%
amino acid sequence identity with RORI. Two mAbs (“ERR1-306" and “ERRI-TOP22™)
bind to both human and mouse ROR1 whereas the remaining eleven mAbs only bind to
human ROR1.

[8057) The affinity of all thirteen mAbs was determined by biolayver inferometry and
surface plasmon resonance. In addition, several mAbs ("ERR-3017, (“"ERR-306”, “ERR-
4037, “XBR1-4027, “ERR1-324”, “ERR1-TOP43”, and *ERR1-TOPS4”) were converted to
the chimeric rabbivhoman JgGi format, expressed in mammalian cells, and purified by

Protein A affinity chromatography. Particularly, the highest affinity clones XBR1-302 and
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ERRI-TOP43 in further cvaluation showed highest staining activities by FACS with human
ROR1 overexpressing (Figure 3) and naturally hROR1 expressing mammalian ceils (Figure
8). The two top-binding clones XRR1-402 and ERR1-TOP43 were also able to detent
denatured ROR1 protein by Western-Blotting (Figure 9), allowing the use of these clones for
the development of a companion diagnostic for ROR1 expressing cancers.

138581 In addition, several mAbs were expressed as chimeric rabbitthuman IgG1 with C-
terminal sortase-recognition tags, allowing site-specific conjugation of payloads to the
antibody C-termini by sorfase-enzyme mediated gntibody conjugation technology (SMAC-
technology ™} essentially as described in WO2014140317, These anti-hROR 1 antibodies
have then been site-specifically conjugated to & highly potent anthracycline-based PNU-
159682 toxin derivative, Glys-EDA-FNU (Figure 11B) in order to generate highly potent
antibody drug conjugates (ADCs), essentially as disclosed in W(2016102679 (which &s
incorporated by reference herein and the text of which is included as sn Appendix to this
application}. These ADCs have functionally been evalusted in various i vitre and in vive
tumor models against ADCs generated based on known anti-hROR 1 antibodies. It was
observed that one particular fead clone, called XBR1-402, displayed the highest potency and
giticacy in comparison to various known antibodies {e.g. 242 (from WO 2018/124188),
R11, R12 {both from W 2012/075158), or ms®61 {from WO 2014/031174), which forms
the basis of humanized anti-hROR1 mAb cirmtuzsmab, currently in clinical trials in CLL as
a naked 1gG1 mab.

{8059 Based on the best-in-class properties in terms of functionality on tumor cell
killing as an ADC, the lead clone XBR1-402 has then been humanized, which generated
several humanized clones with further increased affinity against BROR 1, called “huXBRI-~
462-37, “huXBR1-402-8”, “huXBRI1-402-15", “haXBR1-402-17", “huXBRI1-402-19” and
“huXBR1-402-267. These humanized versions of lead clone XBR1-402 have also been
evaluated as site-specifically conjugated PNU-ADCs and sach of which exhibhied further
improved tumor cell killing in in vitro hRROR1 tomor models,

{H064] Te further investigate the therapeutic utility of the ROR 1 -targeiing mAbs, CAR-
T cells based on XBR1-402 were engineered using methods previously described for known
ROR I-targeting mAbs R11 and R12 (Fudecek, M., Lupo-Stanghelling, M. T., Kosasih, . L.,
Sommermeyer, D, Jensen, M. €, Rader, €., and Riddell, 8. R. (2013} Receptor affinity and

exiraceliular domain modifications affect twmor recognition by ROR 1 -specific chimeric
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antigen receptor T cells. Clin, Copeer Res. 19, 3153-3164). In brief, ax vivo expanded
healthy donor CD&+ CDE2LA T cells were lentivirally transduced with an EF la promoter-
driven expression cassetie containing XBR1-402 in scFv format, followed by a short or long
spacer, the transmembrane domain of human CD28, the signaling domain of 4-1BR, the
signaling domain of CD3L, and 3 T2A-separated transmembrane EGFR fragment with
truncated ligand binding and tyrosine kinase domains. FACS isolation of EGFR+ transduced
T cells, revealed robust anti-ROR1 recognition in >90% of CAR-T cells, The activity of the
ROR [-targeting XBR1-402 CAR-T with a short spacer was tested against breast cancer cell
lines MDA-MB-231 (ROR1+ RORZ-) and T47D (ROR - ROR24). In the presence of
RORI+ ROR2- but pot ROR1- RORZ+ target cells, XBR1-402 CAR-T rapidly proliferated,
massively seoreted IFN-y and IL-2, and potently killed the target cells in vipre (Figure 26}
Notably, in direct comparison, the XBRI-402 CAR-T was found to be equally or more
potent than the clinically investigated R12 CAR-T with the same short spacer and signaling
domains.

R Moreover, the inventors hypothesized that an optimal distance between T cell
and target cell can be achieved by equipping CAR-T cells targeting membrane-distal
cpitopes with shorter spacers and vice versa, Based on this hypothesiz, XBR1-402 CAR-T,
which has an overlapping epitope with R12, is predicted to be more active when squipped
with & short compared to a long spacer. Indead, it was found that, in the presence of RORI+
RORZ~ target cells, XBR1-402 CAR-T with short linker proliferated more rapidly than
XBR1-402 CAR-T with long spacer (Figure 27) and also scoreted significantly more IFNwy
and IL-2. fn vitre cytotoxicity, however, was found to be equally potent (Figure 27).

[6862) In accordance with these studies, the present invention provides novel
monoclonal rabbit and humanized antibodies and related antibody-based binding proteins
and antibody fagments thereof that specifically recognize RORY, as well as antibody drug
conjugates and CARs with specific anti-tumor activity in hRROR] expressing tumor models
in vigve and i vive. Also provided in the invention are methods of using these antibody
agents in therapeutic and diagnostic applications for discases and conditions associated with
abnormal or elevated ROR1 expression, e.g., cancsr.

[6863]  The antibodies and related compositions of the invention have demonstrated
other surprisingly advantageous properties. Functlonal evaluation of the novel clones as

site-specifically conjugated ADCs with a highly potent PNU-anthracycline payload,
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employing various i vitre and f» vive models, revealed that particularly novel clone XBRI-
402 performed better than any of the known antibodies. For instance, R11-based ADCs had
limited potency alveady in fn viteo tamor models (Figure 13). In comparison to antibody
clones 99961 (ms961), 2A2 and R12, novel XBR1-402 described herein also consistently
performed betier in tumor models fa viro (Figures 13, 14, 17), which was even more cvident
in tumer models i1 vive (Figures 15 & 18). Combined with the favorable properties of the
XBR1-402 clone, in terms of its highly speeific recognition of ROR Twhen tested against
4,336 human plasma membrane proteins (Figure 29), and the favorable stability of the ADC
in mouse plasma and other sers evalugted (Figures 158, 19 & 20}, XBR1-402-based ADCs
appear to have the potential for best-in~class anti-ROR 1 targeting products with high
potential for ADC therapy.

[8da4] Furthermore, humanized versions of anti-RORI mAb XBR1-402 unexpectedly
showed even higher affinity versus the parental rabblt clone XBR1-402 (Figure 24) because
affinitics are often being reduced during the process of humanization of non-buman
antibodies {Margreitter ¢t al. (2016} 1. Mol. Recognit. 29: 266-275), The increased affinity
also correlated with improved potency of these humanizad mAbs when evaluated for anti-
turnor activity as ADCs (Figure 25), These data evidence the high potential of the evaluated
anti-ROR T ADC, based on humanized XBR 1402 antibodies for the therapy of buman
disease, This high potential for an effective tumor therapy of 2 PNU-ADC based on XBR1-
462 andfor humanized XBR1-402 is supported by the high efficacy of the XBR1-402 based
ADC in a variety of hROR1 expressing paticnt derived xenografl models {(Figure 22).
Y The highly functional anti-hROR 1 antibodies and related compositions described
herein have displayed exquisite functional properties for use as therapeutic agents in the
therapy of human cancers associated with ROR1 expression. These include the various
RROR1 antibodies, antibody fragments, antibody-based binding proteins, ADCs or CARs
described herein, which have the same or essentially the same binding properties as
demonstrated by the specific antibodies exemplified herein {e.g., XBR1-402). Thus, the
favorable properties and high therapeutic potential demonsirated by the exemplified
antibodiss hergin can be extended 1o homologous antibodies, antibody fragments, antibody-
based binding proteins, ADCs, CARs that contain some or all of the CDR sequences of the
variable heavy and/or light chains disclosed in the invention, or essentially similsr CDR

sequences of the varlable heavy and/or light chains disclosed in the invention. The favorable
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propertics and/or the high therapeutic potential can also be extended 1o antibodies, antibody
fragments, antibody-based binding proteins, ADCs, CARs that only contain one of the two
tmmunoglobulin chains of the disclosed antibodies (i.e., either heavy or light chain), or one
of the two immunoglobulin chains {(i.e. either heavy or light chain) that are homologous to

the exemplificd antibodies.

i1 Definitions

[B068] Unless defined otherwise, all technical and scientific ierms used herein have the
samic meaning as commonly understood by those of ordinary skill in the art to which this
invention pertains. The following references provide one of skill with a general definition of
many of the terms used in this invention: deademic Press Dictionary of Sciesce and
Technology, Morris (Bd.), Academic Press (1% ed., 1992); Oxford Dictionary of
Bischemistry and Molecuwlar Biology, Smith et al. (Eds.), Oxford University Press {revised
ed., 2000Y; Encyclopaedic Dictionary of Chemistry, Kumar (Bd.), Anmol Publications Pvt.
Lid. (2002); Dictionary of Microbiclogy and Molecular Biology, Singleton et al. {Eds.), John
Wiley & Sons (3" ed., 2002); Dictionary of Chemisiry, Hunt (Ed.), Routledge (1% ed., 1999);
Dictionary of Pharmacewtical Medicine, Nahler (Bd.), Springer-Verlag Telos (1994);
Dictionary of Urganic Chemistry, Kumar and Anandand (Bds.), Anmol Publications Pvt,
Lid. (2002); and 4 Dictionary of Bivlogy (Oxford Paperback Reference), Martin and Hine
{Eds.), Oxford University Press (4 ed., 2000). In addition, the following definitions arg
provided to assist the reader in the practice of the invention.

{H867] The term "antibody” also synonymously called "immunoglobulins” (Ig}, or
"antigen-binding fragment” refers to polypeptide chain(s) which exhibit a strong
monovalent, bivalent or polyvalent binding to a given antigen, eptiope or epitopes. Unless
otherwise noted, antibodies or antigen-binding fragments used in the invention can have
sequences derived from any vertebrate species. They can be generated using any suitable
technology, e.g., hybridoma technclogy, ribosome display, phage display, gene shuffling
libraries, semi-synthetic or fully synthstic libraries or combinations thereof. Unless
otherwise noted, the term “antibody” as used in the present invention includes intact
antibodies, antigen-binding polypeptide fragments and other designer antibodies that are
described below or well known in the art (see, e.g., Serafini, ¥ Nucl. Med. 34:533-6, 1993},
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{8068] A intact “antibody” typically comprises at least two heavy () chains (about 50~
70 kI3 and teo light (L) chains (about 25 kD) inter-connscted by disulfide bonds. The
recognized immunoglobulin genes encoding antibody chains include the kapps, lambda,
alpha, gamma, delts, epsilon, and mu constant region genes, as well as the myriad
immunoglobulin variable region genes. Light chains are classified as either kappa or
lambda. Heavy chains are classified as gamma, sy, alpha, delia, or epsilon, which in tum
define the immunoglobulin classes, IgG, IgM, IgA, gD and IgE, respectively.

{369]  Each heavy chain of an antibody is comprised of a heavy chain variable region
{Vu) and & heavy chain constant region. The heavy chain constant region of most IgG
isotypes {(subclasses} is comprised of three domains, Cyy, €z and Cyp, some 1gG isotypes,
like 1gM or IgE comprise a fourth constant region domain, Cyy Each light chain is
comprised of a light chain variable region (Vi) and a light chain constant region. The light
chain constant region is comprised of one domain, Cp. The variable regions of the heavy
and light chains contaln a binding domain that interacts with an antigen. The constant
regions of the antibodies may madiate the binding of the immunoglobulin to host tissues or
factors, including various cells of the immune system and the first component (Clg) of the
classical complement system.

B070] The Vg and ¥V regions of an antibody can be further subdivided into regions of
hypervariability, also termed complementarity determining regions {CDRs), which are
interspersed with the more conserved framework regions (FRs). Each Vyand Vi is
composed of three CDRs and four FRe, arranged from amino-terminus to carhoxyMerminus
in the following order: FR1, CDRI, FRZ, CDRZ, FR3, CDR3A, FR4, The locations of CDR
and FR regions and 3 numbering system have been defined by, ¢.g., Kabat ¢f ol Sequences
af Proteins of Immunslogical Interest, 1.5, Department of Health and Human Services, 1.8,
Government Printing Office (1987 and 1591}

{00711 An "antibody-based binding protein”, as used herein, may represent any profein
that contains at least one antibody-derived Vi, ¥y, or Cy immunoglobulin domain in the
context of other non-bnmunoglobulin, or non-antibody derived components. Such antibody-
based proteins include, but are not Hmited to (1) Fo-fusion proteins of binding proteins,
including receptors or receptor components with all or parts of the immunoglobulin Ty
domains, (i1} binding proteins, in which Vg and or Vi, domains are coupled to alternative

molecular scaffolds, or (i) molecules, in which immunoglobulin Vg, and/or ¥y, andfor Cy
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domains are combined and/or assembled in a fashion not normally found in nafrally
occurring antibodies or antibody fragments.

{88727  “Binding affinity” is generally expressed in terms of equilibrium association or
dissociation constanis (K4 or Kp, respectively), which are in tumn reciprocal raties of
dissociation and gssociation rate constants {Kyr and ke, respectively). Thus, equivalent
affinities may correspond to different rate constants, so long as the ratio of the rate constants
remains the same. The binding affinity of an antibody is usually be expressed as the Kp of a
monovalent fragment (8.g. a Fyp fragment) of the antibody, with Kp values in the single-digit
nanomolar range or below (subnanomolar or picomolar) being considered as very high and
of therapeutic and diagnostic relovance.

{8073} As used herein, the term "binding specificiiy” refers to the selective affinity of
one molecule for another such as the binding of antibodies to antigens {or an epitope or
antigenic determinant thereof), receptors fo ligands, and enzymes to substrates. Thus, all
monoclonal antibodies that bind to a particular antigenic determinant of an entity {e.g., 8
specific epitope of RORI or ROR2) are deemed to have the same binding specificity for that
entity.

[8074] The term “Antibody Drug Conjugate”, or “ADC refers o an antibody to which a
therapeutically active substance or an active pharmaceutical ingredient {API) has been
covalently coupled, such that the therapeutically active substance or an active
pharmaceutical ingredient (AP} can be targeted to the binding target of the antibody to
exhibit its pharmacologic function, The therapeutically active substance or an active
pharmaceutical ingredient can be a cellular toxin that is able to effect killing of the cells
targeted by the ADCs, preferably malignant or cancer cells. The covalent attachment of 8
therapeutically active substance, an active pharmaceutical ingredient or a cellular toxin can
be performed in a non-site specific manner vsing standard chemical linkers that couple
payloads o lysine or cysteine residues, or, preferably the conjugation s performed in a slie-
specific manner, that allows full control of conjugation site and drug to antibody ratio (DAR)
of the ADC to be generated,

G875} The term “conservatively modified variant” applics to both amino acid and
nucleic acid sequences. With respect to particular nucleic acid sequences, conservatively
maodified variants refers to those nucleic acids which encode identical or essentially identical

amino acid sequences, or where the nucleic acid does not encode ap smine acid sequence, o
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essenifally identical sequences, Because of the degeneracy of the genetic code, a large
number of functionally identical nucleic acids encode any given protein. For instance, the
codons GCA, GCC, GCG and GCU all encode the amine acid alanine. Thus, at every
position where an alanine is specified by 2 codon, the codon can be altered to any of the
corresponding codons described without altering the encoded polypeptide. Such nucleic
acid variations are “silent variations,” which are one species of conservatively modified
variations. Every nucleic acid sequence hereln which encedes g polypeptide also describes
every possible silent variation of the nucleie acid. One of skifl will recognize that each
codon in a nucleic scid {except AUG, which is ordinarily the only codon for methionine, and
TGG, which is ordinarily the only codon for tryptophan) can be modified to vield &
functionally identical molecule. Accordingly, each silent variation of a nucleic acid that
encodes a polvpeptide Is implicl! in each described sequence.

[8076] For polypeptide sequences, “conscrvatively modified variants” refer to 2 variant
which has conservative amino acid substitutions, amino acid residues replaced with other
amine acid residue having a side chain with a similar charge. Families of amino acid
residugs having side chains with similar charges have boen defined in the art. These families
include amine scids with basie side chains {2.g., lysine, arginine, histidine), acidic side
chains {e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threoning, fyrosine, oysteing), nonpolar side chains {e.g.,
alanine, valine, leucine, isolencine, proline, phenyialanine, methionine, tryptophan), beta-
branched side chains (e.g., threouine, valine, isoleucine) and aromatic side chains {e.g..
fyrosing, phenylalaning, tryptophan, histidine).

{8877} The term “contacting” has it normal meaning and refers to combining two or
more agents (€.8., polypeptides or phage), combining agents and cells, or combining two
populations of different cells. Contacting can socur in vitro, .8, mixing an antibody and a2
cell or mixing a population of antibodies with 2 population of cells in a test tube or growth
medium, Contacting can also occur In a cell or jnsity, ¢.g., contacting two polypeptidesina
wel by co-expression in the cell of recombinant polvnucleotides encoding the two
polypeptides, or in a cell lysate. Contacting can also cccur i vive inside 3 subjest, e.g., by
administering an agent to a subject for delivery the agent to a target cefl,

{8078) A “humanized antibody” is an antibody or antibody fragment, antigen-binding

fragment, or antibody-based binding protein comprising antibody Vi or Vy, domains withia
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homology to human Vy or ¥y, antibody framework sequences having a T20 score of greater
than 89, as defined by defined by Gao et al, (2013) BMC Biotechnol. 13, pp. §5.

{6879 The terms “identical” or peroent “identity,” in the context of two or more sucleic
acids or polypeptide sequences, refer (o two or more sequences or subsequences that are the
same. Two sequences are "substantially identical” if two sequences have a specified
percentage of amino acid residucs or nuclectides that are the same (f.e., 60% identity,
optionally 65%, 70%, 75%, 80%%, §5%, 80%, 93%, or $9% identity over a specified region,
or, when not specified, over the entire sequence), when compared and aligned for maximum
correspondence over a comparison window, or designated region as measured using one of
the following sequence comparison algorithms or by manual alignment and visual
inspection. Optionally, the identity exists over a region that is at least about 50 nucleotides
{or 10 amino acids) in length, or more preferably over a region that is 100 to 508 or 1000 or
more nucleotides {or 20, 50, 200 or more amino acids) in length.

