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CROSS-REFERENCE TO RELATED APPLECATIONS
{0001} The subject patent application claims the benefit of priority to U.8. Provisional
Patent Application Mumber 62/280,843 (filed January 20, 20186). The full disclosure of the

priority application is incorporated herein by reference in Hs entirety and for all purposes.

BACKGROUND OF THE INVENTION
{3002} Cancer is one of the leading causes of death, ¥ is a class of diseases which is
caused by malignant transformation of healthy cells, caused by genetic alierations, like
chromosomal translocations, mutations in tumor suppressor genes, transoription factors or
growth-factor receptors, leading to the tmmortalization of the cells, If the immortalization is
combined with excessive proliferation the immortalized cells generate twumors with or
without metastasis {in case of solid tumors) or leukemiss and lvmphomas (cancers of the
blood). Defective apoptosis, or programmed cell death, can further contribute to malignant
transformation of cells leading to cancer.
{6083} A family of membrane associated recepior tyrosine kinases, consisting of the
receptor tyrosine kinase grphan receptors-1 and -2 (ROR1 and ROR2) have been described
as being specifically associated with particular cancers (Rebagay ef al. (2012} Front Oncol.
2{34}}, while being largely absent in expression on healthy tissue with fow exceptions
{Balakrishnan ¢t al. {2016} Clin Cancer Res. dot: 10.1158/1078-0432). Whether or not ROR
expression is functionally sssociated with tumorigenesis remains unclear, However, due to
the very tumeor-selective expression of the ROR family members, they represent relevant
fargets for targeted cancer therapies. Receptor tyrosine kinase orphan receptors-1 (ROR1} is
of particular interest as a cancer target, due o its nearly 100% association with chronie
fymphooytic leukemia (CLL)Y (Cui et al. (2018} Blood 128(25), p. 2831} and the observation
that is also expressed in certain solid tumors, like that of lung and breast (Balakrishnan et al.
(2016} Clin Cancer Kes. dot: 10.1138/1078-0432). Members of the ROR family are type-1
transmernbrane protoins containing three distinet extracellular domains, an Ig, a Kringle and

a Frizzled domaln, followed a transmembrane spanning region, and an intracellular portion,
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Within the intracellular portion, ROR1 possesses a tyrosine kinase domain, two
serine/threonine-rich domains and a proline-rich domain. RORs have been studied in the
context of embryonic patterning and neurogenesis through a varlety of homologs. These
physiologic functions are dichotomous hased on the requirement of the kinase domain, A
growing literature has established ROR1 as a marker for cancer, such as in chronic
lymphogeytic leukemia (CLL) for which ROR1T expression is nearly 100% correlaied, some
acute lymiphoblastic leukemdas (ALL), mantle cell lymphomas, and some other blood
malignancics. In addition, RORI is eritically involved in progression of a number of solid
nrmors, such as in neuroblastoma, sarcoma, renal cell carcinoma, breast cancer, lung cancer,
colon cancer, head and neck cancer, melanoma, and other cancers. ROR Y has begn shown to
inhibit apoptosis, potentiate EGFR signaling, induce epithelial-mesenchymal transition
{(EMT}, and contribute to caveolae formation. Importantly, RORI 12 mainly detectable in
embryonic tissue and generally absent in adult tissue, making the protein an ideal drug target
for cancer therapy. As such, RORI hay previously been recognized as a target for the
development of ROR1 specific antthodies. However, due o the high homology of ROR1
between different mammalian species, which is 100% conserved on the amino acid level
between humans and cynomolgus monkeys, 96.7 % homologous between human and mouss,
and 96.3 % homologous between human and rabbit, it has been difficult to raise high affinity
antibodies against this target by standard technologies, like animal Immunizations.

{6084] A fow 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 inchuding CLL, small
iymphocytic lymphoma, marginal B-cell lymphoma and Burket!’s lymphoma, Methods for
inhibiting growth of a tumor cell using agents, which may be ROR-binding antibodies that
inhibit ROR1 kinase activity, are the subject of WO 2007/146957. WO 2011/054007
discussed a method of treatment or prophylaxis of cancer in which the extracellular domain
of ROR1 Iz expressed by administration of specific ROR 1-targeting antibodies.

{0885] Additionally, W 2010/124188 discussed anti-human ROR1 antibodies, and in
particular 1o monoclonal marine antibody referred to under the name 2A2, while WO
20¢12/751 58 refers to monoclonal rabbit antibodies named R11 and R12. Particular ROR-
targeting antibodies are also mentioned in WO 20167094873, Both WO 201 079802 and
W 2012/076066 discussed biological inhibiiors of ROR1 capable of inducing cell death
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that bind to selected extracellular RORT domain sequences, WO 2014/031174 refers to anti-
RORI antibodies having the same hinding specificity as an antibody named 99961, Binding
epitopes of anti-ROR1 antibodies are further referred to in WO 2016/187220. WO
2011/159847 discussed particular scFv antibody fragment conjugates that bind ROR1. WO
2014/167022, WO 2016/055592 and WO 2016055593 discussed bispecific ROR T-iargeting
antibodies and their uses, while W 2015/184203 discussed tri-specific binding moleculss.
Especially newer documents disclosing humanized anti-ROR! monocional antibodies are
based on the originally disclosed mouse or rabbit antibodiss, like 2A2, R11, R1Z or DO
[LEHITY De to the low number of available ROR1 specific monoclonal antibodies, there
is & 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 s also a need for
additional diagnostic tools for detecting ROR1 expressions in ROR Lrelated discase
conditions by, ¢.g., Western blotting and/or immunchistochemistry (IHC). The instant

invention is divected to addressing these and other needs,

SUMMARY OF THE INVENTION
{0887]  In one aspect, the invention provides novel, high-affinity binding domains of
rabbit antibodiss that specifically bind to the extracelluisr domain of human receptor
tyrosine kinase-like orphan receptor 1 (hROR 1) and that have been selected from highly
diverse phage-display lbraries of non-immunized rabbits using human ROR1 (hROR 1}
extracelinlar domains expressed in manumalian cells as a bait. The variable regions of rabbit
antibodies have been selected by screening for the binding against the ECD of hROR1T both
as recombinant proteins and also based on the binding of BROR1 over-expressed on the
surface of mammalian host cells. By this strategy novel antibodies for hRRORY of
wnprecedented quality and favorable functional properties have been identified. Furthermore,
the invention provides chimeric full-length antibodies of the rabbit variable domains fusedto
the constant region domains of human 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 mmunoglobulin
heavy and light chains. Such humanized antibodies can be used for the therapy of human
discases due to the high homology of said humanized antibodies to endogenous, fully luman

antibodics. Inn 3 second aspect of the invention site-specifically conjugated antibody drug
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conjugates (ADCSs) based on the chimeric rabbit-human and humanized snti-hwman RORI
(hROR 1) antibodies with an ultsg-potent anthracycline toxin are provided by the invention,
The site-specific conjugation is achieved by enzymatic conjugation using sortase enzyme,
essentially as disclosed in WO2014140317, which is incorporated as reference herein, The
ultra-potent anthracycline toxin resulting in anti-hROR1 ADCs with unprecedented potency
in various  vitre and fx vive tumor models has been disclosed in WO2016102679, which is
incorporated as reference herein,

308} Lastly, the invention provides chimeric antigen receptors {(CARs) and T cells
enginsered with these CARs, Le. so-called CAR-T cells, emploving said anti-hROR |
binding domains showing high efficacy in virro.

{8089} Thersfore the invention relates to anti-hROR1 antibodies, antibody-based binding
proteins, antibody fragments thereof, antibody drug conjugates {ADCs), or CARs having the
same binding specificity for hROR] as that of hROR1 specific antibodies containing an
immiunoglobulin heavy chain variable region sequence and an immunoglobulin light chain
variable region sequence, respectivaly, shown in (1) SEQ ID NO:T and SEQ ID NG44 ()
SEQ IDNG:2 and SEQ ID NG5, (3) SEQ IDNQGS and SEQ ID NG 16, (1) SEQ TDNO4
ard SEQ ID N 17, (3) SEQ ID NS and SEQ ID NO:18; (6) SEQ ID NG:S and SEG ID
NORYS; (73 SEQ I NO:7 gnd SEQ ID NG2G; (8) SEQ 1D NO:8 and SEQ I NOG2 L (9
SEQ I NO:9 and SEQ 1D NOG:22; (10) SEQ ID NGO and SEQ IDNO23, (1) SEQ D
KO and SEQ 3 NOe24; (12) SEQ D NG 12 and SEQ 1D NO:2S; {13) SEG ID NG:I3
and SEQ D NG:26; (14) SBEQ D NO:130 and SEQ 1D NO:136; (153) SEQ IDNO:13 and
SEQ IDNG:37; (16) SEG 1D NO132 and SEQ I NOCIE (07 SEG ID NO33 and
SEQ D NO:139; (18) SEG D NO:134 and SEQ 1D NO:140; or (18) SEQ 1D NO:135 and
SEQ ID NO: 4L

(86181  The invention further relates to anti-hROR 1 antibodies, antibody-based binding
proteins, antibody fragments thereof, antibody drug conjugates (ADCs), or CARs
comprising tumenoglobulin heavy chain CDR sequences and immunoglobulin light chain
CDR sequences that are st least 80%, or gt least 95% or greater than 95%, but less than
100% identical, respectively, 1o {1) SEQ ID NOs:27-29 and SEQ 1D NOs:66-688, (23 SEQ ID
NOs:30-32 and SEGQ ID NOs:69-71, (3) 8EQ 1D NOs:33-35 and SBEQ 1D NQe:72-74, (4}
SEQ D NOs:36-38 and SEQ ID NOs:75-77, (5) SEQ 1D NOs:39-41 and SEQ 1D NOs: 78~
$0, (&) SEQ 1D NOs:42-44 and BEQ 1D NOs:81-83, (7) SEQ D NOsa:45-47 and SEQ ID
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NOs:84-86, (B} SEQ 1D NGs:48-50 and SEQ 1D NOs:R7-89, (9) 8BG ID NOs:51-33 and
SEQ ID NOs:80-92, (10) 8EG JD NOs:54-36 and SEQ ID NO=:93-85, (11 SEQ ID
NOs:57-59 and SEQ 1D NOs:96-98, (12) SEQ ID NOs:60-62 and SEQ D NOs:98-101, or
{13} SEQ I NOs:63-63 and SEQ ID NQOe:102-104,

{8611} The invention forther relates to anti-hROR/I antibodies, antibody-based binding
proteing, antibody fragments thereof, antibody drug conjugates (ADCs), or CARs
comprising immunoglobulin heavy chain CDR sequences and immunoglobulin lght chain
CDR sequences that are identical, respectively, to {13 SEQ ID NGs:27-29 and SEQ ID
NQOs:66-68, (3) SEQ 1D NOs:30-32 and SEQ 1D NOw:69-71, (3) 8EQ 1D NOs:33-35 and
SECQ ID NOs:72-74, {4) SEQ ID NOs:36-38 and SEQ ID NOs:75-77, (3) SBQ D NOs:39-
41 and SEQ 1D NOs:78-80, (6) SEQ 1D ND=:42-44 and SEQ ID NOGs:81-83, (M SEQ D
NOs:45-47 and SEC ID NOs:84-86, {8) SEQ IDy N(Os5:48-30 and SEQ ID NO=:27-89, (%)
SEQ D NOs:51-53 and 8B ID NOs:90-92, (10} SEQ 1D NOs:54-56 and SEQ 1D NOs:93-
5, (11) SEQ 1D NOs:57-39 and SEQ 1D NOs:96-98, (12} SEQ 1D NOs:60-62 and SEQ ID
NQs:99-101, or (13) SEQ I NOs:63-65 and SEQ ID NOs:102-104,

[B012) 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 varisble region sequence or an
immunoglobulin light chain variable region sequence with at least 90%, or at least 5%, or
greater than 95% but less than 160% identity at amino acid level relative to an
immunoglobulin heavy chain variable region sequence and an immunoglobulin Hght chain
variable regilon sequence, respectively, shown in (1) SECQ 1D NO:T and SEQ 1D NG:14; ()
SEQ ID NO:2Z and SEQ 1D NO:15; (3) SEQ 1D NG:3 and SEQ ID NO:16; (4) SEQ ID NG:4
and SEQ 1D NG:17: (3) SEQ 1D NG:S and SEQ ID NO:1B; (6) SEQ ID NG:6 and SEQ ID
NO:19; (73 SEQ I N7 and SEQ ID NO:29; (8) SEQ 1D NO:E and SEG ID N2 (%)
SEQIDNO® and SEQ IDNO2Z (IO SEQGID NGO and SEQ ID NO2L; (1) SEQID
NI and SEQ IDNO24; (12) SEQ ID NO:12 and SEQ ID NO:Z5: or (13 SEQ ID NO: 12
and SEQ ID NG:26,

(80133 The invention further relates to anti-hROR 1 antibodies, antibody-based binding
proteins, antibody fragments thereof, antibody drug conjugates (ADCs), or CARs
comprising an immunoglobulin heavy chain CDR sequence sslected from the group

consisting of 88 ID NQe:27-65. The invention further refates to relates to anti-hROR 1
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antibodies, anttbody fragments thereof, antibody drug conjugates {ADCK), or CARs
comprising an tnmunoglobulin light chain CDR sequence sclected from the group
consisting of SEQ D NQs:66-104. In some embodiments, the hBROR L-specific antibodies,
antibody-based binding proteins, or antibody fragments thereof, antibody drug conjugates
{ADCs), or CARs contain heavy chain CORI, CDR2, and CDR3 sequences that are
respectively identical to SEQ 1D NOs:27-29, SEQ 1D NOs:30-32, SEQ 1D NOs:33-35, §EG
10D NO:36-38, SEQ ID NOs:39-41, SEQ ID NOs:42-44, SEQ 1D NO=45-47, SEQ ID
Ns:48-50, SEQ 1D NOs:51-33, SEQ ID NOs:54-56, SEQ ID NOs:57-59, SEQ ID NOe:60-
62, or SEQ 1D NOs63-65,

{8814} The invention further relates to anti-hROR! 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
ED WO 14; (2) SEQ 1D NO:2 and SEG ID NO11S; (3) SEQ 1D NO:3 and SEQ ID NOS; (4
SEQ ID NO4 and SEQ ID NOG:17: (5) SBEQ ID NO:S and SEQ ID NO:IB; (6) SEQ IDNG:6
and SEQ ID NO:19; (7) SEQ 1D NG-7 and SEQ ID NO20; (8) SEQ ID NGB and SEQID
NG2E; (9) SEQ 1D NGOG and SEG 1D NG:22; (10) SEQ ID NG:10 and SEQ 1D NOI23;
(11} SEG ID NO:11 and SEQ 1D NO:24; (12) SEQ 1D NO:12 and SEQ 1D NO:2S; (13) 8EQ
D NG:13 and SEQ 1D NO:26; (14) SEG 1D NO:130 and SEQ D NO:136; (15) SEQID
NO:131 and SEQ IDNO:137; (16) SEQ ID NO:132 and SEQ ID NOGI3E 7)) SEQ ID
NO:133 and SEQ IDNGI39; (18) SEQ D NO: 134 and SEQ IDNGI14G; or (1) SEQ ID
NO:135 and SEQ IDNO: 141

{B018]  The invention further relates to anti-hROR1 antibadies, antibody-based binding
proteins, antibody fragments thereof, antibody drug conjugates {ADCs}, or CARs
comprising anti-hROR 1 specific antibodies, antibody-based-binding proteins or antibody
fragments thereof that comprise an immunoglobulin heavy chain variable region sequence
and an immunoglobulin light chain variable region sequence, respectively, identical to (1}
SEQ ID NGO and SEQ 1D NO:14; (2) SEQ ID NG:2 and SEG ID NO:15; (3) SEQ 1D NGS3
and SECG IDNO:16; (4) SEQ 1D N4 and SEQ IDNOIT; (5) SEQ ID NS and SEQGID
NG:18; {6) SEQ [ NO:6 and SEQ IDNG:19; (7) SEQ 1D NG:7 and SEQ 1D NO:20; (B)
SEQ ID NO:8 and SEQ D NO:2L (9) SEQ ID NO:? and SEQ IDNO22; (10 SEQID
MO0 and SEQ D NC23; (11) SEQ IR NG and SEQ ID NO:24; (12) SEQ ID N2
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and SEQ D NOG25; (13) SEQ 1D NO:13 and SEQ ID NO:26; (14) SEQ 1B N 130 and
SEQ ID NOG:136; (15) SEQ ID NOU3T and SEQ ID NGIZT, (16} SEQ IR NH13Z and
SEQ IDNOG:II3E (17) SEQ ID N33 and SEQ TD NO:139; (18) SEG IR NO: 134 and
SEQ ID NOISG; or (19) SEQ ID NO:135 and SEQ 1D NOr 141,

[8618] In somne embodiments, anti-hRORY 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 immunoglobulin heavy chain CDR
sequence selected from the group consisting of SEQ D NOs:27-65. Some of thess
molecules harbor immunoglobulin light chain CDRI, CDR2Z, and CDRI sequences that are,
respectively, identical to $EQ ID NOg:66-68, SEQ ID NOs:68-71, SEQ ID NGa:72-74, SEQ
D NOWTSSTT, BEG 1D NOw:78-80, SEQ ID NGs:81-83, SEQ 1D NOs:84-86, SEQ ID
NOs:87-8%, SEQ 1D NOs:90-92, SEQ 1D NOs:93-95, SEQ D NOs:96-98, SEQ 1D NOs:89-
101, or SEQ 1D NOs: 102-104. In some embodiments, the anti-hROR 1 antibodies, antibody-
based binding proteins, antibody fragments thercof, antibody drag conjugates {ADCs), or
CARs comprise immunoglobulin heavy chain CDRIY, CDR2 and CDR3 sequences and
wnmunoglobulin light chain CDR1, CDR2 and CDR3I sequences, respectively, shown in {1
SEQ ID NOw:27-29 and SEQ D NOs:66-68, (2) SEQ 1D NOs:30-32 and SEQ 1D NOs:69-
71, (33 SEQ 1D NO:33-35 and SEQ 1D NOs:72-74, (4) SEQ ID NOs:36-38 and SEQ 1D
MNGe75-77, (5 SEQ ID NGs:38-41 and SEQ 1 NOs:78-80, (6) SEQ ID NOs:42-44 and
SEQ ID NOa:81-83, (7) SEQ 1D NOs:45-47 and SEQ ID NQOs:84-86, (8) SEQ 1D NOs: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 SBEQ 1D NOs:93-95, (113 SEQ 1D NOs:57-39 and 8B 1D NOs:96-98, (12}
SEQ 1D NOs:60-62 and SEQ 13 NOs:99-101, or {13) SEQ [D NGs:63-63 and SEQ ID
NOs:102-104.

{8817} The invention further relates to AROR 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 lcast 95% but less than 100% homology st
amino acid level to immuncglobulin heavy or immunoglobulin light chain provided oft (14)
SEQ ID NO:136 and SEQ 1D Nk 138, (15) SEQ D NCR 131 and SEQ ID NO:137: (16)
SEQ ID NG:I132 and SEQ ID NO:138; (17) SEQ TD NCH133 and SEQ ID NG:H3S; (18)
SEQ 1D NO134 and SEQ D NO:140; or {19) SEQ ID NGO 135 and SEQ 1D NO:141,
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{0618} In yet additional embodiments, the BROR L-specific antibodies, antibody-based
binding proteins or antibody fragments thersof are either of IgA,, IgA,, IgD, IgE, 1gG,, 12G;,
1gG: IgGy, or IgM isotypes, or F(ab), Fyv, scFv, IgGACH,, Flab), seFv,CH;y, Fab, Vi, Vu,
seFvy, soFvy, scFvy, dsFy, Fy, scFy-Fe, (scFv); fragments thereof, or non-depleting IgG,
diabodies or bivalent antibodies. Some of the molecules are IgGs selected from the group
comsisting of naturally occurring 1gGy, 180y, 1gGs, 1pGy isofypes, or synthetic IgGa, Some of
the molecules are Fab, seFv, or dsFv. In some embodiments, the hROR {-specific
antibodies, antibody-based binding proteins or antibody fragments thereof of the invention
are conjugated to 3 synthetic molecule. The synthetic molecule can be, ez, a label, a
eytotoxic agent, a radioisotope, or a liposome. The cytotoxic agent can be, e.g., a small
melecule weight toxin, a peptide toxin, or a protein foxin. In some embodiments, the
hROR Lspecific antibodies, antibody-based binding proteins or antibody fragments thereof
are conjugated to 1 transmembrane region and an intracellular T-cell receptor (TUR)
signaling domain to form a chimeric antigen receptor (CAR).

{0019} The invention further relates to antibody drug conjugates (ADCs) comprising 2
hROR-specific humanized or chimeric antibody, antibody-based binding protein or
antibody fragment with 8 toxin payload that offects efficient killing of hROR1 specific cells.
In said ADCs the toxin payload can be conjugated non-site-specifically to the antibody,
antibody-based binding protein or antibody fragment vis lysine or cysteine amino acid side
chains employing classical chemical linkers with maleimide functionality, or other chemica!
known in the art that can mediate conjugation to lysine or cysteine amine acid side chains, In
said ADCs the small molecular weight payload can also be conjugated site-specifically
gither by chemical, chemo-enzymatic, or enzymatic conjugations knows in the art, like eg.
with bifunctional linkers, linkers allowing Pictet-Spengler chemistry on formyl-ghycine
forming enzyme modified antibodies, by glycan-remodeled antibodies, or by bacterial
fransglutaminase or sortase enzymes.

[0020] 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) described
herein and a pharmaceutically acceptable carrier. Some kits of the invention can additionally
contain one or more immuncassay buffers. Also provided in the invention are

polynucleotides encoding the variable region of the immunoglobulin heavy chain or
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immunogiobulin light chaiu of the anti-hROR 1 antibodies, antibody-based binding proteins,
antibody fragments thereof, antibody drug conjugates (ADCs), or CARs disclosed horeln, as
well as expression vectors harboring such a polynucleotide sequence,

{8628} in another aspect, the invention provides methods for killing or inhibiting the
growth of a cell expressing hROR1. The methods invelve administering a therapeutically
effective amount of anti-hROR 1 antibodies, antibody-based binding protein, antibody
fragment thereof, antibody drug conjugate {(ADC), or CAR of the invention to & subjeet 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 tumor
cells. In another aspect, the invention provides methods of treating a disease or condition
associated with elevated exprassion of hRRORT in 2 subject. These methods entall
administering s therapeuticaily effoctive amount of anti-hROR1T antibodies, antibody-bazed
binding proteins, antibody fragments thereof, ADUs, or CARs of the invention to a subject
afflicted 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 hROR1

inn 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.

H822] In still another aspect, the invention provides methods of detecting an altered
ROR1 fevel in a subject. Such methods involve (&) obfaining a biological sample from the
subject; (b} contacting the sample with anti-hROR] antibodies, antibody-based binding
proteins or antibody fragments thereof of the invention; {¢} determining the level of ROR1 in
the biological sample; and {d} comparing the level of ROR1 in the biological sample to a
contrel fevel of ROR1 o thereby determing whether the ROR1 level in the biological sample
is altered relative to the controd level of ROR1LL In some of these methods, an increased
RORI1 leved in the subject relative to the control level is indicative of g disease or condition
associated with elevated expression of ROR1T in the subject, Examples of specific discases
or conditions suitable for the methods include, e.g., CLL, ALL, mantle cell lvmphoma,
neuroblastoma, sarcoms, renal cell carcinoma, breast cancer, lung cancer, colon cancer, head

and neck cancer, or melanoma.
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{6023) In another related aspect, the Invention provides methods for detecting a ROR1-
gxpressing tumor in a subject. The methods involve (a) administering an BROR1 antibody,
antibody-based binding protein or antibody fragment thereof of the invention to a subject
that has, is suspected fo have, or is at risk of developing a ROR 1-expressing tumor; and (b}
imaging the subject fur 2 region of altered conjugated label density or concentration, wherein
the density or concentration is relative to (i) background in proximal tissue or (i) the density
or consentration previously detected in the same vegion of the subject, such that the
existence of 2 region of altered conjugated labe! density or concentration is an indication of
the presence of an ROR l-expressing tumeor in the subject.

