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ANTIBODY-DRUG CONJUGATE COMPRISING ANTIBODY AGAINST
HUMAN ROR1, AND USE FOR THE SAME

RELATED APPLICATIONS
This application claims priority to Korean Republic Application No. 10-2019-0109807,

filed September 4, 2019, which is hereby incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present invention relates to new antibody-drug conjugates (ADCs) targeting ROR1,
active metabolites of such ADCs, methods for preparation of such ADCs, uses for such ADCs
in treatment and/or prevention of illnesses, and uses for such ADCs in production of drugs for
treatment and/or prevention of diseases, more specifically diseases associated with over-
expression of ROR 1, for example cancer. More specifically, the present invention relates to an
antibody-drug conjugate comprising an antibody binding with ROR1 or an antigen-binding

fragment thereof, and a pharmaceutical composition comprising the same.

BACKGROUND

Cancer is a disease caused by abnormal and uncontrolled cell growth in the tissues of
the body, and is the result of uncontrolled cell growth in a variety of tissues. Tumors in early
stage cancers can be removed through surgical and radiotherapeutic measures, and
metastasized tumors are generally treated palliatively using chemotherapy.

Most chemotherapy agents administered non-orally may induce unwanted adverse
effects or serious toxicity as a result of systemic administration. Accordingly, the focus of
development has been on developing novel chemotherapy agents to achieve increased efficacy
and minimal toxicity / adverse effects through improved and selective action of chemotherapy
agents on tumor cells or immediately adjacent tissues.

An antibody-drug conjugate (ADC) is a targeted technology where a toxin or drug is
bonded to an antibody which in turn binds to an antigen, the toxin or drug released into a tumor
cell, etc., to cause cell death. The technology has superior efficacy over antibody drugs, is able
to substantially reduce the risk of adverse effects compared to conventional anti-cancer agents,
as it specifically delivers drugs to the target cancer cells with minimum impact to healthy cells,
and only releases drugs under specific conditions.

The basic structure of an antibody-drug conjugate is “antibody — linker — small

molecule drug (toxin)”. Here, the linker needs to play not only the functional role of linking
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the antibody and drug, but also ensure that the drug is released properly through antibody-drug
dissociation (e.g. as a result of hydrolysis by enzyme) after being circulated through the body
and reaching the target cells, and exhibits efficacy against the target cancer cells. That is, the
stability of the linker plays a very important role in the efficacy and systemic toxicity of an
antibody-drug conjugate (Discovery Medicine 2010, 10(53): 329-39) 85-8 2018-08-14).

The use of monoclonal antibodies for cancer treatment is having substantial success.
Monoclonal antibodies are suitable for target-oriented addressing of tumor tissue and tumor
cells. Antibody-drug conjugates have become a novel and powerful option for therapy of
lymphomas and solid tumors, and recently, immunoregulatory antibodies are seeing significant
success in clinical trials. Development of therapeutic antibodies is based on a profound
understanding of cancer serology, protein engineering technology, mechanisms of action and
resistance, and interactions between immune systems and cancer cells.

Antigens which are expressed on the surface of human cancer cells encompass a broad
range of targets which are over-expressed compared to normal tissues, mutated or selectively
expressed. The key problem is identifying the appropriate antigens for antibody-based
therapies. These therapeutic agents mediate changes in antigen or receptor function (i.e., as a
stimulant or antagonist), regulate the immune system through Fc and T cell activation, and
exhibit efficacy through the delivery of specific drugs that bind to antibodies targeting specific
antigens. Molecular techniques that can alter antibody pharmacokinetics, function, size and
immune stimulation are emerging as key elements in the development of novel antibody-based
therapies. Evidence from clinical trials of therapeutic antibodies in cancer patients highlights
the importance of approaches for selecting optimized antibodies, including affinity and binding
of the target antigen and antibodies, selection of antibody structure, and therapeutic approaches
(blocking signaling or immune function).

ROR1 is expressed in the process of embryo and fetal development, and controls cell
polarity, cell migration and neurite growth, etc. The expression is gradually reduced as
development progresses, and it is hardly expressed in adults. It is temporarily expressed in the
process of development of B cells, and only little expression has been reported in adipocytes
(Hudecek et al., 2010, Blood 116:4532, Matsuda et al., 2001, Mech. Dev. 105:153).

