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i An antibody, an antibody-based binding profein or an antibody fragment
that specifically binds to the extracellular domain of human receptor tyrosine kinase-like
orphan receptor | {ROR1) with the same binding specificity as that of a second antibody,
wherein the second antibody comprises a hoavy chain variable region sequence and s light
chain variable region sequence respectively shown in (1) SEQ ID NO: 1 and SEQ 1D NO:14;
{2y SEQ ID NO:2 and SEQ ID NG5 (3) SEG ID NO3 and SEQ 1D NO:16; (4) SEQ ID
N4 and SEQ ID N7, (5) SEG ID NO:S and SEQ ID NO:18; (6) SEQ ID NO:6 and
SEQ D NO:19; {7) SEQ 1D NO:7 and SEQ ID NG:20; (8) SEQ ID NO:8 and SEQ ID
MNG215 () SEQ ID NO9 and SEQ ID NG:22; (10) SEQ ID NO: 10 and SEG ID NG:23;

(I SEQ D N1 and SEQ ID NO24; (123 SEQ 1D NG 12 and SEQ ID NG:25; (133 SEG
1D NO:3 and SEQ 1D NO:26; (14) SEQ ID NN 130 and SEQ ID NG:136; (IS) SEQ ID
NO:131 and SEQ 1D NO:137; (16) SEQ ID NO:132 and SEQ ID NO:138; (17) SEQ D
N3:133 and SEQ ID NO:139; (18) SEQ 1D NO:134 and SEQ ID NG:140; or (19) BEQ ID
NO:135 and SEQ ID NO: 141,

2. The antibody, antibody-based binding protein or antibody fragment of
claim |, comprising s heavy chain varigble region sequence and a light chain variable region
sequence, one or both of which are at least 90% or at least 95% identical to 8 heavy chain
variable reglon sequence and a light chain varisble region sequence respectively shown in
{1} SEC D NO: T and SEQ ID NOvi4; (2) SEQ ID N2 and SEQ ID NOIS; (33 SEQ ID
KO3 and SEQ 1D NOR16; (4) SEQ ID NO4 and SEQ IDNO:17; (5) SEQ 1D NO:S and
SEQ ID NORLE; (6) BEQ ID NO:6 and SEQ ID NOY; (7 SEQ ID N7 and SEQ 1D
NO:20; (8) SEQ 1D NG and SEQ ID NO:21; (9) SEQ 1D NO:9 and SEQ 1D NO:22; (10}
SEQ I NO:16 and SEQ [D NO:23; (11) SEG ID NO:1T and SEQ 1D NO24,; (1) SEQ 1D
N2 and SEQ D NO:2S; (13) SEQ MO NO:3 and SEQ ID NOZ6; (14) SEQ IDNG:130
and SEQ ID NG:136; (15) SEQ ID NO:131 and SEQ ID NG:137; (18) SEQ ID NO: 132 and
SEQ I NO-138; (17) SEQ ID NO:I33 and SEQ ID NO:139; (18} SEQ [D NG:1134 and
SEG ID RO:140; or (19) SEQ 1D KO0 135 and SEQ 1 NO: 141,
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3 The antibody, antibody-based binding proiein or antibody fragment of
claim 1, comprising 3 heavy chain variable region sequence snd a light chain variable region
seguence, one or both of which are identical to & heavy chain variable region sequence and a
light chain varigble region sequence respectively shows in (1) SEQ 1D NO:1 and SEQ 1D
NO:14; (2) SEQ ID NO:2Z and SEQ ID NO:1S; (3) SEQ 1D NO:3 and SEQ ID NO:16; (4)
SEQ 1D NO:4 and SEQ ID NOG:{7; (5) SEQ ID NO:S and SBQ ID NO18; (6) SEGQ ID NO6
and SEQ ID NS, (7) SEQ 1D NG:7 and SEQ ID NO:20; (8) SEQ 1D NG:8 and SEQ ID
NR2T; (9 SEQ 1D NS and SEQ 1D NG22; (10) SEQ ID NO:10 and SEQ IDNO23,;
{11} SEQ I NOu 1Y and SEQID NO24; (12) SEQ ID NO:12 and SEQ 1D NO:25; (13 SEQ
ID NO:IS and SEQ 1D NG:26; (14) SEQ ID NG 130 and SEQ ID NO:136; (15 SEQID
NGU13T and SEQ IDNO137; (16) SEQ ID NO:132 and SEQ IDNG:138; (17 SEQ ID
N33 and SEQ 1D NO:13%; (18) SEQ ID NG 134 and SEQ ID NO:140; or (19) SEQ ID
N:135 and SEQ ID NG 141,