{60243 A further understanding of the nature and advantages of the present invention

may be realized by reforence to the remaining portions of the specification and claims.

DESCRIFTION OF THE DRAWINGS
[8025] Figure 1 shows the amino acid sequences of variable immunoglobulin heavy and
fight chains of novel rabbit anti-hROR1 mAbs, as indicated. The aming scid sequence
slignment of the rabbit variable domains (Vy, Vi, and Vy) is shown with frsmework regions
{FR)} and complementarity determining regions {CDR) using Kabat numbering, Shown in
the figure are the heavy chain variable domain sequences (SEQ 1D N{s:1-13, respectively)
and the light chain variable domain sequences (SEQ 1D NOs: 14-26, respectively} of 13
antibodies designated XBR1-402, ERRI-301, ERR1-308, ERR1-316, ERRI-324, ERRI-
403, ERR1-409, ERRI-TOP4, ERRI-TOPIS, ERRI-TOP22, ERRI-TOP4D, ERRIV-TOR4S,
and ERRI1-TOP34. As indicated In the figure clones XBR1-402, ERR1-301, ERR1-304,
ERRI-316, ERRI-403, ERRI-400, ERRI-TOPY, ERRI-TOPRIS, BRRI-TOMZ2, ERRY-
TOP43, and ERRI-TOP34 are variable domains of immunoglobulin & light chains, while
antibodies ERR1-324 and ERR1-TOP4( are variable domains of immunoglobulin « light
chains.
80263 Figure 2 shows the binding activity of chimeric rabbithuman Fabs to human
ROR1 (hRORI) and mouse ROR1 (mROR1) expressed as fusion proteins of the
exiracellular domain (ECD) of KRORY and mROR1 to the human Fe domain of 2 human
IgGl antibody. The binding of each chimeric rabbithuman Fab to hROR1 and mRORI
fused with human IgG1 Fo (hFc-hRORT and hFe-mROR 1Y was analyzed by ELISA, hFc-
ROR! or hFe-mROR! were captured by anti-human IpG1 Fe antibody immobilized on plate
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and then incubsted with hROR! specific Fabs comprising a His-lag viz detection with mouse
anti-His tag. Specificily of the Fabs was confirmed by using fusion proteins of the
extracellular domain (ECD) of hRROR2 with the hursan Fe domain of 3 human g1
antibody (hFc-hRORZ) as control.

[Ba27] Figure 3 shows binding activity of chimeric rabbit/hwnan Fabs to native human
ROR1 protein expressed on the cell surface of murine preB cell line 63-12 (see Example 1)
The binding of each chimeric rabbitthuman Fab to the ectopically expressed human ROR1
on mouse pre-B ooll {63-12) surface was analyzed by flow cytometry, ERR2Z-TOP33 is g
mAb against RRORZ that served as an isotyps-matched control,

[0028] Figure 4 shows epitope mapping studies for chimeric rabbitthuman Fabs on six
different immobilized 1gG1-Fe fusion proteins that comprise different parts of the
extracellular domain of human RORI: hFe-hROR-Ig {comprising the Inmunoglobulin.
domain of RROR 1}, hFc-hRORI-Fr {comprising the Frizeled domain of hRORT), hFc-
BROR1-Kr {comprising the Kringle domain of BROR D), hFc-hROR T-Ig-Fr {comprising the
Immunoglobulin and Frizeled domains of hRROR 1), hFe-hRORI-Fr-Ki (comprising the
Frizzled and Kringle domains of hROR 1) and hFe-hRORI {comprising the entire
exiracehular domain (BCD) of hRROR1),

FO028] Figure 3 shows epitope binding studies performed by surface plasmon resonance.
Shown are SPR sensograms obtained {or the binding of different Fabs to hFc-hROR1
captured by anti-human Foy antibody Immobilized on s CM3 chip. Fabs were injected in
different orders o identify 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 simultancous binding. For example, the incrsase
found for the binding of Fab R11 exceeded the values found for XBR1-402 alone, indicating
that Fab R11 and XBR1-402 can bind simultancously to 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 (&),

{3839] Figure 6 shows affinity measuremenis of anti-hROR 1 specific Fabs to BROR]
ECD by surface plasmon resonance {SPR} (&) Shown are Bisgore X104 sensorgrams
obtained for the binding of sach Fab to hFe-hROR1T capiured by anti-human Foy antibody

immobilized on CM3 chip after 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 (X7 was caloulated fom kp'k.
{ken, association rate constant; &,y dissociation rate consiant).

{8831}  Figure 7 shows FAUSbased cell staining of hROR 1 on various human cancer
cell lines with anti-human ROR1 antibody 2A2 as described in Example 9. Cell lines
analyzed lines include 697 (human scute lymphocytic leukemis, ALL), Kasumi-2 (human
preB acute lymphocytic leukemia), human triple-negative breast cancer cell Hines MDA-MB-
231, MDA-MB-468 and HS-578T, 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 kRRORI
expression,

{8033} Figure § shows the binding sctivity of selected chimeric rabbivhuman fgGl to
endogenous hROR1 expressed on breast cancer cells measured by fluorescence activated celf
sorting (FACS). Human breast cancer cell Hine MDA-MB-231 is known to express hROR1,
human breast cancer cell line T47D is known to be negative for hRROR1. In contrast, T47D is
known to be ROR2 positive, whersas MDA-MB-231 is known to be negative for ROR-2
gxpression, ERRI-Top34, ERR1-Topdl, ERR1-324, XBR1-402 were selected anti-hROR
specific mAbs, XBR2~401 was a hROR2 specific mAb used as a specificity control {A) The
expression of endogenous hROR1 and hROR2 on breast cancer cells was detected by flow
cytometry using conymercially avallsble goat anti-human ROR! and goat anti-human ROR2
polyclonal antibodics (R&D Systems), respectively, followed by Alexa Fluor 647-
conjugated AffiniPure Flab'), donkey anti~goat IgG (H+L) polyelonal antibodies (Jackson
ImmunoResearch Laboratories). Control stainings were done with the Alexa Fluor 647-
conjugated AffiniPure F{ab™}; donkey anti-goat IgG (H+L) polycional antibodics alone, (B)
The binding of chimeric rabbit/human 1gG1 of selected clones ERR1-Top34, ERR1-Top43,
ERR1-324, XBR1I-402 {all hROR 1 specific) and XBR2-401 (BRORZ specific) to ROR1
expressing human breast cancer cell Hne MDA-MB-231 and to ROR2 expressing human
breast cancer cell ine T47D was analy«ed by flow cytometry using the chimeric
rabbit/human IgGl as primary antibodies and APC-labeled goat anti-human Fe-specific
polycionsl antibodies as secondary antibady.

[B833] Figure 9 shows the binding activity of chimeric rabbivhuman IgG1 XBR1-402
and ERRI-TOP43 (hoth hRORY speeific) to denatured BROR T 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
jndicated: Lane 11 K362 cells ectopically expressing full length of hRROR1, Lane 2
untransfected K62 celis, Lang 3; purified extraceliular domain of BRORL, Lane 4: purified
extraceibular domain of hRROR2Z,

[6834] Figure 10 shows the binding analyzed by ELISA of selected hROR I specific
rabbit-human-Fo chimeric antibodies of selected clones ERR1-301, XBRI-402, ERR1-308,
ERR1-324, ERR1-403 and ERR1-Topd3 to recombinant, purified hROR1 {panel A} and to
recombinant, purified hROR2 a5 a negative control {panel B).

{(835] Figure 11 shows schematically how site-speeifically conjugated ADCs disclosed
in this invention have been gensrated. (A} schematically shows the mechanism of gortase-
enzyme mediated gotibody conjugation (SMAC-technology) as disclosed in
WOZ14140317, In order to generate site-specifically conjugated ADCs, recombinant
antibodies need 1o be expressed with the CHterminal pentapeptide motilf LPXTG (SEQ ID
N(: 144}, which serve as recognition sites for the sortase enzyme A from Staphylococous
aureus (3rtA), When a glvcine modified toxin substrate is incubated with pentapeptide motif
LPXTG containing amtibody and sortase A enzyme, the sortase A enzyme catalyzes 2
franspeptidation reaction by which the glycine-modified toxin replaces the C-terminal
ghveine of the LEXTG motif and is covalently coupled to the threonine of the remaining
LEXT (SEQ ID NG 147} sequence. This way Cerminally toxin-conjugated ADCs can be
generated with high efficiency, (B) shows the structurs of the preferred toxin, a PNU-15%682
derivative comprising an ethylene~diamino (EDA) linker connscting & 5x glyeine streteh 1o
the carbonyl group st C13 of the anthracyeline structure, as discloged in WO2016102697.
{8838] Figure 12 shows the efficacy Tor & vitwo cell killing assays performed on (panel A)
immortalized human breast cancer cell ling MDA-MB-468 with known hROR I-{argeting
ADCs (2A2-G5-PNU, RI2-G3-PNU) and & novel ADC provided in the invention (ERR 1~
Top43-(35-PNUY, and (panel B} immortalired human breast cancer cell line HS 5787 with
known hRROR Hargeting ADCs (2A2-GS-PNU, R12-G3-PNLI and novel ADCs provided in
the invention (XBR1-402-G3-PNU and ERR1-Topd 3-G5-PNU). CD30 targeting ADC
Acl8-G3-PNU was used as an isotype-matehed control ADC in both panels.

{8837} Figure 13 shows i vivre potency for cell killing of ROR1 positive acute
tymphoeytic leukemia cell ling 697 with fouwr anti-RORI-PNU ADCs, incloding ADCs
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based on antibody clones 2A2, R11 and R12, and based on anti-ROR I -antibody clone
XBR1-402 disclosed herein. All antibodies were expressed as rabbit-haman (R11, RI2,
XBR-402) or murine-human (242) chimeric IgG,. (A) shows the cell killing over a
concentration range of ADCs site-specifically conjugated to the toxin paylioad Glys-EDA-
PNAT (abbreviated G3-PNU) with each of the ADCs. (B) shows the numeric ICsy values for
cell killing caloulated from the curves in (A} for each of the anti-ROR T ADCs.

[68338] Figure 14 shows i viren 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 paylead {abbreviated G5-PNU}. The ADCs are based on anti-ROR1
antibody clone 2A2 and R12, and anti-ROR 1 clone XBR1-402 as indicated. HER-Z specific
irashuzamab, site-specifically conjugated to Glys-EDA-PNU toxin payload was used as an
isotype matched control ADC, Pancls C and D show the expression levels of ROR1
measured on the cell surface of Kasumi-2 and 697 as analyzed by FACS using antibody 2A2
4s a primary antibody versus an isotype-matched control antibody.

j8039] Figure 13, {A) shows ir vive efficacy of ADCs in g disseminated mouse model of
ROR -positive 607 with EDA-Glys-PNU ADCs. Mice (groups of § animals} have been
transplanted intravenously with 10° 697 human ALL cells and treated 7 and 14 days later
with gach 1 mg/kg PNU-ADC based on antibody 2AZ2 and novel antibody XBR1-402, oras a
negative control, 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 | mgkg after 12 and 19 days measured by
immuno-based ELISA assay using capturing with an anti-human Fog reagent and detection
with either an anti-keppa-light chain detection antibody for the antibody concentration and
an anti-FNU detection antibody for the ADC concentration.

{8840} Figure 16, Pansl (A} shows in vigre cell killing of hROR1 ransfected mouse
breast cancer cell line EMT6-clonel4 (abbrevisted EMT6-c114} with site-specifically
conjngated PNU-ADCs based on anti-ROR1 antibody R12 and novel antibody XBR1-442,
both expressed as chimeric urnan IgGY antibodies, A Trastuzumabh-G3-PNU ADC, speeific
for HERZ, was used as an isotype-matched contrel ADC, (B) As a further control the same
cell killing experiment with the same ADUs was also performed on the untransfected (and

ROR I-negative} EMT6 parental cells. Panel () shows the relative expression of BRORI in
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BRORY transfosted versus untransfected BMT6 cells as detected by FPACUS with ROR -
specific antibody 2A2,

{B841} Figure 17, fnn vitro cell killing of RRORT transtected mouse breast cancer cell line
EMTé-clonel4 {abbreviated EMT6-cL 14} with site-specifically conjugated PNU-ADCs
based on anti-ROR 1 antibody ms%61 and novel antibodics XBR1-402 and ERR1-324, cach
expressed as chimeric human IgG1 antibodies. A Trastwzumab-G3-FNU ADC, specific for
HERZ, was used as an isotype-matched control ADC,

8042} Figure 18 {A) shows results of an ix vive cfficacy study with an orthotopic mouse
breast cancer mode! using hBROR 1 transfected EMT6 mouse breast cancer cell Hine that was
implanted into the mammary fat pads of Balb/c wild-type mice. The upper panel shows
survival curves of mice treated twice with control ADC trastuzumab-G3-PNUL The middle
panel shows survival curves of mice treated with PNU-ADC based on anti-ROR1 antibody
R12, and the lower panel shows the survival curves of mice treated with PNU-ADC based
on novel anti-ROR1 antibody XBR1-402, Little triangles below the x-axis indicate the two
treatmenis with 1 mgrkg of each respective ADKC at day 14 and 21 sfter transplantation of the
tumors. (B} shows the Kaplan-Meier Plot of the three experiments displayad in panst (A}
{80437 Figure 19 shows the in vifre sisbility of the XBR1-402-.G3-PNU ADBC in NOD
SCID mouse serom (panel A) and in human serum (pane! B} analyzed by an immune-based
ELISA assay detecting either the total antibody (solid line) or the intact ADC (dotted line).
{B044]  Figure 20 shows the in vive plasma stability of nove! naked anti-RORY antibody
XBRI1-402, as well as of XBRI1-402-G3-PNU ADC evaluated in female CI1 mice.
Depicted are plasma stability measured by immune-based ELISA assay of total Ig( detected
with a human Fo detection reagent as well as of intact ADC detected with g PNU-specific
detection reagent.

[0045]  Figure 21 shows the analysis of different patient derived tumor lysates for
hRORT protein expression by Western-Blot analysis, including lysates from two control gell
fines Kasumi-2 (homan ALL cell line) and AS4% (humen long cancer cell line). The patient-
derived tumor lysates are of the following designation and origin: PXF 1118
pleuramesothelioma, RXF 486: hypernephroma, PXF 541, pleuramesothelioma, SXFS 1407
neurolibrosarcoma, CXF §33: adenoccarcinoma,

{46} Figure 22 shows the efficacy of the site-specifically conjugated PNU-ADRC of
XBRI402 anti-RORT ADC in different patient derived tumor models (PDX models)
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gstablished in femasle NMRI nude mice implanted with CXF3533, RXF 485, PXF 1118,
SXFS 1407 and PXF 341 pationt-derived tumor material as compared to mice fregted with
vehicle control,

{8471 Figure 23 shows VH snd 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 (Vi and V) is shown with framework regions
(FR} and complementarity determining regions (CDR) using Kabai nurobering. Shown in
the figure are the heavy chain variable domain sequences (SEQ 1D NGs: 1304135,
respactively) and the light chain variable domain sequences (SEQ ID NQOs:136-141,
respoctively) of § antibodies designated HuXBR1-402(3), HuXBR1-402(8), HuXBR1-
40215}, HuXBR1-402(17), HuXBR1-402(19), and HuXBR1-402(26).

[B048) Figure 24 provides data of the affinity measurements with novel humanized
clones of parental mAb XBRI-402, including ke, and K.y data as indicated,

{30491 Figure 23 shows (Panel A) the dose-response curves of in vitre cell killing assays
performed on human §97 ALL cancer cells with hRROR 1-targeting parental XBR1-402-G5-
PNU and with ADCs based on humanized antibodies: huXBR1-402-3-G5-PNU, huXBRI-
402-8-GS5-PNU, huXBR1-402-15-G5-PNU, huXBR1-402-1 7-G5-PNU, huXBR1-402-19-
G35-PNU and huXBR1-402-26-G5-PNUL A PNU-ADC based on HER2-targeting antibody
frastuzumab was used as an isotype contred ADC {Tras-G5-PNL). Panel B shows the
guantification of the & vitre cell killing efficacy (1)

{0058] Figure 26 shows a comparison of the i vifre activities of ROR 1 argeting XBRI-
402 CAR-T and R12 CAR-T.

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

(80531 Figure 28 provides an overview of the specificity analysis of chimeric
rabbitthuman anti-human ROR1 [gGl XBR1-402 and, as a control, chimertic rabbitthuman
anti-human ROR2 1gG1 XBR2-401, with the Retrogenix Cell Microarray Platform.

{086583] TFigure 29 shows a specificity analysis of chimerie rabbithuman anti-human ROR1
IgGl XBR1-442 and, as a control, chimeric rabbit/human anti-human ROR2 g1 XBR2-
401, with the Refrogenix Cell Microwrray Platform. Primary binding hiis from the large
screen involving 4,336 human plasma membrane proteins {see Figure 28) were combined on

& single shide and stained with chimeric rabbithumasn anti-human RORY 1gG1 XBR1-402
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and, as controls, chimeric rabbivhuman anti-human ROR2 1gG1 XBR2-461 and a rituximab
biosimilar. ZsGreen! signals on the left indicate the expression levels of the various humsn
membrane proteins. In addition to their respective antigens (ROR1, ROR2, and CD20), the
tested antibodies in IgG1 format also bind to Fey receptors FOGR3B (CDI6R), FCGRIA
{CD64A), and FCGR2A (CD32A) as expected. Staining with the secondary antibody alone
detects the buman IgG3 heavy chain (IGHG3) as experted.

DETAILED DERCRIPTION

{8854  The invention is predicated in part on the generation by the present inventors of a
large nafve chimeric rabbithuman Fab library and selection for binders to human ROR1 via
phage display. Receptor tyrosine kinase orphan recepiors-1 and -2, ROR! and ROR2, are
the only two family members defining a new receptor tyrosine kinase family, based on the
overall structural design and some functional similaritics, Both ROR1 and ROR2 proteins
are type I-single pass trans-membrane receptors with an extraceliular domain (ECD)
consisting of an immunogliobulin domain, 8 cysteine rich frizzled domain and & Kringle
domain. These thres extracellular domaing are followed by & trans-membrane domain
connecting the ECD to an intraceliular portion of the protein comprising kinase domains
{Rabagay ot al, (2012) Frontiers Oncol, 2: 1-8). The human ROR1 and RORZ proteins ars
38% homologous between cach other, but cach of the ROR proteins is highly conserved
between species. The most conserved is actually the ROR1T protein, 2 937 as long protein,
that is over 98.53% identical between humans and all sequenced non-homan primate species,
and even 96.7 and 96.3 % homologous between human and mouse and rabbit ROR1,
respectively (Borcherding ot gl (2014} Protein Cell §: 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
2010/124 188 {murine monoclonal antibody 2A2), WO 2012/875158 (rabbit antibodies R1{
and R12}, WO 2012/097313 (mouss monoclonal antibody D10} and WO2014/031174
{humanized versions of mouse mAb 99961, which binds the same epitope as that by mAb
D16y,

EIARY In order to not repest generation of anti-ROR1 antibodies by conventional

immunization/screening of mice/rabbits that would direct antibodies against spitopes of
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greatest divergence between mouse/rabbit RORI and buman ROR1 {(as was the cage in the
identification of mAbs 242, R11, R12, D10 and 99961}, the present inventors have
generated a very high-complexity naive rabbit antibody Fab library displayed by phage and
screened this library for binding fo native mammalian recombinant ECD of ROR1 and to
celi-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 repertoire to be mined is still derived from natural rabbit B Iymphocytes and thus
selected for immune-system pre-selected antibody heavy and light chains, However, due io
the applied sereening sivategy involving native recombinant and cell-expressed hunan
RORI, it was the hope that BROR1 specific antibodies would be identified with good
developability and functional qualities and that are particularly usefu! for the therapy of
human diseases associated with ROR1 expression, Hke in particular ROR I-positive cancer,
[08%6] Az a result of the chosen strategy, a number of novel rabbit high-affinity anti-
human RORT antibodies have been identified with diverse CDR1Y, 2 and 3 clonotypes
{Figure 1} and with high binding selectivity for human ROR1, but not for its most related
“sister molecule”, human ROR2 (Figures 2, 3 and 10). Some of the hBROR 1-specific
antibodies showed high affinity (single-digit nM affinities) for the hROR1 target (Figure 6).
As detailed herein, thirteen monocional antibodies (mAbs) in chimeric rabbithuman Fab
format with different heavy and Hght chain scquences were obiained. These mAbs were
tentatively named “XBR1-4027, “ERRI-3017, “ERRI-3067, “ERRI-3167, “ERR1-324”7,
“ERRI-4037 “ERRI-406”, “ERRI-TORS”, “BERRI-TOPLIS”, “ERRI-TOR22”, “ERR -
TOP40™, “ERRI-TOP43”, and “ERRI-TOP54”. All thirteen antibodics bind to purified
human ROR1T as analyzed by ELISA and to cell surface human RORT as analyzed by flow
cytometry. Neither binds to RORZ, which is the closest relative of ROR1T and shares 58%
amino acid sequence identity with ROR1L. Two mAbs ("ERR1-306 and “ERRI1-TOP22™)
bind to both human and mouse ROR1 whereas the remaining eleven mabs only bind to
human ROR L.

{8087} The affinity of all thirteen mAbs was determined by blolaver inferometry and
surface plasmon resonance. In addition, several mAbs ("ERR-3017, (“ERR-3067, “ERR-
4037, “XBR1-4027, “ERR1-3247, “ERR1-TOP43", and “ERR1-TOPS4”) were converted to
the chimeric rabbithuman IgG1 format, expressed in mammalian cells, and purified by

Frotein A affinity chromatography. Particularly, the highest affinity clones XBR1-402 and
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ERRI-TOP43 in further evaluation showed highest staining activities by FACS with human
RORI overexpressing (Figure 3) and naterally hRRORY expressing mammalian cells (Figure
8). The two wp-binding clones XBRI1-402 and ERR1-TOP43 were also able to detect
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.

{0058] In addition, several mAbs were sxpressed as chimeric rabbithuman I9G1 with &-
terminal sortase-recognition tags, sllowing siie-specific conjugation of payioads to the
antibody C-termind by gortase-enzyme mediated gntibody eonjugation technology (SMAC-
techncic}g}'—m} essentially as described {n WO2014140317, These anti-hROR 1 sntibodies
have then been site-specifically conjugated to a highly potent anthracycline-based PNU-
159682 toxin derivative, Glys-EDA-PNU (Figure 11B) in order to generate highly potent
antibody drug conjugates (ADCs), cssentially as disclosed in W(O2016102679 (which is
incorporated by reference herein and the text of which is included as en Appendix to this
application}. These ADCs have functionally been evaluated in various in vitre and in vive
tumor models against ADCs generated based on known anti-hROR 1 antibodies. It was
observed that one particular lead clone, called XBR1-402, displayed the highest potency and
silicacy in comparison to various known antibodies {e.g. 2A2 (from WO 2010/124188),
R11, R12 (both from WO 2012/875158), or ms®61 {from WO 2014/031174), which forms
the basis of humanized anti-hROR1 mAb cirmtuzumab, currently in clinical trials in CLL as
a naked 1231 mAb.

f0859] 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, "huXBR1-402-87, “huXBR1-402-15", “haXBR1-402-17”, “huXBR1-402-19” and
“huXBRI1-402-26. These humanized versions of kead clone XBR1-402 have also been
evaluated as site-specifically conjugated PNU-ADCs and each of which sxhibited further
improved tumor cell killing in in vitro hROR1 tumor models.