{0088 Methods of alignment of sequences for comparison are well known in the ast,
Optimal alignment of sequences for comparison can be conducted, ¢.g., by the local
fiomology algorithm of Smith and Watorman, Adv. Appl. Math. 2:482¢, 1970; by the
homology alignment algorithm of Needleman and Wunsch, J. Mol. Biol. 48:443, 1970; by
the search for similarity method of Pearson and Lipman, Proc. Nat’l, Acad, Sci, USA
§5:2444, 1988; by computerized implementations of these algerithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer
Group, Madison, WIY; or by manual slignment and visual inspection {see, e.g., Brent et al,,
Current Protocols in Molecidar Biology, Jobn Wiley & Sons, fnc, (ringbou ed,, 2003)).
Two examples of algorithms that are suitable for detenmining percent sequence identity and
sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described in
Altschul et al., Muc. Acids Res. 25:3389-3402, 1977; and Alischul et al., J. Mol. Biol.
215:403-410, 1990, respectively,

{8081} The term "subject” refers to human and non-humen animals {especially non-
human mammals). The term "subject” is used herein, for example, in connection with
therapeutic and diagnostic methods, to refer to human or animal subjects. Animal subjects
inchude, but are not limited to, animal models, such as, mammalian models of conditions or
disorders associated with elevated RORT expression such as CLL, ALL, mantle cell

fymphoma, neuroblastoma, sarcoma, renal cell carcinoma, breast cancer, lung cancer, colon
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cancer, head and neck cancer, melanoma, and other cancers. Other specific sxamples of
non-human subjscts include, e.g., cows, horses, sheep, pigs, cats, dogs, mice, rats, rabbits,
guinea pigs, monkeys,

fBa82] Artificial T cell receptors {(also known as chimeric T cell receptors, chimeric
tmmunorecepiors, chimeric antigen receptors (CARs) or T-bodies) are engineersd receptors,
which graft an arbitrary specificity onto an Immune effector cell. Typically, these receplors
are used to grafl the specificity of 8 monoclonal antibody onto a T cell; with transfer of their
coding sequence facilitated by retroviral or lentiviral vectors or by transposons, CAR-
engincered T cells (also abbreviated CARVT cells) are genetically engineered T cells armed
with chimeric receptors whose extracethslar recognition unit is comprised of an antibody-
derived recognition domain and whose intracellular region is derived from one or more
lymphoeyte stimulating moieties. The structure of the prototypic CAR is modular, designed
to accommadate various functional domains and thereby o enable choice of specificity and
controlled activation of T cells. The preferred antibodyv-derived recognition unit is a single
chain variable fragment (scFv) that combines the specificity and binding residues of both the
heavy and light chain varighle regions of 2 monoclonal antibody. The most common
Iymphocyte activation moieties include a T-cell costimulatory (e.g. CDX28) domain in tandem
with a T-cell riggering {e.g. CD3zeta) moiety. By arming effector lvmphocytes {suchas T
cells and nataral killer cells) with such chimeric receptors, the engincered cell is re~direcied
with a pre-defined specificity to any desived larget antigen, in 2 non-HLA restricted manmer.
CAR constructs are infroduced ex vive into T cells from peripheral lymphocytes of a given
pationt using retroviral or lontiviral vectors or fransposons. Following infusion of the
resuiting CAR-cngincored T cells back into the patient, they traffic, reach their target site,
and upon interaction with their target cell or tissue, they undergo activation and perform
their predefined effecior function. Therapeutic targets for the CAR approach inchude cancer
and HIV-infected cells, or avtoinunune effector cells.

[B083) The terms "reat,” "reating,” “ireatment,” and “therapeutically offective” used
herein do not necessarily imply 100% or complete treatment. Rather, there are varying
degrees of treatment recognized by ons of ordinary skill in the art as having 2 potential
benefit or therapeutic offect. In this respect, the inventive method can provide any amount
of any level of treatment. Furthermore, the freatment provided by the inventive method can

inchude the treatment of one or more conditions or symptoms of the disease being treated.
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0884} A "vector” is a replicon, such as plasmid, phage or cosmid, to which another
polynucleotide segment may be attached 50 a5 o bring about the replication of the attached
segment. Vectors capable of directing the expression of genes encoding for one or mors

olypeptides are referred (0 as "expression vectors™.
¥ P

1L Antihodies, sniibody-hased binding peoteing, antibady Baements theroof aniibody

drug contupates {ADRCS), or CARs speciBcally binding to ROR Y and related desivative

compounds
[608S] in one aspect, the invention provides novel antibodies, antibody-based binding

proteins, antibody fragments thereof, ADXCs or CARs that specifically bind to human RORI
with the same binding specificity as that of anti-ROR 1 antibody exemplified herein (Figare |
and 23). Antibodies of the jnvention include intact antibodies {e.g., IgG1 antibodies
exemplified herein}, antibody fragments or antigen-binding fragments {e.g., Fab fragments
exemplified herein), antibody-based binding proteins, ADCs and CARs which contain the
antigen-binding portions of an intact antibody that retain capacity to bind the cognate
antigen, RORL, Exampiles of such antibody fragments include {i) a Fab fragment, a
monovalent fragment consisting of the Vi, ¥y, Cp and Cy, domains; {ii) a Flab™),; fragment,
a bivalent fragment comprising two Fab fragments linked by a disuifide bridge at the hinge
region; {ii1) a Fd fragment consisting of the Vi and Uy domains; {iv) a Fv fragment
comsisting of the Vi and Vi domains of a single arm of an intsct antibody; (v} disulfide
stabilized Fvs (dsFvs) which have an interchain disuifide bond engineered between
structurally conserved framework reglons; (vi) a single domain antibody (dAb) which
consists of a Yy or Vi, domain (see, e.g., Ward et al.,, Nature 341:544-546, 1989); and (vii)
an isolated complementarity determining region (CDR) as a linear or oyclic peptide,
Examptles of antibody-based binding proteins are polypeptides in which the binding domains
of the antibodies are combined with other polypeptides or pelypeptide domains, e.g.
alternative molecular soaffolds, Foreglons, other functional or binding domains of other
polypeptides or antibodies resulting in molecules with addition binding properties, e.g. bi- or
multispecific proteins or antibodies. Such polypsptides can create an arrangement of binding
or functional domains normally not found in naturally cocurring antibodies or antibody

fragments,
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{8088} Antibodies of the invention also encompass anttbody fragments {or “antigen-
binding fragments™), like single chain antibodies. The term "single chain antibody” refers 1o
a polypeptide comprising 8 Vy domain and a V. domain in polypeptide linkage, generally
linked via a spacer peptide, and which may comprise additional domains or aming acid
sequences at the amino- andfor carboxyl-termini. For example, a single-chain antibody may
comprise a fether segment for linking to the encoding polynucleotide. As an example, a
single chain variable region fragment (scFv} is a single-chain antibody. Compared tothe Vi,
and Vy domains of the Fv fragment which are coded for by separate genes, a scFv has the
two domains joined {e.g., via recombinant methods} by a synthetic linker. This enables them
o be made as a single protein chain io which the Vy and ¥y reglons pair to form monovalent
molecuies.

{60871  Antibodies of the present invention also encompass single domain antigen-
binding units, which have a camelid scaffold. Animals in the camelid family include camels,
Hlamas, and alpacas. Camelids produce functional antibodies devoid of light chains. The
heavy chain variable (V) domain folds astonomously and functions independently as an
antigen-hinding unit. Its binding surface involves only three CDRs as compared to the six
CDRs in classical antigen-binding molecules (Fabs) or zingle chain variable fragments
{scFvs). Camelid antibodies are capable of attaining binding affinitics comparable to those
of conventional antibodies.

{8088]  The various antibodies, anitbody-based binding proteins, and antibody fragments
thereof described herein can be produced by snrymatic or chemical modification of the
intact antibodies, or synthesized de nove using recombinant DNA methodologiss, or
identified using phage display librarigs. Methods for generating these antibodies, antibody~
based binding proteins, and sntibody fragments thereof are all well known in the art. For
example, single chain anttbodies can be identified using phage display libearies or ribosome
display libraries, gene shuffled librarics (ses, o.g., MoCsfferty ot al, Nature 348:552-534,
1994; and U.8. Pat. No. 4,946,778). In particular, scFv antibodies can be obtained using
methods deseribed in, ¢.g., Bird et al,, Science 242:423-426, 1988; and Huston et sl Prog,
Natl. Acad. Sci. USA 85:5879-5883, 1988, Fv antibody fragments can be generated as
described in Skerra and Plickthun, Science 240:1038-41, 1988, Disulfide-stabilized Fv
fragments {dsFvs) can be made using methods described in, ¢.g., Relter et al,, Int. J. Cancer

§7:113.23, 1996, Simdlarly, single domain antibodies {(dAbs) can be produced by g variety
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of methods described in, .., Ward et al, Nature 341:344.548, 1989; and Cal and Garen,
Proc, Matl. Acad. Sci. USA 93:6280-83, 1996, Camelid single domain antibodies can be
produced using methods well known in the art, e.g., Dumoulin et al,, Nat. Struct. Biok
11300513, 2002; Ghahroudi et al., FERS Letiers 414:521-326, 1997; and Bond et al., L.
Mol. Biol. 332:643-35, 2003. Other types of antigen-binding fragments {e.g., Fab, Flab" ) or
Fd fragments) can also be readily produced with routinely practiced immunology methods.
See, e.g., Harlow & Lane, Using Amtibodies, A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York, 1998,

{00891 Antibodies of the invention flrther include humanized antibodies with higher
homology at amino acid level of the humanized antibody Vg or V. domains to human
antibody Vi or Vi domains than rodent Vg or Vy, domains, preferably with a T20 score of
greater than 80 as defined by Gao et al. (2813) BMC Biotechnol. 13, pp. 55

j8a98] In some embodiments, the antibodies, antibody fragments, antibody-based
binding proteins, ADRCs or CARs of the invention have heavy chain COR1, COR2 and
CDR3 sequences and lght chain CDRI, CDR2 and CDR3 sequences that are substantially
identical 1o that of the antibodies shown in Figure 1 or Figure 23, The light chain and heavy
chain CDR sequences of the exemplificd antibodics are all indicated in the figure. In some
of these embodiments, the antibodies, antibody fragments, antibody-based binding proteins,
ADCs or CARs have (1) heavy chain CDRI1-3 seguences that are substantially identical to
SECQ ID MGs:27-29, respectively; and light chain CDR1-3 sequences that are substantially
identical to SEQ I NOs:66-68, respectively; (2) heavy chain CDRI-3 sequences that are
substantially identical to SEQ ID NOs:30-32, respectively: and light chain CDR1-3
sequences that are substantially identical to SEQ I NOs:69-71, respectively; (3} heavy
chain CDR1-3 sequences that are subsiantially identical to SEQ ID NQs:33-35, respectively;
and light chain CORI-3 sequences that are substantially identical to 8EQ 1D NOs:72-74,
respectively; (4} heavy chain CDR1-3 sequences that are substantially identical to SEQ 1D
NQGs:36-38, respectively; and light chain CDR1-3 sequences thet are substamtially identical
to SEG D NOs:75-77, respectively; (8} heavy chain CDR1-3 sequences that are
substantiaily identical to SEQ ID NOs:39-41, respectively; and Hght chain CDRI-3
sequences that are substantially identical to SEG ID NOs:78-80, respectively: (6) heavy
chain CDRI-3 sequences that are substantially identical to SEQ ID NOs:42-44, respectively;
and light chain CDR -3 sequences that are substantially identical to SEQ 1D NOs:81-83,
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respectively; (7) heavy chain CDR1-3 sequences that are substantially identical to SEQ 1D
RNQO=:45-47, respectively; and light chain CDR1-3 sequences that are substantially identical
to SEQ 1D NOs:84-86, respectively; (B) heavy chain CDR1-3 sequences that are
substantially identical to SEQ ID NOs:48-50, respectively; and light chain CDR1-3
sequences that are substantially identical to SEQ 1D NOs:87-89, respectively; (8) heavy
chain CDR -3 sequences that are substantially identical to SEQ I NOs:51-53, respectively;
and light chain CDR1-3 sequences that are substantially identical to SEQ ¥ NOs:93-92,
respectively; (10} heavy chain CDR1-3 sequences that are substantially identical to SEQ ID
NOs5:54-56, respectively; and light chain CDRI-3 sequences that are substantially identical
to SEQ 1D NOs:83-95, respectively; (11) heavy chain CDR1-3 sequences that are
substantially identical to SEQ 1D NOs:37-59, respectively; and light chain CBR1-3
sequences that are substantially identical to SEQ ID NOs:96-98, respectively; {12} heavy
chain COR1-3 sequences that are substentially identical to SEQ 1D NOs:60-62, respectively;
andd light chain COR1-3 sequences that are substantially identical to SEQ 1D NOs:%9-101,
respectively: or (13} heavy chain CDRI-3 sequences that are substantially identical to SEQ
1D NQOs:63-65, respectively; and light chain CDR1-3 sequences that are substantially
identical to SEQ 1D NQOs:102-104, respectively.,

091 In some embodiments the antibodies, antibody fragments, antibody-based
binding proteins, ADCs or CARs of the invention comprise the heavy chain CDRI-CDR3
and light chain CDRI-CDR3 sequences are identical to the sequences shown in {1} 8EQ D
NO8:27-29 and SEQ I NOs:66-68 (antibody XBRI1-402), (21 SEQ 1D NOs:30-32 and SEQ
ID NQOs:68-71 {antibody ERR1-301}, {3) SEQ ID N0e:33-35 and SEQ ID NQs:72-74
{antibody ERR1-306), (4) SEQ ID NOs:36-38 and SEQ ID NOs:75-77 (antibody ERRI1-
3163, (5) SEQ ID NGs:38%-41 and SEQ ID NOa:78-80 (antibody ERR1.324), (6) BEQ ID
NOs:42-44 and SEQ 1D NOs:81-83 (antibody ERR1-403}, (73 SEQ 1D NOs:45-47 and SEQ
103 NOs:84-80 (antibody ERR1-409), (8) SEQ 1D NOs:48-50 and SEQ 1D NOs:87-89
{antibody ERRI-TOPR4), (%) SEQ 1D NGs:51-533 and SEQ ID NOs:90-92 {antibody ERRI-
TOPLA), (10} SEQ 1D NOs: 34-56 and SEQ 1D NOs:83-95 (antibody ERRI-TOP22), (3D
SEQ I3 NOs:57-59 and SEQ 1D NOs:96-98 (antibody ERRI-TOR4G), (1) SEQID
MNOs:60-62 and SBEQ 1D NOs:99-101 {antibody ERRI-TOP43), or (13) SEQ 13 NOs:63-65
and SEQ 1D NGs: 102-104 {antibody ERR1-TOP34).
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{3892] In other embodiments, the antibodies, antibody fragments, antibody-based
binding proteins, ADCs or CARs of the invention that specifically bind to human ROR]
contain () a light chain variable domain having 2 sequence that is substantially identical to
any one of SE( 1D NOs: 14-26 or 136-141, (b} a heavy chain variable domain having a
sequence that is substantially identical to any one of SEQ ID NQOs:1-13 or 130-135, or {c)
both 7 light chain of {a) and a heavy chain of {b). In some embodiments, the antibody
comprises both a lght chain of (a) and a heavy chain of (b). In some embodiments, the
antibodies, antibody fragments, antibody-based binding proteins, ADCs or CARs of the
invention contains (a) a light chain variable domain having at least 90% identity to any one
of SEQ 1D NOs:14-26 or 136-141, {b) a heavy chain variable domain having at least 90%
sequence identity to any one of SEQ ID NGs:1-13 or 1301335, or {¢) both a light chain of ()
and a heavy chain of (). In some embodiments, the percentage identity can be at least 81%,
at least 92%, at least 9395, at least 94%, at least 93%5, at least 96%%, at least 97%, at least
G8%, or at least ¥9%, or gven 100%. In some embodiments, the light chain variable domain
has at least 95% identity to any one of $EQ 1D NOs:14-26 or 136-141. In some
embodiments, the light chain variable domain has 100% identity to any one of SEQ ID
N¥s:14-26 or 136-141, In some embodiments, the antibody, antibody fragments, antibody-
based binding proteins, ADCs or CARs contains a heavy chain variable domain having at
least 90% identity fo any one of SEQ 1D NQOs:1-13 or 130-135. In other embodiments, the
percentage identity can be at keast 91%, at least 929, at least 93%, at least 4%, at least
93%, at least 6%, at least 97%%, at least 98%, or at least 9%, or even 100°%. In some
embodiments, the heavy chain variable domain has at least 95% identity to any one of SEQ
ID NQa:1-13 or 130135, In some embodiments, the heavy chain variable domain has 100%
identity to any one of SE} ID NOs:1-13 or 130-1335,

[8083] In some embodiments, the antibodics, antibody fragments, antibody-based
binding proteins, ADCs or CARs of the invention can comprise any heavy chain as
deseribed hersin {2.g., heavy chaing shown in Figures | and 23} in combination with any
suitable lght chain, such as those exemplified herein. Likewise, the antibody can comprise
any of the light chaing as described above (s.g., Hight chains shown in Figures { and 23) in
combination with any suitable heavy chain, such as those exemplified herein. For example,
in preferred embodiments, the antibody comprises a light chain having at least 90% identity
to SEQ 1D NO: 14 and a heavy chain having at least 0% identity to SEQ ID NO:1 {antibody
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XBRI-4023, alght chain having at least 90%6 identity to SEQ 1D NO:18 and a heavy chain
having at least 90% identity to SE(} ID NO:S {antibody ERR1-324), s light chain baving at
least 90%6 identity to SEQ TD NO:25 and a heavy chain having at least 90% identity to SEQ
D NO2 {antibody ERRI-TOP43), or a light chain having at least 90% identity to SEQ ID
MN26 and & heavy chain having at Jeast 90% identity to SEQ 1D NO: 13 (antibody ERRI-
TOPS4}. In some embodiments, the antibody can comprise the light chain and heavy chain
sequences respectively shown in (1) SEQ I NO: 14 and SEQ ID NGO, () SEQ D NOIS
and SEG IDNG:S, (3) SEQ 1D NG:23 and SEG ID NO1E, or {4) SEQ ID NO:26 and SEQ
D NG:13, In the various embodiments, porcent (%) identity of peptide sequences can be
calculated, for example, as 100 x [{identical positionsymin(TGA, TGR)], where TGA and
TGH are the sum of the number of residues and internal gap positions in peptide sequences
A and B in the alignment that minimizes TGA and TGB. See, e.g., Russell et gl, §. Mol.
Biol, 244: 332-350 (1994,

{B8084] The antibody of the invention can be any antibody including a full length
antibody, an antibody fragment, an antibody-based binding protein that specifically
recognizes or binds to the extracellular domain of human RORI, For example, the antibody,
antibody fragment or antibody-based binding protein can be polyclonal, monoclonal,
recombinant, chimeric, or humanized. Furthermore, the antibody can be of any isotype
including without limitation IgA, IgD, IgE, 1gG, or IgM. Thus, for example, the antibody can
be any IgA such as IgAl or IgA2, or any 1pG such as IpGl, 1gG2, 1g033, 1gG4, or synthetic
126, The antibody can also be any antibody fragment or antibody-based binding protein
having specificity for the exiracellular domain of human ROR1, such as F{abjZ, Fyv, scFy,
TgGACHZ, F{ab)2, scFv2CH3, Fab, VL, VH, scFvd, scFv3, scFvi, dsFy, Fy, seFv-Fe,
{scFv}2, a disbody, a bivalent, a bispecific, or a multispecific antibody. The antibody can be
any modified or synthetic antibody, including, but not Himited to, non-depleting 1gG
antibodies, CARs, or other Fe or Fab variants of antibodies.

(LAY In addition to 8 heavy chain as desoribed sbove, the antibody, antibody-based
binding proteins or antibody fragments thereof of the invention can further comprise a light
chain selected fom s Fab library using sequential naive chain shuffling. Likewise, in
addition to a light chain as described above, the antibody of the invention can forther

comprize a heavy chain selected from a Fab Hbrary using sequential naive chain shuffling,
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in some embodiments, the invention provides antibodies, antibody-based binding proteins or
antibody fragments thereof that are conscrvatively modified variants of the amti-RORY
antibodies sxemplified herein. Typically, the variable regions of these variants have an
amine acid sequence that is identical to one of these exemplified sequences except for
conservative substitutions at one or more smine scid residues. In some embodiments, the
antibody, antibody fragments, antibody-based binding proteinsg, ADCs or CARs of the
inventton specifically binds to human ROR1 and contains at least one CDR having a
sequence selected from the group consisting of SEQ 1D NOs:27-104. The invention alse
provides an isolated antibody with specificity for ROR1 containing one or more varianis of
the foregoing CDR sequences or substantially identically CDR sequences. The variant CDR
sequences in these antibodies can include 1, 2, or 3 substitutions, insertions, deletions, or
combinations thereof in a sequence selected from the group consisting of SEG ID NQs:27-
104. For example, a recombinant chimeric or humanized antibody {or fragment thereof} can
include one, two, three, four, five, or six of the foregoing COR sequences. In some
smbodiments, however, the recombinant chimeric or humanized antibody (or fragment
thereof} includes three CDR sequences of the same light or heavy chain, e.g., light chain
CIRS shown in SEQ ID NOs:66-68, SEQ 1D NOs: 78-80, SEQ 1D NOs:99-101, or SEQ ID
D 102-104; and heavy chain CDRs shown in SEQ [D NOs:27-29, SEQ 1D NOs:38-41,
SEQ D NOGs:60-62, or SEG ID NOs:63-65. In some embodiments, the recombinant
chimeric or humanized antibody (or fragment thereof) includes six CDR sequences of the
same antibody, e.g., (8) SEQ D NOs:66-68 and SEQ 1D NOs:27-29 (antibody XBR1-402);
{b) SEQ ID NOs:78-80 and SEQ 1D NOs:39-4 1 {antibody ERR1-324); (¢} SEQ I NQOs:99-
101 and SEQ [D NOs:60-62 {(antibody ERR1-TOP43), or (d) 3EQ 1D NOs:1062-104 and
SEQ ID NGs:63-63 (antibody ERRI1-TOP34),

{8096} In some embodiments, the invention provides antibodies, antibody-based binding
proteins or antibody fragments thereof with avidity for ROR1 of about 10 uM or less, 5 pM
or less, 2 pM or fess, T pM or less, 300 nd or less, 400 nM or less, 300 nM or less, or 200
nM or less. In some embodiments, the antibodies, antibody fragments, antibody-based
binding proteins, ADCs or CARs bind to ROR1 with an avidity of about 100 nM or less,
about 75 nM or less, abomst 3¢ nM or less, about 25 nM or less, about 10 o or less, or about
5 nM or less. In some smbodiments, the antibodies, antibody fragments, antibody-based

binding proteins, ADCs or CARS bind to RORI with an avidity of about | nM or less, about
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800 pM or less, about 700 pM or loss, about 600 pbi or less, about SO0 pM or loss, about 400
M or less, about 300 pM or less, about 200 pM or less, or about 100 pM or less. Avidiy
can be measured using art-known technigues, such as BLISA, biolayer inferometry, or
surface plasmon resonance.