4. The antibody, antibody-based binding protein or antibody fragment of
claim 1, comprising & heavy chain variabie region sequence and a light chain variable region
sequence respectively shown in (1) SEQ ID NO:1 and SEQ 1D NGHI4; (2) BEQ 1D N2
and SEQ D NG:LS; (3) SEQ YD NO:3 and SEQ 1D N(O:16; {4) SEQ 1D NOu4 and SEQ ID
NO:7; (8) SEQ 1D NO:S and SEQ D NG:18; (6) SEQ ID NO:6 and SEG ID NO:19; (7)
SEQ D NQG:7 and SEQ I NO20; {8) SEQ ID N8 and SEQ 1D NG:21L (9 SEQ ID NOS
and SEQ IDNG:22; (10) SEQ ID NG 10 and SEQ ID NO23; (11) SEQ 1D NO:11 and SEQ
1D NO24; (123 SEQ 1D NC:12 and SEQ ID NO25; {13) SEQ ID NG 13 and SEQID
NO26; (14) SEQ ID NO:130 and SEQ ID NG:136; (IS) SEQ IDNO:I3] and SEQID
MOCE3T7; (16) SEQ ID NG:132 and SEQ ID NOCI3R; (17 SEQ I NO: 133 and SEQ ID
NO:139; (18) SEQ ID NO 134 and SEQ 1D NO:14€; or (19) SEQ 1D N 135 and SEQ ID
NO:141.

& The antibody, antibody-based binding protein or antibody fragment of
claim 1, comprising heavy chain COR sequences and Hght chain CDR sequences that are at
lesst 90% or at least 95% identical, respectively, to (1) SEQ 1D NOs:27-29 and SEQ 1D
NO=:66-68, (2) SEQ ID MNOe:30-32 and SEQ ID NOs:69-71, (3} SEQ ID NQGs:33-35 and
SEQ ID NGs:72-74, (4) 3EQ ID NOs:36-38 and SEQ 1D NOs:75-77, (5) $EG 1D NOs:39-
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41 and SEG 1D NOw:78-80, {6) SEQ ID NOs:42-44 and SEQ 12 NOs:81-83, (7) SEQ ID
NQs:45-47 and SEQ ID NOs:84-86, (8) SEQ ID NOs:48-50 and SEQ ID NOs:87-89, (9)
SEQ 1D NOs:51-53 and SEQ ID NOs:20-92, (10) SEQ 1D NOs:54-36 and SEQ ID NOs:93-
95, (11) SBQ ID NOs:57-59 and SEQ 1D NOs:96-98, (12) SEQ ID NOs:60-62 and SEQ ID
NOs:99-101, or (13) SEQ ID NOs:63-65 and SEQ 1D NOs:102-104.

&. The antibody, antibody-based binding protein or antibody fragment of
claim 1, comprising a heavy chain CDR sequence selected from the group consisting of SEQ

T NOs:27-85,

7. The antibody, antibody-based binding protein or antibody fragment of
claim &, further comprising a light chain CDR sequence selected from the group consisting

of SEQ I3 NOu66-104,

8, The antibody, antibody-based binding protein or antibody fragment of
claim &, comprising heavy chain CDRI, CDRZ, and CDR3 sequences that are respectively
identical to SEQ D NOs:27-29, SEQ 1D NOs:30-32, SEQ ID NOs:33-35, SEQ 1D NO:36-
38, SEQ 1D NOs:39-41, SEQ I NOs:42-44, SEQ 1D NOs:45-47, SEQ 1D NOs:48-50, SEQ
ID NOs:51-53, SEQ 1D NOs:54-56, SEQ 1D NOe:57-59, SEQ ID NOsi80-62, or SEQ 1D
NOg:63-65.

8, The antibody, antibody-based binding protein or antibody fragment of
claim 8, comprising heavy chain CDR1, CDR2 and CDR3 sequences and Hight chain CDR1,
CDR2 and CIR3 sequences respectively shown in {1} SEQ ID NOs:27-2% and SEQ ID
NQOs:66-68, (2) BEQ 1D NOs:30-32 and SBEQ 1D NOs:68-71, (3) SEQ 1D N0Os:33-35 and
SEQ ID NOs:72-74, {4) SEQ 1D NOs:36-38 and SEQ D NOs:75-77, (5) SEQ 1D NOs:38-
41 and SEQ ID NOs:78-80, (6} SEQ 1D NOu42-44 and SEQ ID NOs:81-83, () SEQ ID
NC5:43-47 and SEQ 1D NOs:84-86, (8} SEQ 1D NOs:48-30 and SEQ ID NCu:87-89, (9
SEC D NQs:31-53 and SEQ 1D NOs:90-92, (10) SEQ 11D NOs:54-36 and SEQ 1D NQOs:93-
23, (113 SEQ ID NOs:57-59 and SEQ 1D NO=:96-98, (12} SEQ I NOs:60-62 and SEQ ID
NOs:99-101, or {13} SEQ ID NOs:63-63 and SEQ 1T NOs: 102-104,
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18, The anibody, antibody-based binding protein or antibody fragment of
claim 1, comprising a lght chain CDR sequence selected from the group consisting of SEQ