[8060]  To further investigate the therapeutic utility of the ROR 1 -tavgeting mAbs, CAR-
T cells based on XBR1-402 were enginsered vsing methods previously described for known
ROR -targeting mAbs K11 and R12 (Hudecek, M., Lupo-Stangheilind, M. T, Kosasih, . L.,
Sommermeyer, £, Jensen, M. €, Rader, €., and Riddell, 8. R. (2013} Receptor affinity and

exiracetiular domain modifications affect twmor recognition by ROR I -specific chimeric
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antigen receptor T eolls. Clin, Coneer Res. 19, 3133-3184). In brief, 2x vivo expanded
healthy donor CD&+ CDE2LA+ T cells were lentivirslly 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 4-1BB, the
signaling domain of CD3E, and 8 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 (ROR I+ RORZ-) and T47D (ROR 1~ ROR2+). In the presence of
RORI+ ROR2- but not ROR1- RORZ+ target cells, XBR1-402 CAR-T rapidly proliferated,
massively secreted IFN-y and IL-2, and potently killed the target cells in virre (Figure 26},
Notably, in dircot comparison, the XBR1-402 CAR-T was found to be equally or more
potent than the clinfeally investigated R12 CAR-T with the same short spacer and signaling
domains.

8861} Moreover, the inventors hvpothesized that an optimal distance between T cell
and target cell can be achieved by equipping CAR-T cells targoting membrane-distal
opitopes with shorter spacers and vice versa. Based on this hypothesis, XBR1-402 CAR-T,
which has an overlapping epitope with R12, is predicted to be more active when squipped
with a short compared to a long spacer. Indeed, it was found that, in the presence of RORI+
ROR2~ target cells, XBR1-402 CAR-T with short linker proliferated more rapidly than
XBR1-402 CAR-T with long spacer (Figure 27} and also secreted significantly more IFN-y
and 1L-2. I vitro oytotoxicity, however, was found to be equally potent (Figure 27).

[B862] In accordance with these studiss, the present invention provides novel
monoclonal rabbit and humanized antibodiss and related antibody-based binding proteins
and antibody fagments thereof that specifically recognize RORY, as woll as antibody drug
conjugates and CARs with specific anti-tumor activity in hRROR! expressing tumor models
in vitre and in 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, £.g., cancer.

(4863} The antibodies and related compositions of the invention have demonsirated
other surprisingly advantageouns properties. Functional evaluation of the novel clones as

site-specifically conjugated ADCs with a highly potent PNU-anthracycline payioad,
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employing various fn vitre and fv vive models, revealed that particularly novel clons XBRI-
402 performed better than any of the known antibodies. For instance, R 1-based ADCs had
limited potency slready in in vitvo tursor models (Figure 13). In comparison to antibody
clones 99961 (ms861), 2A2 and R12, novel XBRI1-402 described herein also consistently
performed betier In tumor models i viro (Figures 13, 14, 17), which was even more cvident
in tumor models & vive (Figures 15 & 18). Combined with the favorable properties of the
XBR1-402 clone, in terms of its highly specific recognition of ROR Iwhen tested against
4,338 human plasma membrane proteins (Figure 29), and the Tavorable stability of the ADC
in mouse plasma and other sery evalusted (Figures 158, 19 & 20}, XBRI1-402-based ADCs
appear o have the potential for best-in-class anti-ROR | targeting products with high
potential for ADC therapy.

[8d64] Furthermore, humanized versions of anti-ROR1T mAb XBR1-402 unexpectedly
showed even higher affinity versus the parental rabbit clone XBR1-402 (Figure 24) because
affinitics arg often being reduced during the process of humanization of non-buman
antibodies {Margreitter et al. (20816} 1. Mol. Recognit. 29: 266-273), The increased affinity
also correlated with improved potency of these humanized mAbs when evaluated for anti-
tumor activity as ADCs (Figure 23). These data evidence the high potential of the evaluated
anti-ROR1 ADC, based on humanized XBR1-402 antibodies for the therapy of buman
dissase, This high potential for an effective tumor therapy of 2 PNU-ADC based on XBR1-
402 and/or humanized XBR1-402 is supported by the high efficacy of the XBR1-402 based
ADC in & variety of hROR1 expressing patient derived xenograft models (Figure 22).
{8651 The highly functional anti-hROR1 antibodies and related compositions described
herein have displayed exguisite functional properties for use as therapeutic agents in the
therapy of human cancers associated with RORI expression. These include the various
hROR1 aniibodies, antibody fragments, antibody-based binding proteins, ADCs or CARs
described herein, which have the same or sssentially 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
antibodies herein can be extended to 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 similar CDR

sequences of the variable heavy and/or light chains disclosed in the invention. The favorsble
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properties and/or the high therapeutic potential can also be extended to antibodies, antibody
fragments, antibody-based binding proteins, ADCs, CARs that only contain one of the two
tmmunoglobulin chains of the disclosed antibodies (1.2, either heavy or light chain), or one
of the two immunoglobulin chains (i.e. either heavy or light chain} that are homologous to

the exemplified antibodies,

i1 Definitions

{B068] Unless defined otherwise, all technical and scientific terms used herein have the
same 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: dcademic Press Dictionary of Science and
Technology, Morris (Bd.), Academic Press (1% ed., 1992); Oxford Dictionary of
Bischemistry and Molecular Biplegy, Smith et al. (Eds.), Oxford University Press {rovised
ed., 2000); Encyclopaedic Dictionary of Chemistry, Kumar (Bd.}, Anmol Publications Pvt,
Lid. (2002); Dictionary of Microbiclogy and Molecudar Biclogy, Singleton et al. (Eds.), John
Wiley & Sons (3" ed., 2002); Dictionary of Chemistry, Hunt (Ed.), Routledge (1" ed., 1999);
Dictionary of Pharmaceutical Medicine, Nabler {(Ed.), Springer-Verlag Telos {1994);
Dictionary of Organic Chemistry, Kumar and Anandand (Eds.), Anmol Publications Pyt,
Lid. (2002); and 4 Dictionary of Bislogy (Oxford Paperback Reference), Martin and Hine
(Eds.}), Oxford University Press (4% ed., 2000). In addition, the following definitions are
provided to assist the reader in the practice of the invention.

[0867] The term "antibody” also synonymously called "immurnogiobuling” {Ig), or
“antigen-binding fragment” refers to polypeptide chain{s) which exhibit a strong
monocvalent, bivalent or polyvalent binding to 8 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 techaclogy, ribosome display, phage display, gene shuffling
libraries, semi-synthetic or fully synthetic 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, I Nucl. Med. 34:533-4, 1893}
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{8068]  Anintact “antibody” typically comprises at least two heavy (1) chains (about 50-
70 kI3} and two light (L) chains (about 25 kD) inter-connected 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, muy, alphs, delia, or epsilon, which in tum
define the immunoglobulin classes, Ig0G, IgM, IgA, IgD and IgE, respectively,

8869} Fach heavy chain of an antibody is comprised of a heavy chain variable region
{Vu) and 8 heavy chain constant region. The heavy chain constant region of most IgG
isotypes {subclasses) is comprised of three domains, Cyy, Cup and C s, some [g0 isotypes,
like 1gM or IgE comprise a fourth constant region domain, Cuy Each light chain is
comprised of g light chain variable region (V) and a light chain constant region, The light
chain constant region is comprised of one domain, C;. The variable regions of the heavy
and light chains contain a binding domain that interacts with an antigen. The constant
regions of the antibodies may madiate the binding of the immunoglobulin to host tissugs or
factors, including various celis of the immune system and the first component (Cly) of the
classical complement system.

H676] The Vg and ¥y regions of an antibody can be further subdivided into regions of
hypervariability, also tormed complementarity determining regions {CDRs), which are
interspersed with the more conserved framework regions {FRs). Each Vyand Vi is
composed of three CDRs and four FRs, arranged from smino-terminus to carboxyl-erminus
in the following order: FRI, CDRI, FRZ, CDR2, FR3, CDR3, FR4, The locations of COR
and FR regions and 3 numbering system have been defined by, e.g., Kabat ef o, Sequences
of Proteins of Immnmological Interest, 1.8, Department of Health and Human Services, U8,
Government Printing (ffice {1987 and 1991}

{6871} An "antibody-hased binding profein”, as used herein, may represent any protein
that contains at least one antibody-derived Vi, Vi, or Cy immunoglobulin domain in the
context of other non-immunoglobulin, or non-antibody derived components. Such antibody-
based proteins include, but are not Hmited to (i) F~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 ¥V, domains are coupled to alternative

molecular scaffolds, or (iii) molecules, in which immunoglobulin Vi, andfor ¥, andfor Cy
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domains are combined and/or assembled in a fashion not normally found in nafurally
orcruting antibodies or antibody fragments,

{88711  “Binding affinity” is penerally expressed in terms of equilibrium association or
dissociation constants (K or Kp, respectively), which are in tum reciprocal ratios of
dissociation and gssociation rate constants (Ko 3nd Ko, respectively). Thus, equivalent
affinttics 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 (e.g. a Fyp fragment) of the antibody, with Kp values in the single-digit
nanomolar range or below (subnanomolar or picomeolar) being considered as very high and
of therapeutic and diagnostic relovance,

8073} As used herein, the term "binding specificity” 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 {o ligands, and enzymes to substrates. Thus, all
monocional antibodies that bind to a particular antigenic determinant of an entity {e.g., &8
specific epitops of ROR1 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 {o which a
therapeutically active substance or an active pharmacentical ingredient (AP} 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
pharmaceutics! ingredient can be a cellolar toxin that is able to effect killing of the celis
targeted by the ADCs, preferably malignant or cancer cells. The covalent attachment of g
therapeutically active substance, an active pharmaceutical ingredient or 2 cellular toxin can
be performed in 2 non-site specific manner vsing standard chemical linkers that couple
pavioads {o lysing or cysteine residues, or, preferably the conjugation is performed in a slte-
specific manner, that allows full control of conjugation site and drug to antibody ratio (DAR)
of the ADC to be generated,

{68078 The term "conservatively modified variant” applics to both amino acid and
nucleic acid sequences. With respect to particular nucleic acid sequences, conservatively
modified variants refers to those nucleic acids which encode identical or essentially identical

amino acid sequences, or where the nucleic acid does not encode an amine acid sequence, to
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esseniially identical sequences, Because of the degeneracy of the genetic code, a large
number of functionally identical nucleic acids sncode 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 a codon, the codon can be altered to any of the
corresponding codons deseribed without altering the encoded polypeptide. Such nucleie
acid variations are “silent variations,” which are one species of conservatively modified
variations. Every nucleie acid sequence hereln which encodes a polyvpeptide also describes
every possible stlent variation of the nucleie acid. One of skill will recognize that each
codon in a nucleic geid {except AUG, which is ordinarily the only codon for methionine, and
TGG, which is ordinarily the only codon for tryptophan} can be modified to yield &
functionally identical molecule. Accordingly, cach silent variation of a nucleic acid that
encodes a polypeptide is implicit in each described sequence.

[8478] For polypeptide sequences, “conservatively modified variants” refer to a variant
which has conservative amino acid substitutions, amino acid residues replaced with other
amino acid residue having a side chain with 2 similar charge. Families of amino acid
residugs having side chains with similar charges have been defined in the art. These familiss
include amino acids with basic side chains {e.g., lysine, arginine, histidine), acidic side
chains {e.g., aspartic acid, glutamic acid}, uncharged polar side chains {e.g., glycine,
gsparagine, glutamine, serine, threoning, tyrosine, cysteing), nonpolar side chains {e.g.,
alanine, valing, leucine, isoleucine, proline, phenvialanine, methionine, tryptophan), beta-
branched side chains {o.g., threonine, valine, isoleucine) and aromatic side chains {e.g.,
tyrosing, phenyialanine, ryptophan, histidine).

{88771 The term “contacting” has #ts normal meaning and refers to combining two or
move agonts (2.g., polypeptides or phage), combining agents and cells, or combining two
populations of different cells. Contacting can occur i vitre, e.g., mixing an antibody and a
cell or mixing a population of antibodies with a population of cells in a test tube or growth
medium, Contacting can also occur in a cell or in sity, o.g., contacting two polypeptides in a
cell by co-expression in the cell of recombinant polynucleotides encoding the two
polypeptides, or in a cell lysate. Contacting can also ccour i1 vive inside 3 subjest, e.g., by
sdministering an agent to a subject for delivery the agent to a target cell.

{0078] A “humanized antibody” is an antibody or antibody fragment, sntigen-binding

fragment, or antibody-based binding protein comprising antibody Vg or V. domains withia
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homology to human Vy or ¥y antibody framoework sequences having a T20 score of greater
than 80, as defined by defined by Gao et al. (2013) BMC Bictechnol. 13, pp. §5.

[687%  The terms “identical” or pereemt “idsntity,” in the context of two or more aucleic
acids or polypeptide sequences, refer to 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 nucleotides that are the same {{ 2., 60% identity,
optionally 63%, 70%, 75%, 80%%, §3%, 90%, 93%, or 99% 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 aligment and visual
inspection. {ptionally, the identity exists over a region that is at least about 50 nucleotides
{or 18} amino acids} in length, or more preferably over a region that is 100 to 500 or 1000 or
more nucleotides {or 2§, 30, 200 or more amino acids) in length,

H088] Methods of alignment of sequences for comparison are well known in the art.
Optimal alignment of sequences for comparison cap be conducted, e.g., by the local
homology algorithm of Smith and Waterman, Adv. Appl. Math. 2:482¢, 1970; by the
homelogy alignment algorithm of Needleman and Waunsch, 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 algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genstics Software Package, Genetics Computer
Group, Madison, WI; or by manual slignment and vispal inspection {see, ¢.g., Brent et al,,
Current Protocols in Molecidar Biology, Joba Wiley & Sons, Ing, {ringbou ed,, 2003)).
Two examples of algorithms that are suitable for determining percent sequence identity and
sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described in
Altschul et al., Nuc. Acids Res. 25:3389-34402, 1977; and Altschul et al., J. Mol. Biol.
215:403-410, 1990, respectively,

{6081} The term "subiect” refers to human and non-human animals {especially non-
human mammals). The term "subject” is used herein, for example, in connection with
therapeutic and dlagnostic 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

lymphoma, neurchlastoma, sarcoma, renal cell carcinoma, breast cancer, lung cancer, colon
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cancer, head and neck cancer, melanoma, and other cancers. (ther specific exanples of
non-human subjeets include, e.g., cows, horses, sheep, pigs, cals, dogs, mice, rats, rabhits,
puinea pigs, monkeys,

8082} Artificial T cell receptors (also known as chimeric T cell receptors, chimerie
immunoreceptors, chimeric antigen receptors (CARSs) or T-bodies) are engineersd receptors,
which graft an arbitrary specificity onto an Imrmume effector cell, Typically, these recepiors
are used to grafl the specificity of 8 monoclonal antibody onto a T eell; with transfer of their
coding sequence facilitated by retroviral or lentiviral vectors or by transposons, CAR-
engineored T gells {(also abbreviated CARVT cells) are genetically engineerad T cells armed
with chimeric receptors whose extracellular recognition unit is comprised of an antibody-
derived recognition domain and whose intracellular region is derived from one or more
lymphocyte stimulating moieties. The structure of the protetypic CAR is modular, designed
1o accommadate various functional domains and thereby (o enable choice of specificity and
controlled activation of T cells. The preferred antibody-derived recognition unit is a single
chain variable fragment (scFv) that combines the specificity and binding residues of both the
heavy and light chain variable regions of 2 monoclonal antibody. The most common
fvmphocyte activation moieties include a T-celHl costimulatory (e.g. CIX28} domain in tandem
with a T-cell triggering (e.g. CD3zeta) moisty. By arming effector lymphocytes {suchas T
cells and natural killer cells) with such chimeric receptors, the engineercd cell is re~directed
with a pre-defined specificity 1o any desived (arpetf antigen, in 8 non-HLA restricted manner.
CAR constructs are introdoced ex vive into T cells from peripheral lymphoceytes of 8 given
pationt using retroviral or lentiviral vectors or transposons. Following infusion of the
resulting CAR-cngincered T cells back into the patient, they traffic, reach their target site,
and upon interaction with their targst 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 autoimmune effector calls,

[B483) The terms "treal,” Mreating,” “reatment,” and “thergpeutically effective” 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 effect. In this respect, the inventive method can provide any amount
of any level of treatment. Furthermore, the treatment provided by the inventive method can

include the treatment of one or more conditions or symptoms of the disease being treated.
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{6884} A "vector” is a replicon, such as plasmid, phage or cosmid, to which another
polynucleotide scgment may be attached 56 as fo bring about the replication of the attached
segment. Vectors capable of directing the oxpression of genes encoding for one or mors

polypeptides are referred to as "expression vectors™.

L Antibodies, antthodv-based bingdu

drug conjusates {ADRCSY or CARs 5o

compounds
[6838S] in one aspect, the invention provides novel antibodies, antibody-based binding

proteins, antitbody fragments thereof, ADCs or CARs that specifically bind (o human RORI
with the same binding specificity as that of anti-ROR1 antibody exemplified herein {Figure |
and 23). Antibodies of the invention include lntact antibodies {e.g., IgG1 antibodies
exemplified herein), antibody fragments or antigen-binding fragments {s.g., Fab fragments
exemplified herein), antibody-based binding proteins, ADCs and CARs which contgin the
antigen-binding portions of an intact antibody that retain capacity 1o bind the cognate
antigen, ROR1. Examples of such antibody fragments include (i) a Fab fragment, 2
monovalent fragment consisting of the ¥y, Vi, O and Cy; domains; () a Flab™); fragment,
a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the hinge
region; {1} a Fd fragment consisting of the Vg and Uy domains; {iv) a Fy fragment
consisting of the Vi and Vy domains of a single arm of an intact antibody; {v) disulfide
stabilized Fvs (dsFvs) which have an interchain disulfide bond engineered between
structurally conserved framework regions; (vi) a single domain antibody (dAb) which
consists of a Vy or ¥V, domain (see, .g., Ward et al,, Nature 341:544-346, 1989); and (vii)
an isolated complementarity determining region {CDR) as a linear or eyclic peptide,
Examples of antibody-based binding proteins are polypeptides in which the binding domains
of the antibodies are combined with other polypeptides or polypeptide domains, e.g.
alternative molecular scaffolds, Fo-regions, 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 polypeptides can creafe an arrangement of binding
or functional domains normally not found in naturally cccurring anttbodies or antibody

fragments,
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{60881 Antibodies of the imvention also encompass antibody fragments {or “antigen-
binding fragments™), like single chain antibodies. The term "single chain antibody” refers 1o
a polypeptide comprising 8 Vy domain and a Vi 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-ermini. For example, a single-chain antibody may
comprise a tether segment for linking to the encoding polymucleotide. As an example, a
single chain variable region fragment (scFv} is a single-chain antibody. Compared to the Vi
gnd Vy domains of the Fv fragment which are coded for by separaie genes, a scFv has the
two domains joined {e.g., via recombinant methods) by a synthetic linker. This cnables them
to be made as a single protein chain in which the Vy, and Vy regions pair to form monovalent
molecules,

{80871  Antibodies of the present invention also encompass single domain antigen-
binding units, which have a camelid scaffold. Animals in the camelid family include camels,
Hamas, and alpacas. Camelids produce functional antibodies devoid of light chains, The
heavy chain variable (Vy) domain folds autonomeusly and functions independently as an
antigen-binding unit. Itz binding surface involves only three CDRs as compared to the six
CDRs in olassical antigen-binding molecules (Fabs) or single chain variable fragments
{scFvs}. Camslid antibodies are capable of attaining binding affinities comparable to those
of conventional antibodies.

{6088]  The various antibodies, aniibody-based binding proteins, and antibody fragments
thereof described herein can be produced by enzymatic or chemical modification of the
intact antibodies, or synthesized o rove using recombinant DNA methodologies, or
identified using phage display librarigs. Methods for generating these antibodies, antibody~
based binding profeins, and antibody fragments thereof are all well known in the art. For
example, single chain antibodies van be identified using phage display librarics or ribosome
display libraries, gene shuffled librariss (see, .g., MoCafferty et al,, Nature 348:552-534,
1990; and U S, Pat. No. 4,946,778). In particular, seFv antibodies can be obtained wsing
methods described in, ¢.g., Bird et al., Science 242:423-426, 1988; and Huston et al, Prog,
Natl. Acad. Sci. USA §5:5879-5883, 1988, Fv antibody fragments can be generated as
described in Skerra and Plickthun, Sclence 240:1038-41, 1988, Disulfide-stabilized Fv
fragments {dsFvs) can be made using methods described in, e.g., Reiter et al, Int. J. Cancer

67:113-23, 1996, Similarly, single domain antibodies {dAbs) can be produced by a variety
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of methods described in, ¢.5., Ward et al, Nature 341:544-546, 1989; and Cal and Garen,
Proc. Matl, Acad. Sci. USA 93:6280-85, 1996, Camelid single domain antibodies can be
produced using methods well known in the art, e.g., Dumoulin et al,, Nat. Struct. Biol
11300315, 2002; Ghahroudi et al., FEBS Letters 414:521-326, 1997; and Bond et al., L.
Mol. Biol. 332:643-35, 2003, Other types of antigen-binding fragments {e.g., Fab, Fab' ) or
Fd fragments) can also be readily produced with routinely practiced immunclogy methods,
See, e.g., Harlow & Lane, Using Amtibodics, 4 Laboratory Manuaf, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York, 1998,

{0089]  Antibodies of the invention further include humanized antibodies with higher
homology at amino acld level of the humanized antibody Vi or Vy, domains to human
antibody Vy or Vi, domains than rodent Yy or V1 domains, preferably with a T20 score of
greater than 80 as defined by Gao et al. (2013) BMC Bictechnol. 13, pp. 35.

[B098] In some embodiments, the antibodies, antibody fragments, antibody-based
binding proteins, ADCs or CARs of the invention have heavy chain COR1, COR2 and
CIR3 sequences and light chain CDRI, CDR2 and CDR3 sequences that are subsiantially
identical to that of the antibodies shown in Figure 1 or Figure 23, The light chain and heavy
chain CDR sequences of the exemplificd antibodies are all indicated in the figure. In some
of these embodiments, the antibodies, antibody fragments, antibody-based binding proteins,
ADCs or CARs have (1) beavy chain CDR1-3 sequences that are substantially identical to
SEC TD NG 27-29, respectively; and light chain CDR1I-3 sequences that are substantially
identical to SEQ ID NOs:66-68, respectively; (2) heavy chain CDRI-3 sequences that are
substantially identical to SEQ 1D NOs:30-32, respectively; and light chain CDR1-3
sequences that are substantially identical to SEQ ID NOs:6%-71, respectively; (3) heavy
chain UDR1-3 sequences that are spbstantially identical to SEQ ID NQO:33-335, respectively;
and light chain COR1-3 sequences that are substantially identical to SEQ 1D NOs:72-74,
respectively: (4} heavy chain CDR1-3 scquences that are substantially identical o SEQ ID
NQs$:36-38, respectively; and light chain CDRI-3 sequences that are substantially identical
to SEQ ID NOs:75-77, respectively; {5} heavy chain CDR1-3 sequences that are
substantially identical to SEQ [0 N(s:39-41, respectively; and light chain CDR1-3
sequences that are substantially identical to SEQ 1D NOs: 7880, respectively; (6) heavy
chain CDR1-3 sequences that are substantially identical to SEQ ID NOs:42-44, respectively;
and light chain CDRI1-3 sequences that are substantially identical to $HQ 1D NOs:81-83,
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respectively: (7) heavy chain CDRI-3 sequences that are subsiantially identical to SEQ ID
NGs:45-47, respectively; and light chain CDR1-3 sequences that are substantially identical
to SEQ 1D NOs:84-86, respectively; (8) heavy chain CDR1-3 seguences that are
substantially identical 1o SEQ ID NOs:48-30, respectively; and light chain CDR1-3
sequences that are substantially identical to SEQ 1D NOs:87-89, respectively; (9) heavy
chain CDR1-3 sequences that are substantially identical to SEQ ID NOs:51-33, respectively;
and light chain CDR1-3 sequences that are substantially identical to SEQ D NOs:50-92,
respectively; (10} heavy chain CDR1-3 sequences that are substantially identical to SEQ ID
N{s:54-56, respectively; and light chain CDRI-3 sequences that are substantially identical
to SEQ 1D NOs:93-95, respectively; {11} heavy chain CDR1-3 seguences that are
substantially identical to SEQ 1D NOs:57-539, respectively; and lght chain CBRI-3
sequences that are substantially identical to SEQ ID NOs:96-98, respectively; {12} heavy
chain COR1-3 sequences that are substantially identical to SEQ ID NOs:60-62, respectively;
and light chain COR1-3 sequences that are substantislly identical to SEQ ID NOs:%%-101,
respectively: or (13} heavy chain CDR1-3 sequences that are substantially identical to SEQ
1D NOs:63-65, respectively; and Hght chain CDRI-3 sequences thaf are substantially
identical to SEQ 1D NOs:102-104, respectively.