{08971  The antibody, antibody-based binding protein or antibody fragment thereof of the
invention can be produced by any suitable techuique, for example, using any suitable
eukaryotic or non-cukaryotic expression system. In certain embodiments, the antibedy is
produced using a mammalian expression system. Some specific technigues for generating
the antibodies antibody-based binding proteing or antibody fragments thersof of the
invention are exemplified herein. In some embodiments, the antibodies, antibody-based
binding proteins or antibody fragments thereof of the invention can be produced using a
suitable non-vukaryotic expression system such as a bacterial expression system. Bacierial
expression systems can be used to produce fragments such as a F{ah)2, Fv, scFy, IgGACH2,
F{ab'}2, scFv2CH3, Fab, VL, VH, sclFv4, scFv3, scFv2, dsFy, Fy, soFv-Fo, (3¢FV)2, and
diabodies. Techniques for altering DNA coding seguences to produce such fragments are
known in the art,

{B8098] The antibodies, antibody-based binding proteins or antibody fragments thereof of
the invention can be conjugated fo a synthetic molecule using any typs of suitable
conjugation. Recombinant enginsering and incorporated selenocysteine (e.g., as described in
U5, Patent 8,916,139 issued on December 23, 2614) can be used to conjugate a synthetic
molecule. Gther methods of conjugation can include covalent coupling to native or
sugineerad lysine side-chain amines or cysteine side-chain thiols. Sce, e.g., Wu et al,, Nat,
Biotechnol, 23: 1 137-1 146 (2005).

{8099] In a preferred embodiment, the antibodies, antibody-based binding proteing or
antibody fragments thereof of the invention conjugated 1o a synthetic molecule {called
“ADC” for antibody drug conjugate with the synthetic molecule being a toxin) are obtained
by means of sile-specific sortase-enzyme mediated antibody conjugation., As disclosed in
WOZ014140317, sortases {also called sortase transpeptidases) form a group of prokaryotic
enzymes that modify surface proteins by recognizing and cleaving a specific peptide motif
called “sortase recognition tag” or “sortase tag”. Usually, a given sortase snzyme recognizes
one of more sortase recognition tags. Soriase enzymes can be naturally occurring, or may

have undergone genstic snginsering (Dorr et all, PN4AS 2014; 111, 13343-8),
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[08180]  In a preferred embodiment, the conjugate fs oblained by means of site-specific
sortase-enzyme mediated conjugation of { a) an antibody, antibody-based binding protein or
antibody fragment thereof as described herein carrying one or more sortase recognition fags,
and (b} one or more synthetic molecules carrying a glycine or oligoglycine tag, Glye,
{80181]  Preforably, the sortase recognition tag is fused or conjugated 1o the C-terminus of
at least one subdomain of the antibody. Said sortase recognition tag is preferably selected
from the group consisting of LPXSG (SEQ I N 142), LPXAG (SEQ 1D NO: 1433,
LPXTG (SEQ 1D NO144), LAXTG (SEQ 1D NG 145), and NPOTG (SEQ 1D NOu146),
[00182]  Preferably, the oligoglycine tag, Glvi, has a length of | 0 21 glycine residues
with n being any number from 1 to 21), preferably with a length of 3 to 5 amino acids {n
from 310 5, Le. Glyg, Glyg, , or Glyg).

{60103} The synthetic molecule can be any molecule such as one targeting 2 tumor. In
some embodiments, the synthetic molecule for conjugation to the antibody is a protein (e.g.,
an antibody) or an RNA or DNA aptamer.

{08104]  In one embodiment, the antibodies, antibody-based binding proteins or antibody
fragments thereof of the invention conjugated to a synthetic molecule have the general
formula A — (L — P}y, in which: A is an antibody, antibody-based binding protein or antibody
fragment thereof as described herein, L is one or more linkers, P {5 one or more payloads
selected from the group consisting of s label and g ¢ytotoxic or cvtostatic agent, and in
which n is an inteper between =1 and < 10,

{B0188]  In this embodiment, the linker preferably comprises, or consists of, at least one
selected from the group consisting of an oligopeptide linker (including cleavable and non-
cleavable oligopeptide linkers), a hydrazing linker, g thiourea linker, a self-immolative
linker, 8 succinimidy! trans-4-{maleimidylmethyDeyclohexans-1 -carboxylate (SMCC)
linker, a maleimide linker, 3 disuifide linker, a thiosther linker, and/or 2 maleimide linker.
[00186]  The skilled person understands that {further linkers may be suitable, Such linkers
may be non-cleavable or may be cleaved by changes in pH, redox potentisl or specific
intracellular enzymes. Cleavable oligopeptide linkers include protease- or matrix
metalloprotease-cleavable linkers. |t is understood that the Hoker may comprise
combinations of the above, For example, the linker may be a valine-citruline PAR linker.
[G81071  In a preferred embodiment, the linker comprises an oligopeptide with 2 sequence
that contains the penta-peptide motif LPXSG (SEQ 1D NG 142), LPXAG (SEQ 1D
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MO 143, LPXTG (SEQ ID NGO 144), LAXTG (BEQ D NG:14%), or NPQTG SEQ ID
NO:146) with X being any aming acid, followed by an oligo-glyeine streteh, Glyq,, with
being an integer between > 1 and <21, In a preforred embodiment, the linker is conjugated
to the C-terminus of at least one subdomain of the antibody, antibody-based binding proteins
or antibody fragments thereof.

{80168] In various embodiments, sultable synthetic molecules (“pavioads™) for
conjugation o the antibody include, o.g., therapeutic agents such as cytotoxic, ovtostatic, or
antiangiogenic agents, radioisotopes, and liposomes. A cviotoxic agent can be a plant,
fimgal, or bacterial molecule. In some embodiments, the cylotoxic agent for conjugation to
the antihody of the invention Is 2 small molecular weight toxin (MW< 2°000 Dalton,
preferably MW < 1’000 Dalton), a peptide toxin, or 3 protein toxin, Many specific examples
of these foxing are well known in the art. See, e.g., Dyba et gl., Curr, Pharm. Des, 102311
34, 2004; Kuyucsk et al,, Puture Med. Chem. 6:1645-58, 2614; Beraud ot al, Inflamm.
Allergy Drug Targets, 10:322-42, 2011; and Middlebrook et al., Microbiol. Rev, 48:199-221,
1984, in some embodiments, a therapeutic agent is conjugated to the antibody, For example,
the therapeutic agent can be a mayviansinoid {e.g., mayiansinel or DM meyvtansinoid), a
taxane, a calicheamicin, 2 cemadotin, 3 monomethylauristatin {e.g., monomethylapristatin B
or monomethylauristatin F), a pyrrolobenzodiazepine (PBD) or, preforably an anthracyeling,
more preferably & derivative of the highly potent anthracycline PNU-139682. Particularly
preferred derivatives of the highly potent anthracycling PNU-159682 are disclosed in
WO2016102679 {which is incorporated by reference herein), Therapeutic agents also
include vincristine and predaisone. In various embodiments, the therapeutic agent that may
be emploved in the invention can be an antimetabolite (e.g., an antifolate such as
methotrexste, a fluoropyrimidine such as 5- fluorouracil, cytosine arabinoside, or an
analogue of purine or adenosine); an intercalating agent {for example, an anthracycling such
as doxorubicin, nemorubicine, or preferably s derivative of PNU-159682), daunomycin,
epirabicin, idarubicin, mitomycin-C, dactinomycin, or mithramyein, or other inlercalating
agents such a8 pyrrolobenzodiazeping; 2 DNA-reactive agent such as calicheamicins,
taneimycins, and other enediyvooes; & platinumn derivative (e.g., cisplatin or carboplatin}; an
alkylating agent (o.g., nitrogen mustard, melphalan, chlorambucil, busulphan,
cyelophosphamide, Hosfamide nitrosoureas or thiotepa); an RNA polymerase inhibitor such

as a-amaniting an antimitotic agent {e.g., a vinca alkaloid such as vineristine, or a taxoid such
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as paclitaxel or docetaxel); a topoisomerase inhibitor (for example, etoposide, teniposide,
amsacrine, topotecany; a cell cycle inhibitor (for example, a flavopyridod); or & microbtubule
agent {e.g., an epothilone, a mbulysing, a pre-tubulysine, discodermolide anglog, or
eleutherobin analog). A therapeutic agent can be & profeasome inhibiior or 2 topoisomerase
inhibitor such as borteromib, amsacrine, etoposide, etoposide phosphate, teniposide, or
doxorubicin. Therapeutic radioisotopes include iodine {2'D), yttrium YY), utetium (7' Lu),
actinium (*PAc), prassodymium, astatine (Af), thenium {Re}, bismuth (Bi or BI), and
rhodium (Rb). Antiangiogenic agents inclnde linomide, bevacuzimab, angiostatin, and
razoxane.

{B818%] In a preferred embodiment, the systhetic toxin molecule is selected from PNU-
F35682 as described in Quintieri ot al, (2005} and derivatives thereof (see formula (1) below),
maytansing, monomethy! auristatin MMAE, and monomethy! auristatin MMAF. Ina
preferred embodiment, the toxin, joined to the lnker at its wavy ling, is of formula (i), as

described in WO 2016102679 (which is incorporated by reference herein)

s §
.“s;\\\\ & “:
O \"“*\\: PES

A3

formula (i)

{0811¢]  In the embodiment where the synthetic molecule is of formula (1), it is preferred
that the linker comprise an alkyldiamino group of the form NHp-{CH;)p-NHz, where m > 1
and < 11, preferably m=2, such that one amino group is divectly linked at the wavy line of

formula (i) to form an amide bond. it is moreover preferred that the second amino group is
linked to an oligopeptide linker, which is more preferably an oligoglycine Glyg, withn

being > 1 and <21, The most preforred pavioad is shown in Fig. 11 (B).
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{08111} o some embodiments, the synthetic molecule can be conjugated to any antibody,
antibody-based binding protein, or antibody-fragment. In some embodiments, the synthetic
molecule can be a label. Labels can be useful in diagnostic apphications and can include, for
example, contrast agents. A contrast agent can be a radioisotope label such as fodine (T or
230, indium (' 'In), technetium **1e), phosphorus (°F), carbon (*0), tritium *H), other
radicisotope {8.g., a radioactive ion), or a therapeutic radicisotope such as one of the
therapeutic radiolsotopes Histed above. Additionally, contrast agents can include radiopaque
materials, magnetic resonance imaging (MRI) agents, ultrasound imaging agents, and any
other contrast agents suitable for detection by a device that images an animal body. A
synthetic molecule can also be a fluorescent label, a biologically active enzyme label, 2
tuminescent label, or a chromophore label.

{80112} In some other cmbodiments, the synthetic moleculs can be g liposome, as
described in Bendas, BioDirugs, 15: 215-224, 2001, In such embodiments, the antibody can
be conjugated to a colloidal particle, e.g., a liposome, and used for controlled delivery of an
agent to diseased cells. In preparing an antibody conjugated to a liposoms, e.g., an
immunoliposome, an agent such as a chemotherapeutic or other drug can be entrapped in the
liposome for delivery to a target cell. In some embodiments, the antibodies, antibodv-based
binding proteins or antibody fragments thereof of the invention can also have specificity for
one or more antigens in addition to RORIL For example, the antibody of the invention can be
enginsered {2.g., a5 a bivalent diabody or a conjugated Fab dimer or trimer) to have
specificity for RORI and another tumor antigen, ¢.g., an antigen associated with
neyroblastomas, renal cell carcinoma, breast cancer, gasiric cancer, prostate cancer, colon
cancer {e.8., colon adenocarcinoma), or breast cancer {.g., breast adenocarcinoma). The
antibody can be engineered to have specificity for ROR1 and an antigen that promoies
activation or targeting of cyiotoxic sffector cells.

V. Folvouclsotides, vegiors and kost colls for producing RUOR 1 antibodiss

{00113} The invention provides substantially purified polynuclestides (DNA or RNA}

[

that are identical or complementary to sequences encoding polypeptides comprising
segments or domains of the antibody, antibody-based binding protein or antibody fragment
thereof chains described herein. In some embodiments, the polynucleotides of the invention

encode the heavy chain or light chain domains sequences shows In Figures 1 and 23, When
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expressed from appropriste expression vectors, polypeptides encoded by these
polynucleotides are capable of exhibiting ROR1 antigen binding capacity. Also provided in
the invention are polynuclectides which sncode at feast one CDR region and usually all three
CDR regions from the heavy or light chain of the antibodies described herein, Some other
polynucieotides encode all or substantially all of the variable region sequence of the heavy
chain and/or the light chain of the exemplificd antibodiss. For example, some of these
polynuclectides encode the amine acid sequence of the heavy chain varisble region shown in
any one SEQ ID NOs:1-13 or 1384133, andfor the aming acid sequence of the light chain
variable region shown in any one SEQ 1D NOs:14-26 or 136-141. Because of the
degeneracy of the code, a variety of nucleic acid sequences will encode cach of the
immunoglobulin amino acid sequences.

{80114] The polynucleotides of the invention can encode only the variable region
sequences of the exemplified antibodies. They can also encode both g variable reglon and a
constant region of the antibody. Some of pobynucleotide sequences of the invention nucleic
acids encode a mature heavy chain variable region sequence that is substantially identical
{e.g., at least 8%, 50%, 95% or $9%) to the mature hesvy chain variable region sequence
shown iy any one SEQ 1D NOs:1-13 or 130-133, Some other polynucleotide sequences
encode a mature light chain variable region sequence that is substantially identical (e.g., at
Icast 80%, 90%, 95% or 99%) to the mature light chain variable region sequence shown in
any one SEG D NOs:14-26 or 136-141. Some of the polynuclectide sequences encode a
polypeptide that comprises variable regions of the heavy chain or the light chain of one of
the exemplified antibodigs. Some other polynucizotides encode two polypeptide segments
that respectively are substantially identical to the variable regions of the heavy chain or the
light chain of one of the exemplified antibodies,

881181 The polynuclestide sequences can be produced by de nove solid-phase DNA
synthesis or by PCR mutagenesis of an existing sequence {e.g., sequencss as described in the
Examples below) encoding an exemplified functional antibody, Direct chemical svithesis of
nucleic acids can be accomplished by methods known in the art, such as the phosphotriester
method of Narang ot al, Meth, Enzymol. 68:940, 1979; the phosphodiester method of Brown
et al., Meth. Eneymol. 68:109, 1979, the dicthylphosphoramidite method of Beaucage ot al,
Tetra, Lett, 22:1839, 1981, and the solid support method of ULS, Patent No, 4,458,068,

Introducing mustations t© a polynuclootide sequence by PCR can be performed as desoribed
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in, e.g., PCR Technology: Principles and Applications for DNA Amplification, H.A. Erlick
{Bd.}, Freeman Press, NY, NY, 1992; PCR Protocols: A Guide to Methods and Applications,
nnis ef ¢f. {Bd.), Academic Press, San Diego, CA, 199; Matiils et al,, Nuclele Acids Res.
19667, 1991 and Tickert ef ol , PCR Methods and Applications 1:17, 1991,

[00116]  Also provided in the invention are expression vectors and host cells for producing
the functional antibodies described herein, Specific examples of plasmid and transposon
based vectors for expressing the antibodies are described in the Examples below, Various
other expression vectors can also be employved to express the polynucleotides encoding the
functional antibody chains or binding fragments. Both viral-based and nonviral expression
vectors can be used to produce the antibodies in a mammalian host cell. Nonviral vectors
and systems include plasmids, episomal vectors, typically with an expression cassette for
expressing a protein or RNA, and human antificial chromosomes (see, o.g., Harringion et al,
Nat. Genet. 15:345, 1997). For example, nonviral vectors useful for expression of the
antibody polynuclesctides and polypeptides in mammalian (e.g., buman) cells include
pi’EP4, pREP4, pThioHis A, B & €, peDNA3 1/His, pEBVHis A, B & C (Tnvitrogen, San
Diego, CA), MPSY vectors, and numerous other vectors known in the art for expressing
other proteins. Other useful nonviral vectors include vectors that comprise sxpression
cassettes that can be mobilized with Sleeping Beauty, PiggyBack and other transposon
systerns, Useful viral vectors include vectors based on lentiviruses or other retroviruses,
adenoviruses, adeno-associated viruses, herpes viruses, vectors based on 8V46, papilloma
virus, HBP Epstein Barr virus, vaccinia viras vectors and Semliki Forest virus (SFV}. See,
Brent ot al, supra; Smith, Annu. Rev. Microbiol. 49:807, 1993; and Rosenfeld of al., Cell
68:143, 1992,

{88117}  The choice of expression vector depends on the intended host cells in which the
vectar is 1o be expressed. Typically, the expression vectors contain g promoter and other
regulatory seguences (e.g., enhancers) that are operably linked to the polynucleotides
encoding a functional antibody chain or fragment.  In some embodiments, an inducible
promcter is emploved to prevent expression of inserted sequences except under inducing
conditions. Inducible promoters include, ¢.g., arabinose, lacZ, metaliothionein promoter ora
heat shock promoter. Cultures of transformed organisms can be expended under non-
inducing conditions without biasing the population for coding sequences whose expression

products are better tolerated by the host cells. In addition to promuoters, other regulatory
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slements may also be required or desired for efficient expression of a functional antibody
chain or fragment, These clements typically inchude an ATG indtiation codon and adjacent
ribosome binding site (Kozak consensus sequence) or other sequences. In addition, the
efficiency of expression may be enhanced by the inclusion of enhancers appropriate to the
cell system in use (see, e.g., Scharf et al, Resulls Probl. Cell Differ, 200125, 1994, and
Bittner of al,, Meth, Enzymel, 153:516, 1987). For cxample, the 8V40 enhancer or CMY
ernhancer may be used to increase expression in mammalian host cells,

[08118] The expression vectors may also provide a secretion signal sequence position to
form a fusion protein with polypeptides encoded by inserted functional antibody sequences.
More ofien, the ingerted functional antibody sequences are lnked to a signal sequences
before inclusion in the vector. Vectors to be used to receive sequences encoding the
functionsa! antibody light and heavy chain variable domains sometimes also encode constant
regions or paris thereof, Such vectors allow expression of the variable regions as fusion
proteins with the constant regions thereby leading to production of intact antibodies or
fragments thereof. Typically, such constant regions are human, and preferably of human
{gG1 antibodiss.