However, as the overexpression of ROR1 is observed in various cancer cells, it is
classified as an oncofetal gene. In particular, ROR1 has received attention as an anticancer
antibody target, upon discovery that ROR1 is overexpressed in chronic lymphocytic leukemia
(CLL) (Klein et al., 2001, J. Exp. Med 194:1625). It has been reported as overexpressed in not
only blood cancers such as B-cell leukemia, lymphoma, acute myeloid leukemia (AML),
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Burkitt lymphoma, mantle cell lymphoma (MCL), acute lymphoblastic leukemia (ALL),
chronic lymphocytic leukemia (CLL), Diffuse large B-cell lymphoma (DLBCL), follicular
lymphoma (FL) and marginal zone lymphoma (MZL), etc. but also solid cancers including
breast cancer, renal cancer, ovarian cancer, gastric cancer, liver cancer, lung cancer, colorectal
cancer, pancreatic cancer, skin cancer, bladder cancer, testicular cancer, uterine cancer, prostate
cancer, non-small cell lung cancer (NSCLC), neuroblastoma, brain cancer, colon cancer,
squamous cell carcinoma, melanoma, myeloma, cervical cancer, thyroid cancer, head and neck
cancer and adrenal cancer, etc. It is reported that the expression of RORI1 in such cancers is
correlated to poor prognosis in cancer patients and affects cancer metastasis.

Such cancer cell-specific expression of ROR1 indicates that ROR1 can be an effective
cancer target, and necessitates the development of an antibody able to specifically recognize
the same.

U.S. Patent No. 9,316,646 relates to an anti-ROR1 antibody, and discloses a
monoclonal antibody specifically recognizing a human extracellular domain ROR1.

U.S. Patent No. 9,266,952 relates to an antibody to ROR1 and its use, and discloses an
antibody inducing CLL death by specifically binding to a CLL cell.

Since various anti-cancer antibodies to the same ROR1 antigen may be developed
according to the properties or uses of each antibody, when considering cancer-specific
expression of ROR1, and its expression in various cancers, it is necessary to develop various

antibodies that can replace or complement existing antibodies.

DESCRIPTION

To this technical background, the inventors of the present application have worked to
develop antibodies which bind specifically to ROR1, as a result developing anti-ROR1
antibodies exhibiting superior binding to ROR1. By applying a linker including an effective
self-immolative group, which is stable in the plasma and in circulation, yet allows a drug to be
easily released and exhibit efficacy in a cancer cell, to the anti-RORI1 antibody to further
reinforce the effect of the antibody, it is possible to provide a useful antibody-drug conjugate
(ADC) which targets ROR1 and is effective at treating and/or preventing cancer illnesses.

The present invention provides novel antibody-drug conjugates targeting ROR1, or a
salt thereof.

In certain embodiments, the present invention provides a drug-antibody conjugate
includes an antibody that binds specifically to ROR1 and a drug linked thereto, as well as

pharmaceutical compositions including the same.
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Furthermore, the present invention provides an antibody-linker-drug (toxin) system,
which allows a drug and/or toxin to reach a target cell and effectively exhibit efficacy while
substantially reducing toxicity, by grafting technology for a linker including a self-immolative
group which is stable in the plasma and in circulation, yet allows a drug to be easily released

in a cancer cell to exhibit efficacy.

Technical Solution

One aspect of the present invention provides an antibody conjugate of the General
Formula I, or a pharmaceutically acceptable salt or solvate thereof.

[General Formula I]

Ab - (X)y

Where:

Ab is an antibody specifically binding to the extracellular domain of ROR1, the
antibody including a heavy chain variable region and a light chain variable region, or an
antigen-binding fragment thereof,

wherein the antibody or antigen-binding fragment thereof comprises:

a heavy chain variable region comprising a CDRH1 comprising the amino acid
sequence of any one of SEQ ID NOs. 1 through 5;

a CDRH2 comprising the amino acid sequence of any one of SEQ ID NOs. 6 through
13 and 96; and

a CDRH3 comprising the amino acid sequence of any one of SEQ ID NOs. 14 through
21 and 97; and

a light chain variable region comprising a CDRL1 comprising the amino acid sequence
of any one of SEQ ID NOs. 22 through 29;

a CDRL2 comprising the amino acid sequence of any one of SEQ ID NOs. 30 through
37; and

a CDRL3 comprising the amino acid sequence of any one of SEQ ID NOs. 38 through
42;

X is a chemical residue which independently includes at least one active agent and a
linker;

the linker links Ab and the at least one active agent; and

y is an integer from 1 to 20.