{0081} in some embodiments the antibodies, antibody fragments, antibody-based
hinding proteins, ADCs or CARs of the invention comprise the heavy chain CDRI-CDR3
and light chain CDRI-CDR3 sequences are identical 1o the sequences shown in {1} SEQ ID
NO2:27-29 and SEQ ID NOs:66-68 {antibody XBR1-402), {2y SEQ 1D NOs:30-32 and SEQ
ID NQOs:69-71 {antibody ERRI-3041), (3} SEQ ID NOe:33-35 and SEQ ID NOs:72-74
{antibody ERR1-306}, (4) SEQ D NGs:36-38 and SEQ TD NOs:75-77 (antibody ERR1-
316), (5) SEQ 1D NOs:39-41 and SEQ ID NO«:78-80 (antibody ERR1.324), (6) BEQID
NOs:42-44 and SEQ I NOs:81-83 (antibody ERR1-403}, (7) SEQ 1D NOs:45-47 and SEQ
183 NOs: 84-80 (antibody ERR1-40%), (8) SEQ 1 NOs:48-50 and SEQ ID NOs:§7-8%
{antibody ERRI-TOP4), (9) 8EQ 1D NGs:51-53 and SEQ ID NOs:90-92 {antibody ERRI-
TOPIS), (10) SEQ 1D NQOs:54-56 and SEQ 1D NOs:83-93 {antibody ERRI-TOP22), (11
SEQ HY NUs:57-59 and SEQ I NO«:96-98 (antibody BRRI-TOP4N), (12) SEQID
NGs:60-62 and SEQ ID NOs:89-101 {antibody ERRI-TOP43), or (13) SEQ T NOa:63-63
and SEQ 1D NOs:102-104 {antibody ERR1-TOP54).



WO 2017/127664 PCT/US2017/014311
32

0852 In other embodiments, the antibodies, antibody fragments, antihody-based
binding proteins, ADCs or CARs of the invention that specifically bind to buman ROR|
contain {a} a light chain variable domain having a sequence that is substantially identical 1o
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 NOs:1-13 or 130-135, or (¢}
both a light chain of (a) and a heavy chain of {b). In some embodiments, the antibody
comprises both a light chain of (4} 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 SEG 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 130-135, or {¢) both a light chain of (8)
and a heavy chain of (b}, In some embodiments, the percentage identity can be at least 819,
at feast 2%, at least 93%, st least 94%, at least 95%, at least 96%%, at least 97%, at least
98%, or at least 99%, or even 100%. In some embodiments, the light chain variable domain
has at least 35% 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 ong of SEQ ID
Ni¥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 20% identity fo any one of SEQ 1D NQOs:1-13 or 130-135. In other embodiments, the
percentage identity can be at least 91%, at least 929, at least 939, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99%, or even 1009, In some
embodiments, the heavy chain variable domain has at least 95% identity to any one of SEQ
1D NQa:1-13 or 130-135. In some embodiments, the heavy chain variable domain has 100%
identity to any one of SEQ ID NQOs:1-13 or 130-135,

{8393 In some embodiments, the antibodies, antibody fragments, antibody-based
binding proteins, ADCs or CARs of the invention can comprise any heavy chain as
described herein {e.g., heavy chaing shown in Figures | and 23) in combination with any
sultable light chain, such as those exemplified herein. Likewise, the antibody can comprise
any of the light chains a3 described above (e.g., light 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 80% identity
to SEQ 1D NO: 14 and a heavy chain having af least 90% identity to SEQ 1D NO:1 {antibody
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XBR1-402}, 2 light chain having at least 90% identity to SEQ 1D NO:18 and a heavy chain
having at least 90% identity to SE(} ID NO:S {antibody ERR1-324), a light chain having at
least 80% identity to SEQ 1D NOG:2S and a heavy chain having at least 90% identity to SEQ
I N2 (antibody ERRI-TOP43), or a light chain having at least 90% identity to SEQ ID
M(:26 and a heavy chain having at least 90% identity to SEQ 1D NO:13 (antibedy ERRI-
TOPS4Y. In some embodiments, the antibody can comprise the light chain and heavy chain
sequences respectively shown in (1) SEQ ID NG 14 and SEQ ID NGO, (3) SEQ ID NOkIS
and SEQ IDNGS, (3) SEG ID NG:25 and SEG ID NO0LZ, or (4) SEQ 1D NO:26 and 8B
IDNG:13, In the various ombodiments, percent (%) identity of peptide sequences can be
calculated, for example, as 160 x [{identical positionsVmin{TGA, TGB)], 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 ef al, §. Mol
Biol, 244: 332-350 (1994},

{8884} The antibody of the invention can be any antibody including 8 full length
antibody, an antibody fragment, an antibody-based binding protein that specifically
recognizes or binds to the extrscellnlar domain of human RORIL For example, the antibody,
anttbody fragment or antibody-based binding protein can be polyclonal, monoclonal,
recombinant, chimeric, or humanized. Furthermore, the antibody can be of any isotype
including withowt limitation IgA, 1gD, IgE, IgG, or IgM. Thus, for example, the aniibody can
be any TgA such as [gAl or IgA2, or any 1 such as IgGl, 1g(G2, 1gG33, 1g(G4, or synthetic
1203, The antibody can also be any antibody fragment or antibody-based binding protein
having specificity for the extracellular domain of human RORL, such as Fiabyd, By, scFy,
IgGACH?, Flab)2, scFv2CH3, Fab, VL, VH, scFv4, scFv3, scFv2, dsPy, Fyv, 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 {imited to, non-depleting 1gG
antibodies, CARs, or other Fe or Fab variants of antibodies.

[6095] In addition to 8 heavy chain as desoribed above, the antibody, antibody-based
binding proteins or antibody fragments thereof of the Invention can further comprise a fight
chain selected from a Fab library using sequential naive chain shuffling, Likewise, in
addition to a lght chain as described above, the antibody of the invention can further

compeise 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 conservatively modified variants of the anti-ROR}
antibodies exemplified herein. Typically, the variable regions of these variants have an
amine scid sequence that is identical to one of these exemplified sequences except for
conservative substitutions at one or more amino scid residues. In some embodiments, the
antibody, antibody fragments, antibody-based binding proteins, ADUs or CARs of the
invention specifically binds to human RORI and contains &t least one CDR having a
sequence selected from the group consisting of SEQ ID NGs: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 SEQ ID NQs:27-
104, For example, a recombinant chimeric or humanized antibody {or fragment thereof) can
inchude one, two, three, four, five, or six of the foregoing CDR sequences. In some
smbaodiments, 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
RS shown in SEQ I NOs:66-68, SEQ 1D NOs:78-80, SEQ 1D N(Os:99-101, or SEQ ID
N 102-104; and heavy chain CDRs shown in SEQ 1D NOs:27-29, SEQ D NQOs: 3841,
SEQ D NOs:60-62, or SEQ ID NOs:63-68. In some embodiments, the recombinant
chimeric or humanized antibody (or fragment thereof) includes six COR seguences of the
same antibody, e.g. {a) SEQ 1D NOs:66-68 and SEQ 1D N0s:27-29 (antibody XBR1-402);
{b) SEQ 1D NOs:78-80 and SEQ 1D NOs:39-4 Hantibody ERRI-324); (o) SEQ ID NOs:9#9-
101 and SEQ 1D NOs:60-62 {antibody ERR1-TOP43), or {d) SEQ 1D NCs:102-104 and
SEQ ID NOs:63-65 (antibody ERR1-TOP34),

{809¢] In some embodiments, the invention provides antibodies, antibody-based binding
profeins or antibody fragments thereof with avidity for ROR1 of about 10 uM or tess, § pM
or less, 2 pM or less, 1 uM or less, 500 nM or less, 400 nM or less, 300 oM or less, or 200
nM or less. In some embodiments, the antibodiss, antibody fragments, antibody-based
binding proteins, ADCs or CARs bind to RORT with an avidity of about 108 nM or [ess,
about 75 nM or less, about 58 nM or less, about 25 nM or less, about 10 sMM or less, or about
5 nM or less. In some embodiments, the antibodies, antibody fragments, antibody-based

binding proteins, ADCs or CARs bind to RORT with an avidity of about | nM or less, abowt
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800 pM or less, about 700 pM or less, about 600 pM or less, about S00 pM or less, about 400
M or less, about 300 pM or less, about 200 pM or less, or about 100 pM or less. Avidiry
can be measured vsing art-known techuiques, such as BLISA, bolayer inferometry, or
surface plasmon resonance.

[06697] The antibody, antibody-based binding protein or antibody fragment thereof of the
invention can be produced by any suitable technique, for example, using any suitable
eukaryotic or non-eukaryotic expression system. In certain embodiments, the antibody is
produced using & mammalian expression system. Some specific technigues for generating
the antibodies antibody-based binding proteing or antibody fragmentis thersof of the
iwvention 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-sukaryotic expression system such as a bacterial expression sysiem. Bacterial
expression systems can be used to produce fragments such as a Flab)2, Fv, soFy, IgGACH2,
F{ab"yZ, scFv2CHS, Fab, VL, VH, scFv4, scFv3, scFv2, dsFy, Fy, scFwFe, (3cFv)2, and
diabodies. Techniques for altering DNA coding seguences to produce such fragments are
known in the art,

{B098] The antibodies, antibody-based binding proteins or antibody fragments thersof of
the invention can be conjugated o a synthetic molecule using any typse of suitable
conjugation. Recombinant enginsering and incorporated selenocysteing (e.g., as described in
U5, Patent 8,916,139 issued on December 23, 2014} can be used to conjugate a synthetic
molecule. Other methods of conjugation can include covalent coupling to native or
suginesred lysine side~chain amines or cysteine side-chain thiols. Sce, e.g., Wu et al, Nat,
Biotechnol, 23: 1 137-1 146 (2005,

{6699] In 8 preferred embodiment, the antibodies, antibody-based binding proteing or
antibody fragments thereof of the invention conjugated to g synthetic molecule {calied
“ADC” for antibody drug conjugate with the synthetic molecule being a toxin) are obtained
by means of site-specific sortase-enzyme mediated antibody conjugation. As disclosed in
WOI014148317, 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 {ag” or “sortase tag”. Usually, 8 given sortase enzyme recognizes
one oF More soriase recognition tags. Soriase enzymes can be naturally occurring, or may

have undergone genetic engineering (Dorr et al,, PNAS 2014; 111, 13343-8).
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[G818¢]  In s preferred embodiment, the conjugate Is obtained 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 tags,
and (b} one or more synthetic molecules carrying a glycine or oligoglycine tag, Glyp,.
{66181} Preforably, the sortase recognition tag is fused or conjugated to the C-terminus of
at least one subdemain of the antibody. Said sortase recognition tag is preferably selected
from the group consisting of LPXSG (SEQ 1D NG:142), LPXAG (SEQ 1D NO1 1433,
LPXTG (SEQ 1D NO:144), LAXTG (SEQ 1D N(:145), and NPQTO (SEQ I NO144),
{68182]  Preferably, the oligoglycine tag, Glvi, has a length of 1 10 21 glycine residues
with n being any number from 1 to 21), preferably with a length of 3 t0 5 amino acids {n
from 310 3, Le. Glyps, Gy, o1 Glye).

[80103] The synthetic molecule can be any molecule such as one targeting 2 tumor. In
somg embodiments, the synthetic molecule for conjugation to the antibody is a protein {e.g.,
an antibody} or an RNA or DNA aptamer.

{06104]  In one embodiment, the antibodies, antibody-based binding proteins or antibody
fragments thereof of the invention conjugated 1o 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 {s one or more payloads
selected from the group consisting of s Iabel and s eytotoxic or cyviostatic agent, and in
which i is an integer between »1 and < 10,

{00185]  In this embodiment, the linker preferably comprises, or consists of, at least one
selected from the group consisting oft an oligopeptide linker (including cleavable and non-
cleavabie oligopeptide linkers), a hydrazing linker, 8 thivurea Hnker, a self-immeolative
linker, a succinimidyl trans-4-(maleimidylmethyDeyclohexane- -carboxylate (SMOCO)
linker, a maleimide Hnker, a disulfide lnker, a thiosther linker, and/or a2 maleimide linker.
{00106} 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 potentis! or specific
intracellular enzymes. Cleavable oligopeptide linkers include protease- or matrix
metalloprotease-cleavable linkers. It is understood that the linker may comprise
combinations of the above. For example, the linker may be a valine-citruline PAR linker,
{0187 In a preferred smbodiment, the Hnker comprises an oligopeptide with a sequence
that contains the penta-peptide motif LPXSG (S8EQ 1D N{:142), LPXAG (SEQ D
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NO: 143, LPXTG (SBEQ 1D NO:144), LAXTG (SEQ 1D NO:148), or NPQTG (SEQ ID
NO:146) with X belng any amino acid, followed by an oligo-glycine sivetch, Glye,, with n
being an integer between > | and <21, In a preferred embodiment, the Haker is conjugated
to the Coterminus of at Jeast one subdomain of the antibody, antibody-based binding proteins
or antibody fragments thereof.

{80881 In various embodiments, suitable synthetic molecules {“payloads”™) for
conjugation to the antibody include, o.g., therapeutic agents such as eytotoxic, oviostatic, or
antiangiogenic agents, radinisotopes, and liposomes. A cyiotoxic agent can be a plant,
fungal, or bacterial molecule. In some embodiments, the cylotoxic agent for conjugation to
the antibody of the lnvention is 2 small molecular weight toxin (MW= 2°000 Dalton,
proferably MW < 17000 Dalton), a peptide toxin, or a protein toxin, Many specific examples
of these toxins are well known in the art. See, e.g., Dyba et al,, Curr, Pharm. Des. 10:2311-
34, 2004; Kuyuesk et al,, Future Med. Chem. 6:1645-58, 2014; Beraud et al, Inflanmm.
Allergy Drug Targets, 10:322-42, 2011; and Middlebrook et al., Microbiol. Rev, 48:199-221,
1984, In some smbodiments, a therapeutic agent is conjugated to the antibody. For example,
the therapeutic agent can be a mayviansinold {e.g., mayiansino! or DM maytansineid), 8
taxane, 2 calicheamicin, a cemadotin, 3 monomethylaurisiatin (e.g., monomethylauristatin 8
or monomethylauristatin F), a pyrrolobenzodiazepine (PRI} o, preferably an anthracycline,
more preferably a derlvative of the highly potent anthracycline PNU-13%682. Particularly
preferred derivatives of the highly potent anthracycling PNU-159682 are disclosed in
WO2016102679 (which Is imcorporated by reference herein), Therapeutic agents also
include vincristine and prednisone. In various embodiments, the therapeutic agent that may
be employed in the invention can be an antimetgbolite {o.g., an antifolate such as
msthotrexate, a fluoropyrimidine such as 5- fluorcuracil, eviosine arabinoside, or an
snalogue of purine or adenosine); an intercalating agent (for example, an anthracycline such
as doxorubicin, nemorubicine, or preferably s derivative of PNU-159682), daunomycin,
epirabicin, idarubicin, mitomycin-C, dactinomycin, or mithramycin, or other intercalating
agents such as pyrrolobenzodiazeping; 2 DNA-reactive agent such as calicheamicing,
taneimyeins, and other enediyvnes; a platinum derivative (e.g., cisplatin or carboplatin; an
alkylating agent {o.g., nilrogen mustard, melphalan, chlorambucil, busulphan,
cyclophosphamide, ifosfamide nitrosoureas or thiotepa); an RNA polymerase inhibitor such

as a-amaniting an antimtotic agent (.8, a vinga alkaloid such as vineristing, or a taxoid such
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as paclitaxel or docetaxel); 2 wpoisomerase inhibitor (for example, etoposide, teniposide,
amsacrine, iopotecan); a cell cycle inhibitor (for example, a flavopyridad); or &8 microbitubule
agent (e.g., an epcthilone, a whulysing, a pre-tubulysing, discodermolide anglog, or
eleutherobin analog). A therapeutic agent can be a proteasome inhibiior or 2 topoisomerase
inhibitor such as borteromib, amsacrine, etoposide, ctoposide phosphate, teniposide, or
doxorubicin, Therapeutic radioisotopes include lodine (*'1), yitrium %Y, lutetium (7Lu),
actinium (" Ac), prassodymium, astating {Af), rhenium (Re), bismuth (Bi or Bi), and
rhodium (Rh). Antiangiogenic agents incinde linomide, bevacuzimab, angiostatin, and
tazoxane.

{B810%] In a preferred embodimeny, the systhetic loxin molecule is selected from PNU-
139682 as described in Quintieri ot al, (2005) and derivatives thereof {see formula (i} below),
maytansing, monomethy! auristatin MMAE, and monomethy] auristatin MMAF. Ina
preferred embodiment, the foxin, joined to the linker at its wavy line, is of formula (i), as

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

LD

formula (i)

{08118]  In the embodiment where the synthetic molseule is of formula (3), # is preforred
that the linker comprise an alkyldiamino group of the form NH-(CHy - NH, wherem > |
and < 11, preferably m=2, such that one amino group is divectly linked at the wavy line of

formula (3} to form an gmide bond. It is moreover preferred that the second amino group is
Hinked to an oligopeptide Hnker, which is more preferably an oligoglycine Glym, withn

being > 1 and 21, The most proferred payload is shown in Fig. 11 {(B).
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{8111} 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 applications and can include, for
example, contrast agents. A contrast agent can be a radioisotope label such as fodine (¥l or
By, indium (*in), technetium (°Te), phosphorus (°P), carbon (1*C), tritium CH), other
radicisotope (8.¢., a radioactive jon), or a therapeutic radicisotope such as one of the
therapeutic radioisotopes Hsted above. Additionally, contrast agents can include radiopaque
materials, magnetic resonance imaging (MRI) agents, ultrasound imaging agents, and any
other conirast agents suitable for detection by a device that imsges an animal body. A
synthetic molecule can also be a fluorescent label, a biologically active enzyme label, a
tuminescent label, or a chromogphore label.

{08113} In some other embodiments, the synthetic molecule can be g liposome, as
described in Bendss, BioDkugs, 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 liposome, e.g., an
tmmunoliposome, an agent such as a chemotherapeutic or other drug can be entrapped in the
tiposome for delivery to a target cell. In some embodiments, the antibodies, antibody-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
engineered {g.g., 83 a bivalent diabody or a conjugated Fab dimer or trimer) to have
specificity for ROR1 and another tumor antigen, ¢.g., an antigen associated with
negrablastoma, renal cell carcinoma, breast cancer, pasiric cancer, prostate cancer, eolon
cancer {£.g., colon adenocarcinenma), or breast cancer {e.g., breast adenocarcinoma). The
antibody can be enginsered to have specificity for ROR1 and an antigen that promotes
activation or targeting of cvtotoxic sffector cells.

Al

i Beslommialaretdan wimatmy e aae wpla B gendas 3
V. Folvnuclsotides, vectors and host colls for producing ROR I antibodies

{00113} The invention provides substantially purified polynucleotides (DNA or RNA)
that arg 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 shown in Figures 1 and 23, When
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expressed from appropriate expression vectors, polvpeptides encoded by these
polynucleotides are capable of exhibiting ROR! antigen binding capacity. Also provided in
the invention are polynuclestides which sncode at least one CDR region and usually all three
CIDR regions from the heavy or Hight chain of the antibodies described herein, Some other
polynucleotides encode all or substantially all of the variable region sequence of the heavy
chain and/or the Hght chain of the exemplificd antibodics. For example, some of these
polynucleotides encode the aming acid ssquence of the heavy chain variable region shown in
any one SEQ ID NOs:1-13 or 138-1335, and/or the amine acid ssquence of the light chain
variable region shown in any one SEQ ID 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 amine acid sequences.

{00114] The polynucleotides of the invention can encode only the variable region
sequences of the exemplified antibodies. They can also encode both g variable region and a
constant region of the antibody. Some of pelynuclectide sequences of the invention nucleio
acids encode a mature heavy chain variable region sequence that is substaptially identical
{e.g., at least B0%, 80%, 95%6 or 99%:) to the maturs heavy chain variable region sequence
shown iy any one SEG 1D NOs: 1-13 or 130-133, Some other pobynucleotide sequences
gncode a mature Hght chain variable region sequence that is substantially identical (e.g., at
loast 80%, 90%, 95% or 39%%) to the mature light chain variable region sequence shown in
any one SE(} ID 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 antibodizs. Some other polyaucleotides 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,

8831381 The polynucleotide sequences can be produced by de novo solid-phase DNA
synthesis or by PCR mutagenesis of an existing sequence {(e.g., sequences as described in the
Examples below) encoding an exemplified functional antibody. Direct chemical synthesis of
nucleic acids can be accomplished by methods known in the art, such as the phosphotrigster
method of Narang et al, Meth, Enzymol. 68:90, 1979; the phosphodiester method of Brown
et al,, Meth. Enzyuol, 62:109, 1879; the dicthylphosphoramidite method of Beaucage ot al,,
Tetra. Lett, 22:1858, 1981; and the solid support method of U8, Patent No. 4,458,066,

Introducing mutstions (o a polynucleotide sequence by PCR can be performed as desoribed
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in, e.g., PCR Technology: Principles and Applications for DNA Amplification, HA. Briich
(Ed.}, Freeman Fress, NY, NY, 1992; PCR Protocols: A Guide to Methods and Applications,
innis ef al. {Ed.}, Academic Press, San Diego, CA, 1990; Matiila et al,, Nucleic Acids Res.
19967, 1991, and Eckert ef of, 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 emploved (o express the polynucieotides encoding the
functional antibody chains or binding fragmenis. Both viral-based and nonviral expression
vegtors ¢an be used to produce the snitbodies in a mammalian host cell. Nonviral vectors
and systems include plasmids, episomal vectors, typically with an expression cassetie for
expressing a protein or RNA, and human artificial chromosomes (see, 2.z, Harringlon et al,,
Nat. Genet. 13:345, 1997). For example, nonviral vectors useful for expression of the
antibody polynucieotides and polypeptides in mammalian (e.g., human) cells include
pCEP4, pREP4, pThioHis A, B & C, peDNAZ I/His, pEBVHIs A, B & C (Invitrogen, San
Diego, CA), MPSY vectors, and numercus other vectors known in the art for expressing
other proteins, Other useful nonviral vectors include vectors that comprise expression
casseties that can be mobilized with Sleeping Beauty, PiggyBack and other transposon
systems. Usefil viral vectors include vectors based or lentiviruses or other retroviruses,
adenoviruses, adeno-associated viroses, herpes viruses, vectors based on SV440, papilloms
virus, HBP Epstein Barr virus, vaccinia virus vectors and Semliki Forest virus (S8FV). See,
HBrent et al, supra; Smith, Annu. Rev. Microbiol, 49:807, 1995; and Rosenfeld et al,, Cell
68:143, 1992,

(881177 The cheice of expression vector depends on the intended host cells in which the
vector is 10 be expressed. Typically, the expression veciors contain 8 promoter and other
regulalory sequences (e.g., enhancers) that are operably linked to the polynucleotides
encoding 2 functional antibody chain or fragment.  In some embodiments, an inducible
promoter is employed to provent expression of inserted sequences except under inducing
conditions. Inducible promoters include, ¢.g., arabinose, lacZ, metaliothionein promoter of 8
heat shock promoter, Cuhures of transformed organisms can be expanded 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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clements may also be required or desired for efficient expression of a functional antibody
chain or fragment. These clements typically inchede an ATG Inftiation codon and adjacent
ribosome hinding site {Kozak consensus sequence) or other sequences. In addition, the
efficiency of expression may be enhanced by the inclusion of enhancers appropriate o the
cell system In use (32¢, e.g., Scharfet al,, Resulis Probl. Cell Differ, 200125, 1994, and
Bittnior ot al,, Meth, Enzymol, 153:516, 1987). For cxample, the SV40 enhancer or CMY
enhancer 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 inserted functional antibody sequences are linked to a signal sequences
before inciusion in the vector. Vectors to be used fo receive sequences encoding the
functional 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
{g(Gl antibodies.