[68119] The host cells for harboring and expressing the functional antibody chains can be
sither prokaryotic or eskarvotic. Tn some preferred embodiments, mammalian host cells are
used to express and to produce the antibody polypeptides of the present invention, For
example, they can be either a hybridoma cell line expressing endogenous immunoglobulin
genes or g mammalian cell line harboring an exogenous expression vector. These include
any normal mortal or normal or abnormal immortal animal or human cell. In addition to the
cell lings exermplified herein, a number of other suitable host cell lines capable of secreting
intact immunoglobulins are also known in the art. These include, ¢.g., the CHO cell lines,
various HEK 293 cell Hnes, various Cos cell lines, Hela cells, myeloms cell Hnss,
transformed B-cells and hybridomas. The use of manimalian tissue cell culture to express
polypeptides is discussed generally in, e.g., Winnacker, From Genes to Clones, VCH
Publishers, N.Y., N.Y., 1987, Expression vectors for mammalian host cells can include
expression control sequences, such as sn origin of replication, & promoter, and an enhanger,
and necessary processing information sites, such as ribosome binding sites, RMA splice sites,
polyadenylation sites, and transcriptional terminator sequences. These expression vectors

usually contaln promoters derived from mammalian genes or from mammalian viruses.
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Suitable promoters may be constitutive, cell type-specific, stage-specific, andior modulsteble
or regulatable. Usefil promoters include, but are not limited to, EF 1o and human UbC
promoters exemplified herein, the metallothionein promoter, the constitutive adenovirus
major late promater, the dexamsthasons-inducible MMTV promoter, the SV40 promoter, the
MREF pol I promoter, the constitutive MPSY promoter, the ietracyeline-inducible CMVY
promoter (such as the human inmmediate-carly CMY promoter), the constitutive CMY
promoter, and promoter-enhancer combinations known in the art,

[08120] Methods for introducing expression vectors containing the polynucieotide
sequences of interest vary depending on the type of cellular host. For example, caleium
chioride transformation is commonly utilized for prokaryotic cells, whereas calciom
phosphate treatment or eleciroporation may be used for other cellular hosts {see generally
Sambrook et al,, supra). Other methods include, £.3., slectroporation, calehum phosphate
treatment, liposome-mediated transformation, injection and microinjection, ballistic
methods, virpsomes, immunoliposomes, polycationnucieic acid conjugates, naked DNA,
artificial virions, fusion {o the berpes virus structural protein VP22 (Eiliot and O'Hare, Cell
88:223, 1997}, agent-enhanced uptake of DNA, and ex vive transduction. For long-term,
high-vicld production of recombinant protoing, stahle expression will ofien be desired, For
example, cell lines which stably express the antibody chains or binding fragments can be
prepared using expression vectors of the invention which contain virs! origins of replication
or endogenous expression elements and a selectable marker gene. Following introduction of
the vector, cells may be allowed to grow for 1-2 days in an enriched media before they are
switched to selective media. The purpose of the selectable marker is to confer resistance to
selection, and iis presence allows growth of cells which successfully express the introduced
sequences in selective media. Resistant, stably transfected cells can be proliferated using
tissue culture techniques appropriate for the cell type.

[88121] The invention further provides eukarvotic or non-sukarvotic celis {eg.. T
lymphocytes) that have been recombinantly enginesred o produee the antibodies, antibody-
based binding proteins or antibody fragments thereof of the invention, The eukaryotic or
non-gukaryotic cells can be used as an expression sysiem to produce the antibody of the
invention. In some embodiments, the invention provides RORT targeted immune cells that
are engingered {o recombinantly express an ROR1 specific antibody of the invention. For

example, the invention provides a T cell engineered to express an antibody of the invention
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{e.g., an scFy, scFv-Fe, or (scFv)2}, which is linked to a synthetic molecule containing one
or more of the following domains: a spacer or hinge region (e.g., 8 CD28 sequence or a 1gG4
hinge-Fo sequence), 8 fransmembrane region (e.g., & fransmembrans canonical domain), and
an intracethular T-cell receptor (TUR) signaling domain, thereby forming a chimeric antigen
receptor {CAR) or T-body. Intracelhudar TCR signaling domaing that can be included in a
CAR {or T-body) include, but are not limited to, CD3{, FeR-y, and Syk-PT signaling
domains as well as the CD28, 4-1BB, and CD134 co-signaling domains. Methods for
constructing T-cells expressing a CAR {or T-body? are known in the art. See, e.g., Marcu-
Malina et al., Expert Opinion on Biological Therapy, Vol. 9, No. § {posted online on April
16, 2009).

Y. Therapsutic and disenostic apnlications

{88322} The ROR1 antibodics, antibody-based binding proteins, antibody fragments

thereof, ADCs and CARs disclosed hereln can be used in various therapeutic and diagnostic
applications. RORI is expressed and implicated in the development of various tumors. See,
¢.g., Rebagay et al, Front Oncol. 2, 34, 2012; and Shabani et al., Expert Opin. Ther, Targets
19, 941-955, 2015, For example, ROR1 is expressed on the tumor cell surface in CLL,
ALL, mantle cell lymphoma, neuroblastoma, sarcoma, renal cell carcinoma, breast cancer,
fung cancer, colon cancer, head and neck cancer, melanoma, and other cancers. Imporiantly,
ROR1 is expressed in embryogenesis but largely shut down afier birth, Very fow adult
healthy tissues and cells express ROR1. Consistently, ami-ROR ! CAR-engincered T oclls
were found to be safe and active in nonhuman primates, validating ROR1 as a therapeutic
target in cancer (Berger (2015} Cancer fmmuno! Res. 3(2), page 2016). Thus, mAbs to
RORT have high therapsutic and disgnostic atility in cancer,

{80123} Insome embodiments, the favention provides methods for inhibiting cells that
express ROR (ROR1 cells) by eontacting the celle with an antibody, antibody-based
binding protein, antibody fragment thereof, ADC or CAR of the invention. The antibody,
antibody-based binding protein or antthody fragment thereof can be 2 naked (unconjugated)
molecule or an antibody, antibody-based binding protein, antibody fragment thereof
conjugated o a synthetic molecule, 2., a cytotoxie, gyiostatic, or antianglogenic agent, 8
radicisotope, of even 1o a liposome. Preferably, cells are contacted with an ADC comprising

a conjugated cytotoxic molscule. The method can be used to inhibit RORI1 cells invivro or in
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a subject (.e., in vivo). The coutacted RORY cells can be In, for example, a cell culture or
animal model of 2 disorder associated with clevated levels of RORY, The methods are
gseful, for example, to measure and/or rank {relative o another antibody) the antibody's
inhibitory activity for a specific ROR1 celf type. Inhibiting ROR1 cells can include blocking
ot reducing the activity or growth of ROR1 celis. Inhibiting can slso include the killing of
ROR1 ceils. While the metheds are not bound by or limited to any pasticular mechanism of
action, inhibitory activity can be mediated by blocking ROR1- mediated signaling or by
blocking the signaling of an RORI associated receptor. Inhibifory activity can also be
mediated by recruitment of Immune system ciffectors that attack RORI ¢ells, g8, by
activating constituents of the antibody-dependent cell-mediated cytotoxicity (ADCC) or
complement systems.

[08124]  In some related embodiments, the invention provides methods for treating a
subject that has, is suspected to have, or is at risk of developing a disorder associated with
expression of ROR1. Generally, the methods include administering a therapeutically
sffective amount of an isolated antibody, antibody-based binding protein, antibody fragment
thereof, ADC or CAR of the invention fo the subject. The antibody can be any anti-ROR1
antibody, anti-ROR ] antibody fragment, anti-ROR 1 antibody-based binding protein of the
invention as described hergin. Thas, the antibody can be chimerie, humanized, synthetic,
F{ab)2, Fy, scPv, IgGACH2Z, F{ab"2, scFv2CH3, Fab, VL, VH, scFv4, scFv3, scFvZ, dsFy,
Fyv, or (scFv)2. In some embodiments, the method includes administering an 1gG, an scFv, a
dsFv, a F{ah'}2, a diabody, or a bivalent antibody. The administered antibody, antibody-
based binding protein, antibody fragment thereof can be conjugated to a synthetic molecule
deseribed above, e.8., a cylotoxie, oytostatie, or antiangiogenic agent, a therapeutic
radioisotope, or a liposome. An exemplary cyviotoxic agent is Pseudomonas exotoxin 4
{PE38}. Disorders that can be treated include CLL, ALL, mantle cell lymphoma,
neuroblastoma, sarcoma, renal cell carcinoma, breast cancer, lung cancer, colon cancer, head
and neck cancer, melanoma, and other disorders with elevated ROR1T expression.

{01251  In some embodiments, the invention provides methods for ireating a subject that
has, is suspected fo have, or is at risk of developing a disorder associated with glevated
levels of ROR1 by adoptive transfer of the genetically engineered Tocells described herein,
which express an antibody or antigen-binding fragment of the invention as a chimeric

antigen receptor {CAR) that selectively binds ROR1, Recombinant technology can be used
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to introduce CAR-encoding genetic material into any suitsble Tecells, e.g., central memory
T-cells from the subject o be treated. The T cells carrying the genetic material can be
expanded {e.g., in the presence of cytokines). The genetically engineered T-cells are
wansferred, typically by infusion, to the patient. The transterred T-cells of the invention can
then mount ap immune respense against ROR1 expressing cells in the subject. The adoptive
transfer method can be used, for sxample, o treat subjects that have or are suspected to have
any af the cancers associated with ROR], including CLL, ALL, mantle cell lymphoma,
newroblastoma, sarcoma, renal cell carcinoma, breast cancer, hing cancer, colon cancer, head
and neck cancer, melanoma, and other cancers. In some embodiments, the foregoing
methods of treatment can further include co-administering a second therapeutic agent for
treating the disorder associated with elevated ROR1. For example, when the disorder to be
treated fnvolves an ROR [-expressing cancer, the method can further include co-
administration of g cytotoxic, cystostatic, or antiangiogenic or immune-stimulatory agent
{e.g. immune-checkpoint inhibitor antibodies, for instance, but not limited to, those binding
to PD1, PDLY, CTLA4, OX40, TIM3, GITR, LAG3 and the hike) suitable for ireating the
cancer. I¥the cancer is a B-coll malignancy, the method can further includs, for exampls,
co~administration of rituximab, alemiuzomab, ofatumumab, ocrelizumab, or s CHOP
chemotherapeutic regimen.

[BBI26]  In some other embodiments, the invention provides method for detecting in a
biological sample an altered tevel of ROR1 (e.g., cell surface RORD), for example, relative
o a control, either by FACS, tmmunohistochemistry {(IHC) or Western Blotting. Generally,
the method includes contacting a biological sample with an antibody, antibody-based
binding protein, antibody fragment thereof of the invention and determining the amount of
antibody that selectively binds to material {e.g., cells} in the saymple 1o thereby determine the
level of RORY in the biological sample. A blological sample can be from g cell culiure or
from a test subject, e.g., & plasma or a tissue sample from a subject that has, is suspecied to
have, or is at risk of developing a discase or condition associated with elevated ROR1 ina
subject, A control level desirably corresponds to the ROR 1 level detected using the same
antibody in a corresponding sample(s) from one of more control cultures or discase-free
subjects. Methods of using the antibody of the invention to determine ROR] levels can

include any immuncassay such as immune- {Western) blofting, enzyme-linked
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immunosorbent assay (ELISA), lmmunchistochemistry (JHC) and flow cytometry, e.g.,
fluorescence-activated cell sorting (FACS) analysis.

{80137] The methods of detection can be used to screen for the prasence of a disorder
associated with elevated ROR1. The methods include obtaining a sample from a test subject
in need of screening, e.g., 8 subject that has, is suspected to have, or is at risk of developing a
disorder associated with elevated ROR1. The level of RORI (g.g., the amount or
concentration) in the sample is measured using an antibody, antibody-based binding protein,
antibody fragment thereof of the invention, and the level in the sample is compared to a
control level of RORY. The control level represents, for example, the mean fevel (e.g., the
amount or concentration} in sample(s) from one or, preferably, multiple control group
subjects that do not have 3 disorder associated with elevated RORI. Alternatively, the
control level can correspond to the level or mean level of ROR1 in one or more samples
taken from the test subject at one or more prior times, such as when the test subject did not
have or did not exhibit, a condition associated with clevated RORI1. A significantly higher
level of ROR1 in the biclogical sample relative to the control level is indicative of a disorder
associated with elevated ROR1 in the subject. In subjects such as humans, where cell surface
ROR1 expression is largely restricted to embryonic development, a control level of ROR1
can be zero or none, Thus, in some embodiments of the method of the detection provided by
the invention, any significant and detectable amount of ROR1 in a biological sample can be
indicative of 4 disorder associated with elevated ROR1 in the subject.

f00128]  Additionally, the methods of detection can be used to monitor the progress of a
discrder associated with elevated ROR1L. The method includes obtaining a sample from a
subject in need of screening, e.g., & subject having been diagnosed or suspected to have a
disorder associated with elevated RORIL. The level of ROR1T in the sample is measured
using an antibody, antibody-based binding protein, antibody fragment thercof of the
invention, and the level in the sample is compared to a control level corresponding to the
level or mean level of ROR1 in one or more samples taken from the test subject st one or
more prior times. Levels of ROR ] that are significantly elevated or decreased relative to
controf indicate that the sublect's disorder is deteriorating or improving, respectively. The
foregoing methods of detection can be used to screen for the presence or to monitor the

progress of disorders including, for example, CLL, ALL, mantle cell lymphoma,
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neyroblastoma, sarcomas, renal cell carcinoma, breast cancer, lung cancer, colon cancer, head
and neck cancer, melanomas, and other cancers.

{88128]  In some embodiments, the invention provides methods for screening a subject for
an altered level of ROR L, Generally, the methods entail administering to the subject an
antibody, antibody-based binding protein, antibody fragment thereof of the invention that is
conjugated to a labsl {e.g., a conirast agent}, imaging the subject in a manner suitable for
getecting the label, and determining whether a region in the subject has an altered density or
concentrstion of label as compared to the background leve! of label in proximal tissue.
Alternatively, the methods include determining whether there is an altered density or
concentration of label in a region as compared to the denaity or concentration of label
previously detected in the same region of the subject. Methods of imaging a subject can
include x-ray imaging, $-ray computed tomography {CT) imaging (e.g.,, CT angiography
{CTA) imaging}, magnetic resonance (MR) imaging, magnetic resonance anglography
{MRA), nuclear medicine, uRrasound (US) imaging, optical imaging, slastography, infrared
imaging, microwave imaging, and the Hke, as appropriate for detecting the label conjugated
to the antibody. Tn a preferred embodiment, the subject has, is suspected to have, or v at risk
of developing an ROR L-expressing tumer, such as CLL, ALL, mantle cell lymphoma,
neuroblastoma, sarcoma, renal cell carcinoma, breast cancer, lung cancer, colon cancer, head
and neck cancer, melanomas, and other cancers, and the method is used to sereen for or detect
the presence of the temor, In another embodiment, the method can be used 1o monitor the
size or density of a ROR 1-expressing tumor over time, ¢.g., during a course of treatment.

TS SR R catewte aned nen i st
VI. Pharmaceutical composiiions and combinations

[88138] In another aspect, the invention provides pharmaceutical compositions that
contain an antibody, an antibody fragment, an antibody-based binding protein, or an ADC as
described herein and a pharmaceutically acceplable carrier. Pharmaceutical compositions
can be prepared from any of the antibodies described herein. Exemplary compositions
inchide one or more of a chimeric antibody having SEQ ID NOG:14 (light chain) and/or SEQ
Dy NO: 1 (heavy chain}, a chimeric antibody having SEQ ID NO:I8B (light chain) and/or SEQ
{13 NG:S {heavy chain), a chimeric antibody having SEQ ID NO:25 (light chain) andior SEQ
153 NO: 12 (heavy chain), and a chimeric antibody having SEQ 1D NG:26 {light chain) and/or
SEQ 1 NO:13 ¢heavy chain). Other antibodies, antibody fragments, antibody-based
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binding proteins, or ADCs suitable for the pharmaceutical compositions of the invention
include those having a light chain sequence as shown In SEQ D NOs:14-26 or 136-141,
and/or a heavy chain sequence as shown in SEQ ID NOs: 1-13 or 130-135, Other exemplary
compositions of the invention can contain a humanized antibody having one, two, thres,
four, five, or six CDRs selected from the group consisting of SEQ 1D NQs:27-104, like the
ones exemplified in SEQ 1D NQs: 130-141 In some erabodiments the sntibody includes
three CDR sequences of the same exemplified light or heavy chains shown in Figure 1.
These include the heavy chain COR1, CDR2 and CDR3 sequences and light chain CDR1,
COR2 and CDR3 sequences respectively shown in (1) SEQ 1D NOs:27-29 and SEQ D
N{O5:66-68 (antibody XBR1-402), (2) SECQ ID NQOs:30-32 and SEQ D NOs:69-71 {antibody
ERRI-301), (3) SEQ ID NOs:33-35 and SEQ ID NOs:72-74 {antibody ERR1-308), {(4) SEQ
1D NO:36-38 and SEQ 13 NOs:78-77 {antibody ERR1-316}, (5) SEQ D NOs:38-41 and
SEQ D NOs:78-80 {antibody ERR1-324), {6) SEQ ID NOs:42-44 and SEQ 1D NOw:81-83
{antibody ERR1-403}, (7} SEQ 1D NOs:45-47 and SEQ ID NOs:84-86 {antibody ERRI-
409}, (8} SEQ ID NOs:48-50 and SEQ 1D NOs:87-89 (antibody ERRI-TOP4), (9 SEQID
Ms:51-53 and SEQ 1D NOs:90-92 (antibody ERRI-TOP1S5), (10} SEG 1D NOw:34-36 and
SEQ 1D NOs:93-93 (antibedy ERRI-TOP22), (11) SEQ 1D NOs:57-5% and SEQ ID
NQOs:96-98 (antibody ERRI-TOP4N, (12) SEQ ID NOs:60-82 and SEQ 1D NOs:89-181
(antibody ERRI-TOP43), or {13} SEQ ID NOx:63-65 and SEQ 10 Ns:182-104 {antibody
ERRI-TOP34). In some embodiments, the pharmaceutical composition includes an
amtibody having six CDR sequences of the same antibody exemplified in Figure §, e.g., (8
SEQ ID NQOs:66-68 and SEQ ID NOs:37-29 {antibody XBR1-402); (b} SEQ 1D NOs:78-80
and SEQ ID NOs:3%-4 1 {antibody ERR1-324); {c} SEG ID NOs:99-101 and SEQ ID
NOs:60-62 {antibody BERRI-TOP43), or (d) SEQ 1D NOs:162-104 and SEQ 1D NOs:63-65
{antibody ERRI-TOP54). Sdll another exemplary pharmaceutical composition includes a
dsFv fragment, which can inchude one or more modifieations to the amino scid sequence as
appropriate and understood by one of ordinary skill in the art.

{80131}  In some embodiments, the compositions of the invention contain a carrier for the
antibody, the antibody fragment, the antibody-based binding protein or the ADC, desirably a
pharmaceutically accepiable carrier. The pharmaceutically accepiable carrier can be any
suitable pharmaceutically acceptable carrier. It can be one or more compatible solid or Hguid

fillers, diluents, other excipients, or encapsulating substances which are suitable for
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administration into 2 human or veferinary patient {e.g., a physiologically acceptable carrier
or a pharmacologieally aceeptable carrier). The torm “carrier” denotes an organic or
inorganic ingredient, natural or synthetic, with which the active ingredient is combined io
facilitate the use of the active ingredient, e.g., the administration of the active ingredient to a
subject. The pharmaceuntically acceptable carrier can be co-mingled with one or more of the
active components, e.g., & hybrid molecule, and with each other, when muore than ong
pharmaceutically acceptable carrier is present in the composition, in 2 manner o s sot to
substantially impair the desired pharmaceutical efficacy. Pharmaceuticslly acceptable
materials typically are capable of administration to a subject, e.g., a patient, without the
production of significant undesirable physiological effects such as navsea, dizziness, rash, or
gastric upset. It Is, tor example, desirable for a composition comprising a pharmaceutically
acceptable carrier not to be immunogenic when administered o 2 human patient for
therapsutic purposes.