In some embodiments, the antibody specifically recognizes the extracellular domain of,

for example, human ROR1, and exhibits cross-reactivity to mouse RORI.
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Included in the scope of the present invention is not only a complete antibody form
which specifically binds to RORI1, but also antigen-binding fragments of the antibody
molecule.

In some embodiments, the antibody or antigen-binding fragment according to the
present invention comprises (i) complementarity determining regions of CDRH1, CDRH2 and
CDRH3, and/or (ii) complementarity determining regions of CDRL1, CDRL2 and CDRL3,
where the CDRH1 comprises the amino acid sequence of any one of SEQ ID NOs 1 through
5; the CDRH2 comprises the amino acid sequence of any one of SEQ ID NOs 6 through 13
and 96; the CDRH3 comprises the amino acid sequence of any one of SEQ ID NOs 14 through
21 and 97; the CDRL1 comprises the amino acid sequence of any one of SEQ ID NOs 22
through 29; the CDRL2 comprises the amino acid sequence of any one of SEQ ID NOs 30
through 37; and the CDRL3 comprises the amino acid sequence of any one of SEQ ID NOs 38
through 42. CDRH indicates a CDR included in a heavy chain variable region, and CDRL
indicates a CDR included in a light chain variable region.

From this perspective, in other embodiments, the antibody or antigen-binding fragment
according to the present invention includes (i) complementarity determining regions of
CDRHI1, CDRH2 and CDRH3, and/or (ii) complementarity determining regions of CDRLI,
CDRL2 and CDRL3, where the CDRH1 comprises the amino acid sequence of any one of SEQ
ID NOs 1 through 5; the CDRH2 comprises the amino acid sequence of any one of SEQ ID
NOs 6 through 13 and 96; the CDRH3 comprises the amino acid sequence of any one of SEQ
ID NOs 14 through 21 and 97; the CDRL1 comprises the amino acid sequence of any one of
SEQ ID NOs 22 through 29; the CDRL2 comprises the amino acid sequence of any one of
SEQ ID NOs 30 through 37; and the CDRL3 comprises the amino acid sequence of any one of
SEQ ID NOs 38 through 42.

In other embodiments, the CDRH1, CDRH2 and CDRH3 comprise the amino acid
sequence of SEQ ID NOs 1, 6, and 14, respectively; SEQ IDs NO 2, 7 and 15 respectively;
SEQ ID NOs 1, 8 and 16, respectively; SEQ ID NOs 3, 9 and 17, respectively; SEQ ID NOs 1,
10 and 18, respectively; SEQ ID NOs 4, 11 and 19, respectively; SEQ ID NOs 5, 12 and 20,
respectively; SEQ ID NOs 3, 13 and 21, respectively; SEQ ID NOs 2, 96 and 15, respectively;
or SEQ ID NOs 3, 9 and 97, respectively.

In other embodiments, the CDRL1, CDRL2 and CDRL3 comprise the amino acid
sequence of SEQ ID NOs 22, 30 and 38, respectively; SEQ ID NOs 23, 31 and 39, respectively;
SEQ ID NOs 24, 32 and 40, respectively; SEQ ID NOs 25, 33 and 41, respectively; SEQ ID
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NOs 26, 34 and 41, respectively; SEQ ID NOs 27, 35 and 42, respectively; SEQ ID NOs 28,
36 and 41, respectively; or SEQ ID NOs 29, 37 and 41, respectively.

In other embodiments, the antibody comprises a set of CDRs: CDRH1, CDRH2,
CDRH3, CDRL1, CDRL2, and CDRL3 in which:

(a) CDRHI1, CDRH2 and CDRH3 of SEQ ID NO 1, 6 and 14, respectively, and CDRLI,
CDRL2 and CDRL3 of SEQ ID NO 22, 30 and 38, respectively;

(b) CDRH1, CDRH2 and CDRH3 comprise the amino acid sequence of SEQ ID NOs
2,7 and 15, respectively, and CDRL1, CDRL2 and CDRL3 comprise the amino acid sequence
of SEQ ID NOs 23, 31 and 39, respectively;

(c) CDRHI, CDRH2 and CDRH3 comprise the amino acid sequence of SEQ ID NOs
1, 8 and 16, respectively, and CDRL1, CDRL2 and CDRL3 comprise the amino acid sequence
of SEQ ID NOs 24, 32 and 40, respectively;