[06119] The host cells for harboring and expressing the functional antibody chains can be
cither prokaryotic or eukaryotic. [n 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 ¢ 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 lines exemplified herein, a number of other suitable host cell lines capable of secreting
intact immunoglobuling are also known in the art. These include, e.g., the CHO cell lines,
various HEK 293 cell lines, various Cos cell lines, Hela cells, myeloma cell lines,
transformed B-cells and hybridomas, The use of mamumalian 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 gn origin of replication, a promoter, and an enhancer,
and necessary processing information sites, such as ribosome binding sites, RNA splice sites,
polyadenylation sites, and transcriptional terminator sequences. These expression vectors

usually comtain promoters derived from mammalian genes or from mammalian viruses.
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Suitable promoters may be constifutive, cell type-specific, stage-specific, andfor modulstable
or regulatable. Useful promoters inchude, but are not limited to, EF 1o and human UbC
promoters exemplified herein, the metallothionsin promoter, the constitutive adenovirus
major late promoter, the dexamsthasone-inducible MMTYV promoter, the SV40 promoter, the
MRP poi 11l promoter, the constitutive MPSY promoter, the ietracyeline-inducible CMY
promoter (such as the human immediate-carly CMV promoter), the constitutive CMY
promoter, and promoter-enhancer combinations known in the art,

[08120] Methods for introducing expression vectors containing the polynuclectide
sequences of interest vary depending on the type of cellular host, For example, calcium
chloride transformation is commonly utilized for prokaryotic cells, whereas calciom
phosphate treatment or glectroporation may be used for other cellular hosts (seo gonerally
Sambrook ef al,, supra), Other methods include, e.z., electroporation, calcim phosphate
treatment, liposome~-mediated transformation, injfection and microinjection, baflistic
methods, virosomes, immunoliposomes, polycationnucleic acid conjugates, naked DNA,
artificial virions, fusion to the herpes 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 proteing, stable expression will ofien be desired, For
example, cell lines which stably express the antibody chalns or binding fragments can be
prepared using expression vectors of the Invention which contain viral 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 its presence allows growth of cells which successfully express the introduced
sequences in selective media. Resistant, stably transfected cells can be proliferated using
tissue culture technigues appropriate for the cell type.

[B8121] The invention further provides eukarvotic or non-eukaryotic cells (e, T
lymphocytes) that have been recombinantly engineered 1o produce the antibodics, antibody-
based binding proteins or antibody fragments thereof of the iInvention. The sukaryotic or
non-cukaryotic cells can be used a5 an expression sysiem to produce the antibody of the
invention. In some embodiments, the invention provides RORI targeted immune cells that
are engineered to recombinantly express an ROR1 specific antibody of the invention. For

example, the invention provides a T cell engineered o express an antibody of the invention
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{£.8., an scFv, scFv-Fe, or {scFv)2}, which is linked to g synthetic molecule containing one
or more of the following domains: a spacer or hinge region (g.g., 28 CD28 sequence or a 1gG4
hinge-Fo sequence), 8 transmembrane region (e.g., 2 fransmembrane canonical domain), and
an intracetlular T-cell receptor (TUR} signaling domain, thereby forming a chimeric antigen
receplor (CAR) or T-body. Intracelhidar TCR signaling domaing that can be included in 2
CAR {or T-body) include, but are not Himited to, CD3L, FoR-y, and Svk-PT signaling
domains as well as the CD28, 4-188B, 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. 5 {posted online on April
16, 2009}

Y. Therspsuiic and disgnostic spplications

{88132} The RORI antibodics, antibody-based binding proteins, antibody fragments
thereof, ADCs and CARs disclosed herein can be used in various therapeutic and disgnostic
applications. RORI s expressed and implicated in the development of various tumors. See,
e.g., Rebagay et al,, Front Oncol. 2, 34, 2012; and Shabani et al., Expert Opin. Ther, Targets
19, 841-953, 2018, For example, ROR1 is expressed on the tumor cell surface n CLL,
ALL, mantle cell lymphoma, neuroblastoma, sarcoma, renal cell carcinoma, breast cancer,
fung cancer, colon cancer, head and neck cancer, melanoma, and other cancers. Importantly,
RORI1 is expressed in embryogenesis but largely shut down afier birth, Very fow adult
healthy tissues and cells expross ROR1. Consistently, anti-ROR! CAR-enginecered T oells
were found to be safe and active in nonhuman primates, validating ROR1 as a therapeutic
target in cancer (Berger (2013} Cancer Immnmed Res. 3(2), page 2016). Thus, mAbs to
ROR1 have high therapeutic and disgnostic utility in cancer,

[86133]  In some embodiments, the invention provides methods for inhibiting cells that
express RORT (ROR1 cells) by contacting the cells 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 a naked {unconjugated)
molecule or an antibody, antibody-hased binding protein, antibody fragment thereof
conjugated o a synthetic molecule, .., a cytotoxic, cytostatic, or antisngiogenic agent, 8
radioisotope, or even 1o a Hposome. Preferably, cells are contacted with an ADC comprising

a conjugated evtotoxic molecule. The method can be used to inhibit ROR1T cells invito or ln
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a subject {i.e, in vivo). The contacted RORI cells can be in, for example, a cell culture or
animal model of a disorder associated with clevated levels of RORI, The methods are
useful, for exampile, to measure and/or rank {relative to another antibody) the antibody's
inhibitory activity for a specific ROR1 cell type. Inhibiting ROR1 cells can include blocking
or reducing the activity or growth of ROR1 cells. Inhibiting can also include the killing of
ROR1 cells. While the methods 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 ROR1 sssociated receptor. Inhibitory activity can also be
mediated by recruitment of immune system effectors that attack RORI cells, e.g., by
activating constituents of the antibody-dependent cell-mediated cytotoxicity (ADCC) or
complement systems.

B0124]  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 assoviated with
expression of RORI. Generally, the methods include administering a therapeutically
gffective amount of an isolated antibody, antibody-based binding profein, antibody fragment
thereof, ADC or CAR of the invention fo the subject. The antibody can be any anti-ROR1
antibody, anti-ROR 1 antibody fragment, anti-ROR1 antibody-based binding protein of the
invention as described herein. Thas, the antibody can be chimeric, humanized, synthetic,
F{ab)2, Fv, scPv, IgGACH?2, Flabh2, scFv2CH3, Fab, VL, VH, scFvd, scFv3, scFv2, dsFy,
Fyv, or (scFv}2. In some embodiments, the method includes administering an IgG, an scfFv, a
dsFv, a F{ab'y2, 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.g., a cyiotoxic, oytostatie, or antiangiogenic agent, a therapeutic
radioisctope, or a liposome. An cxemplary cyiotoxic agent is Psendomonas exotoxin A
{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 RORT expression.

{801258]  In some embodiments, the invention provides methods for ireating a subject that
has, is suspected to have, or is at risk of developing a disorder associated with elevated
levals of ROR1 by adoptive transfer of the genetically engineered Twcells described herein,
which express an antibody or antigen-binding fragment of the invention as a chimeric

antigen receptor (CAR) thar selectively binds ROR1, Recombinant technology can be used
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to introduce CAR-encoding genetic material into any suitable T-cells, e.g., central memory
T-cells from the subject to 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 transferred T-cells of the invention can
then mount an immune response against ROR1 expressing cells in the subject. The adoptive
transfer method can be used, for example, to treat subjects that have or are suspected to have
any of the canvers agsociated with ROR], inchuding CLL, ALL, mantle cell lymphoma,
newoblastoms, 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 clevated ROR1. For example, when the disorder to be
treated lnvolves an RORI-expressing cancer, the method can further include co~
administration of a cytotoxic, cystostatic, or antiangiogenic or immune-stimulatory sgent
{(&.g, immune-checkpoint inhibitor antibodies, for instange, but not limited to, those binding
to PD, PDLY, CTLA4, OX40, TIM3, GITR, LAG3 and the Hke) suitable for treating the
cancer, It the cancer is a B-cell malignancy, the method can further includs, for example,
co~-administration of rituximab, alemtuzomab, ofstumumab, ocrelizomab, or a CHOP
chemotherapeutic regimen.

{8B126]  In some other embodiments, the invention provides method for detecling in a
biological sample an altered level of ROR1 {e.g., cell surface RORD), for example, relative
to & control, either by FACS, immunohistochemistry (IHC) or Western Blotting. Generally,
the method includes contacting a biological sample with an antibody, antibody-hased
binding protein, antibody fragment thereol of the invention and determining the amoust of
antibody that selectively binds to material (e.g., cells} in the sample to thereby determine the
level of RORT in the biological sample. A biological sample can be from a cell culture or
from a test subject, e.g., a 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 ins
subject, A contro} level desirably corresponds to the ROR level detected using the same
antibody in a corresponding sample(s) from one of more control cultures or disease-free
subjects. Methods of using the antibody of the invention to determine RORT levels can

inghde any immunocassay such as immuno- {Western) blotting, enzyme-linked
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imnumoscrbent assay (ELISA), Immunchistochemisiry (IHC) and flow cytometry, e.g.,
fluorescence-activated cell sorting (FACS) analysis.

{80137]  The methods of detection can be used to sereen for the presence of a disorder
associated with elevated ROR1. The methods include obtaining a sample from a test subject
in need of screening, e.2., a subject thet has, is suspected to have, or is at risk of developing a
disorder associated with elevated ROR1. The level of RORI (8.8, the amount or
concentration) in the sample is measured using an antibody, antibody-based hinding protein,
antibody fragmoent thereof of the invention, and the level in the sample is compared to a
control level of ROR1L. The control level represents, for example, the mean level (e.g., the
amount or concentration) in sample(s) from one or, preferably, multiple conirol 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 ROR I in one or more samples
taken from the test subject at one or more prior thmes, such as when the test subject did not
have or did pot exhibil, a condition associated with elevated ROR1. A significantly higher
level of ROR1 in the biclogical sample relative 1o the control level is indicative of a disorder
associgted with clovated 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 a disorder associated with clevated ROR1 in the subject.

{00128]  Additionally, the methods of detection can be used to monitor the progress of 2
disorder associated with elevated ROR1L. The method includes obtaining a sample from a
subject in need of scresning, £.g., a subject having been diagnosed or suspected to have a
disorder associated with elevated RORE. The level of RORI 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 comparsd to a contro! level corresponding to the
level or mean lovel of ROR1 in one or more samples tsken from the test subject st one or
more prior times. Levels of RO that are significantly elevated or decreased relative 1o
control indicate that the subject’s disorder is deteriorating or improving, respectively. The
foregoing methods of detection can be used 1o sereen for the presence or to monitor the

progress of disorders including, for example, CLL, ALL, mantle cell lymphoma,
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nenroblastoma, sarcoma, renal coll carcinoma, breast cancer, lung cancer, colon cancer, head
and neck cancer, melanoma, and other cancers.

881281  In some embodiments, the iInvention 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), bnaging the subject in a manner suitable for
detecting the label, and determining whether a region in the subject has an aliered density or
concentration of label as compared to the background level of label in proximal tissue.
Alternatively, the methods include determining whether there is an altered density or
concentration of label in & region as compared to the density or concentration of label
previously detected in the same region of the subject. Methods of imaging a subject can
include x-ray imaging, x-ray computed tomography {C7T) imaging {e.g., T angiography
{CTA) imaging), magnetic resonance (MR} imaging, magnetic resonance angiography
{MRA)}, nuclear medicine, ultrasound (US) imaging, optical imaging, slastography, infrared
imaging, microwave imaging, and the Hke, as appropriate for detecting the label conjugated
to the antibody, In & preferred embodiment, the sabject has, is suspected to have, or iz at risk
of developing an ROR-expressing tumor, such as CLL, ALL, mantle cell lymphoma,
neurcblastoma, sarcoma, renal cell carcinoma, breast cancer, lung cancer, colon cancer, head
and neck cancer, melanoma, and other cancers, and the method is used o sereen for or detect
the presence of the fumor. In another embodiment, the method can be used to monitor the

size or density of a ROR 1-expressing tumor over time, ¢.g., during a course of treatment,

" ’ 5 . v
al commositions and combinations

VI Fhamnag

[68138]  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
inchude one or more of a chimeric antibody having SEQ ID NO: 14 (light chain) and/or SEQ
i NG:1 (heavy chain}, a chimeric antibody having SEQ ID NO: 8 {light chain) and/or SEQ
{3 NG:S {heavy chain}, a chimeric antibody having BEQ D NG:25 (light chain) andfor SEQ
I NO:12 (heavy chain), and a chimeric antibody having SE(Q 1D NO:26 {light chain) and/or
SEG 113 NO:13 (heavy chain). Other antibodies, antibody fragments, antibody-based
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binding proteins, or ADCs suiiable for the pharmaceutical compositions of the invention
include those having a light chain sequence as shown in SEQ ID NOs:14-26 or 136-141,
and/or a heavy chain sequence as shown in SEQ 1D NOs: {-13 or 130-135. Other exemplary
compositions of the invention can contain a humanized antibody having one, two, thres,
four, five, or six CDMs selected from the group consisting of SEQ 1D NQs:27-104, like the
ones exemplified in SEQ ID NQOs: 138-141 In some embodiments the antibody includes
three CDR sequences of the same exemplified light or heavy chains shown in Figure 1.
These include the heavy chain CDRI, CDR2 and CDR3 sequences and lght chain CDRU,
CDRZ and CDR3 sequences respectively shown in (1) SEQ 1D NOs:27-29% and SEQ I
NOs:66-68 (antibody XBR1-402), (2) SEQ 1D NOs:30-32 and SEQ ID NOe:6%-71 (antibody
ERRI-301), {3) SEQ ID NOs:33-35 and SEQ ID NOs:72-74 {(antibody ERR1-308), {(4) SEQ
1D NOs:36-38 and SEQ 113 NOs:75-77 (antibody ERR1-316}, (5) SEQ 1D NOs:3%-41 and
SEQ} ID NOs:78-80 {antibody ERR1-324), (6} SEQ ID NOs:42-44 and SEQ [T NOw:81-83
{antibody ERR1-463}, (7) SEQ 1D NOs:45-47 and SEQ 1D NQOs:84-86 {antibody ERRI-
408}, (8) SEQ ID NOs:48-50 and SEQ ID NOs:87-89 {antibody ERRI-TOPS), (%) SEQID
MOs:51-53 and SEQ D NOs:90-92 (antibody ERRI-TOPLS), (10} SEQ ID NO2:54-56 and
SEQ I NCGs:93-95 (antibody ERRISTOP22), (11) SEQ 1D NOs:57-59 and SEQ ID
NOs:96-98 {antibody ERRI-TOPAN, (12) SEQ ID NOs:60-62 and SEQ 1D NOs:99-1{1
{antibody ERRI-TOP43), or (13} SEQ ID NOs:63-65 and SEQ 1D NOs:182-104 {antibody
ERRI-TOP34). In some embodiments, the pharmaceutical composition includes an
antibody having six CDR sequences of the same antibody sxemplified in Figure 1, e.g., (&)
SEQ ID NOs:66-68 and SEQ D NOs:27-29 {antibody XBR1-402); (b} SEQ ID NO«:78-80
and SEQ D NOs:39-4 Hantibody ERR1-324); {c} SEG ID NOs:99-101 and 8EQ ID
NOs:63-62 (antibody ERRI-TOP43), or () SEQ 1D KOs 162-184 and SEQ 1D NOs:63-65
{antibody ERRI-TOPS34). Stll another exemplary pharmaceutical composition includes a
dsFv fragment, which can include one or more modifications to the amino aeid sequence as
appropriate and understood by one of ordinary skill in the art.

[661311  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 acceptable carrier. The pharmaceuntically acceptable carrier can be any
suitable pharmaceutically accsptable carrier. It can be one or more compatible solid or Hauid

fillers, diluents, other excipients, or encapsulating substances which are suitable for
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administration into a human or velerinary patient {e.g., 2 physiologically acceptable carrier
or a pharmacologically acceptable carrier). The term “carrier” denotes an organic ot
inorganic ingredient, natural or synthetic, with which the active ingredient is combined to
facilitate the use of the active ingredient, ¢.g., the administration of the active ingredient to a
subject. The pharmacentically acceptable carvier can be co-mingled with one or more of the
active components, ¢.., 8 hybrid molecule, and with each other, when more than one
pharmaceutically acceptable carrier is present in the composition, in 8 manner o 8s not to
substantially impair the desired pharmaceutical efficacy. Pharmaceutically acoeptable
materials typically are capable of administration to & subject, e.g., a patient, without the
production of significant undesirable physiological effects such as nausea, dizziness, rash, or
gastric upset. It is, for example, desirable for a composition comprising a pharmaceutically
aceepiable carrier not fo be immunopenic when administered to 2 human patient for
therapeutic purposes.

{80132} Pharmaceutical compositions of the invention can additionally contain sultable
buffering agents, including, for example, acetic acid in a salt, citric acid in a salt, boric acid
in 4 salt, and phosphoric acid in a salt. The compositions can also optionally contain suliable
preservatives, such as benzalkonium chioride, chlorobutans!, 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 constituies one or more accessory ingredients. In general, the composition is
wepared by uniformiy and intimately bringing the active agent info association with a liguid
carrier, a finely divided solid carrier, or both, and then, if necessary, shaping the product.
{08133] A composition suitable for parenteral administration conveniently comprises a
sterile aqueous preparation of the inventive composition, which preferably is isotonic with
the blood of the recipient. This aqueous preparation can be formulated according to known
methods using suitable dispersing or wetting agents and suspending agenis, The sterile
injectable preparation also can be a sterile injectable solution or suspension in a non-loxic
parcnterally-acceptable dituent or selvent, for example, as a solution in 1,3-butane diol.
Among the acceptable vehicles and solvents that can be employed sre water, Ringer's
solution, and isotonic sodium chioride sohution. In addition, sterile, fixed oils ars

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

[88134]  Preparation of pharmaceutical compositions of the invention and thelr various
roules of administration can be carried out in accordance with methods well known in the
art. See, e.g.,, Remington: The Science and Practice of Pharmacy, Mack Publishing Co., 207
ed., 2000; and Susigined and Controlled Release Drug Delivery Systems, LR, Robinson, ed.,
Marcel Dekker, Inc., New York, 1978, The delivery svstems usefinl in the context of the
invention inchude time-releassed, 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 systems 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,
B81385] Many types of release delivery systems are gvailable and known 1o those of
ordinary skill i the art. Suitable release delivery systems include polymer base systems such
as poiy{lactide-glveolide), copolyoxalates, polycaprolactones, polyesteramides,
polyerthoesters, polyvhydroxybutyric acid, and polyanhrydrides. Microcapsules of the
foregoing polymers containing drugs are described in, for example, U.S, Patent 5,075,100,
Dielivery systoms alse include non-polymer systems that are lipids including sterols such as
cholesterol, cholesterol esters, and fatty acids or nentral fats such as mono~di-and
triglveerides; hydrogel release systems; sylastic systems; peptide based systems; wax
coatings; compressed tablets using conventional binders and excipients; partially fused
implants; and the like. Specific examples include, but are not limited to: {8} erosional
systems in which the active composition is contained v a form within s matrix such as those
deseribed in ULS, 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 2 controlled rate fom a polymer such as
described in UK. Patents 3,832,253 and 3,854,480, In addition, pump-based hardware
delivery systerns can be used, some of which are adapted for implantation.

{60138] The invention also provides kits suitable for carrving owt the methods of the

invention. Typically, the kits contain two or mere 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 more 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 immunocassay buffer suitable for detecting ROR1
{e.g. by ELISA, flow cytomstry, magnetic sorting, or FACS). The kit may also contain one
or more microtiter plates, standards, assay diluenis, wash buffers, adhesive plate covers,
magnetic beads, magnets, and/or instructions for carryving out a method of the invention
using the kit. The kit scan include an antibody, antibody-based binding proteins, 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 detect ROR1. In some embodiments, the kits
include an antibody, antibody-based binding proteins, antibody fragments thereof of the
invention that is conjugated to a label, such as, a fluorescent label, 3 biologically active
enzyme label, a luminescent label, or a chromophore label. The kits can further inchude
reagents {or visualizing the conjugaied antibody, sntibody-based binding proteins, antibody
fragments thereof, £.g., 8 substrate for the enzyme. In some embodiments, the kite include an
antibody, antibody-based binding proteins, antibody fragments thereof of the invention that
is conjugated to a contrast agent and, optionally, one or more reagents or pieces of
squipment useful for imaging the antibedy in 8 subject.

{38137 Cenerslly 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 method. Kit components can be
provided as concentrates (including hyophilized 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 vivo, single dosages may be provided in sterilized containers having the

desired amount and concentration of components.

BEEAMPLES
[B8138] The following examples are provided to further illustrate the invention bt not {o
lim# 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 1. >
B39 Cell lines: MDA-ME-23], MDA-MB-468, 697, Kasumi-2, T47D, HSS78T, 63-
12 and 63-12/hROR1 and 63-12/AROR2 transfectants, K562 and K562/MROR Y transfectants,
EMT-6 and EMT-6/ROR1 transfectants were cultured in DMEM (Invitrogen; Carlsbad, CA)
supplemented with 10% (v/v) heat inactivated FBS (Thermo Scientific; Logan, UT}, 100

U/mL penicillin, and 100 mg/mL streptomycin (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 UimL penicillin, and 100 mg/mL streptomyein (Invitrogen).