{88132} Pharmaceutical compositions of the invention can additionally contain suitable
buffering agents, including, for example, acetic acid in a salt, citric acid in a salt, boric acid
in & salt, and phosphoric acid in a salt. The compositions can also optionally contain suitable
preservatives, such as bonzalikonium chloride, chlorobutanoc!, parabens, and thimerosal.
Pharmaceutical compositions of the invention can be presented in unit dosage form and can
be prepared by any suitable method, many of which are well known in the art of pharmacy.
Such methods Include the step of bringing the antibody of the invention into association with
a carrier that constitutes one or more accessory ingredients. In general, the composition is
prepared by uniformly and intimately bringing the active agent info association with a Hiquid
carrier, a finely divided solid carrier, or both, and then, if necessary, shaping the product.
{08133] A composition suitable for parenteral administration conveniently comprises &
sterile aqueous preparation of the inventive composition, which preferably is isctonic with
the blood of the recipient. This aqueous preparation can be formulated according 1o known
methods using suitable dispersing or wetting agents and suspending agents. The sterile
injectable preparation also can be a sterile injectable solution or suspension in a non-foxic
parenterally-acceptable diluent or solvent, for example, as & solution in 1,3-butane diol.
Among the acceptable vehicles and solvents that can be employed are water, Ringer's
solution, and isotonic sodium chioride solution. In addition, sterile, fixed oils are

conventionally emploved as a solvent or suspending medium, For this purpose any bland
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fixed ofl can be employed, such as synthetic mono-or di-glyeerides, In addition, fatty acids
such as oleic acid can be used in the preparation of injectables, Carrier formulations suitable
for oral, subcutaneous, infravenous, intramuscular, ete. administrations can be found in
Remingion's Pharmaceutical Sciences, Mack Publishing Co., Baston, PA.

[8134]  Preparation of pharmaceutical compositions of the invention and their various
routes of administration can be carried out in accordance with methods well kaown in the
art. See, e.g., Remington: The Science and Practice of Pharmacy, Mack Publishing Co., 20™
ed., 2008; and Susiained and Controlled Release Drug Delivery Systems, JR. Robinson, ed,,
Marcel Dekker, Inc., New York, 1978, The delivery systems useful in the context of the
invention include time-released, delayed release, and sustained release delivery systems such
that the delivery of the inventive composition ocours prior to, and with sufficient time to
cause, sensitization of the site to be treated. The inventive composition can be used in
conjunction with other therapeutic agents or therapies. Such svstems can avoid repeated
administrations of the inventive composition, thereby Increasing conveniencs to the subject
and the physician, and may be particularly suitable for certain compositions of the invention,
{B8138] Many types of release delivery systems are available and known {0 those of
ordinary skill in the art. Suitable release delivery systems include polymer base sysiems such
as poly(lactide-glveolide), copolyoxalates, polycaprolactones, polyvesteramides,
polyorthoesters, polvhydroxybutyric acid, and polyanbedrides. Microcapsules of the
foregoing polymers containing drugs arc described in, for example, U.S. Patent 5,075,109,
Delivery systoms also include non-polymer systems that are Hpids including sterols such as
cholestercl, cholesierol esters, and fatty acids or neutral fats such as mono-di-and
triglycerides; ydrogel release systems; sylastic systems; peptide based systems; wax
coatings; compressed tablets using conventional binders and excipionts; partially fused
implants; and the like. Specific examples include, but are not limited to: {8} evosional
systems in which the active composition is contained in a form within 2 matrix such as those
deseribed in U.S. Patents 4,452,775, 4,667,014, 4,748,034, and 5,239,660 and {b) diffusionsl
systems in which an active component permeates at a controlled rate from a polymer such as
described in U.8, Patents 3,832,253 and 3,854,480, In addition, pump-based hardware
delivery systems can be used, some of which are adapted for implantation.

[B0136]  The invention also provides kits sulfable for carrving out the methods of the

invention. Typically, the kits contaln two or more components required for performing the
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therapeutic or diagnostic methods of the invention, Kit components include, but are not
limited to, one or move antibodies, antibody-based binding proteins, antibody fragments
thereof, or ADC of the invention, appropriate reagents, and/or equipment. In some
embodiments, the Kits can contain an antibody, antibody-based binding protein, antibody
fragment thereof of the invention and an mmuncassay buffer suitable for detecting ROR |
(e.g. by ELISA, flow cytomeiry, magnetic sorting, or FACS). The kit may also contain one
or more microtiter plates, standards, assay diluents, wash butfers, adhesive plate covers,
magnetic beads, magnets, and/or instructions for carrying out a method of the invention
using the kit. The kit scan include an antibody, antibody-based binding proteing, antibody
fragments thereof of the invention bound o a subsirate {e.g., a multi-well plate or a chip),
which is suitably packaged and usefu! to detecti ROR1. In some embodiments, the kits
include an antibody, antibody-based binding proteins, antibody fragments thereof of the
invention that {s conjugated to a iabel, such as, a fluorescent label, 3 biologically active
enzyme label, a luminescent label, or a chromophore label. The kits can further inchude
reagents for visualizing the conjugaied antibody, antibody-based binding proteins, antibody
fragments thereof, e.g., g substrate for the enzyme. In some embodiments, the kits include an
antibody, antibody-based binding proteins, antihody fragments thereof of the invention that
is conjugated to a contrast agent and, optionally, one or more reagents or pleces of
squipment useful for imeging the antibody in 8 subject.

{81377 Generally the antibody, antibody-based binding proteins, antibody fragments
thereof of the invention in a kit is suitably packaged, e.g., in a vial, pouch, ampoule, and/or
any container appropriate for a therapeutic or detection methed. Kit components can be
provided as concentrates {including lvophilized compositions), which may be further diluted
prior to use, or they can be provided at the concentration of use. For use of the antibody of
the invention in vive, single dosages may be provided in sterilized containers having the

desired amount and concentration of components.

EXAMPLES
[68138] The following cxamples are provided to further illustrate the invention bt not (o
lirnit its scope. Other variants of the Invention will be readily apparent to one of ordinary

skill in the art and are encompassed by the appended claims.
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Example I.
HH138]  Cell lines: MDA-MB-231, MDA-MB-468, 697, Kasumi-2, T47D, HSS78T, 63-
12 and 63-12/hRORT and 63-12/AROR2 transfectants, K562 and K362/MRORT transfectants,
EMT-6 and EMT-6/ROR1 transfectants were cultured in DMEM (Invitrogen; Carlsbad, CA)
supplemented with 109 (v/v) heat inactivated FBS {Thermo Scientific; Logan, UT}, 100
U/mL penicillin, and 100 rag/mL streptomyein (Invitrogen). HEK 293F cells were purchased
from Invitrogen and maintained in FreeStyle Medium supplemented with 1% (v/v) heat
inactivated FBS (Thermo Scientific) to support adherent culture or without FBS for
suspension culture, 100 L/mL penicillin, and 100 mg/mL streptomyein (Invitrogen).

108140) Cloning of full-length BROR] and hRORI mammalian expression vectors:
Transposable vector backbones (pPB-Purc) were assembled from modular parts with
flanking restriction sites that were synthesized or derived from sequence-verified
commercially available vectors, and are described in detail in Patent WO2014013026A1.
These original transposable vector backbones were modified by exchanging IRES-driven
expression of the Puromyein resistance genc in the original vector with separate,
phosphoglycerate kinase promoter (PGK) driven expression. This was done by replacing the
IRES sequence with an $V40-pA sequence located 37 of the multiple cloning site, followed
by introduction of the PGK-promoter sequence 5° of the Puromyein resistance gene, Full-
length ROR /2 open reading frames were synthesized by total gene synthesis (Genserip,
Piscataway} with flanking restriction sites (5°Notl/3’BstBI) and were then cloned into the

muitiple cloning site of the transposable vectors using the respective restriction enzymes.

[86148)  Cell line engineering for eciopic expression of hRRORI or AROR2 inthe 63-12
murine A-MulV-transformed preB cell line: The mouse Abelson murine pre-B cell line 63-
12 (Shinkai et al. (1992) Cell 68:855-67) were cultured in culture media (17.7¢/L Gibeo®
IMDM (Life Technologies, 42200-038), 3.024 ¢/T. NaHCO; (Sigma-Aldrich, p.a., »89.7%),
16 mE/L 100x non-gssential amino acids (Life Technologies, 11140035), § mg/L insulin
(Sigma-Aldrich, 1-5500), 3 mL/A of 10% primatone RL/UF in H,O (Sheflield Bioscience),
and ! mL/L of 50 mM 2-mercapioethano! (Sigma-Aldrich, M-3148) in Hz0), supplemented
with 2% (v/v} FCS, 100 IU/mL Pen/Strep/Fungizone (Amimed, 4-02F00-H), 200 mM L~
glutamine {Amimed, 5-10K00-H) and 50 uM 2-mercapiosthanol (Amresco, §482) at 37°C
and 7.5% COy, Cells were engineered to overexpress hRORT and hROR2 by transposition as
follows: cells were centrifuged (6 min, 1200 rpm, 4°C) and resuspended in RPMI-1640
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media (5x10° cells/mL), 400 uL of cell suspension was then added o 400 yl. of RPMI
containing 18 pg of ransposable vector pPR-PGK-Pura-ROR | (directing co-expression of
fuil-length RORT (NP_005003.2) and the puromycin-resisiance gene), or 10 pg of
fransposable vector pPB-PGK-Puro-RORZ (directing co-expression of full-length RORZ
(NP _004551.2) and the puromycin-resistance pene}, along with 10 pg of transposase~
containing vector pCDONAZ L _hy mPB. DNA/E3-12 cell mixtures were ransferred to
electroporation caveties (0.4 cm-gap, 165-2088, BioRad, Cressier, Switzerland) and
electroporated using the Biorad Gene Pulser B with capacitance extender at 300V and 950
pf, Then, cells were incubated for 5-10 min at room temperature, Following the Incubation,
cells were centrifuged at 1200 rpm for § min (4°C), washed once and subseguently
resuspended in agueous culture media (17.7g/L Giboo® IMDM (Life Technologies, 42200-
030), 3.024 ¢/L. NaHCO, (Sigma-Aldrich, p.a., >88.7%), 10 mL/L 100x non-essential amino
acids (Life Technologies, 11140035}, 5 mg/L insulin (Sigma-Aldrich, 15500}, 3 mL/L of
10% primatone RLAUF in HyO (Sheffield Bioscience), and 1 mi/L of 56 mM 2-
mercaptoethanc] {Sigma-Aldrich, M-3148) in H20), supplemented with 2% (v/v) FCS§, 100
L/mL Pen/Strep/Fungizone (Amimed, 4-02F00-Hj}, 200 mM L-ghitamine {Amimed, 5~
HOKO0-H) and 50 pM 2-mercaptosthanol (Amresco, 0482). After two days incubation at
37°C in g humidified incubator at 5% CO, atmosphere, cell pools stably expressing hROR1
or hBRORZ were selected by adding 2 pg/mL puromycin {Sigma-Aldrich, P8E33).

f00142] Afler 4 to S days, hRRORI or hROR2 expression on engingered cells were
confirmed by flow cytometry. Briefly, following trypainization, 10° cells were centrifuged in
FACS tubes; obiained pellets were resuspended in buffer (PBS with 2% (v/v) FCE), Inthe
case of hROR 1-engineered cells, cells were then incubated with 2A2 (mAbB066 antibody
targeting RORI, {inal concentration 2 ug/mL) for 30 min at 4°C, followed by centrifugation
and washing. Cells were resuspended as previously and incubated with anti-human 1gG
antibody (Fe gamma-specific) PE {(eBioscience, Vienna, Austria, 12-4998-82), ata 11100
difution, in the dark (30 min, 4°C), washed once in buffer and kept on ice until FACS
sorting. For RROR2-engineered §3-12 cells, the same protocol was followed but using
EPR3I779 (Abcam antibody targeting ROR2; 1:100 dilution) as primary antibody and
allophyecocyanin-conjugated AffiniPure F(ab")2 goat anti-rabbit IgG (H+L) (Jackson

Immunoresearch, 111-136-144) as secondary antibody.
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{88143]  Inthe case of hROR -engineered 63-12 cells, cells were single cell sorted into
96-well flat-bottom plates containing 200 pl of supplemented culture media per well vsing a
FACS Aria IL Plates were incubated at 37°C and clones were expanded o 6-well plates
before analysis. Target expression was confirmed by flow cytometry using a FACSCalibur
instrument {(BD Biosciences) and FlowJo analytical software {Tree Star, Ashland, OR).
[00144]  Celi fine engineering for ectopic expression of BRORI in the EMT-0 nuvine
breast cancer cell line: Wurine EMT-6 breast cancer cells (kind gift from Prof. Dr. med.
Alfred Zippelius, University Hospital of Basel, Switzerland) were cultured in DMEM
complete (Dulbecco’s Modified Eagle Medium (DMERM) High Glucose (4.5 g/ with L-
Glutamine with 10% (v/v} Fetal Calf Serum (FCS), 100 IU/mL of Pen-Strep-Fungizone and
2 mM L-glutamine (all Bioconcept, Allschwil, Switzerland)) at 37°C and 5% C0,. Cells
were engineered o overenpress ROR1 by transposition as follows: cells were centrifuged (6
rin, 1200 rpm, 4°C) and resuspended in RPMI-1640 media (5x106° cells/mL). 400 pb of this
coll suspension was then added o 400 pl of RPMI containing 13.3 ug of transposable vector
pPB-PGK-Puro-ROR 1, divecting co-expression of full-length RORT (NP_005003.2) and the
puromycin-resistance gene, and 6.6 pg of transposase-containing vector
pUCDNAZL hy mPB. DNA/EMT-6 cell mixture was transferred to electroporation cuvaties
(0.4 cm-gap, 165-2088, BioRad, Cressier, Switzerland) and slectroporated using the Biorad
Gene Pulser H with capacitance extender at 300V and 930 uF. Then, cells were incubated for
5-10 min at room-temperatore. Following the incubation, cells were centrifuged at 1200 rpm
for 6 min, washed once and subsequently resuspended in DMEM complete prior to
incubation at 37°C in a humidified incubator at 5% CO» atmosphere. One day afier
electroporation, cell pools stably expressing human ROR{ were selected by adding 3 pg/ml,
puromyein (Sigma-Aldrich, P8833)

[88145] RORI expression on selected EMT-6-ROR1 cells was confirmed by flow
cytometry. Briefly, following trypsinization, 10° cells were centrifuged in FACS tubes;
obtained pellets were resuspended in buffer (PBS with 2% (v/v) FCS). Cells were then
incubated with 2A2 (mAbI6S); 30 min, 4°C, final concentration 2 pg/ml), followed by
centrifugation and washing. Cells were then resuspended as previcusly and incubated with
anti-human 1gG antibedy (Fo gamma-specific) PE {eBioscience, Vienna, Austria, 12-4998-
82} with a 1:250 dilution in the dark {30 min, 4°C), washed once in buffer and kept on ice
until FACS sorting.
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[60146]  Using 8 FACS Aris 1L, cells wers single coll sorted into a 96-well flat-bottom
plate containing 200 gl of DMEM complete per well. This plate was incubated at 37°C and
clones were expanded to 6-well plates before analysis of ROR 1-expression by flow
cytometry as outlined above, using a FACSCalibur instrument (BD Biosciences) and Flowlo
analytical software (Tree Star, Ashiand, OR) for analysis.

[00147] Figure 16C shows the FACS analysis data of clone 14 (high ROR I-expressing)
and WT {ROR1 negative) EMT-6, detected with anti-ROR1 antibody 2A2 {mADOGE).
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Example 2, Gesorationgl

[00I48]  Consrruction, expression, and purification of recombinani human RORI proteins:
Construction, expression, purification and biotinylation of hFe fusion proteins containing
different domains of human RORI or mouse ROR1 were deseribed {Yang et al,, Plo8 One
6:221018, 2011} For hROR[-AV-0XHIS fusion protein, the extraceliular domain of human
ROR1T (24-463) was PCR amplified with primers pCEP4-hROR I-F and pCEP4-RROR I-Avi
tag-R {(note that the AV tag was introduced to the C terminus of ROR1 by primer pCEP4-
hROR 1-Avi tag-R), followed by extension PCR with primers pCEP4-signal-F-Kpnl and
pCEP4-6HIS-R-Xhol 1o add a signal peptide and 6XHIS tag to the N and C terminus
separately before cloning into pCEP4 via KpsliXhol. This construct was then transiently
transfected into HEK 293F cells {Invitrogen) using 293 fectin (Invitrogen), and the protein
was purificd by Immobilized Metal Ion Affinity Chromatography using a T-mE HisTrap
column (GE Healtheare) as deseribed in Kwong and Rader, Curr Protoc Protein Sci Chapter
&:Unit 6 10, 2009, The quality and quantity of purified hRROR -AVI-6XHIS was analyzed by
SDS-PAGE and Agsp absorbance, respectively, Subsequently, the fusion protein was
hictinyisted by BirA enzyme kit from Avidity {Aurora, Colorade) following the protocol,
Briefly, 2 mg RORI-AVI-6XHIS at 40 uM in 10 mM Tris-HCI {pH 8) was biotinylated in
the presence of biotin using 10 pg BirA after incubation for 30 min at 37°C, foliowed by
purification again using a 1-mL HisTrap column (GE Heaktheare) ss described above.
pUEPA-RRORIF: § -atcctgitictegtagetgotgeanciggagoacactocgeocggggogoogeegeacag-3°
{SEQ 1D N(:105); pCEP4-hROR 1~ Avictag-R: §°~
ceactegatcticigggcciogaagatgiogticaggeoctocatetigttettotocit-3° (SEQ 1D NG 106); pCEPY-
signal-F-Kpnk 3’ gotgggiscoggogegocacoatggaciggactiggagaatocigitictogtagetget-3” (SEQ 1D
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N 107y pCERPS-6HIS-R-Xhol: 5%«
geoggocicgagicagtyatgptaatpgiggtpctogiproaciogatofiatggpoete-3” (SEG 1D NGO 108).
1988491 Construction, expression, and purification of recombinamt luman RORI (hROR]-
His} and human ROR2 (hRROR2-Hig) proveins: hROR-His was PCR-amplified with primers
SP-hRORI_F{F°

getggglaccggegogeeaccalggactiggachigeagaatocighiicioplageigolgoaacig gageacactOngeosgees
cgogeegoecag Y {SEQ ID NG and BRORL-HEs R (8
cggectogagicagigalggipatpgigptectocatoligitotictontt 3% (SEQ 1D NO: 1) using pUBP4-
hEe-hRORY (Yang ot al,, PloS One 6:021018, 2011} as template, while hROR2-His was
PCR-amplified with primers $P-hROR2 F
(gctgggtaccggcgsgccaccatggactggacttggagaatcctgtttctegmgctgctgcaactggagcae:ﬁmccgaagtgga
gattetggateeg) (SEQ I MN{:111) and hROR2-His R
{eggectogagicagigateptgatgatagigecoostoltgetgoigteteg) (SEQ 1D NO:112) using pCEPS-
hFe-hROR2 as template. Then they are cloned into pCEP4 (Invitrogen) separately via
KpnliXhol. These constructs were then separstely and transiently transfected into HEK
293F cells (Invitrogen) using 293 fectin (Tnvitrogen), and the corresponding proteins were
purified by Immobilized Metal lon Affinity Chromatography using a 1-mL HisTrap column
{GE Healthcare) as described in Kwong and Rader, Curr Protoe Protein Sci Chapter §;Unit 6
16, 2008, The quality and guantity of purified hROR1-His and hROR2-His were analyzed by
SEIS-PAGE and Aqep absorbance, respectively,

[88158]  Generation and selection of nalve chimeric rabbittaanan Fab Flraries: All
rabbit handling was carried out by veterinary personnel at Pocono Rabbit Farm &
Laburatory {Canadensis, PA)Y or R & R Research (Stanwood, WA). A total of nine rabbits
{ages 3-4 months) were usad. Five of these rabbits were of the New Zealand White (MZW)
strain, with three obtained from Pocono Rabbit Farm & Laboratory {(Canadensis, PA) and
two obtained from R & R Research (Stanwood, WA). Four b9 wild-type rabbits were derived
from a separate R & R Research colony that originated from a pedigreed colony developed
and characterized at the National Institute of Allergy and Infectious Diseases (NIAID)
{McCartney-Francis ef al, Proc. Natl. Acad. Sci. U 8§ A 81:1794-1798, 1984; and Popkov &t
al., J. Mol. Biol, 325:325-3335, 2003, Spleen and bone marrow from each rabbit were
collected and processed for total RNA preparation and RT-PCR amplification of rabbit ¥V,
¥, and Vyencoding sequences using established protocols (Rader, Methods Mol Bicl
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325:101-128, xiv, 2008, Rabbit b} V /human (huy CorbVy and rbV/haCirbVy segments,
respectively, were assembled in one fusion step based on 3-fragment overlap extension PCRL
Note that the Vi derived from b9 rabbiis were also assembled with Vi from NZW rabbiis.
The Fab-gncoding fragments were digested with SAT and Hgated with $fil-ireated phage
display vector pC3C (Hofer et al,, § Immunol Meth 318:75-87, 2007) at 16°C for 24 h.
Subsequently, 135 ug purified pC3CtbV/AC,/rbVy ligated products were transformed into £
coli strain SR320 (2 kind gift from Dr. Sachdev 8. Sidhu, University of Toronto, Toronto,
Ontario, Canada) by 30 separate electroporations (each using 0.5 pg DNA W 530 @l
electrocompetent cells) and yielded 7.5 x 10° independent transformants for library . For
library 2, 4.8 x 10° independent transformants were obtained using the same procedure.
Using VOSMI13 helper phage (Stratagene; La Jolla, CA), the phagemid Hbraries wers
converied to phage lbraries and stored at -86°C. Phage library x and library A were re-
smplified using XL1-Bloe {Stratagene) or ER2738 {Lucigen} and mixed equally before four
rounds of panning against biotinylated hFe-hRORT or BROR-AVI-6HIS. During the
panning, 5 pg/ml antigen was pre-incubated with streptavidin coated magnetic beads
{Dynabeads MyOne Streptavidia C1; Invitrogen) at 37°C for 30 min and then binders from
the phage library were captured in the presence of 1 mg/mL unspecific polyelonal human
igG (Thermo Scientific) when hFe-ROR T was used. Starting from the thivd round of
panning, the input phage was negatively depleted by incubation with empty beads before
selection against antigen-loaded beads. Following selection, supernatants of IFTG-induced
bacterial clones wers analyzed by ELISA and by flow oytometry. Repeated clones were
identified by DNA fingerprinting with 4%, and the ¥V and Vg sequences of unique clones

werg determined by DNA sequencing (Figure 1).