ID NOs:66-104,

i The antibody, antibody-based binding protein or antibody fragment of
claim 10, further comprising a heavy chain CDR sequence selected from the group

consisting of SEQ D NOs:27-65.

i3 The antibody, antibody-based binding protein or antibody fragment of
clatm 10, comprising light chain CDRI, CDR2, and CDR3I sequences that are respectively
identical to SEG 1D NOs:66-68, 8B 1D NOs:68-71, SEQ 1D NOe:72-74, SEQ 1D NOU75-
77, SEQ 1D NOs:78-80, SEQ 1D NOs:B1-83, SEQ 1D NOx:84-86, SE(Q 1D NQOs:87-89, SEQ
1D NOs:90-92, SEQ 1D NOn93-95, SEG 1D NOs:96-98, SEG D NOs:#8-101, or SEQ 1D
Ms:102-104.

13 The antibody, antibody-based binding protein or antibody fragment of

claim I, comprising a chimeric antibody or humanized antibody.

14, The antibody, antibody-based binding protein or antibody fragment of
claim 1, comprising (1} an immunoglobulin heavy chain varisble region sequence that is at
least 80% identical to a sequence selected from SEQ ID NCs:130-135 andfor {2) an
immunoglobulin light chain varisble region sequence that is ai least 90% identical to a

ssquence selected from SEQ 1D NOs:136-141.

15, The antibody, antibody-based binding protein or antibody fragment of
claim 14, comprising (1) an immunoglobulin heavy chain variable region sequence that is
identical to a sequence selected from SEQ ID NOs:130-135 and/or {2) an immunoglobulin
fight chain variable region sequence that is identical o a sequence selected from SEQ ID

N{s:136-141,

s, The antibody, antibody-based binding protein or antibody fragment of
claim 14 comprising a heavy chain variable region sequence and a light chaln variable region
sequence that are identical to & heavy chain variable region sequence and a Hight chain

variable reglon sequence respectively shown in (1) SEQ ID NO: 130 and SEQ D NO:136;
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(2) SEQ 1D NO:131 and SEQ ID NO:137; (3) SBQ ID NO:1132 and SEG ID NO:138; (4)
SEQ 10 NO:133 and SEQ ID NO:139; (5) SEQ 1D NO:134 and SEQ ID NC:140; or (6)
SEQ ID NO:135 and SBQ D NO 141,

17, The antibody, antibody-based binding protein or antibody fragment of
claim 1, which is igAl, 1gA2, IgD, 1gE, 1pGl, 1p(32, 1803, 1G4, synthetic IgG |, IgM, F(ab)2,
Fyv, swoFv, IgGACHZ, F{ab'y2, scFv2CH3, Fab, VL, VH, scFvd, scFv3, scFv2, dsFy, Fr,

selv-Fe, {scFv)2, a non-depleting 1gG, a diabody, and 2 bivalent antibody,

i8. The antibody, antibody-hased hinding protein or antibody fragment of

claim I, which is conjugated to a synthetic molecule.

19, The antibody, antibody-based binding protein or antibody fragment of
claim 18, wherein the synthetic molecule is 8 label, a cytotoxic agent, a therapeutic

radicisotope, or a liposome.

28. The antibody, antibody-based binding protein or antibody fragment of
claim 19, wherein the cytotoxic agent is a small molecule weight toxin, or a peptide toxin, or

a protein toxin.

21. An antibody drug conjugate (ADC), comprising the antibody or antibody

fragment of claim 1 and at least one cyiotoxic agent.

22, The antibody drug conjugate of ¢laim 21, wherein the cytotoxic agent is a

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

23, The antibody drug conjugate of claim 21, wherein the antibody or antibody
fragment is conjugated to the cytotoxic agent via sortase enzyme mediated antibody

conjugation (SMAC),

24, The antibody drug conjugate of claim 21, wherein the cytotoxde agent is

anthracycline (PNU} toxin derivative Gly-EDA-FNU, where n is any number from 1 1021,

2 The antibody drug conjugate of claim 21, wherein the antibody or antibody

7]
b

fragment is chimeric or humanized.
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24, The antibody drug conjugate of claim 21, wherein the antibody or antibody
fragment comprises heavy chain CDR1, COR2 and CDR3I sequences and Haht chain CDRI,
CDR2 and CDR3 sequences respectively shown in (1) SEQ ID NQs:27-29 and SEQ ID
NOs5:66-68, (2} SEQ D NOs:39-41 and SEQ ID NOs:78-88 or (3) SEQ 1D NOs:60-62 and
SEQ ID NOs:99-101.