108140} Cloning of full-length BROR] and hRORI manmalion expression vectors:
Transposable vector backbones (pPB-Puro) were assembled from modular parts with
flanking restriction sites that were synthesized or derived from sequence-verified
commercially available vectors, and are described in detall in Patent WO2014013026A1.
These original transposable vector backbones were modified by exchanging IRES-driven
expression of the Puromycin resistance gene in the original vector with separate,
phosphoglycerate kinase promoter (PGK) driven expression. This was done by replacing the
IRES sequence with an SV4{-pA sequence located 37 of the multiple cloning site, followed
by introduction of the PGK-promoter sequence 5° of the Puromycin resistance gene, Full-
length ROR /2 open reading frames were synthesized by total gene synthesis (Genscript,
Piscataway) with flanking restriction sites (§'Notl/3"BsiBI) and were then cloned ino the

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

[80141)  Cell line emgineering for ectopic expression of ARRORI or hRROR2 inthe 63-12
mirine A-MulV-iransformed preB cell ine: The mouse Abslson murine pre-B cell line 63+
12 (Shinkai et al. (1992) Cell 68:855-67) were cultured in culture media (17.7¢/L Giboo®
IMDM {Life Technologies, 42200-030), 3.024 ¢/L. NaHCO; {Sigma-Aldrich, p.a., »99.7%),
16 mL/L 100x non-essential amine acids (Life Technologies, 11140035), 5 mg/L insulin
(Sigma-Aldrich, I-8500}, 3 mL/A of 10% primatone RL/UF in H.O (Shefficld Bioscience),
and | mL/L of 50 mM 2Z-mercaptoethano! (Sigma-Aldrich, M-3148) in Hz0), supplemented
with 2% (v/v)} FCS, 100 IU/mL Pen/Strep/Fusngizone (Amimed, 4-02F00-H)}, 200 mM L~
ghutamine {Amimed, 3-10K00-H) and 50 uM 2-mercapiosthanol {Amresco, §482) at 37°C
and 7.5% CQy. Cells were enginesred to overexpress BRORT 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 (3x10° cells/mL), 400 L of cell suspension was then added to 400 uL of REMI
containing 10 pg of transposable vector pPR-PGK-Puro-ROR T (directing co-expression of
full-length RORT (NP_(05003.2) and the puromyein-resistance gene}, or 10 pg of
transposable vector pPB-PGK-Purc-ROR2 (directing co-expression of full-length ROR2
(NP_004551.2) and the puromycin-resistance gene}, along with 10 ug of transposase~
containing vecior pCDONAZL by mPB. DNA/G3-12 cell mixtures were transforred to
electroporation cuvettes (0.4 cm-gap, 165-2088, BioRad, Cressier, Switzerland) and
electroporated using the Biorad Gene Pulser I with capacitance extender at 300V and 950
pE. Then, celis were incubated for 5-10 min st room temperature, Following the incubation,
cells were centrifuged at 1200 rpm for § min (4°C), washed once and subsequently
resuspended in agqueous culture media (17.7¢/L Gibeo® IMDM (Life Tochnologies, 42200-
030), 3.024 g/L. NaHCO; (Sigma-Aldrich, p.a., »99.7%), 10 mL/L 100x non-essential amino
goids (Life Technologies, 11140035}, 5 mg/ insulin (Sigma-Aldrich, 13500}, 3 mL/A of
10% primatone RL/UF in HyO (Sheffield Bioscience), and | mL/L of 56 mM 2-
mercaptoethanol (Sigma-Aldrich, M-3148) in Hy(), supplemented with 2% (v/v) FCS, 100
IL/mL Pen/Strep/Fungizone (Amimed, 4-02F00-H), 200 mM L-ghutamine (Amimed, 5~
FOKO0-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 hROR2 wers selected by adding 2 pg/mL puromycin {Sigma-Aldrich, PE&33).

f08142] After 4 to S days, hROBRI or hROR2 expression on engincered cells were
confirmed by flow cytometry. Briefly, following trypzinization, 10° cells were centrifuged in
FACS whes; obiained pellets were resuspended in buffer (PBS with 2% (v/v) FCS), In the
case of hROR 1-engineered cells, cells were then incubated with 2A2 (mAbB066 antibody
targeting RORI, final 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}, at a 1:100
difution, in the dark (30 min, 4°C), washed once in buffer and kept on ice unti] FACS
sorting. For BROR2-engineered 63-12 cells, the same protocol was followed but using
EPR3779 (Abcam antibody targeting ROR2; 1:100 dilution) as primary antibody and
allophycocyanin-conjugated AffiniPure F(ab)2 goat anti-rabbit IgG (H+L) (Jackson

Tmmumoresearch, 111-136-144) as secondary antibody.
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{08143 Inthe case of RRORI-engineered 63-12 cells, cells were single cell sorted into
96-well flat-bottom plates containing 200 pL of supplemented culture media per well nsing a
FACS Aria I, Plates were incubated at 37°C and clones were expanded i 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).
[88144]  Celi fine engineering for ectopic expression of RRORI in the EMTL6 murine
breast concer cell line: Murine EMT-6 breast cancer cells (kind gift from Prof. Dr. med.
Alfred Zippelius, University Hospital of Basel, Switzerland) were cultured in DMEM
complete {Duibecco’s Modificd Bagle Medium (DMEM) High Glucose (4.5 ¢/D) with L-
Glutamine with 10% (v/v) Fetal Calf Seruma (FCS), 100 [U/mL of Pen-Strep-Fungizone and
2 mM L-glutamine (all Bioconcept, Allschwil, Switzerland)) at 37°C and 5% €O, Cells
were engineered o overexpress RORI by transposition as follows: cells were centrifuged (6
rtin, 1200 rpm, 4°C) and resuspended in RPMI-1640 media (5x10° cells/mL). 400 uL of this
cell suspension was then added to 400 pl of RPMI containing 133 ug of transposable vector
pPE-PGK-Puro-ROR I, divecting so-expression of full-length RORT (NP_005003.2) and the
puromycin-resistance gene, and 6.6 pug of transposase-containing vector
pCDNAZL hy mPB. DNA/EMT-6 cell mixture was transferred to electroporation cuveties
{0.4 cm-gap, 165-2088, BioRad, Cressier, Switzerland) and slectroporated using the Biorad
Gene Pulser I with capacitance extender at 300V and 936 pF. Then, cells were incubated for
3-18 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 3% CO; atmosphere. One day after
electroporation, cell pools stably expressing human RORT were selected by adding 3 pg/mL
puromycin (Sigma-Aldrich, P8833).

[80145] RORI expression on selected EMT-6-ROR1T cells was confirmed by flow
cytometry. Briefly, following trypsinization, 10° cells were centrifuged in FACS tubes;
obiained pellets weore resuspended in buffer (PBS with 2% (v/v) FCS). Cells were then
incubated with 242 (mAbO6S); 30 min, 4°C, final concentration 2 pg/mL), followed by
centrifugation and washing. Cells were then resuspended as previously and incubated with
anti-human Ig( antibody (Fo gamma-specific} PE {eBioscience, Vienna, Austria, 12-4993-
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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[88146] Using a FACS Aria 1L, cells wers single coll sorted into 2 96-well flat-bottom
plate containing 200 gL of DMEM compiete 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
analyviical software (Tree Star, Ashiand, OR) for analysis.

{01471 Figure 16C shows the FACS analysis data of clone 14 (high ROR !-expressing)
and WT {ROR1 negative) EMT-6, detected with anti-ROR1 antibody 2A2 {mADDES).

: o o SR . bt Tete 301 3 e A . N
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{B0148]  Conetruciion, expression, and puvification of recombinant human RORI proteins:
Construction, expression, purification and bictinylation of hFe fusion proteins confaining
different domains of human RORI or mouse ROR1 were described (Yang et al,, Plo8 One
6:02 1318, 2011} For RRORI-AVI-6XHIE fusion protein, the extraceliular domain of human
RORI (24-4(3) was PCR amplified with primers pCEP4-hROR1-F and pCEP4-BROR I-Avi
tag-R {note that the AV] tag was introduced to the C terminus of ROR1 by primer pCEP4-
hROR1-Avi tag-R), followed by extension PCR with primers pCEP4-signsh-F-Kpnl and
pCEP4-6HIS-R-Xhol to add g signal peptide and 6XHIS tag to the N and € terminus
separately before cloning into pCEP4 via KpsliXbol. This construct was then transiently
transfected into HEK 293F cells {Invitrogen) using 293 fectin (Invitrogen), and the protein
was purified by Immobilized Metal Ion Affinity Chromatography using a T-mL HisTrap
column {(GE Healthcare) as deseribed in Kwong and Rader, Curr Protoe Protein Sci Chapter
&:Unit 6 10, 2009, The quality and guantity of purified BROR I-AVI-SXHIS was analvzed by
SDS-PAGE and Azso absorbance, respectively, Subsequently, the fusion protein was
bictinylsted by BirA enzyme kit from Avidity {(Aurora, Colorado) following the protocol,
Briefly, 2 mg RORI1-AVI-6XHIS at 40 puM in 10 mM Tris-HC! {pH 8) was bictinylated in
the presence of biotin using 10 pg BirA after incubation for 30 min at 37°C, followed by
purification again using 8 1-mL HisTrap column (GE Healtheare) ss described above.
pCEP4-hRORI-F: §-atectgitictegtagoigotgeasctggageacacicogoooggggogeogeegeacag-3’
{SEQ TD NGO 103 pCEP4A-RRORL- Avidlag-R; 37~
ceactogatctictigggocicgaagatgtogticaggecciceatetighicticteott-37 (SBEQ 1D NOL 106); pCEPY-
sigmal-F-Kpnk: 3 getgrgtacoggopegesacoaiggaciggactiggageatoctgitictogingotget-3” (SEQ 1D
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MNC:167); pCEP4-6HIS-R-Shol: §°-
googgecicgagioagtpatgpigatpaiggtgclogipocacicgatotintggpocte-3” (SEG 1D NO1O8).
{0814%]  Construction, expression, and purificotion of recombinamt buman RORI (hRORI-
His} and buman ROR2 (hRROR2-His) proteins: hROR1-His was PCR-amplified with primers
SP-hRORI F({&
getgggtaceggegegeeaccatggacigpaciggagaatoctghiicioplagolgot goaact g oageacactcogerogeses
cgoegoogoerag 3'Y{(SEQ ID NOHIID) and BRORI-His R (S
cggecicgagicagtgatggtoatgatestoctooaiotigtictictontt 3% (SEQ I NO:1HY) using pUEPS-
hFc-hRORT (Yang et al, PloS One 6:021018, 2011} as temnplate, while hROR2-His was
PCR-amplified with primers SP-hRORZ F
{getgpataceggegegecacealggaciggactiggagaatocinttictegtagetgetgcaactggageacactoogaagtyga
gettctggatceg) (SEQ D MO and KRORAHE: R
{cgpectegagicagigatggteatgatagtgecoogtottgotgotgtotog) (SEQ 1D NO:112) using pCEP4-
hFe-hROR2 as template. Then they are cloned into pCEP4 (Invitrogen) separately via
KpnliXhol. These constructs were then separately and transiently transfected into HEK
293F cells (Invitrogen) using 293 fectin (Invitrogen), and the corresponding proteins were
purified by Immobilized Metal Ton Affinity Chromatography using a 1-mL HisTrap column
{GE Healthcare) as described in Kwong and Rader, Curr Protoc Protein Sci Chapter 6:Unit §
18, 2009, The quality and quantity of purified hROR1-His and hROR2-His were analyzed by
SDIS-PAGE and Agg absorbance, respectively,

[88158]  Generation and selection of nalve chimeric rabbitthumon Fab libvavies: All
rabbit handling was carried cut by veterinary personnel at Pocono Rabbit Farm &
Laboratory {Canadensis, PA) or R & R Rescarch (Stanwood, WA). A total of nine rabbits
{ages 3-4 months) were used. Five of these rabbits were of the Now Zealand White (NZW)
strain, with three obtained from Pocono Rabbit Farm & Laboratory (Canadensis, PA) and
two obtained from R & R Research (Stanwood, WA). Four b9 wild-type rabbils were derived
from a separate R & K Research colony that originated from a pedigreed colony developed
and characterized at the National Institule of Allergy and Infectious Discases (NIAID)
{McCartney-Francis et al, Proc. Natl. Acad. Sci. U § A 81:1794-1798, 1984; and Popkov &t
al., J. Mol Biol. 325:325-335, 2003, Spleen and bone marrow from each rabhit were
collected and processed for total RNA preparation and RT-PCR amplification of rabbit V,,
¥, and Vyencoding sequences using established protocals (Rader, Methods Mol Biol
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325:101-128, xiv, 2009. Rabbit (b} V. /human (hu} C/rbVy and rbV/huCy/tbVy segments,
respectively, were assembled in one fusion step based on 3-fragment overlap extension PCR.
Note that the Vy, derived from b9 rabbiis were also assembled with Vi from NZW rabbils,
The Fab-gncoding fragments were digested with $71 and ligated with §fl-ireated phage
display vector pC3C (Mofer et al., § Immunol Meth 318:75-87, 2007) at 168°C for 24 h.
Subsaquently, 13 ug purified pC3CabV/AC/ bV ligated products were transformed into £
coli strain SR320 (2 kind gift from Dr. Sachdev 8. Sidhy, University of Toronto, Toronte,
Ontario, Canada) by 30 scparate electroporations {(gach using 0.5 pg DNA in 30 pl
electrocompetent cells) and yielded 7.5 x 10° independent transformants for Hbrary x. For
library 3, 4.8 x 10° independent transformants were obtained using the same procedure.
Uslng VOSMI3 helper phage (Stratagene; La Jolla, CA), the phagemid Hbraries were
converied to phage libraries and stored at -80°C. Phage library x and library & were re-
amplified using XL1-Bloe {(Stratagense) or ERZ738 (Lucigen) and mixed equally before fouwr
rounds of panning against biotinylated hFe-hROR1 or hROR-AVI-6HIS, During the
panning, § pg/ml antigen was pre-incubated with streptavidin coated magnetic beads
{Dynabeads MyOne Streptavidin C1; Invitrogen) at 37°C for 30 min and then binders from
the phage library were captured in the presence of | mg/mL ynspecific polyelonal human
igG {Thermo Scientific) when BFc-RORT was used. Starting from the third round of
panning, the input phage was negatively depleted by incubation with empty beads before
selection against antigen-loaded beads. Following selection, supemnstants of IPTG-induced
bacterial clones were analvzed by ELISA and by flow oytometry. Repeated clones were
identified by DNA fingerprinting with 484, and the Vi and Yy sequences of unique clones

were determined by DNA sequencing (Figure 1).

Example 3. Exprossion and purification of chimerio rabbithuman Fab and full-length

TGl antibodies
{08151 Construction, expression, and purification of chimeric rabbivthuman Fab and

JgGi: MAD XBRI-402 in chimeric rabbithaman Fab format was cloned into £ cofi
expression plasmid pC3C-His and expressed and purified as described in Kwong and Rader,
Cunr Protoe Protein Sci Chapter 6:Unit 6 18, 2009, For the expression of mAb XBR1-402 in
chimeric rabbithuman IgG1 format, the previously described vector PIGG-R11 was used

(Yang et al, PloS One 6:e21018, 2011}, The Vy encoding sequence of Fab XBR1-402 was
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PCR amplified using primers 4-2_VH Fand 42 VH R, and cloned via Apal/Saci into
PIGG-R11. Then the light chain encoding seguence of XBR1-402 was PCR amplified using
primers 4-2_A F and LEADB, and cloned vis Findlll/Xbad into PIGG-R11 with the
corresponding heavy chain encoding sequence. Note that an internal dpal site in FR4 of Vi
encoding sequences of Fab XBRI-402 was removed by sifent mutation in primer 4

2 _VH 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 resuliing PIGG-XBRI1-402 plasmid was transiently
transfected into HEK 293F cells (Invitrogen) using 293fectin (Invitrogen), and the protein
purified with a 1-mL recombinant Protein A HiTrap column {GE Healtheare, Piscataway, NI}
as described (Yang et al, PloS One 6:221018, 2011; and Yang and Rader, Methods Mol Biol
901:209-232, 2012). The quality and quantity of purified IgG1 were analyzed by SDS-PAGE
and Azgs absorbance, respectively.

{00152} All the other mAbs in chimeric rabbithaman Fab format were cloned into £ coli
expression plasmid pET11a and expregsed and purified as described (Yang et al., PloS One
§:¢21018, 2811}, For the expression of mAbs ERR1-324, ERRI-TOP43 and ERR1-TOPS4
in chimeric rabbithuman IgGt format, pCEP4 (Invitrogen) was used to clone the heavy
chain and light chain separately. For heavy chain, a gBlock contalning a heavy-chain signal
peplide encoding sequence, Yy of ERR2-382 (a mAb to hRROR2) and CHI (1-48) of human
Gl was synthesized by 1O (San Jose, CA) and amplified with primers Kpnl/Ascl-Signal
and CHi-internal/overlap-R, and fused to CHI (50-88)-CH2-UH3 amplified from PIGG
with primers CHl~internal/overlap-F and HC-CH3-R-Xhol by overlap extension PCR with
primers Kpnl/Asci-Signal and HC-CH3-R-Xhol, and then cloned into pCEP4 by Ascl/Xhol.
Note that a Fhel 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 4dscl/Fhel: ¥y of ERRI-324, ERRI-TOP43
and ERR1-TOPS4 were amplified with forward primer ERR1-324 HC-F, ERRI-TOP43 HC-
Fand ERRI-TOPS4 HC-F and reverse primor VH-CH1-R-Ehel separately, followed by
extension PCR to add the signal peptide with primer Kpnl/Asel-Signal and VH-CHI-R-
Ehel. Then each Vi was inserted into the vector by Ascl/Ehel, For light chain cloning, while
lambda light chains of ERR1-TOP43 and ERRI-TOPS4 were amplified with primers ERR1-
TOP43 LC-F and ERRI-TOPSE LO-F separately combined with LO-R-Xhol, kappa light
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Exampie 4. Examination of sntibody binding activities

[88153] ELISA: For ELISA (Figure 2}, each well of a 96-well Costar 3690 plate (Corning,
Coming, NY) was coated with 100 ng anti-human [gG1 Fe in 25 yl coating buffer (0.1 M
NapCOy, 8.1 M NaHCOs, pH 9.6} for 1 h at 37°C. After blocking with 150 pL 3% (w/v)
BSA/TBS for | hat 37°C, hFe-hROR1 or h¥e-mRORI was captured following incubation at
100 ng / 50 pL for | hat 37°C. Then 100 ng/ 50 pL of Fab was applied in each well at 37°C.
2h later, 50 uL of a 1:1000 difution 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 to
detect the Fab. To determine the epitopes (Figure 4}, hFc fusion proteins containing different
domaing 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-ethylbenzthiszoling}-6-
sulfonic acid (Roche} as substrate according 1o the manufaciurer’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).

[80154]  Flow cyfomery: Cells were stained using standard flow cviometry 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 1 h. After washing twice with ice-cold flow cytometry buffer (PBS
containing 1% (v/v} BSA, 0.1% sodivm azide and | mM EDTA), the cells were incubated
with a 1:1000 dilution of a mouse anti-His tag mAb conjugated to Alexa Fluor 488 (Qlagen)
in 100 pL flow cytometry buffer on ice for 30 min, For purified anti-ROR 1 {gG1 (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 1g0 on ice for | h. Afler washing twice with ice-cold flow
cytomeiry butier, celis were stained with g 1:500 dilution of goat anti-haman Igi Foy pAbs
conjugated to APC (Jackson ImmunoResearch) in {00 pl. flow evtometry buffer on ice for
30 min. For commercial goat anti human ROR1 polyclonal antibody (Figure 8), 0.1~1 % 10°
cells were stained with 200 ng / 100 pl. of Ab on ice for | 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 a Alexa Fluor 647-conjugated
AffiniPure F(ab’); donkey anti goat IgG (H+L) in 100 ul flow cytometry buffer on oe for
36 min. Finally, 4',6-diamidino-2-phenylindole (DAPT) was added o a final concentration of
100 ng / mi. to exclude dead cells from the analysis. Cells were analyzed using a
FACSCalibur instrument (BD Biosciences) and Flowlo analytical software {Tree Star,
Ashland, OR).

[80155]  Surface plosmon resonance: Surface plasmon resonance for the measurement of
the affinities of all Fabs to hFe-hROR1 and for epilope mapping studies were performed on a
Biacore X100 instrument using Biacore reagents and software (GE Healthcare, Piscataway,
NI Anti-Human 1gG (Fo) antibody was immobilized on a CM$ sensor chip following the
instruction of Human Antibody Capture Kit (GE Healthoare, Piseataway, NJ). Then, hFe-
BROR] fusion proteins were captured at certain density (indicated in Figure 3 and Figure 6).
The sensor chip included an empty flow cell for instantaneous background depletion, All
binding assays used 1x HBS-EP+ running buffer (10 mM HEPES, 150 mM NaCl, 3 mM
EI¥TA (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 fested in duplicates {the highest concentrations for each
Fab are indicated in Figure 6B). The sensor chip was regenerated with 3 MgCly from the
Hurnan Antibody Capture Kit without any loss of binding capacity, Caloulation of
association (&) and dissociation {&g} rate constants was based on g 1:1 Langmuir binding
maodel. The equilibrium dissociation constant (K4} was calculated from ke / ko, For epitope
mapping studies, each Fab was prepared at 500 nM alone in Ix HBS-EP+ running buffer and
then injected in ovder as indicated in Figure 8.

FIORS6]  Besters blotiing: Cells or proteins wore lysed by 1x sample buffer (containing
1% B-mercaptocthanc!) and boiled before running on NaPAGE Novex 4-1296 Bis-Tris gels
{Invitrogen}. After membrane transferring and blocking by 3% milk, 2 ug / mL chimeric
rabbithuman IgGl of XBR1-402 or ERRI-TOP43 was applied to detect the denatured
proteins, followed by incubation with 171000 anti-human Foy conjugated to HRP befors
developing using ECL Prime Western Blotting Detection Reagent (GE Healtheare) (Figure
9.
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{00157}  Swepll-tagged human ROR1-extracellular domain was produced as follows: the
nuclectide sequence encoding the extracetlular domain of human ROR1 (NP_005003.2) was
N-terminally fused to a signal sequence (MNFGLRLIFLVLTLEGVQC) and Ceterminally
fused with a ssquence encoding 8 strepli<tag (GWSHPQFEK]), The entire nuclentide
sequences with flanking 3’ Notl and 3"HindHI sites were produced by total gene synthesis
{GenSgript, Piscataway, USA), assembled in the propristary mammalian expression vector
pEviS by Evitriz AG (Schlicren, Switzerland} and verified by DNA sequencing,

{BBISB]  Expression of the proteins was performed in suspension-adapied CHO K1 cells
by Bvitria AG (Schlieren, 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, Goeettingen, Germany),
{0015%]  Recombinant hunnan twin sirep-tagged ROR2 (NP _004551.2) was expressed and
purified in-house according to the following protocol: the EBNA expression vector pCB14b-
RORZ-ECD-TwinStrep, directing expression of ROR2 extracellular domain (ECD), C-
terminally tagged with a TwinStep tag, was transfected into HEKZ2937T using
Lipofectamine® LTX with PLUS™ Reagent {Thermo Fisher Scientific, 15388100},
Following a 1-day incubation (37°C, 5% CO;, growth media: Dulbeceo’s Modified Eagle
Medium (DMEM) High Ghicose (4.5 /1) with L-Glutamine with 10% (v/v) Fetal Calf
Serum (FCS), 100 {U/mL of Pen-Strep-Fungizone and 2 mM L-glutamine (sl Bioconcept)},
cells were expanded under selection conditions (2 pg/mbL of puromyein {Sigma-Aldrich,
P8E33-25 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 113 onto poly-L-lysine-coated plates. Agsin after
reaching confluency, cells were washed with PBS followed by with media replacement using
production medis (DMEM/F-12, Gibeo/Thermo Fisher Scientific, 31330-03) supplemented
with 1 pg/mL puromyein (Sigma-Aldrich, PERI3), 100 IU/mL of Pen-Strep-Fungizone
(Bioconcept, 4-02F00-H}, 161 pg/mL of N-acetyl-L-cysteine (Bigma-Aldrich, A8199) and
18 pg/mb of L-glutathione reduced (Sigma-Aldrich, G6529), Supernatant, harvested bi-

weekly and filtered {0.22 pm) to remove cells, was stored at 4°C unti! purification. For
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purification, filtered supernatant was loaded onto a Streptactin® Superflow® high capacity
cartridge (IBA, Gottingen, Germany, 2-1238-001) cohumn; purification and elution was
performed according to the manufacturer’s protocol on an AEKTA pure {GE Healthcare).
Fractions were analyzed for protein purity and integrity by SDS-PAGE. Protein-containing
fractions were mixed and subjected to buffer exchange using Amicon filiration units
{(Millipore, Schaffhausen, Switzerland) to reach a dilution of >1:100 in PBS, and then sterike

filtered using a low retention filter {0.20 wm, Carl Roth, Karlsruhe, Germany, PA49.1}

i ed reccarmRisant Boansantrad antichymermes ROV T omaned
uriied, recombinan fumanmized anli-numan KUK and

{80168]  Zxpression vectors: Antibody variable region coding regions were produced by
total gene synthesis (GenScript) using MNFGLRLIFLVLTLKGVQC a5 leader sequence,
and were assernbled with human IgH-¥ | and Igl-% or Igl-A constant regions, as applicable,
in the expression vestor pCB 4. This vector, a derivative of the episomal mammalian
sxpression vector pCEPS (Invitrogen), carries the EBV replication origin, encodes the EBY
nuclear antigen {(EBNA-1} o permit extrachromosomal replication, and containg a
puromycin selection marker in place of the original hygromyein B resistance gene.