Example 3. Expression and purifcation of shimerie rabbivhurnan Fab and full-length

TGl antibodies

[98151)  Consiruction, expression, and purification of chimeric rabbitthuman Fab ond
IgGi: MAD XBRI1-402 in chimeric rabbithuman Fab format was cloned into £, cofi
expression plasmid pC3C-His and expressed and purified as described in Kwong and Rader,
Curr Protoc Protein Sci Chapter 6:Unit § 10, 2009, For the expression of mAb XBR1-462 in
chimeric rabbithuman [gG1 format, the previously deseribed vector PIGG-R11 was used

(Yang et al,, PloS One 6:e21018, 2011}, The Vi encoding sequence of Fab XBR1-402 was
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PCR amplified using primers 4-2_¥H Fand 42 VH R, and cloned vis Apal/Saci into
PIGG-R1L. Then the light chain encoding seguence of XBR1-402 was PCR amplified using
primers 4-2_ F and LEAD-B, and cloned via HindlIl/Xbaf into PIGG-R11 with the
corresponding heavy chain encoding sequence, Note that an internal 4pal site in FR4 of Vi
encoding sequences of Fab XBR1-402 was removed by silent mutation in primer 4-
2_¥H R In addition, we changed a TAG stop codon, which was suppressed during selection
in £ coli strain XL1-Blue, to CAG (glutamine) encoding the first amino acid of native Vi
(Figure 1) with primer 4-2_VH_F. The resulting PIGG-XBR1-402 plasmid was transiently
ransfected into HEK 293F cells (Inviivogen) using 293fectin (Invitrogen), and the protein
purified with a {-mL recombinant Protein A HiTrap cohsmn {GE Healtheare, Piscataway, NI}
as described (Yang et al, Plo8 One 6:021018, 2011; and Yang and Rader, Methods Moi Biol
901:209-232, 2012). The quality and quantity of purified IgG1 were analyzed by SDS-PAGE
and Aggo absorbance, respectively,

[08152] Al the other mAbs in chimeric rabibithuman Fab format were cloned into £, coli
expression plasmid pET1a and expressed and purified as described (Yang et al., PloS One
§:e21018, 2011}, For the expression of mAbs BRR1-324, ERR1-TOP43 and ERRI-TOPS4
in chimeric rabbithuman IgG1 format, pCEP4 (Invitrogen) was used to clone the heavy
chain and light chain separately. For heavy chain, a gBlock containing 2 heavy-chain signal
peptide encoding sequence, Vy of BRR2-302 (a mAb to kRORZ) and CH1 (1-49) of human
TgGl was synthesized by TDT (San Jose, CA) and amplified with primers Kpol/Ascl-Signal
and CHl-internal/overlap-R, and fused to CHY (S0-88)-CHZ-CHY amplified from PIGG
with primers CH1-internal/overlap-F and HC-CH3-R-Xhol by overlap extension PCR with
primers Kpnl/Asci-8ignal and HC-CH3-R-Xhol, and then cloned into pCEP4 by AscliXhol.
Nate that a Ehel site was introduced into CHI at Ala™ by synonymous mutation when the
gBlock was synthesized. Consequently, this construct served as vector to clone the heavy
chains of other mAbs by replacing the Vg using dsel/Ehel Vy of ERRI-324, ERRI-TOP43
and ERR1-TOPS4 were amplified with forward primer ERR1-324 HC-F, ERR1-TOP43 HC-
Fand ERRI-TOPS4 HC-F and reverse primer VH-CH1-R-Ehel separately, followed by
extension PCR to add the signal peptide with primer Kpnl/Ascl-Signal and VH-CHI-R-
Ehel. Then each Vi was inserted into the vector by Ascl/Ehel, For Hight chain cloning, while
lambda light chains of ERRI-TOP43 and ERRI-TOPS4 were amplified with primers ERR -
TOP43 LC-F and ERRI-TOPS4 LC-F separately combined with LC-R-Xhol, kappa light
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Example 4
{083183] ELISA: For ELISA (Figure 2}, each well of a 96-well Costar 3690 plate (Corning,
Coming, NY} was coated with {00 ng anti-human IgG1 Fe in 25 plL coating buffer (0.1 M
NapCGs, 0.1 M NaHCOs, pH 9.6) for T h at 37°C. After blocking with 150 pL 3% (w/v)
BSA/TBS for I hat 37°C, hFe-hROR1 or hFc-mROR] was captured following incubation at
100 ng / 30 uL for 1 h at 37°C. Then 100 ng / 50 pL of Fab was applied in each well at 37°C.
2h later, 50 pL of a 1:1000 dilution of a mouse anti-His tag mAb conjugated to horse radish
peroxidase (HRP) (R&D Systems, Minneapolis, MN) in 1% {(w/v) BSA/TBS was used &0
detect the Fab, To determing the epitopes (Figure 4), hFc fusion proteins containing different
domains of BROR1 were coated directly, followed by incubation with Fab before detection
by mouse anti-His tag mAb conjugated to HRP. Washing with PBS was repeated and
colorimetric detection was performed using 2,2°- azino-bis (3-ethylbenzthiszoline)-6-
sulfonic acid (Roche) as substrate according to the manufacturer’s directions. The
absorbance was measured at 405 nm using a SpectraMax MS microplate reader (Molecular
Devices; Sunnyvale, CA) and SofiMax Pro software (Molecular Devices).

[B01534]  Flow cytomenry: Cells were stained using standard flow cyiometry methodology.
Briefly, for purified anti-ROR1 Fab (Figure 3), 0.1-1 x 10% cells were stained with 1000 ng/
100 pL of Fab on ice for T h. After washing twice with ice-cold flow cytometry buffer (PBS
containing 1% (v/v} BSA, 0.1% sodium azide and 1 mM ED¥TA), the cells were incubated
with a 1:1000 dilution of a mouse anti-His tag mAb conjugated to Alexa Fluor 488 (Qiagen)
in 100 pL flow cytometry buffer on ice for 30 min, For purified anti-ROR 1 1gG1 (Figure 8},
0.1~1 x 10° cells were blocked by 4% goat serum for 15 min at room temperature and then
incubated with 100 ng / 100 pL of 1gG on ice for { h, After washing twice with ice-cold flow
cytometry buffer, cells were stained with a 1:300 dilution of goat anti-human IgG, Foy pAbs
conjugated to APC (Jackson ImmunoResearch) in 100 pl. flow cytometry buffer on ice for
30 min. For commercial goat anti human ROR I polyclonal antibody (Figure &), ¢.1~1 x 10°
vells were stained with 200 ng/ 100 pl. of Ab on ice for 1 h. After washing twice with ice-

cold flow cytometry buffer (PBS containing 1% (v/v) BSA, 0.1% sodium azide and | mM
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EDTA), the cells were incubated with a 1:1000 dilution of 3 Alexa Fluor §47-conjugated
AfliniPure F{ab’); donkey anti goat IgG {(H+L) in 100 uL. flow cytometry buffer on ice for
30 min. Finally, 4',6-diamidino-2-phenylindols (DAPT) was added to a final concentration of
100 ng /il to exclude dead cells from the snalysis, Cells were analyzed using a
FACSCalibur instrument (B0 Biosciences) and Flowlo analytical sofiware {Tree Star,
Ashland, OR).

[80155)  Swyace plasmon resonance: Surface plasmon resonance for the measurement of
the affinities of all Fabs to hFc-hRORT and for epitope mapping studies were performed ona
Blacore X100 instrument wsing Biacore reagents and software {GE Healthoare, Piscataway,
NI} Anti-Human IgG (Fo) antibody was immobilized on 2 CMS3 sensor chip following the
instruction of Human Antibody Capture Kit (GE Healthoare, Piscataway, NI). Then, hFe-
BROR! fusion proteing were captured at certain density (indicated in Figure 5 and Figure 6).
The sensor chip included an empty flow cell for instantaneous background depletion, Al
binding assays used 1x HBS-EP+ running buffer (10 mM HEPES, 130 mM NaCl, 3 mM
EDTA (pH 7.4), and 0.05% {v/v} Surfactant P20} and a flow rate of 30 mL/min. For affinity
measurements, all Fabs were injected at five different concentrations {(dilution factor was 2},
and the lowest concentration was tested in duplicates (the highest concentrations for each
Fab are indicated in Figure 6B). The sensor chip was regenerated with 3 MgCl; from the
Huran Antibody Capture Kit without any loss of binding capacity. Calculation of
association (k) and dissociation () rate constants was based on g 1:1 Langmuir binding
model. The equilibrium dissociation constant (K} was caloulated from ke / ko, For epitope
mapping studies, each Fab was prepared at 560 nM alone In 1x HBS-EP+ running buffer and
then injected in order as indicated in Figure §,

[00186]  Western blotring. Cells or proteins were lysed by 1x sample buffer {containing
1% B-mercaptocthanol} and boiled before running on NuPAGE Novex 4-12% Bis-Tris gels
{invitrogen}. After membrane {ransferring and blocking by 5% milk, 2 pg / mL chimeric
rabbit/human IgGl of XBR1-402 or ERRI-TOP43 was applied to detect the denatured
proteing, followed by incubation with /1000 anti-hunsan Foy conjugated to HRP before
developing using ECL Prime Western Blotting Detection Reagent {GE Healthoare) (Figure
9.
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Exgmple 5
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{80157} Strepll-tagged human ROR1-extracellular domain was produced as follows: the
nucleotide sequence encoding the extracellular domain of human RORI (NP _005003.2) was
N-terminally fused to a signal sequence (MNFGLRLIFLVLTLEKGVQC) and C-terminally
fused with a sequence encoding 8 strepli-tag (CWSHPQFEK). The entire nucleotide
sequences with flanking 5'Notl and 3"HindlII sites were produced by total gene synthesis
{GenScript, Piscataway, USA), assembled in the proprietary mammalian expression vector
pEviS by Evitria AG (Schiieren, Switzerland) and verified by DNA sequencing.

{081538] Expression of the proteins was performed in suspension-adapted CHO K1 cells
by Bvitria AG (Schiieren, Switzerland). Supernatants from pools of transfected CHO K1
cells were harvested by centrifugation and sterile filtered (0.2 pm) before FPLC-based
affinity purification using StrepTactin columns (IBA GmbH, Goettingen, Germany),
f00159]  Recombinant human twin strep-tagged ROR2 (NP _004551.2) was expressed and
purified in-house according to the following profocol: the EBNA expression vector pCBidb-
RORZ-ECD-TwinStrep, directing expression of RORZ extracelular domain (BCD), C-
terminally tagged with a TwinStep tag, was fransfected into HEKZ93T using
Lipofectamine® LTX with PLUS™ Reagent {Thermo Fisher Scientific, 15388100,
Following a 1-day incubation (37°C, 5% CO;, growth media: Dulbecco’s Maodified Eagle
Medium (DMEM) High Ghicose (4.5 g/1) with L-Glutamine with 10% {(v/v) Fetal Calf
Serum (FCS), 100 IW/mL of Pen-Strep-Fungieone and 3 mM L-ghatareine (all Biloconeept}),
cells were expanded under selection conditions (2 pg/mL of puromycin (Sigma-Aldrich,
P8E3I3-23 myg stock at 2 mg/mL)). Cells were split and further expanded (37°C, 5% COy);
once confluency was reached, tissue culture dishes were coated with 20 pg/mi poly-L-Lysine
{Sigma-Aldrich, P1524) for 2 hrs at 37°C and washed twice with PBS, Then, cells were
trypsinized, washed with PBS and split 1:3 onto poly-Le-lysine-coated plates. Again after
resching confluency, cells were washed with PBS foliowed by with media replacement using
production media (OMEM/F-12, Gibeo/Thermo Fisher Scientific, 31330-03) supplementied
with 1 ug/mL puromycin (Sigma-Aldrich, PREI3), 100 IW/mL of Pen-Strep-Fungizone
{Bioconcept, 4-02F00-H), 161 pg/mL of N-acetyl-L-cysteine (Bigma-Aldrich, A8199) and
10 pg/ml of L-glutathione reduced {Sigma-Aldrich, G6529), Supernatant, harvested bi-

weekly and filtered (0.22 pm) to remove cells, was stored at 4°C until purification. For
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purification, filtered supernatant was loaded onto a Streptactin® Superflow® high capacity
carlridge (IBA, Gottingen, Germany, 2-1238-001) column; purification and elution was
performed according to the manufacturer’s protocol on an AEKTA pure (GE Healtheare).
Fractions were snalyzed for protein purity and imtegrity by SDS-PAGE. Protein-containing
fractions were mixed and subjected to buffor exchange using Amicon filiration units
{Millipore, Schaffhausen, Switzerland} to reach a dilution of »1:100 in PBS, and then sterile
filtered using a low retention fiker (0.20 pm, Carl Roth, Karlsruhe, Germany, PA49.1%,

i LSRR | PR R i
Example 6.  Expressionof purified, recombin

HE R - nrdiae
Botvpe gonirod antibodiss

[G0168]  Expression vecfors: Antibody variable region coding regions were produced by
total gene synthesis {GenScript) using MNFGLRLIFLVLTLKGVQC as leader sequence,
and were assembled with human IgH-y 1 and [gl-8 or Igl-A constant regions, as applicable,
in the expression vector pCB 14, This vector, & derivative of the episomal mammalian
sxpression vector pCEP4 (Invitrogen), carries the EBVY replication origin, encodes the EBV
suclear antigen (EBNA-T} o permit extrachromosomal replication, and containg a
puromycin selection marker in place of the original hygromyein B resistance gene.

{08168} JFn-house expression and purification: pCBl4-based expression vectors were
transfected into HEK293T cells using Lipofectamine® LTX Reagent with PLIUS™ Reagent
{Thermo Fisher Scientific, Relnach, Switzerland, 15388100); following 3 1-day incubation
(37°C, 5% CO;, growth media: Dulbeceo’s Modified Eagle Medium {(DMEM) High Glucose
(4.5 g/ with L-Glutamine with 10% (v/v) Fetal Calf Serum (FCS), 180 [U/mL of Pen-
Strep-Fungieone and 2 mM L-glutamine {all Bioconcept, Allschwil, Switzerland)), cells
were expanded under selection conditions (2 pg/mi of puromycin {Sigma-Aldrich, Buchs
SG, Switzerland, PE833-25 mg stock a8t 2 mg/mLY). Cells were split and further expanded
{(37°C, $% ©On); once confluency was reached, tissue culiure dishes were coated with 28
pg/mi poly-L-Lysine {(Sigma-Aldrich, P1524) for 2h at 37°C and washed twice with PBS,
Then, cells were trypsinized and split 1:3 onto poly-L-lysine-coated plates. Again after
reaching confluency, celis were washed with PBS followed by media replacement to
production media (DMEM/F-12, Gibco/Thermo Fisher Scientific, 31330-03) supplemented
with 1 yg/ml puromycin (Sigma, P8833), 100 WimL of Pen-Sirep-Fungizone (Bioconcept),
161 ug/mlL of N-acetyl-L-cysteine {Sigma-Aldrich, A8199) and 10 pg/mL of L-glutathions



WO 2017/127664 PCT/US2017/014311
65

reduced (Sigma-Aldrich, G6329). Supernatant, harvested M-weekly and filtered (0.22 um) to
remove cells, was stored at 4°C until purification.

{66162} For purification, filiered supernatant was loaded onto 2 PRS-equilibrated Protein
A HiTrap column (GE Healthcare, Frankfirt am Main, Germany, 17-0405-01) or a ISR
Amsphere™ Protein A columm (JSR Life Sciences, Leuven, Belgivm, JWT203CE) and
washed with PBS; elution was performed using 8.1 M glycine (pH 2.5} on an AEKTA pure
(GE Healthcare), Fractions were immediately neutralized with 1 M Tris-HCI buffer (pH 8.0,
and analyzed for protein purity and integrity by SDS-PAGE. Protein-containing fractions
were mixed and subjected to buffer exchange using Amicon filtrgtion units (Millipore,
Schaffhausen, Switzerland, UFCR01H08) to reach a dilution of 11100 in the buffer listed in
Table 2, and then sterile filtered using a low retention filter {0.20 um, Carl Roth, Karlsruhe,
Germany, PA49.1).

[B8163] Antibodies were transiently expressed in CHO cells by methods known in the art
and recombinant antibodies were purified by standard protein A purification from CHO cell
supernatants, as known in the art. The purlty and the integrity of the recombinant antibodies
were analyzed by SDS-PAGE,

[00164] Table 2 lists the antibodies used in subsequent examples, along with their final

coneentration and buffer,

Table 2. List of antibodies used in the Examples

CeTarminsd Tags Fimal
Antibody Antibody SEG ID )
o Format (HO: Heavy Chain, | Buifor | cone.
{refl} HOAO !
L Light Chain) {mgimi}
. HO LPETG-Sirep
XBREBAR HO: SEQ IV NG .
igG LG GeBLPETG- FES 3.8
{mAbQ31} LOSEQID NG M
Btrep
] HC LPETG-Strep
ERR1-301 HC:SEQIDNG. 2
fgG L G8LPETG- PRS 38
{mAbURT} LOBEQIDNGU IS
Strep
B LPETG-Steeyp
ERR1-308 HC: SEQ IDNG. 3 o
fgls ) ) ) L GSLPETG- FHE kRt
(AR} LO: SEQ Y NG, 8
Strep
ERR1-324 HC BEQIDNG. S HO LPETG-Strep
1gG PBS 38
{mABTIE) L SEQ IR NG, 18 L& G:SLPETG-
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{B0165]  Ms961 corresponds to an anti-ROR1T antibody with a heavy chain according to
SEQID NGO, T and light chein according to SEQ [ NG 3 of WO 2014/031174, 242 refers
o an anti-RORY antibody as described in WO 2010/124 188, while hulAl refers o g
humanized 2A2 as described in unpublished PCT/EP2016/076244. R11 and R12 are anti-
RORI antibodies described in WO 2012/075138. Isotype control antibodies trastuzumab and
Acil target HER-Z and CD334, respectively. The heavy and light chain variable region
seguences of monoclonal antibody brentuximab {(clone cAc18) specific for the human CD3G
target were obtained from patent USZ00821328%A1, those of the human HER-2 specific
trastuzumab antibody contained in the conumercial antibody Herceptin {trastuzumab), or the
ADC Kadeyla® derived thereof, were derived from the online IMGT database {VH:
httplwewew fmgt.org/ ADstructure-DB/egt/detalis.cgi?pdboode=7637& Part=
Chain&Chain=7637H & VL: hitp/www.imgt.org/IDstructure-DB/ogl/
details.cgi?pdbeode=7637&Par=Chain& Chain=7637L.