27, The antibody drug conjugate of claim 21, wherein the antibody or antibody
fragment comprises a heavy chain variable region sequence and a light chsin variable region
sequence respectively shown in (1) SEQ ID NO: 130 and SEQ ID NO:136; (2)SEQID
NO:131 and SEQ IDNOG:137; (3) SEQID NO:132 and SEQ ID NO: 138 (4 SEQID
NO:133 and SEQ ID NO:139; (5) SEQ 1D NO:134 and SEQ ID NO140; (53 SEQ ID
NO:135 and SEQ 1D NG (7) SEG D NO: and SEQ ID NGt 14, (8) BEQ I NO:S and
SEQ I NO:1g; or (9) SEQ 1D NC:12 and SEQ ID NO:23,

28, A chimerie antigen receptor (CAR), comprising the antibody or antibody
fragment of claim 1 that is fused {0 a transmembrane region and an intraceliular Tecell

recegptor {TCR) signaling domain.

8. The chimeric antigen receptor of claim 28, wherein the antibody or

antibody fragment is chimeric or humanized.

34, The chimeric antigen receptor of claim 28, wherein the antibody or
antibody fragment comprises heavy chain CDRI, CDR2 and CDR3 sequences and light
chain CDR1Y, CDRZ and CDR3S sequences respectively shown in (1) SEQ ID NOs:27-2% and
SEQ 1D NOs:66-68,

3. The chimeric antigen receptor of claim 28, wherein the antibody or
antibody fragment comprises a heavy chain variable region sequence and a light chain
variabie region sequence respectively shown in {1} SEQ ID NG:130 and SEQ 1D N{x13g;
{2) SEQ ID WO:131 and SEQ D NCe137; (3) SEQ ID NG:132 and SEQ ID NOG:138; (4)
SEG D NO:133 and SEG ID NG:13%; (8) BEQ 1D NO134 and SEQ 1D NO4G; (6) SEQ
IDNG3S and SEQ ID NO:141; or (7) SEQ D NO and SEQ IDNO: 14,
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32 A pharmsceutical composition comprising (1) a therapentically effestive
amount of (a) an antibody, antibody-based binding protein or astibody fragment of claim 1
or {b) an antibody drug conjugate {ADC) of claim 21, and (2} a pharmaceutically acceptable

carrier,

33, A kit comprising (1) an antibody, antibody-based binding protein or
antibody fragment of claim 1 or {2} an antibody drug conjugate (ADC) of claim 21,

34, A polynucleotide encoding the variable region of the heavy chain or light

chain of the antibody, antibody-based hinding protein or antibody fragment of claim 1.
35, A vector harboring the polynucleotide of claim 34,

3s. A methed of killing or inhibiting the growth of a cell expressing ROR1ina
subject, comprising administering a pharmaceutical composition of claim 32 to a subject in

need thereof, thereby killing or inhibiting the growth of the cell expressing ROR1 in the

subject.
37. The method of ¢laim 36, wherein the cell i3 a tumor cell,
38, The method of claim 36, wherein the pharmaceutical composition

gomprises an antibody drug conjugate (ADC) comprising an antibody, antibody-based

binding protein or antibody fragment of claim 1 that is conjugated to a cylotoxic agent.

38, The method of claim 38, whereln the cytotoxic agent is a small molecular

weight toxin, a peptide toxin, or 8 proigin toxin

48, A method of treating a disease or condition associated with elevated
expression of ROR1 in a subject, comprising administering a pharmaceutical composition of
claim 32 o a subject having a disease or condition associated with elevated expression of
RORI, thereby treating the disease or condition associated with elevated expression of

ROR1 in the spbiect,

43, The method of claim 40, wherein the disease or condition is a cancer.
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2. The method of claim 40 wherein the disease or condition Is selected from
the group consisting of chronic lymphooytic leukemia (CLL), acute lymphobiastic leukemia
{ALL}, mantle cell hymphoma, neuroblastoma, sarcoma, renal cell carcinoma, breast cancer,

fung cancer, colon cancer, head and neck cancer, and melanoma,

43, The method of claim 40, wherein the pharmaceutical composition
comprises an antibody drug conjugate (ADC) comprising an antibody, antibody-based

binding protein or antibody fragment of claim 1 that is conjugated to a cytotoxic agent.

44, The method of claim 43, wherein the cytotoxic agent is 8 small molecular

weight toxin, a peptide toxin, or a protein toxin,

48, The method of claim 40, wherein the antibody or antibody fragment is
fused o a transmembrane region and an infracellalar T-cell receptor (TCR) signaling domain

o form & chimeric antigen receptor {CAR)