{68163} fm-howse expression and purification: pUCBl4-hased expression vectors were
transfected into HEK293T cells using Lipofectamine® LTX Reagent with PLUS™ Reagent
{Thermo Fisher Scientific, Reinach, Switzerland, 15388100}; following a 1-day incubation
(37°C, 5% COy, growth media: Dulbecco’s Modified Eagle Medivm (DMEM) High Glucose
{4.5 g/l with L-Ghugmine with 10% (v/v} Fetal Calf Serum (FCB), 100 1U/mL of Pen-
Strep-Fungizone and 2 mM L-ghatamine {all Bioconcept, Allschwil, Switzerland)), cells
were expanded under selection conditions (2 pg/mlL of puromycin (Sigma-Aldrich, Buchs
SG, Switzerland, PE333-23 mg stock af 2 mg/ml}) Cells were split and further expanded
{37°C, 5% CO); once confloency was reached, tissue culture dishes were coated with 28
pgmi poly-L-Lysine (Sigma-Aldrich, P1524) for Zh 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, cells were washed with PBS followed by media replacement o
production media {DMEM/F-12, Gibeo/Therme Fisher Scientific, 31330-03) supplemented
with | yg/ml puromycin (Sigma, P8833), 160 IU/mL of Pen-Strep-Fungirone (Bloconcept),
161 ug/mL of N-acetyl-L-cysteine {Sigma-Aldrich, A8199) and 10 ug/mL of L-ghstathions
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reduced (Sigma-Aldrich, G6329). Supernatant, harvested bi-weekly and filtered (0.22 um) to
remove cells, was stored at 4°C until purification.

{80862} For purification, fillered supernatant was loaded onto a8 PBS-equilibrated Protein
A HiTrap column (GE Healthcare, Frankfurt am Main, Germany, 17-0405-81) or 2 ISR
Amsphere™ Pratein A colummn {JSR Life Sciences, Leuven, Belgiom, JWT203CE) and
washed with PBS; ehution was performed using 0.1 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 filtration units (Millipore,
Schaffhausen, Switzerland, UFCS01008) to reach a dilution of 1:100 in the buffer listed in
Table 2, and then sterile filiered using a low retention filter {8.20 um, Carl Roth, Karlsruhe,
Germany, PA49.1).

[#4163] 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 purity and the integrity of the recombinant antibodies
were analyzed by SDS-PAGE,

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

concentration and buffer,

Table 2. List of antibodies used in the Examples

LeTerminal Tags Fimal
Amithady Antihody SEQ ID
o Format {HO: Heavy Chain, | Baffer | cona
{ref} HOAD )
LC: Light Chain) {mgfmiy
. HC: LPETG-Sirep
XBRIAMR H: SEQ I NG, .
g LG GBLPETG PES 3.8
{mAbQ3} LCREGID NG 14
Btrap
§ HCLPETG-Swrep
ERRI-301 HO:SEGIDNG. 2
f2G i L Gy SLPETG- PRS 38
{mADIT} LO: SEQIDNG. 18
Sirep
i ) B LPETG-Bteap
ERR1-306 HC: SEQIDNG. 3 o
gl ) LT GySLPETG PHE KR
{ra AL} LO: SEQ I KRG, I8
Swep
ERRI-324 HC: SEQIDNG. § HO: LPETG-Step
1pG MBS 3.0
{mABTI4} LOSEQ IR NG IR L& G SLPETG-
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[B8165]  Ms961 corresponds to an anti-ROR 1 antibody with a heavy chain according to
SEQ ID NO. 1 and light chain according to SEQ I NG 3 of WO 2614/031174, 2A2 refers
to an anti-ROR1 antibody as described in WO 2010/124 188, while huZA2 refers to 2
humanized 2A2 as described in unpublished PCT/EP2016/076244. R11 and R12 are anti-
ROR1 antibodies described in WO 2812/075158. Isotype control antibodies trastuzumab and
Acil target HER-2 and CD30, respectively. The heavy and light chain variable region
seguences of monoclonal antibody brentuximalb (clone cAc10) specific for the human CD39
target wore obtained from patent US200821328%A1, those of the human HER-2 specific
trastuzumab antibody contained in the commercial antibody Herceptin (trastuzumab), or the
ADC Kadeyla®™ derived thereof, were derived from the online IMGT database (VH:
httpfawew, impt.org/ 3 Dstructure-DB/egi/details cgi?pdboode=T763 7 & Part=
Chain&Chain=7637H & VL: hitp/www.imgt.org/3Dstructure-DB/ogl/
details.cpi?pdbeode=T637&Part=Chain&Chain=T637L..

Example 7. mdAb ROR1 and RORZ-binding -~ characterization by BLISA

[08166] Each well of a 96-well plate was coated with 100 gL of 2 ug/mL strep-tagged
human RORI (from Example 5} in 0.1 M bicarbonate coating buffer (pH 9.6), and incubated
for 12h a1 4°C. A second 96-well plate was likewise prepared with twin-strep tagged human
RORZ (from Fxample §).

{B8167] Afler blocking with 150 pL of 3% (W/V) bovine serum albumin (BSAYTRS for 1h
at 37°C, the following antibodies were added to a well within each plate at a concentration of
8.5 pgiml, and serially diluted (dilution factor 4) with 196 (w/v) BSA/TES, before
incubation for h at 37°C: ERRI-301 (mAbO2T), XBR1-402 (mAbO3 1), ERR1-306
(mAbO33), ERR1-324 {(mAbG34), ERR1-403 (mAbC3S) and ERRI-Topd3 (mAbG36). HRP-
conjugated Flab’} anti-human FC-gamma (Jackson Immunoresearch, 109-036-008) was
then added at a 1:20°000 dilution, 100 u per well, and incubated for th st 37°C prior to
detection using an Spark 1M plate reader {Tecan). As shown in Figure 10, the anti-human
RORT antihodies bind human RORT {panel A) and are not eross-reactive with human ROR2

{panci B).
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Example 8. Humanieation of angt-hROR Lspeeifie sntthody XBR 02

[00168] Humanized variable region sequences {seven hud-2 VH variants and 4 hud-2 VL
variants} were designed by Fusion Antibodies (Belfasy, Ireland), Briefly, frameworks in
rabbit variable regions were exchanged with human framework regions (following an in-
silico assisted CDR-grafting approsch based on proprietary 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 pCB14-based expression constructs into HEK-
2837 cells and harvesting cell supematants,

[B017¢]  Fortransient antibody expression, colls were transfected in 24-well-plates using
Avanti Transfection Reagent § {(Avanti Folar Lipids, Alabaster, USA)Y, Per well, §.5ug of
total DINA was transfected, and fresh growth medhan was added the next day and
conditioned for 4 days. Supernatants were sterile-filtered and stored at -20°C until analysis,
[88178]  Aflimity screening was then performed to select the best binders, Affinities were
determined using 2 Blacore T200 instrument {GE Healtheare, Buckinghamshire, UK) and
data was evaluated using Blacore Evaluation T200 V2.0 software. To capture mAbs, goat a-
human Fe-gamma-specific [gG (Jackson ImmuncResecarch, # 109-005-098) was covalently
immobilized on a CM3 chip {GE Healtheare, # BR-1005-30),

{B0172]  Briefly, for capturing mAbs in HEK2937T supernatants, the undiluted
supernatants were captured with a flow of 30u/min for 120s, ROR -strop was dilted in
running buffer (HBS-EP+ pH 7.4 (10 mM HEPES, 150 mM NaCl, 3 mM EDTA, 0.83 %
Tween 20} to 20nM. Association was measured 8t & flow of 30ul/min for 120s, and
dissociation was followed for 200s at a flow of 30ud/min. Capture levels ranged from 31.8
Rijto 394 R

{81731 Selected antibodies were expressed and purified as per Example 6, subject 1o the

conditions of Table 3 below.

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

. ‘ . C-Teorminal Tags
Antibody Anithody SEQ Beffe | Fingleowe, | K&
B - - = SEFSES 3 7

Format e {0 Heavy Chaln, . !
{ref.} I HOALG ¥ {ngfmisy ()
HuXBR1-

ey ‘RS .48 kR

gy ) i A FRS (.48 ER e

. NG I3 Twindirep
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{mANIRE} LA SEQG D LC GeSLPETG
NG 138
HO BEQID
HuXBRI1-
_ NO. 131
402(8) IgG PRR 0.48 L34
{mAb28&3)
WO SEQID
HuxXBR1~
i NO. 132 TwinStrep
402(15) 1g PRS i 048 385
LA SEQ I L GSLPETG-
{mABI90)
NOGO138 TwinStrep
HO SEQ I HC: LPETG
HuXBR1- .
NG 133 TwinStrep
402(17) G PRS 0.63 3.34
L SEQID L GySLPETG-
{mAbIS1} _ .
N3 135 TwinSirep
HE SEQID
) NE 134
402(19) il PRE | 0.50 2.58
LOBEQID
{mAD28S)
NO. 140
HuXBR1-
402(26) S PES | 049 313
(mAb296) ‘
NGO, 141 TwinSirep

Exarmple 9.
[06174]

FACS staining of gells

o
o

L BTSN R AR
for hROR 1 expression

5210° of each cell type were added per well to 96-well plates. Plates were

cenirifuged (3 min, 1360 rpm) with re-suspension in buffor (PBS supplemented with 2%

{v/v} of FCEY, 2A2 (mADBDGS) was added to cach well o reach a concentration of 2 pg/ml.

Plstes were then incubated on ice for 30 min and washed with 200 uL of buffer prior to

resuspension in 200 uL of buffer supplemented with anti-human IgG antibody (Fe gamma-

specific) PE (eBioscience 12-4998-82) at a 11250 dilution. Following 30 min incubation on

ice and one washing, cells were analyzed using 8 FACSCalibur instrument (BD Biosciences)

and dats was analyzed using Flowlo analytical software {Tree Star, Ashland, OR).

[59175]

Figure 7 shows the FACS anslysis dats of ROR V-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 canger cell line Td70 as a

negative control.
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Example 10, Generation of stte-specifically conjugated ADCs using SMACHechnslony

{08176] Sorrase A enzyme. Recombinant and affinity purified Sortase A enzyme from
Staphylococcus aureus was produced in E. coli as disclosed in WO2014140317A1.

{80177} Generation of glvcine-madified toxins. In order to generate SMAC-technology™
conjugated ADCs with pentaglycine-modified PNU-1596382 derivative Glys-EDA-PNU
{Figure 11 B} was manufactured as disclosed in WO2016102697. The identity and the purity
of the pentaglycine-modified PNU toxin was confirmed by mass-spectrometry and HPLC.
The Glys-modified toxin exhibited > 35% purity, as determined by the single peak in the
HPLO chromatogram.

188178] Sortose-mediated antibody conjugation. 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 pM Sortase A in the lsted conjugation
buffer for 3.5h at 25°C. The reaction was stopped by passing it through an rProtein A
GraviTrap column (BioRad). Bound conjugate was eluted with 3 column volumes of elution
buffer (0.1 M glycine pH 2.5, 50 nM NaCl, with 1 column volume fractions collecied into
tubes containing 25% v/v IM HEPES pH & to neutralize the geid. Protein containing
fractions were pooled and formuiated in the formulation buffer of Table 7 using a ZebaSpin
desalting column,

{00178 ADC gnglyrics. DAR was assessed by Reverse Phase Chromatography performed
on a Polymer Labs PLRP 2.1mm x Som, Spm column run at 1mL/min/80°C with 2 25
minute finear gradient between 0.05 t0 §.1% TFA/HD and 0.04 to (.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 analvtical summary of ADCs manufactured in this

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

mAS {frefl} | Toxin Conjngation Baiffer Formalation Buffer GAR

FREY without Ta% an
Mg (Amimed NI

Bioconcept)

GS-PNU

T I T A S
PRE withowt Ca® and

CYE TDMITE
GE-PNU
3

GS-PNU {mAMIEN 150mM Nally ImM Cally | Mp™ {Amimed-
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Bigeonceph)

ERRI-304

S0 HEPES (pH 7.3,

TET 8 a8l PR
PRES withowt Cx

(mAbD36)

150mM NaCl, tmM CaCl,

Bisconcept}

G5-PNLU , g™ {Amimed- 3.7
{mAbd33} 150 Wall, 1mM CaCly )
{Adc201) Biconnoept)
ERRI-334. | RS withowt O and
ERRE-324 1 $0mM HEPES (pH 7.5}, %
, GE-PNU Mg™ (Amimed- 1.6
{mAbD34) 1 50mM NaCl, 1M Cally . )
Ricconcept}
PER without Us* and
EREI-403 30mb HEPES (pH 7.5), " .
G5-PNU Mg {(Amimed- A7
) {mAb035) 150mM NaCl, ImM CaCl,
{Ade23} Bioconcept)
Topd3-08. | BRRE- PRS without Ca™ and
SCmdE HEPES {pH 7.5}, ,
BNU Topd3 GE-PNL Mg {Amimeds 18

KER1-402
(mAbIS6)

SOmM HEPES (pH 7.5),
150mM NaCl, SmM CaCly

PRE withowt O

Mg™ {Amimed-

Bioconcept)

GS-PNU
{Adc288}

HBRI-402
(mADb186)

GE-PNU

30mdl HEPES {pH 7.5},
150mM NaCl, ImM CaCly

o,
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(mAB202)
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10% (v/v) glycerol, ImM
CaChy
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v
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PR {mAbUGT) P30mM NaCl, ImM Call, | Me™ {Amimed-
{ade2ad) HBicooneept)
RI2-(35- R12 23mM HEPES (pH 7.5), 1 mM Succinaie pH
PMU ) GS-PNE | 150mM NaCl, ImM 34, 173 mM Suorose, 3.8
{mAbUST} .
{adde292) CaCCh, 10% (/) glyeerol | 0.03% Tween 20
RiZG8- %15 Iomd HEPES (pH 2.8, 13 mdd Specinate pH
R
PNU GSPNU | 150mb NaTl, lmM 3.4, 178 vad Suerose, 38
{mAbU6T) )
(ade327) Calhy, 1% (i) glyoorol | L0295 Tween 20
M 1038~ BEE] SOmbd HEPES (pH 7.3}, 10 md Suecinate pH
3
BNL ) GE-PNU | Imd Cally, 1836 {vA) 5.8, 178 mM Sucross, N
) {mAL IS ) )
{ndedBa} glvoerol (3429 Tween 20
Trag-{33~ Trastussm FRE withowt Ca® and
. ) ] S0mid HEPES (pH 7.3}, "y
PNU ab G5PNU Me™ {Ambmed- 18
) 150mM NaCl, ImM Cally )
{ade D6} {mABRE) Rioconcepl)
Trag-33- Trastozum 33 wmhi HEPES pHb.8,
) S0mdd HEPES (pH 7.5}, )
PR ak GE-PNU 15mbd NaCl 37
F30mM NaCl, 1mdd Cally
{adeRB6) {(mABD)
Act-GS- PRE without Ca® and
Aclf 30mb HEPES (pH 7.5}, v
PN $3-FNU ) Mg™ {Amimed- 38
i {mAL4E) 130mM NaCh tmd Cally |
{adc 159 Hiooonoept)
HuXBRI~ ' ae
ARG HuXBRI~ SUmd HEPER (pH 7.3}, PR withont 2™ and
{3rGS- S o )
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HuXBRI~ 2
HuaXBR1- SOmM HEPES {(pH 7.5}, PRS without Ca° and
402{8)-G3- ) _ ‘ Sy ..
BN A8} GS-PMU | 150mM NaCl, imM g™ (Amimed- ND
) {mADZES Cally, 2% (wiv) Glyesrol | Blogonoept)
{Aded57}
HuXBRi- oy
0151G5 HuXBRI1- 5¢mM HEPES {pH 7.5}, PBS without 8" and
pN”U ' 402(15) GS-PRNU | 150mM NaCl, T Mg*' (Amimed- ND
) \ {mAb290}} Cally, 2% {wiv} Glyoerol Ricoconoept)
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e HuXBR - SOmM HEPES (pH 7.5), | PBS without Ca* and

402{26)-G5- ) "

- 402026} GSPNU{ 150mM NaCl, 1mM Mg™ {Amimed- ND
) {mABISE CaCly, 2% {wv) Glyeerel | Bicconospt)

(AdcdS1) ) a ? ¥

[08188)  From these analyses # can be concluded that the SIVEAC»tmimolagym
conjugation has proceeded at high efficiency resulting in overall average DARs in the range

of ca, 3.5 10 4.0 for IgG-format anti-ROR sntibody-toxin combinations.

Example 11, Jvvivg sorum stability of ROR -fargeting ARG XBRI-402.Q5-PNU

[B0181]  The in vitre serum stability of XBR1-402-G3-PNU was evaluated in an BLISA-
based serum stability assay. Briefly, the ADC was diluted to a conceniration of 100 yg/mL
in NOD 8CID mouse (kind gift from Prof, Dir. med. Alfred Zippelius, University Hospital of

Basel, Switzerland) and human serum {from the SRX blood donation center, Basel,

Switzerland; 50:50 mixture of male:female blood centrifuged 15 min. at 2000 g to obtais
serum), and incubated at 37°C. Samples were snap-frozen in Hauid nifrogenon days 8,3, 7
and 14 and stored at -80°C until ELISA analysis, For mouse serum, dilution series of ADC
serum samples (dilution factor 3.5, from 5 o 0.0008 pg/mi) were captured on ELISA plates
coated with 2 pg/ml of an in-house developed mouse anti-PNU mAb {generated by
immunizing mice with a human [gG-PNU conjugate and screening with a BSA-PNU
corgugate) to bind ADC, or with goat anti-human Fe Flab™)2 (Jackson Immunoresearch,
105-006-098} to bind total 1, and detected with a 1:2500 dilution of an HRP-conjugated
donkey anti-human Ig8 {Jackson Immunoresearch, 769-035-149). For human serum, 2
ug/mi of recombinant human RORI (strep-tagged, Example §) was coated on ELISA plates
and a 12500 dilution of HRP-conjugated donkey anti-human 1gG (Jackson Immunoresearch,
709-033-14%) or 2 pg/mi of a mouse anti-FNU [5G {producsd in-house) followsd by a
1:5000 diluted HRP-conjugated goat anti-mouse Foy F{ab’)2 (Jackson Bumunoresearch,
115-036-071) was used for detection of total IpG and ADC, respectively. Serum
concentrations of ADC and total 1g0s 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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{ ADCs on wild tvpe

{00182] Cytotoxicity of anti-ROR1 ADC XBR1-402-G5-PNU (adc262) was investigated
using wild type (WT) EMT-6 and EMT-6 cells engineered 1o overexpress human RORI
{from Example 2), Tras-G3-PNU (adc286) was included as isotype control.

[66183]  Forthis, 1x10° WT EMT-6 and hROR1 overexpressing EMT-6 cells per well
were plated on 96-well plates {excluding sdge wells, which contained water} in 75 uL
DMEM supplemented with 10% by vol, FCS, 100 1U/m] Pen-Sirep-Fungizone and 2 mM L-
Glutamine and were growa at 37°C in a humidified Incubator at 7.5% COo atmosphers,
After 1-day incubation, each ADC was added to respective wells in an amount of 25yL of
3.5-fold serial dilutions in growth medium (resulting in final ADC concentrations from 20
upg/mb o 0.88 ng/mi}, After 4 additional days, plates were removed from the inoubator and
squilibrated to room temperature. Afler approximately 30 min, 30 pl. was removed from
each well, and then 50 uL of CellTiter-Glo® 2.0 Luminescent Solution {Promega, G9343)
was added to each well. After shaking the plates at 450 rpm for § min followed by 10 min
incubation without shaking, luminsscence was measured on a Tecan Spark 10M plate reader
with an integration time of 250 ms per well. Curves of Juminescence versus ADC
concentration (ngfmL} were fitted with Graphpad Prism Software. The IC50 values,
determined using the buili-in “log{inhibitor) vs. response -~ Variable slope (four

parameters)” ICs determination function of Prism Software, are reported in Table 3.

Table 5: In vitro cell killing of EMT-6 cells (WT and enginecred clone 14) by anti-ROR1 or
isotype control ADCs (ICsp, ng/mlL)

”
7
P
7
P
s
%

-
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SSrre g IR
NEE S ] D FTRSN

{08384} Figure 16 shows the dose-repose curves of the in vitre cell killing assays on WT
and hROR I-overexpressing EMTS cells with the ADCs of Table 5. As per the above Table
and Figure 16, XBR1-402-G5-PNU provides specific killing dependent on ROR1 expression

status.
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Exampls 13, fnvive oviotonicity assavs of novel snd Known agbBOR ] avdibody-based

{08183} Cytotoxicity of anti-RORY ADC XBR1-402-GS-PNU {aded(9) was investigated
using human EMT-6 cells enginesred to overexpress human ROR1 (from Examptle 2), and
compared 1o an anti-RORT ADC based on antibody Ms#61 {ade396). Tras-G5-PNU
{adc394) was included as isotype conirol.

[80186]  For this, 1x10° KROR] 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, 100 [/ml Pen-Strep-Fungizone and 2 mM L-Ghutamine and were
grown at 37°C in a humidified incubator at 7.53%6 CO» atmosphers. After 1-day incubation,
each ADC was added to respective wells in an amount of 254l of 3.5-fold serial dilutions in
growth medium {resulting in final ADC concentrations from 20 ug/mL to .88 ng/mi). Afler
4 additionsl days, plates were removed from the incubator and equilibrated to room
tesaperature. After approximately 3¢ min, 50 gl was romoved from gach well, and then 50
sl of CellTiter-Glo® 2.0 Luminescent Solution {Fromega, (39243} was added to each well.
After shaking the plates at 450 rpm for § min followed by 10 min incubation without
shaking, lumingscence was measured on 8 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 ICS0 values, determined using the built-in
“log(inhibitor) vs. response — Variable slope (four parametersy” ICy determination fimction

of Prism Software, are reported in Table 6,

Table 8§ I vitro cell killing of engineered EMT-6 cells by inventive and known anti-ROR1

ar isotype controf ADCs (ICs, ng/ml)

17}
9%

[BOIB7]  Figure 17 shows the doss-repose curves of the & vitre cell killing assays on

BROR L-overcxpressing EMTS celis with the ADCs of Tabls 6, As per the above Table and
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Figure 17, XBR-402-G5-PNU provides more potent killing than a comparable ADC based
on antibody Ms961,

L. PR —— WA RTOATE oE mevo sl RN % st N crve iy sedv v weael
Example 14, {fnyvitre ovtotoxiolty assavs of novel and known ant-ROR1 antibody-based

TW e o Sy oy VT st o ATT -
ADCs on human 897 sod Kasumie2 ALL cells

[6018R] Cytotoxicity of anti-RORT ADC XBR1-402-0G5-PNU {ade262) was Investigated

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

2A2, R11 and R12 (Fig 13), or by a separate sxperiment using again 697 and Kasumi-2 ALL
cells to 2A2 and R12.