Example 7. mdbRORI and RORZ-binding ~ characterization by BLISA
[68166] Each well of 2 96-well plate was coated with 100 pl of 2 pg/ml strep-tagged
human ROR1 (from Example 5) in 0.1 M bicarbonate coating buffer (pH 9.6), and incubated

for 12h a1 4°C. A second $6-well plate was likewise prepared with twin-strep tageed human
ROR2 (from Example §).

{8167] After blocking with 150 ul of 3% (w/v) bovine serum albumin (BSAYTBS for 1h
3t 37°C, the following antibodies were added to a well within each plate at a concentration of
0.5 pg/ml, and serially diluted (dilution factor 4) with 196 (w/v) BEA/TBS, before
incubation for 1h at 37°C: ERR1-301 (mAbO27), XBR1-402 (mAbG3 1), ERR1-306
(mAbG33}, ERRI-324 (mADbD34), ERR1-403 (rmADG3S) and ERR1-Topd3 (mAbG36). HRP-
conjugated Flab’}s anti-human FC-gamma (Jackson Immunoresearch, 109-036-008) was
then added at & 1:20°000 dilution, 100 ud per well, and incubated for 1h at 37°C prior to
detection using an Spark 10M plate reader {Tecan). As shown in Figure 10, the anti-human
RORT antibodies bind human RORT {panel A) and are not eross-reactive with human ROR2
{panci B).
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Example 8. Humaoization of sntt-hROR Lspesific snd

[00168] Humanized variable region sequences {seven hud-2 VH variants and 4 hud-2 VL
variants) were designed by Fusion Antibodies (Belfast, Ireland). Briefly, frameworks in
rabbit variabie regions were exchanged with human framework regions {following an in-
silico assisted CDR-grafting approsch based on proprictary algorithms) to form 28 possible
heavy chain/light chain pairs,

[6816%]  Expression of antibodies representing all 28 possible heavy chainflight chain
pairs was achieved by transiently transfecting pCR14-based expression constructs into HEK-
2837 cells and harvesting cell supematants,

[B0378] For transient antibedy expression, cells were transfocted iy 24-well-plates using
Avartt Transfection Reagent 1 {Avanti Polar Lipids, Alabaster, USAY. Per well, 0.5ug of
total DNA was transfected, and fresh growth medhsm was added the next day and
conditioned for 4 days. Supernatants were sterile-fitered and stored at -20°C until analysis,
[88171] Affindy sercening was then performed to select the best binders. Affinities were
determined using a Blacore T200 instrument {GE Healthcare, Buckinghamshire, UK} and
data was evalusted using Biacore Evaluation T200 V2.0 software. To capture mAbs, goat a-
human Fo-gamma-specific IgG (Jackson ImmunoRescarch, # 109-005-098) was covalently
tmmobilized on a CM3 chip (GF Healtheare, # BR-1005-38),

(801721 Briefly, for capluring mAbs in HEK293T supernatants, the undiluted
supernatants were captured with a flow of 30ul/min for 120z, ROR 1-strep was diluted in
running buffer (HBS-EP+ pH 7.4 (10 mM HEPES, 150 mM NaCl, 3 mM EDTA, 0.05 %
Tween 20) to 20aM. Association was measured at a flow of 30ul/min for 128s, and
dissociation was followed for 200s at & flow of 30ul/min. Captore levels ranged from 31.8
Riito 594 R

{88173 Kelected antibodies were expressed and purified as per Example 6, subject to the

conditions of Table 3 below,

Table 3. Protocols and concentrations of humanized mAbs used in the Examples

Antibedy Beffe | Fingl cons. KB
Format

{ref.} ¥ {pgfmi} {adh)

XD N NG 130 TwinSirep
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{mAD2ZRE}
HuXBRI-
402(8) gy FRY {048 214
{maAb2&R ]
MO, 137 TwinStrep
HEBEQG IR HO LPETG-
HuXBR 1~
i NG, 132 TwinStrep
402(13) 1gG PRS {045 3.58
{mAB290}
NG 138 TwinStrep
HC SEQ D HO LPETG-
HuXBRI~ .
N 133 TwinStrep
40217 PRS | 0.63 334
LE SEQ IR L GSLPETG-
{mAbIS1} ]
N3, 135 TwinSrep
HE SEGID HO LPETG-
HuXBRI-
) N 134 TwinSirep )
402(19) Ipds PRE {050 258
LO: SEQ D LE: G
{mAb235}
NO. 140
HuXBR{-
402(26) 1gG ) PES {049 383
LGy SELEN
{mAb296} .
TwinSirep

Example 8. FACH staining of gells for hROR
00174]  5210° of cach cell type were added per well to 96-well plates. Plates wers

cemtrifuged (3 min, 1300 rpm} with re-suspension in buffor (PBS supplomented with 2%
{v/v} of FCBY. 2A2 (mAbBDES) was added o each well o reach a concentration of 2 pgfml.,
Plates were then incubated on fce for 30 min and washed with 200 pL of buffer prior to
resuspension in 206 uL of buffer supplemented with anti-human IgG antibody {(Fe gamma-
specific) PE (eBioscience 12-4998-82) at 8 11250 dilution. Following 30 min incubation on
ice and one washing, cells were analyzed using 8 FACSCalibur instrument (BD Biosciences)
and data was analyzed using Flowlo analytical software {Tree Star, Ashland, OR).

[881781  Figure 7 shows the FACS analysis dats of ROR -positive human ALL cell lines
97 and Kasumi-2, human iriple-negative breast cancer cell lines MDA-MB-231, MDA-
MB-468 and HS-378T, and ROR 1-negative human breast cancer ¢ell line T47D asa

negative control.
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Example 10, Goneration g

{00176] Sortase A enzyme. Recombinant and affinity purified Sortase A enzyme from
Staplylococcus aurens was produced in £, coli as disclosed in WO2014140317A1L

06177} Generation of glycine-modified toxins, In order to generate SMAC-technology™
conjugated ADCs with pentaglycine-modified PNU-139682 derivative Glys-EDA-PNU
{Figure 11 B} was manufactured as disclosed in WO2016102697. The identity and the purity
of the pemtaglycine-modified PNU toxin was confirmed by mass-spectrometry and HFLC,
The Glys-modified toxin exhibited > 85% purity, as determined by the single peak in the
HPLC chromatogram.

160178] Sortase-medioted antibody conjugaiion. The above-mentioned toxin was
conjugated to anti-ROR antibodies as per Table 3 by incubating LPETG-tagged mAbs
[10uM] with glycine modified toxin [200uM] and 3 uM Sortase A in the Hsted conjugstion
buffer for 3.5h at 25°C. The reaction was stopped by passing it through an rProtein A
GraviTrap column (BioRad). Bound conjugate was ehuted with 5 column volumes of elution
buffer (0.1 M glycine pH 2.5, 50 nM NaCl), with 1 column volume fractions collected into
tubes containing 25% v/v IM HEPES pH § to neutralize the acid, Protein containing
fractions were pooled and formulated in the formulation buffer of Table 7 using a ZebaSpin
desalting column,

{0L78] ADC gnglyrics. DAR was assessed by Reverse Phase Chromatography performed
on a Polymer Labs PLRP 2. mm x Som, Spum column run at ImL/min/80°C with a 23
minute linear gradient between 0.05 to0 0.1% TFA/H20 and 0.04 to 0.1% TFA/CH,CN.
Samples were first reduced by incubation with DTT at pH 8.0 at 37°C for 15 minutes. The

DAR determined by Reverse Phase Chromatography is summarized in Table 4 below,

Table 4: Manufacturing conditions and analytical summary of ADCs manufactured in this

study. DAR, drug-to-antibody ratio, ND, not determined.

Yoaxin

DAR

{ES-PNU NI
Bioconcept)
ERRE-3{T S0mhd HEPES {pH 7.5}, PR withow Ca® and
GE-PNU 17

GS-PNU {MADIZT} 150mdd NaCl, ImM Callly | Mp™ {Amimed-
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{Adei)

HRR-308- i _ PRE withowt o’ and
ERRI-306 ! S0rmdd HEPES {pH 7.3), )
G5-PNLT GAENU g™ {Arimad- 33
{mAbi33} 150maM NaCl, 1mM CaCl, )
{Adc201} Bicoonoept)
ERR 334 | NS withowt Co° and
ERRI-324 | i Fombd HEPES (pH 7.5}, .
GSPNU g™ (Amimed- 3.8
{mADbD34) §50mM NaCl 1M Cally . )
Bioconcept}
] PR without g and
ERR 143 30mb HEPES (pH 7.53), 24 .
Mg™ {Amimed- R
{(mAb{3S5) 1350mb NaCl, ImM CaCl,
Bioconcept)
ERRI- ) PRS without O™ and
i 50mM HEPES {pH 7.5}, )
Tepd3 (G8-PNU Mg {Amimeds 8
130mM NaCl, M CaCl, .
{mAbU36) Bioconcept)
PHS withowt Ca® and
XBHI-402 | S HEPES (pH 7.5), . .
oL GEFNU Mg™ {Amimed- 33
{mAbISS) 180mM NaCl, Smb CaCly .
Bioconoept}
. FES withow U and
XBRI-402 $0mid HEPES (pH 7.5, .
] GERPNU . Mg (Amimed- kN
{mAb186) 150mM NaCl, ImM CaCly .
{Adc288} Bioconcept)
HERI402- StmM HEPES (pH 7.5, PES without Ca* and
XBR1-402 L
G5-PHU GE-FNU | 10% (viv) glycerol, ImM Mg {Amimed- 38
(MAB202) )
(Ade3o4) Call, Bioconcept}
BREI324- Sthra HEPES (pH 7.8),
ERR1.324 = )
G5-PNU ] GE-PNU | 10% (vAv) glyeserol, TmM 18
{mAb188)
(Adcﬁ%%)
XBRI-402 _ Lo -
GE-PNY 10% (v/v) glycerol, ImM | Mg™ (Amimed- N3
{mAb202) )
CaCly Bioconcept}
TAZ . S0mM HEPES (pH 7.5), | HEPES buffer saline pH )
3SPRU 1%
(mABD6E) T | 150mM NaCl, 1mM CaCly | 6.8
PRY and
) S0mM HEPES (pH 7.5), Y )
PNL Mg™ {Amimed- 37
] (mARDIS) 150mM NaCl, ImM CaCly | 4
{ade2¥7) Bivooncept}
) PRS withour Ug and
Ril
GS-PNU Mg™ {Amimed- MDD
{adelid ) Bioconcept)
RI2-G3~ Riz GE-PNU PRS without O™ and 38
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PRU {mAbIST} 138mM NaCl, imM CaCl; | Mg {Amimed-
{ade283) Biooonoept)
K1I12-G5- R12 28mM HEPES {pH 7.5, 1 mM Sucoinate pi
PMNU ) GS-PNL | E30mM NaCl, Imbd 8.4, 175 mM Sucrose, 38
{mAbOST) .
{ade292) Call, 10% (v/v) givesrol | (.03% Tween 20
RIGE- Ri2 i HERES (pH 1.8}, 13 md Soecinate pH
R
PNU G&PNU | 150mM Nall, lmM 3.8, 175 mM Sugrose, 38
{mAbi6T) o )
{ade327) Cally, 1% (e glveerol | QU029 Tween 20
ARG 1035 s Sombd HEPES (pH 7.33, 10 md Succinate pH
3
PNLI GEPNU | I Cally, 1096 {v) 5.8, 178 mM Sucrose, N
) (AL _
{aded B8} glyoernd (3029 Tween 26
Trag-{35~ Trastuzsn FRE withowt Ca® and
i ) . Somd HEPES (pH 7.5}, e
PNU ab GA-PNU M {Amimed- 38
150mM NaCl, ImM Call -
{ado196} {rAb042) Bioonsepi}
Tras-{35- Trastuzum 35 mhd HEFES pHE 8,
) S0mdM HEPES {(pH 7.5}, )
PNLU b GE-PNU P5mbi NaCl 37
) 30mbM NaCl, Imbd Cally
{aded38) {r AR}
AcHRGS- PRS without Ca” and
Aclo $0mb HEPERS (pH 7.5}, e
PNL GA-PNU ) Mg {Amimed- 38
i {mALD4E} 130mM NaCl, ImM Cally |
{ade 158} Hiooonoept)
HuXBRE~ ] ) . 2
SOHIGS HuXBRI~ SUmdd HEPES {pH 7.5}, PBE without Ca™ and
(35 N
P\J‘:J ' 402(3) GE-FNU | 150mM NaCl, ImM Ma® (Anvimed- N
: {mABIEE} Callly, 2% (wfiv} Glyeerel | Bloconcept)
{Adc456}
HuXBR1i~ ‘ e
HuXBR1- S0mM HEPES (pH 7.5}, PBRS without Ca° and
402(8)-G3- ) ] . .
N A0} GS-PNU | 150mM NaCl, imM Mg® (Amimed- N
) {mADZES Cally, 2% (wiv) Glyoersl | Bloconosp}
{Adcd57;
HuXBR1- e
402(15)-G5 HuXBRI- 50mM HEPES {pH 7.3}, PBS without Ca“ and
FNMU ’ 402(13) GEPNU | 150mbd NaCl, ImM Mg™ {Amimed- N
) ) {mAb293} CaCly, 2% {(wiv) Glycerol Bicoonoept)
{Aded 58}
HuXBRI- e
) HuXBRi~ Somid HEPER {(pH 7.5}, PRE withow Ua™ and
ANIN-E35- .
PNU AT GS-PNU | 150mM NaCl, ImM Me® {Amimed- ND
{mABIRL) Cally, 2% {(wiv} Glyeerol | Bloconoept)
{Adc459)
HuXBR 1~ HuXBRI- St HEPES (pH 7.5}, PRE withons 02 and
) GE-PNU 2 NI
SOR(19-GS- | 40IW E30md NaCl, ImM Mp™ (Amimedy
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HuyXBRI- SOmdA HEPES (pH 7.5), PRS without Ca®" and

402{263-G5- a

PNU 40238} 150mM NaCl, 1mM Mg {Amimed- N
{mABI%E} Cally, 2% {(w/v) Glyeerel | Bioconospt)

{&dcdbl}

[08188]  From these analyses it can be concluded that the SMAC-technology™
conjugation has proceeded at high officicncy resulting in overall average DARSs in the range

of ca. 3.5 to 4.0 for IgG-format ami-ROR] antibody-toxin combinations.

Example 11, Jv vig sorum dability of ROR Iargeing ADC XBRI402-Q8-FNU

[00181]  The in vitre serum stability of XBR1-402-G5-PNU was evaluated in an BLISA-

based serum stability assay. Briefly, the ADC was dihuted to a concentration of 100 pg/mL
in NOD 8CID mouse (kind gift from Profl Dr. med. Alfred Zippelius, University Hospital of
Basel, Switzeriand) and human serum (from the SRX blood donation center, Basel,
Switzerland; 50:30 mixture of male:fomale blood centrifuged 15 min. at 2000 g to obtaly
serum}, and incubated at 37°C. Samples were snap-frozen in lguid nitrogen on days 6,3, 7
and 14 and stored at -80°C until ELISA analysis. For mouse serum, dilution series of ADC
serum sampiles (dilution factor 3.5, from S 1o 0.0008 pg/mi) were captured on ELISA plates
coated with 2 pg/m! of an in-house developed mouse anti-PNU mAb (generated by
immunizing mice with a human IgG-PNU conjugate and screening with a BSA-PNU
conjugate) to bind ADC, or with goat anti-human Fe Flab’)2 (Jackson Immumnoresearch,
109-006-098) to bind total 1gG, and detected with a 1:2300 dilution of an HRP-conjugated
donkey anti-human IgG {Jackson Immunoresearch, 709-035-149). For humnan serum, 2
ugfml of recombinant human RORI {strep-tagged, Example §) was coated on ELISA plates
and a 12500 dilution of HRP-conjugated donkey anti-human 190G (Jackson Immunoresearch,
709-033-14%) or 2 pgfml of a mouse ami-PNU IgG {produced in-house) followed by a
115000 diluted HRP-conjugated goat anti-mouse Foy Flab™)2 (Jackson Iumunoresearch,
115-036-071) was used for detection of total IpG and ADC, respectively. Serum
concentrations of ADC and total IgGs were caloulated from half maximal values of the
sample titrations by comparison with a sample of the same ADC of known concentration. As

shown in Figure 19, XBR1-402-GS-PNU remains essentially stable in both sera.
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Example 12, Hviveo oviotosicity assavs of anti-ROR | antibodyv-hased ARCs on

EMTS and RORI goolls

f00182]  Cytotoxielty of anti-BORI ADC XBR1-402-G5-PNU {adc262) was investigated
using wild type {WT) EMT-6 and EMT-6 cells engineered to overexpress human ROR|

SOVETEND

{from Example 2}, Tras-GS-PNU (ade286) was included as Isotype control.

[06183]  Forthis, 1x10° WT EMT-6 and hROR1 overexpressing EMT-6 cells per well
were plated on 96-well plates {excluding edge wells, which contained water) in 75 gL
DMEM supplemented with 10% by vol, FCS, 180 [U/m] Pen-Strep-Fungizone and 2 mM L-
Glutamine and were grown at 37°C in a humidified Incubator at 7.5% CO, atmosphere,
After 1-day incubation, each ADC was added to respective wells in an amount of 25pL of
3.5-fold serial dilutions in growth medium {resulting in final ADC concentrations from 20
ug/ml o 0.38 ng/mi}. ARer 4 additions] days, plates were removed from the incubator and
squilibrated to room temperature. Afler approximately 30 min, 50 pl was removed from
cach well, and then 50 uL of CellTiter-Glo® 2.0 Luminescent Solution {Promegsa, G9243)
was added to each well. After shaking the plates at 430 rpm for § min followed by 10 min
incubation without shaking, himinescence was moeasured on a Tecan Spark 10M plate reader
with an integration time of 250 ms per well. Curves of luminescence versus ADC
concentration {ng/mL} were fitted with Graphpad Prism Software. The IC5 values,
determined using the buili-in “log{inhibitor) vs. response ~ Variable slope (four

parameters)” 1C s detormination function of Prism Software, are reported in Table 5,

Table 5: In vitro cell killing of EMT6 cells (WT and engineered clong 14) by anti-ROR1 or
isotype control ADCs (ICsp, ng/ml)

YWYEY
AN

[68184] Figure 16 shows the dose-repose curves of the in vitre cell killing assays on WT
and hROR -overexpressing EMTS cells with the ADCs of Table $. As per the above Table
and Figure 16, XBR1-402-G3-PNU provides specific killing dependent on ROR! expression

status.
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Exampls 13

[00183]  Cyiotoxicity of amti-RORT ADIC XBR1-402-GS-PNU {ade409) was investigated
using human EMT-6 cells engineered (o overexpress human ROR1 (from Example 2), and
compared o an anti-RORT ADC based on antibody Ms361 (ade396). Tras-G5-PNU

{adc394) was included as isotype conirol,

[80186] For this, 1x10° hROR1 overexpressing EMT-6 cells per well were plated on 96-
well plates {excluding edge wells, which contained water) in 75 uL DMEM supplemented
with 10% by vol. FCS, 140 TU/mi Pen-Strep-Fungizone and 2 mM L-Glutamine and were
grown at 37°C in 3 humidified incubator at 7.5% COy atmosphere. After 1-day incubation,
each ADXC was added to respective wells in an amount of 23uL, of 3.5-fold serial dilutions in
growth medium {resulting in final ADC concentrations from 20 pe/mL to 9.88 ng/mi). Afler
4 additional davs, plates were removed from the incubsator and equilibrated to room
temperature. After approximately 30 min, 50 gL was removed from gach well, and then 50
sl of CellTiter-Glo® 2.0 Luminescent Solution {Fromega, §9243} was added to each well.
After shaking the plates at 450 rpm for § min followed by 10 min incubation without
shaking, luminescence was messured on a Tecan Spark 10M plate reader with an integration
time of 250 ms per well, Curves of lumingscence versus ADC concentration {(ng/ml) were
fitted with Graphpad Prism Software. The ICS0 values, determined using the built-in
“log{inhibitor) vs. response — Variable slope (four parameters)” ICy determination function

of Prism Software, are reported in Table 6.

Tabhle & I vitre cell killing of engineered EMT-6 cells by inventive and known anti-ROR1

ar isotype controf ADRCs (ICs, ngfmil)

[BE187}] Figure 17 shows the doss-repose curves of the i vitro cell killing assays on

BROR I-gverexpressing EMTS cells with the ADCs of Table 6. As per the above Table and
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Figure 17, XBR1-402-GS-PNU provides more potent killing than a comparable ADC based
on antibody Ms961,

Example 14, fnyite gytotoxicity assavs of novel and known anti-RORT antibody-based
ARDCs onhuman 88

[60188} Cytotoxicity of anti-RORI ADC XBR1-402-G5-PNU {adc262) was investigated

using human cell line 697, and compared to anti-ROR1 ADCs based on known amibodies

2A2, R11 and R12 (Fig 13), or by g separate experiment using again 697 and Kasurai-2 ALL
cells 1o 2A2 and R12.

{00189  For this, 2.5x10° 697 or Kasumi-2 cells per well were plated on 96-well plates
{excluding edge wells, which contained water) in 75 pL. RPMI supplemented with 1896 by
vol. FCS, 100 IW/m! Pen-Strep-Fungirone and 2 mM L-Glutamine and were grown a1 37°C
in a humidified incubator at 7.5% CO; atmosphere. After 1-day incubation, each ADC was
added to respective wells in an amount of 25pL of 3.5-fold serial dilutions of in growth
medium (resulting in final ADC concenirations from 20ug/mL 1o 0.88 ng/mi). After 4
additional days, plates were removed from the incubator and equilibrated to room
temperature. After approximately 30 min, 50 gL was removed from sach well, and then 50
ul of CeliTiter-Glo™ Luminescent Solution {Promega, G7570) was added to each well,
After shaking the plates 8t 750 rpm for 5 min followed by 20 min incubation without
shaking, luminescence was measured on 3 Tecan Infintly F200 plate reader with an
integration time of | second per well. Curves of luminescence versus ADC concentration
{ng/mL} were fitted with Graphpad Prism Software. The s values, determined using the
built-in “log{inhibitor) vs. response - Variable slope (four parameters)” ICs determination

fanction of Prism Software, are reported in Table 7.

Table 7: & vitro cell killing of 697 cells by anti-ROR1 or isotype control ADCs {15,

ngfmb}
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{60198]  Figure 13 shows the dose-repose curves of the i vigre cell killing assays on 697
cells with the ADCs of Table 7. As per the above Table and Flgure 13, ADCs of the
invention provide killing of human 697 B cell precursor leukamia cells that is superior o
ADCs based on the known anti-ROR1 antibodies,

Example 15, Bewitee eviotoxiclly sssavs of ant-ROR 1 antibody-based ADCs on breast

cancer MBA-MB 488 and HS 3787 celis

[06191]  Cytotoxicity of anti-ROR1 ADCs 2A2-GS-PNU {ade 165}, XBR1-402-GS-PNU
{adel35), R1Z-G3-PNU (ade292), ERR1I-Top43-G5-PNU {ade204), and 30,50 by weight
mixtores of ERR1-324-G3-PNU (adc202) and 2A2-G5-PNU (ade163), of BRR1-324-G5-
PNU {adc202) and XBR1-402-05-PNU {(adc135), of ERR1-324-GS-PNUJ (ade202) and
RIZ2-G5-PNU (adc292}, and of ERR1-324-G3-PNU (adc202) and ERR1-Topd3-G5-FNU
{adc204) was investigated using human cell Hines: MDA-MB-468, HS 5787, Ac10-G3-PNU

{adc 139} was included as isotype control,

[68192]  For this, the following cells per well were plated on 96-well plates {excluding
edge wells, which contained water) and were grown at 37°C in 8 humidified incubator at
7.5% €0, atmosphere in growth medium (DMEM supplemented with 10% by vol. FCS, 100
[U/mi Pen-Strep-Fungizone and 2 mM L-Ghatamine).

Table 8. Cell plating of Example 17

el fone

[00193]  After 1-day incubation, each ADC was added 10 respective wells in an amount of
25ul of 3.5-fold serial dilutions in growth medium (resulting in final ADC concentrations
from 20pg/mL to 0.88 ng/mi). After 4 additional days, plates were removed from the
incubator and equilibrated to room lemperature. Afler approximately 30 min, 50 ul was
removed from each well, and then 50 uL of CeliTiter-Glo® 2.9 Luminescent Solution
{Fromega, G9423} was added to each well. After shaking the plates at 750 rpm for § min
followed by 20 min incubation withoui shaking, luminescence was measured on a Tecan
Infinity F200 plate reader with an integration time of 1 second per well. Curves of

luminescence versus ADC concentration (ng/mL) were fitted with Graphpad Prism
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Software. The I values, determined using the built-in “log{inhibiior) vs. response -
Yariable slope (four parameters)” 10x determination function of Prism Software, are

reporied in Table 9,

Table 8. In vitre cell killing of various buman cancer cells by anti-ROR1 ADCs as well as an

isotype confrol {ICs values are provided in ng/mi)

3dE Fag
5§ Fa

{IBI84]  Figure 12 shows the dose-repose curves of the in vitre cell killing assays on
MDA-MB-468 and HS 578T cells with the ADCs of Table 9. As per the above Table and
Figure 12, seleoted ADCs of the invention provides killing of certain human cancer cells that

is superior to the known anti-ROR1 antibodies 2A2 and R12,

Example 16, fnvitro ovictodeity asaavs of homanized anti-ROR I antibody-based ADCs

&

(88319357 Cyiotoxicity of humanized anti-ROR1 ADCs huXBR1-402-3-GS-PNU {adce455},
BuXBR1I402-8-G5-PNU (aded57), huXBR1-402-15-G5-PNU {adc458), huXBR1-402-17-
GS-PNU (ado439), huXBR1-402-19-G5-PNU (adc460} and huXBR1-402-26-G5-PNU
{aded61) was investigated using human 697 cells. Tras-GS-PNU {adc286) was ingluded as

isotype control.
[60196]  For this, 5x10° 697 cells per well were mated on 96-well plates {excluding edge
weils, which contained water) in 75 uL RPMI supplemented with 10% by vol. FCS, 100
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H/ml Pen-Strep-Fungizone and 2 mM L-Glutamine snd were grown at 37°C in 8 humidified
incubator at 7.5% CO, atmosphere. After I-day incubation, each ADC was added in
duplicate to respective wells in an amount of 28 of 3.5-fold serial dilutions in growth
raediuim (resulting in final ADC concenirations from 20 pg/mL to 0.88 ng/ml). After 4
additional days, plates were removed from the incubator and equilibrated to room
temperature. After approximately 30 min, 3¢ uL was removed from each well, and then 50
L of CellTiter-Glo® 2.8 Luminescent Solution {Promega, (39243} was added to each well,
Afier shaking the plates at 450 rpm for § min followed by 10 min incubation without
shaking, luminescence was measured on a Tecan Spark 10M plate reader with an integration
time of 230 ms per well, Curves of Juminescence versus ADC concentration (ng/mL) were
fitted with Graphpad Prism Software, The ICs values, determined using the built-in
“log(inhibitor} vs. response — Varigble slope (four parameters)” ICsp determination function

of Prism Sofiware, are reported in Table 10,

Table 10, fn vitro cell killing of 697 cells by non-humanized and humanized anti-ROR1 or

[08187]  Figure 25 shows the dose-repose curves of the in vitre cell killing assays on 697
cells with the humanized ADCs of Table 10, As per the above Table and Figure 25, the
humanized ADCs are move potent compared to ADCs manufactured with the parental, non-

humsanized mAb.

study of the anti-ROBI XBR1402 antibody and
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{H0198] The following study was performed at ABPRO (Burlington, MA, USA). Female
CD-1 mice {at least -weeks of age at study start, fom Taconic Biosciences, Germantown,
NY, USA}, housed in groups of up to § animals per cage, were randomized by weight into
two groups of @ animals each. One group received, by intravenous administration, a single
dose of | mg/kg of XBRI1-402 (mADb202), while the second group received a single dose of 1
myg/kg of XBR1-402-G5-PNU (adc409). Post-dose blood sumples were collected according
to the protecol of Table 11 from subgroups consisting of 3 animals each. Blood sampling
proceeded by lancet punciure of the submandibular veln (vollecting approximately 200 gL,
with the exception of the sampling at 21 days, which was by cardiac puncture {collecting
approximately 600 pL). Samples from subgroups were pooled for cach time point, Plasma
was isolated by blood centrifugation st 17500z for 10 min,, and stored in sterile crvovials at -

80°C until in-house analysis by ELISA.

Table 11. Pharmacokinetic stady blood sampling protocol

801991 Plasma was isolated from blood by centrifugation at 1500g for 10 min, and
transferred to sterile ervovials for storage at -80°C uniil analvsis by ELISA. The in vive
stability of mAb XBR1-402 and of ADC XBR1-402-G5-PNU was cvaluated by an ELISA-
based assay. Dilution series of ADC serum samples were captured on ELISA plates coated
with 2 pg/ml of a mouse anti-PNU mAb (produced in-bouse by immuniziog mice with a
human JgG-PNU conjugate and screening with g BSA-PNU conjugate) to bind ADC, or with
anti-human Fe F{ab™)2 (Jackson Immunoresearch) to bind total 1gG, and detected with a
522500 dilution of an HRP-conjugated anti-human IgG F{ab"}2 {Jackson Immunoresearch).
Serum concentrations of ADC and total 1gGs were caleulated from half maximal values of
the sample titrations by comparison with a sample of the same ADC of known concentration,

[00208]  The data in Figure 20 shows the high stability of the ADC of the invention,
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o Vo bhisntinm af i vioos medanoey af & TH e In o oot inatod wamooes & saomedal o
Example 18, Hvslontion of Hovive poieney of ARG n g dissomingied yenomaft model of

¥
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[08231]  The following study was performed at Pipeline Biotech (Trige, Denmark). The
efficacy of XBR1-402-G5-PNU {adc288) and lnumanized hu2A3-G5-PNU {ade287; based
on unpublished PCT/EP2016/076244) was compared in a disseminated xenograft model in
female NOD-SCID mice injected with hROR1 positive 697 ALL cells, An ADRC based in
HERZ specific anti body Trastuzumab, Tras-G5-PNU (ado288) served as a negative isotype-
matched control ADC.

[00282]  %-week old mice, each weighing af least 20 g, were inoculated with 697 tumor
celis (5x10° cell/animal, in 200 pL FBS) on study day 0, Each ADC, formulated in PBS, was
administered {i.v.) to a group of 6 mice at 1.0 mg/kg on days 7, 14 and 21, with
administration of mouse IgG (Jackson ImmunoResearch, 015-000-403), 20 mg'ke) 20 hours
before each ADC administration. Any animal showing clinical signs of moderate pain,
moderate distress, any degree of suffering, or any clinical signs exceeding the limits of the
study specific humane endpoints, sceording to the Buropean and Danish legislation on
animals in experimental studies, was euthsnized, Blood (80 uL in EDTA vials) was collected
from the tail vein each animal on days 12 and 19, Plasma was isolated by blood
centrifugation according to standard procedures. Samples from treatment groups were
pooled for each time point

{82831  Dilulion series of ADC plasma samples were captured on ELISA plates coated
with 2 pg/ml of a mouse anti-PNU mAb (produced in-house by immunizing mice witha
human IgG-PNU conjugate and screening with a BSA-PNU conjugate) to bind ADC, or with
anti-human Fo F(ab’}2 (Jackson Immunoresearch, 109-006-098) to bind total IgG, and
detected with a 1:2300 dilution of an HRP-conjugated anti-human IgG Fab’)2 (Jackson
Immunoresearch, 709-035-149). Serum concentrations of ADC and total IgGs were
calenlated from half maximal values of the sample titrations by comparison with a sample of
the same ADC of known concentration,

0204  Data anslysis was performed using the software PRISM. Mice treated with the
tnventive XBR1-402-G3-PNU ADC showed prolonged survival relative o those treated
with comparable ROR 1 -targeting huZA2-GS-PNU ADC, or with isotype control ADC
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{Figure 15, panel A). Moreover, the concentration of XBR1-402-G5-PNU ADC remains

higher in plasma than the known or isotype control ADC (Figure 13, pansi B).

compared to R12-G3-PNU {(ade327), an ADC based on known antibody R12 and isotype
control Tras-GS-PNU {(adc286) ADCs in the following mouse model according to the study

protoco] of Table 13,

Table 12. Orthotopic breast cancer models used for evaluation of ADCs

N eceded
Maasd

. o Injestion of 1x10° cells into the
hROR-overexpressing Syngeneic femsle BALB/
mammary faf pads. Tumor

EMT=6, clone 14 (from mice, implantation at 4-§ L
volume at randomization from

Exaraple 2} weeks of age
P o 100150 mo’

Table 13. Protocols used for evaluation of anti-ROR 1 XBR1-402-GS-PNU ADC in
orthotopic breast cancer models with orthotopically implanted EMTE cells overexpressing

ROR]1 {clone {cl 14})
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{00206]  Figure I8 shows the tumor volume evolving over the study in each of the 6
individual mice. Orthotopic breast cancer models established with breast cancer cells having
high hROR1 expression respond significantly to treatment with the ADC of the invention, as

opposed to the non-response of the ROR -negative WT EMT-6 model. The remarkable



WO 2017/127664 PCT/US2017/014311
83

response of the ADC of the invention moreover demonstrates & significant improvement
over a comparable ADC hased on the known R12 RORI-targeting antibody.

.

Senand deneieed 3 fysates by
ut derived tumor hesates by

& SIS Y e ST T8y bea: TR
+ hROR T expression in human o

{00207 Tumor lysates of human patient-derived xenografl (PDX) models {Charles River,
Freiburg, Germany) and lysate of a highly RORI-positive immorialized cell line (Kasumi-2)
as a control, as well as lysate from immontalized AS49 cancer cells, were probed for hRROR1
proiein expression by Western blot. For this, lysates were denatured by mixing with $x §D%-
PAGE loading buffer (250 mM Tris-HCI pH 6.8, 10% 8DS, 30% Glycerol, $% p-
mercaptosthancl) and heating to 99°C for 5 min, After separation by SDS-PAGE, proteins
were transferred to PYDF membrangs using an eblot transfer System (Genscript).
Membranes were then incubated at 4°C overnight with commercially available polyclonal
rabbit anti-ROR 1 antibody 4102 (Cell Signaling Technology, Danvers, USA) difuted 1:200
in TBST (20 mM Tris-HCI, 150 mM NaCl, pH 7.6, 0.1% Tween-20) containing 10% horse
serun {Amimed, Bioconcept, Switeerland). After two washes with TBST, membranes were
incubated with HRP-coupled anti-rabbit sccondary antibodies { WesternSure HRP goat-anti-
rabbit 1gG, LiCor, Lincoln, USA) for | howr at room temperature, Signals were revealed by
incubating membranes in haninescent subsirate {SuperSignal West Femto (34094, Thermo
Fisher) and imaging using a cDiglt Western blot reader (LiCor, Lincoln, USA). Detection of

the housekeeping gene GAPDH served as a loading control,

Table 14, Tumor lysate hROR ] status of Example 22
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[BO208]  Figure 21 shows the Western Blot analysis of human tumor lysates, as well as

tysates from immortalized cancer cells.

Example 21,

INOr Xenegral

[0028%] The following study was performed at Charles River {at Oncotest GmbH,

Freiburg, Germany).

Table 13, Patient-derived tumor xenografl models used for evaluation of anti-ROR 1 XBR1-

402-GS-PNU ADC

. . Turnor implantation unilateral or
-+ Female NMRI nude mics,

X . - 1 bilateral, and subcutansous,
implantation at 57 weeks of Lo
Tumor volume al randomization

pa e
¥ from 50-250 mm

[60210] The XBRI-402-G5-PNU (adcd09) ADC, previously confirmed to be endotoxin-

free, was investigated in sach model sccording to the following study protocol:

Table 16. Protocols used for gvaluation of anti-RORT XBR1-402-GS-PNU ADC in patient-

derived tumor xenograft madels

fSroag Ng, of Mice
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[00211] Mice were subcutancously implanted with PDX material (either one-sided (PXF
F1Y, RXF 486, CX 533} or bilaterally (SXFS 1407, PXF 541}, Mice were randomized when
tumors reached a size of 100 cnt’ and were treated with ADC a8 1mg/kyg or vehicle for a total
of 3 times. Tumor volumes were determined by caliper measurement and body weight was
recorded twice weekly. Mice were suthanized on reaching a tumor burden of 2000 mm®
(unilateral) or 1700 mm’ (bilaters]), or on significant body weight loss {(overall more than
30%, or move than 20% in two days).

{0212}  Figure 22 shows the tumor volume evolution over the study, Tumor xenografis
established with patient-derived tumor material having high hROR1 expression respond

significantly to treatment with the ADC of the invention.

Example 22, I yiro activity of XBRI1-402 CARVT

{60213] CAR-T cells based on XBR1-402 were engincered using methods previously
described for ROR-targeting mAbs R11 and R12 (Hudecek, M., Lupo-Stanghellini, M. T,
Kosasih, P. L., Sommermeyer, I, Jensen, M, C,, Rader, C,, and Riddell, S. R. (2013)

Receptor affinity and extracellular domain modifications affect tumor recognition by ROR1-
specific chimeric antigen receptor T oells, Cfin. Cancer Res. 19, 3153-3164). Ex vive
expanded primary human CDE&" CD62L" T cells were lentivirally transduced with XBRI-
402 or R12-derived CARs containing CD3L and 4-1BB signaling domains and a short
spacer, Transduced T cells were purified via tEGFR by FACS and their phenotype was
gssesed the day before functions] assays. CD&+ purily varied betwesn 97% and 99%, tEGFR
expression varied between 95% and 89%. Following 72 h co-culture with ROR | -positive or
ROR-negative human breast cancer cells, CFSE-stained CDB+ CDS21L+ cells were
analyzed by flow eytometry, revealing target-dependent proliferation of XBR1-402 and R12
CAR-T (Figure 26; upper left panel). IFNy and 112 concentrations in the supernatant taken
after 24 h of co~culture were measured by ELISA (Figure 26; upper right panel}. Selective
cytotoxicity was measured with a luciferase-based cytotoxity assay following 11 hof co-
culture with RORI-positive and ROR L-negative cells (Figurs 26; lower panel).

{88284} The same experiments wers repeated o compare XBR1-402 CAR-T with a short
spacer o XBRI-402 CAR-T with a long spacer. Following 72 h co-culture with ROR1-
positive or ROR bnegative human breast cancer cells, CFSE-stained CD&+ CDE2LA cells
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were analyzed by flow cytomeiry, revealing stronger proliferation of the XBR1-402 CAR-T
with the short spacer (Figure 27; upper panel). Selective cytotoxicity with the ciferase-

based cytotoxity assay following 11 h of co-culture with ROR I-positive and ROR{-negative
cells revealed selective cytotoxicity for both XBR1-402 CAR-Ts with short and long spacer

{Figure 27; lowsr panel}.

Example 23, Specificity soplvsiz of XBR1-402

[B0215]  Figure 28 provides an overview of the Retrogenix Cell Microarray Platform,
FPrimary soreen: Purified chimeric rabbivhuman IgG1 XBR1-402 and purified chimeric
rabbitthuman IgG1 XBR2-401 were pooled to a concentration of 2 ug/ml each. The pool
was screened for binding against fixed HEK293 cells/slides expressing 4,336 human plasma
membrane proteins individually (13 slide sets; n=2 slides per slide set), All transfection
gificiencies exceeded the minimum threshold. An AlexaFluoré47 anti-human 126 Fe
detection antibody was used. Primary hits (duplicate spots} were identified by analyzing
fluorescence (AlexaFluord47 and ZsGreenl) on ImageQuant, Vectors encoding all hits were
sequenced to confirm their correct identities. Confirmation screen: Vectors encoding all hits,
plus control vectors, were spotied in duplicate on new slides, and used lo reverse transfect
human HEK293 cells as before. All ransfection efficiencies exceeded the minimum
threshold. Identical fixed slides wers treated with cach of the two test antibodies (XBR1-402
and XBR2-481} individually, plus positive and negative controls (n=2 slides per treatment).
Slides were analyzed as before (Figure 29),

Ak

[66216] Although the foregoing invention has been described in some detail by way of
Hlustration and exampie for purposes of clarity of understanding, # will be readily apparent
to one of ordinary skill in the art in light of the teachings of this invention that certain
changes and modifications may be made thereto without departing from the spivit or scope of
the appended claims,

[96317] Al publications, databases, GenBank sequences, patents, and patent applications
cited in this specification are herein incorporated by reference as if cach was specifically and

individually indicated to be incorporated by reference.