{0018%]  For this, 2.5x10° 697 or Kasumi-2 cells per well were plated on 96-well plates
{excluding edge wells, which comtained water) in 75 gL RPMI supplemented with 10% by
vol. FCS, 100 TU/m! Pen-Strep-Fungizone and 2 mM L-Glutamine and were grown a1 37°C
in a humidified incubator at 7.5% O, atmosphere. After 1-day incubation, each ADC was
added to respective wells in an amount of 25pL of 3.5-fold serial ditutions of in growth
medium (resulting in final ADC concentrations from 20ug/mi 1o 0.88 ng/mi). Afer 4
additional days, plates were removed from the incubator and equilibrated (o room
temperature. After approximately 30 min, 50 gL was removed from each well, and then 50
sl of CellTiter-Glo® Luminescent Solution {Promega, G7370} was added to each well.
After shaking the plates at 750 rpro for 5 min followed by 20 min incubation without
shaking, luminescence was measured on a8 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 Software. The I, values, determined using the
buift-in “log{inhibitor) vs. response - Variable slope (four parameters)” ICs determination

fanction of Prisw Soffware, ave reported in Table 7.

Table 71 & vitro cell killing of 697 cells by anti-ROR1 or isotype control ADCs (105,
ngfmb}
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{B0138]  Figure 13 shows the dose-repose curves of the in vitre cell killing assays on 697
cells with the ADCs of Table 7. Az per the above Table and Figure 13, ADCs of the
imvention provide killing of human 697 B cell precursor leukemia cells that is superior to
ADCs based on the known anti-ROR1 antibodies.

§

¥ s cen iy e ey sonanre o s LEOAT T antilacdvabhosed & T 0 ever S o
Example 13, Hpvireoviotoxicly sssvs of ant-ROR T antlbody-hased ADCs on breast

cancer MRA-MB 488 and HE 3787 eclis

[08191] Cylotoxicity of anti-ROR1 ADCs 2A2-GS5-PNU {ade165), XBR1-402-G5-PNU
{adc135), R12-G3-PNU {ade292), ERR1-Topd3-G5-PNU (adc204), and 50:50 by weight
mixtures of ERR1-324-G8-PNU (adc202) and 2A2-G5-PRU {ade163), of BRR1-324-GS-
PNU {adc202) and XBRI-402-G3-PNU (adci33), of ERR1-324-G5-PNU {ade202) and
RIZ-GS-PNU (adc292), and of ERRI-324-G5-PNU (adc202) and ERR1-Topd3-G5-PNU
{adc204) was investigated using human cell Hnes: MDA-MB-468, HS 78T, Acl0-G3-PNU

{adc159) was included as isotype control,

[G6192]  For this, the following cells per weoll were plated on 96-well plates {excluding
edge wells, which contained water) and were grown at 37°C in a humidified incubator at
7.53% C0; atmosphere in growth medium (DMEM supplemented with 10% by vol. FCS, 100
IU/mi Pen-Strep-Fungizone and 2 mM L-Glutaming).

Table 8. Cell plating of Example 17

{01931 Afler I-day incubstion, cach ADC was added to respective wells in an amount of
AS5pl of 3.5-fold serial dilutions in growth medium {resulting in final ADC concentrations
from 20ug/mL to 0.88 ng/mi). After 4 additional days, plates were removed from the
incubator and gquilibrated to room lemperature. Afler approximately 30 min, 50 uL was
removed from each well, and then 50 uL of CeliTier-Glo® 2.0 Luminescent Solution
{Promega, (08423} was added to each well. After shaking the plates at 750 rpm for § min
followed by 20 min incubation without shaking, lnminescence was measured on a Tecan
Infinity F200 plate reader with an integration time of § second per well. Curves of

luminescence versus ADC concentration {ng/ml) were fitted with Graphpad Prism
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Software. The 1Cs values, determined using the built-in “log{inhibitor) vs. response -
Variable slope (four parameters)” g determination function of Prisn: Software, are

reporied in Table O

Table 9. In vitre cell killing of various buman cancer cells by anti-ROR1 ADCs as well as an

isotype control (ICs values are provided in ng/mL)

RIDRACMINRAEY | HNSTEY
positive posithves
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{I8184] Figure 12 shows the dose-repose curves of the in vitre cell killing assays on
MDA-MB-468 and HS 78T cells with the ADCs of Table 8. As per the above Table and
Figure 12, selected ADCs of the invention provides killing of certain human cancer cells that

is superior 1o the known anti-ROR1 antibodies 2A2 and R12,

Example 16, fnyitrg ovigtoxdicity assavs of humanized anmti-ROR L antibody-hased ARCs

(381987 Cyiotoxicity of humanized anti-ROR1 ADCs huXBR1-402-3-GS-PNU {adcd35),
X BR1I-402-8-G5-PNU {aded3T), huXBRI-402-15-G5-PNU (adc4S8), huXBR1-402-17-
GS-PNU (ado459), huXBR1-402-19-G5-PNU {(adcd50) and huXBR 1-402-26-G5-PNU
{adc461) was investigated using human 697 cells. Tras-(G5-PNU (ade286) was included ag

isotype control,
[00196]  For this, 5x10% 697 cells per well were plated on 96-well plates (excluding edge
wells, which contained water) in 75 pL. RPMI supplemented with 10% by vol. FCS, 100
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IU/ml Pen-Strep-Fungizone and 2 mM L-Glutamine snd were grown a1 37°C in s humidified
incubator at 7.3% CO; atmosphere. After I~day incubation, each ADC was added in
duplicate to respective wells in an amount of 25uL of 3.5-fold serial dilutions in growih
medium (resulting in final ADC concentrations 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, 50 ul. was removed from cach well, and then 50
uL of CellTiter-Glo® 2.8 Luminescent Solution {Promega, G9243) was added to sach well.
Afler 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 250 ms per well, Curves of luminescence versus ADC concentration (ng/mL) were
fitted with Graphpad Prism Software. The ICs, values, determined using the built-in
“log{inhibitor} vs. response — Variable slope (four parameters)” ICs determination function

of Prism Software, are reported in Table 10

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

[08187]  Figure 235 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 more potent compared to ADCs manufactured with the parental, non-

humanized mAb.

S asd e e b e de A TP e andioie b ¥ .48 5 sty o &
Example 17, & yive sharmacokistio study of (he anti-ROR L XBRI1-402 antibody an

XBRL402-G3-PNU ARG in O 1 wild-tvoe mouse strain




WO 2017/127664 PCT/US2017/014311
80

[60198] The following study was performed at ABPRO (Bwrlington, MA, USA). Female
CD-1 mice {at least &-weeks of age at study start, from Taconic Biosciences, Germantown,
NY, USA}, housed in groups of up to 5 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 XBR1-402 (mAb202), while the second group received a single dose of |
mg/kg of XBRI1-402-GS-PNU (ade409). Post-dose blood samples were collected according
to the protocol of Table [ from subgroups consisting of 3 animals each. Blood sampling
proceeded by lancet puncture of the submandibular vein {vollecting spproximately 200 yl),
with the exception of the sampling at 21 days, which was by cardiac puncture {collecting
approximately 600 pl}. Samples from subgroups were pooled for each time point, Plasma
was isolated by blood centrifugation gt 17500g for 10 min., and stored in sterile crvovials &t -

230°C until in-house analysis by ELISA.

Table 11. Pharmacokinetic study blood sampling protocol
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{90199]  Plasma was isolated from blood by centrifugation at 1500g for 10 min, and
transferred to sterile eryovials for storage at -80°C until analysis by ELISA. The invive
stability of mAb XBR1-402 and of ADC XBR1-402-G3-PNU was cvaluated by an ELISA-
based assay. Dilution series of ADC serum samples were captured on BELISA plates coated
with 2 pg/mi of a mouse anti-PNU mADb (produced in-house by immunizing mice with a
human IgG-PNU conjugate and screening with 8 BSA-PNU conjugate) to bind ADC, or with
anti-huran Fo F(ab™)2 (Jackson Immunoresearch) to bind total g, and detected with a
1:2500 dilution of an HRP-conjugated anti-human IgG Flab"}2 {Jackson Immunoresearch).
Serum concentrations of ADC and total IgGs were calounlated from half maximal values of
the sample tirations by comparison with a sample of the same ADC of known concentration,

[00286]  The dats in Figure 20 shows the high stability of the ADC of the invention.
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88281}  The following study was performed at Pipeline Biotech (Trige, Denmark). The
efficacy of XBR1-402-GS3-PNU {adc288) and humanized hu2A2-(G5-PNU {ade287; based
on unpublished PCT/EP2016/76244) was compsred in a disseminated xenograft model in
female NOD-SCID mice injected with hROR1 positive 687 ALL cells, An ADC based in
HERZ specific anti body Trastuzumab, Tras-GS-PNU (adc286) served as a negative isotype-
matched contrel ADC.

{00282]  S-week old mice, cach weighing at least 20 g, were Inoculated with 697 tumor
cells (5x10° cell/animal, in 200 pL PBS) on study day 0. Bach 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, §15-000-003), 30 myg'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 endpoinis, sceording to the European and Danish legislation on
animals in experimental studies, was euthanized. Blood (90 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.

{G68263]  Dilution series of ADC plasma samples were captured on ELISA plates coated
with 2 pg/mi of a mouse anti-PNU mAb (produced in-house by immunizing mice witha
human IgG-PNU conjugate and screening with a BSA-FNU conjugate) to bind ADC, or with
gnti-human Fo Flab'}2 (Jackson Immunoresearch, 109-006-098) to bind total IgG, and
detected with a 1:2500 dilution of an HRP-conjugated anti-human IgG Fab’)2 (Jackson
Immunoresearch, 709-035-149). Serum concentrations of ADRC and total IgGs were
calcolated from half maximal values of the sample titrations by comparison with a sample of
the same ADC of known concentration.

[00204]  Data analvsis was performed using the sofitware PRISM. Mice treated with the
inveniive XBR1-402-G3-PNU ADC showed prolonged survival relative to those treated
with comparable ROR-targeting hu2A2-GS-PNU ADC, or with isotype control ADC
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{Figure 15, panel A). Moreover, the concentration of XBR1-402-GS5-PNU ADC remains

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

{80205}  ADC based on novel anti-ROR1 antibody XBR1-402-G5-PNU (adc262) was
compared to R12-G3-PNU {adc327), an ADC based on known antibody R12 and isotype

control Tras-G5-PNU {adc286) ADCs in the following mouse model according to the study

protocol of Table 13,

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

. . ] Injestion of 1x10° cells into the
hROR -overexpressing Syngeneic femsle BALB/
) X mammary fat pads. Tumor
EMT-5, clong 14 (from mice, implantation at 4-§
volume at randomization from

Example 2} weeks of age 5
100-150 mm

Table 13. Protocols used for evaluation of anti-ROR 1 XBR1-402-GS5-PNU ADC in
orthotopic breast cancer models with orthotopically implanted EMTE6 cells overexpressing
ROR1 (clone (ct 14}

Na, of Dosing Bays post
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§ 14, 31,28 Intravenous

{00206]  Figure 18 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 hRORT expression respond significantly o treatment with the ADC of the invention, as

opposed to the non-response of the ROR L-negative WT EMT-6 model. The remarkabie
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response of the ADC of the invention moreover demonstrates & significant improvement

over a comparable ADC based on the known R12 ROR 1 targeting antibody.

s A nalusis af RO avavaoms B e e cay LRI O IR | — T
Example 20, Analysis of hREORI expression in human putlent derived tumer hysates by

XF H

{80207} Tumor lysates of human patient-derived xenograll (PDX) models {Charles River,
Freiburg, Germany) and lysate of a highly RORI-positive immortalized cell line (Kasumi-2)
as a control, as well as lysate from immortalized A349 cancer cells, were probed for hRROR1
protein expression by Western blot. For this, lysates were denatured by mixing with Sx §D%-
PAGE loading buffer (250 mM Tris-HCI pH 6.8, 10% 8D, 30% Glycerol, 5% u-
mercaptoethanol) and heating to 99°C for § min, After separation by SDS-PAGE, proteins
were transferred to PVDF membranes using an eblot transfer System {Genscript),
Membranes were then incubated at 4°C overnight with commercially available polyclonal
rabbit anti-ROR1 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) coniaining 10% horse
serum {Amimed, Bioconcept, Switeerland). Afler two washes with TBST, membranes were
incubated with HRP-coupled anti-rabbit secondary antibodies (WesternSure HRP goat-anti-
rabbit 1gG, LiCor, Lincoln, USA) for 1 hour at room temperature. Signals were revealed by
incubating membranes in huminescent substrate (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. Twmor lysate RROR1 status of Example 22
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[60288]  Figure 21 shows the Western Blot analysis of human tumor lysates, as well as

tysates from immortalized cancer ceils.

Example 21.

umer xenosraf models

{00203] The following study was performed at Charles River {at Oncotest GmbH,

Freiburg, Germany).

Table 15, Patient-derived tumor xenograft models used for evaluation of anti-ROR1 XBRI-

402-GS-PNU ADC

rain snd Sex Yamor Estabiishment

) . Turnor implantation unilateral or
Female NMRI nude mice,

. ) . .| bilateral, and subcutaneous.
implantation at 3-¥ weeks of -
Tumor vohume at andomization

]F2
. from 50-250 mm’

[68218)  The XBRI-402-G5-PNU (aded(9) ADC, previously confirmed to be endotoxin-

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

Table 16, Protocols used for gvaluation of anti-ROR T XBR1-402-GS-PNU ADC in patient-

derived tumor xenografl models

s
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{08211]  Mice were subcutancously implanted with PDX material (either one-sided (PXF
P, RXF 486, UX 5335 or bilaterally (SXFS 1407, PXF 541). Mice were randomized when
tumors reached 2 size of 100 cnt’ and were treated with ADC at Img/kg or vehicle for a total
of 3 times, Tumor volumes were determined by caliper measurement and body weight was
recorded twice weekly. Mice were euthanized on reaching a tumor burden of 2000 ram’®
{unilateral) or 1700 mm’ (bilateral), or on significant body weight loss {overall more than
30%, or move than 20% in two days),

[0212]  Figure 22 shows the wmor volume evolution over the study. Tumor xenografls
established with patient-derived tumor material having high hROR1 expression respond

significantly to treatment with the ADC of the invention.

Example 22, Invitre activity of XBR 1402 CAR-T

{08213} CAR-T cells based on XBR1-402 were engineered using methods previously
described for ROR 1 -targeting mAbs R11 and R12 (Hudecek, M., Lupo-Stanghellini, M. T.,
Kosasihy, P. L., Sommermeyer, 13, Jensen, M. C,, Rader, €., and Riddeil, 8. R, (2013)

Receptor affinity and extraceliular domain modifications affect tumor recognition by ROR 1.
specific chimeric antigen receptar T cells. Clin. Cancer Res. 19, 3153-3164). Ex vive
expanded primary human CDE" CD62L" T cells were lentivirally transduced with XBR1-
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
assesed the day before functional assays. CD8+ purity varied betwesn 9796 and 99%, tEGFR
expression varied between $5% and 99%. Following 72 h co-culture with ROR1-positive or
ROR-negative human breast cancer cells, CFSE-stained CD8+ CDE2L+ cells were
analyzed by flow cytometry, revealing target-dependent proliferation of XBR1-402 and R12
CAR-T (Figure 26; upper left panel). IFNy and 1L2 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 ROR1-positive and ROR1-negative cells (Figurs 26; lower panel).

{80284} The same cxperiments wers repeated to compare XBR1-402 CAR-T with a short
spacer to XBRI1-402 CAR-T with s long spacer. Following 72 h co-culture with ROR1-
pasttive or ROR H-negative human breast cancer cells, CFSE-stained CD&+ CDG2LA cells
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were analyzed by flow cylometry, revealing stronger proliferation of the XBR1-402 CAR-T
with the short spacer (Figure 27; upper panel). Selective cytotoxicity with the hiciferase-

based cytotoxity assay following 11 h of co-culture with ROR [-positive and ROR 1 -negative
cells revealed selective cytotoxicity for both XBR1-402 CAR-Ts with short and long spacer

{Figure 27; lowsr pancl).

N7 DY Ve s iivy v borete o R AN
Example 23, Specificity analvsis of XBER 402

[B8218]  Figure 28 provides an overview of the Retrogenix Cell Microarray Platform.
Primary screem: Purified chimeric rabbivhuman Ig(G1 XBR1-402 and purified chimeric
rabbithuman IgG1 XBR2-401 were pooled to a concentration of 2 ug/mL each. The pool
was screened for binding against fixed HEK293 cells/slides sxpressing 4,336 human plasma
membrane proteins individually (13 slide seis; n=2 slides per slide set), Al transfection
sificiencies exceeded the minimum threshold. An AlexaFluor647 anti-human [gG Fe
detection antibody was used. Primary hits {dupiicate spots} were identified by analyzing
fluorescence (AlexaFiuors47 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 to reverse transfect
human HEK 293 celis as before, All transfection efficiencies exceeded the minimum
threshold. Identical fixed slides were treated with sach of the two test antihodies (XBR1-402
and XBR2-401} individually, plus positive and negative controls (n=2 slides per treatment).
Slides were analyzed as before (Figure 29),

R

[80218] Although the forepoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily spparent
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 spirit or scope of
the appended claims,

[8317] 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.
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WE CLAIM:

1. An antibody, antibody-based binding protein or antibody fragment that specifically
binds to the extracellular domain of human receptor tyrosine kinase-like orphan receptor 1
(ROR1) comprising heavy chain CDR1, CDR2 and CDR3 sequences and light chain CDRI1,
CDR2 and CDR3 sequences respectively set forth as SEQ ID Nos:27-29 and SEQ ID
Nos:66-68.

2. A pharmaceutical composition comprising (1) a therapeutically effective amount of
the antibody, antibody-based binding protein or antibody fragment of claim 1 and (2) a

pharmaceutically acceptable carrier.

3. A pharmaceutical composition of claim 2 for use in the treatment of a disease or

condition associated with elevated expression of RORI1 in a subject.

4. A polynucleotide encoding an antibody, antibody-based binding protein or antibody
fragment that specifically binds to the extracellular domain of human receptor tyrosine
kinase-like orphan receptor 1 (ROR1), comprising heavy chain CDR1, CDR2 and CDR3
sequences and light chain CDR1, CDR2 and CDR3 sequences respectively set forth as SEQ
ID NOs:27-29 and SEQ ID NOs:66-68.

5. An antibody drug conjugate (ADC), comprising (i) an antibody, antibody-based
binding protein or antibody fragment that specifically binds to the extracellular domain of
human receptor tyrosine kinase-like orphan receptor 1 (ROR1), comprising heavy chain
CDRI1, CDR2 and CDR3 sequences and light chain CDR1, CDR2 and CDR3 sequences
respectively set forth as SEQ ID NOs:27-29 and SEQ ID NOs:66-68, and (ii) at least one

cytotoxic agent.

6. The antibody drug conjugate of claim 5, wherein the cytotoxic agent is a small

molecular weight toxin, a peptide toxin, or a protein toxin.

7. The antibody drug conjugate of claim 5, wherein the antibody or antibody fragment
is conjugated to the cytotoxic agent via sortase enzyme mediated antibody conjugation

(SMAC).
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8. The antibody drug conjugate of claim 5, wherein the cytotoxic agent is anthracycline

(PNU) toxin derivative Gly(n)-EDA-PNU, where n is any number from 1 to 21.

9. An antibody drug conjugate of claim 5 for use in killing or inhibiting the growth of a

tumor cell expressing ROR1 in a subject.

10. A humanized antibody, antibody-based binding protein or antibody fragment that
specifically binds to the extracellular domain of human receptor tyrosine kinase-like orphan
receptor 1 (ROR1), comprising a heavy chain variable region sequence and a light chain
variable region sequence respectively set forth as (1) SEQ ID NO:130 and SEQ ID NO:136;
(2) SEQ ID NO:131 and SEQ ID NO:137; (3) SEQ ID NO:132 and SEQ ID NO:138; (4)
SEQ ID NO:133 and SEQ ID NO:139; (5) SEQ ID NO:134 and SEQ ID NO:140; or (6)
SEQ ID NO:135 and SEQ ID NO:141.

11. A pharmaceutical composition comprising (1) a therapeutically effective amount of
the humanized antibody, antibody-based binding protein or antibody fragment of claim 10

and (2) a pharmaceutically acceptable carrier.

12. A pharmaceutical composition of claim 11 for use in the treatment of a disease or

condition associated with elevated expression of ROR1 in a subject.

13. A polynucleotide encoding a humanized antibody, antibody-based binding protein or
antibody fragment that specifically binds to the extracellular domain of human receptor
tyrosine kinase-like orphan receptor 1 (ROR1), comprising a heavy chain variable region
sequence and a light chain variable region sequence respectively set forth as (1) SEQ ID
NO:130 and SEQ ID NO:136; (2) SEQ ID NO:131 and SEQ ID NO:137; (3) SEQ ID
NO:132 and SEQ ID NO:138; (4) SEQ ID NO:133 and SEQ ID NO:139; (5) SEQ ID
NO:134 and SEQ ID NO:140; or (6) SEQ ID NO:135 and SEQ ID NO:141.

14. A humanized antibody drug conjugate (hADC), comprising

(i) a humanized antibody, antibody-based binding protein or antibody fragment that
specifically binds to the extracellular domain of human receptor tyrosine kinase-like orphan

receptor 1 (ROR1), comprising a heavy chain variable region sequence and a light chain
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variable region sequence respectively set forth as (1) SEQ ID NO:130 and SEQ ID NO:136;
(2) SEQ ID NO:131 and SEQ ID NO:137; (3) SEQ ID NO:132 and SEQ ID NO:138; (4)
SEQ ID NO:133 and SEQ ID NO:139; (5) SEQ ID NO:134 and SEQ ID NO:140; or (6)
SEQ ID NO:135 and SEQ ID NO:141, and (ii) at least one cytotoxic agent.

15. The humanized antibody drug conjugate of claim 14, wherein the cytotoxic agent is a

small molecular weight toxin, a peptide toxin, or a protein toxin.

16. The humanized antibody drug conjugate of claim 14, wherein the humanized
antibody or antibody fragment is conjugated to the cytotoxic agent via sortase enzyme

mediated antibody conjugation (SMAC).

17. The humanized antibody drug conjugate of claim 14, wherein the cytotoxic agent is
anthracycline (PNU) toxin derivative Gly(n)-EDA-PNU, where n is any number from 1 to
21.

18. A humanized antibody, antibody-based binding protein or antibody fragment that
specifically binds to the extracellular domain of human receptor tyrosine kinase-like orphan
receptor 1 (RORI1), comprising a heavy chain variable region sequence and a light chain

variable region sequence respectively set forth as SEQ ID NO:133 and SEQ ID NO:139.

19. A pharmaceutical composition comprising (1) a therapeutically effective amount of
the antibody, antibody-based binding protein or antibody fragment of claim 18 and (2) a

pharmaceutically acceptable carrier.

20. A pharmaceutical composition of claim 19 for use in the treatment of a disease or

condition associated with elevated expression of ROR1 in a subject.

21. A polynucleotide encoding an antibody, antibody-based binding protein or antibody
fragment that specifically binds to the extracellular domain of human receptor tyrosine
kinase-like orphan receptor 1 (ROR1), comprising a heavy chain variable region sequence
and a light chain variable region sequence respectively set forth as SEQ ID NO:133 and SEQ
ID NO:139.

22. A humanized antibody drug conjugate (hADC), comprising
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(i) a humanized antibody, antibody-based binding protein or antibody fragment that
specifically binds to the extracellular domain of human receptor tyrosine kinase-like orphan
receptor 1 (RORI1), comprising a heavy chain variable region sequence and a light chain
variable region sequence respectively set forth as SEQ ID NO:133 and SEQ ID NO:139,

and (ii) at least one cytotoxic agent.

23. The antibody drug conjugate of claim 22, wherein the cytotoxic agent is a small

molecular weight toxin, a peptide toxin, or a protein toxin.

24, The antibody drug conjugate of claim 22, wherein the humanized antibody or
antibody fragment is conjugated to the cytotoxic agent via sortase enzyme mediated

antibody conjugation (SMAC).

25. The antibody drug conjugate of claim 22, wherein the cytotoxic agent is
anthracycline (PNU) toxin derivative Gly(n)-EDA-PNU, where n is any number from 1 to
21.