(d) CDRH1, CDRH2 and CDRH3 comprise the amino acid sequence of SEQ ID NOs
3, 9 and 17, respectively, and CDRL1, CDRL2 and CDRL3 comprise the amino acid sequence
of SEQ ID NOs 25, 33 and 41, respectively;

(e) CDRH1, CDRH2 and CDRH3 comprise the amino acid sequence of SEQ ID NOs
1, 10 and 18, respectively, and CDRL1, CDRL2 and CDRL3 comprise the amino acid sequence
of SEQ ID NOs 26, 34 and 41, respectively;

(f) CDRH1, CDRH2 and CDRH3 comprise the amino acid sequence of SEQ ID NOs
4,11 and 19, respectively, and CDRL1, CDRL2 and CDRL3 comprise the amino acid sequence
of SEQ ID NOs 27, 35 and 42, respectively;

(g) CDRH1, CDRH2 and CDRH3 comprise the amino acid sequence of SEQ ID NOs
5, 12 and 20, respectively, and CDRL1, CDRL2 and CDRL3 comprise the amino acid sequence
of SEQ ID NOs 28, 36 and 41, respectively;

(h) CDRH1, CDRH2 and CDRH3 comprise the amino acid sequence of SEQ ID NOs
3, 13 and 21, respectively, and CDRL1, CDRL2 and CDRL3 comprise the amino acid sequence
of SEQ ID NOs 29, 37 and 41, respectively;

(1) CDRH1, CDRH2 and CDRH3 comprise the amino acid sequence of SEQ ID NOs
2,96 and 15, respectively, and CDRL1, CDRL2 and CDRL3 comprise the amino acid sequence
of SEQ ID NOs 23, 31 and 39, respectively, or;

(j) CDRH1, CDRH2 and CDRH3 comprise the amino acid sequence of SEQ ID NOs
3, 9 and 97, respectively, and CDRL1, CDRL2 and CDRL3 comprise the amino acid sequence
of SEQ ID NOs 25, 33 and 41, respectively.
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In some embodiments, the antibody or antigen-binding fragment according to the
present invention comprises a heavy chain variable region i comprising: the amino acid
sequence of any one of SEQ ID NOs 43 through 50, 98 and 99; at least 90% sequence identity
to the amino acid sequence of any one of SEQ ID NOs 43 through 50, 98 and 99, or; at least
95% sequence identity to the amino acid sequence of any one of SEQ ID NOs 43 through 50,
98 and 99.

In some embodiments, the antibody or antigen-binding fragment according to the
present invention comprises a light chain variable region comprising: the amino acid sequence
of any one of SEQ ID NOs 51 through 58; at least 90% sequence identity to the amino acid
sequence of any one of SEQ ID NOs 51 through 58, or; at least 95% sequence identity to the
amino acid sequence of any one of SEQ ID NOs 51 through 58.

In some embodiments, the antibody or antigen-binding fragment according to the
present invention comprises a combination of heavy chain and light chain variable regions
comprising the amino acid sequence of: sequences indicated by SEQ ID NOs 43 and 51,
respectively; SEQ ID NOs 44 and 52, respectively; SEQ ID NOs 45 and 53, respectively; SEQ
ID NOs 46 and 54, respectively; SEQ ID NOs 47 and 55, respectively; SEQ ID NOs 48 and
56, respectively; SEQ ID NOs 49 and 57, respectively; SEQ ID NOs 50 and 58, respectively;
SEQ ID NOs 98 and 52, respectively, or SEQ ID NOs 99 and 54, respectively; at least 90%
complementarity with these amino acid sequences, or; at least 95% complementarity with these
amino acid sequences.

In some embodiments, the antibody or antigen-binding fragment according to the
present invention is a human antibody, a full human antibody, or an antigen-binding fragment,
having cross-reactivity with mouse ROR1.

In some embodiments, the antibody according to the present invention is a monoclonal
antibody, in particular a human monoclonal antibody, having cross-reactivity with mouse
RORI1.

In some embodiments, the antibody or antigen-binding fragment according to the
present invention specifically recognizes and/or binds to human and mouse RORI1.

In some embodiments, the antibody according to the present invention is of the IgG1,
IgG2, IgG3 or IgG4 type.

In some embodiments, the antibody according to the present invention comprises a
combination of a heavy chain and a light chain comprising the amino acid sequence of: SEQ
ID NOs 59 and 67, respectively; SEQ ID NOs 60 and 68, respectively; SEQ ID NOs 61 and
69, respectively; SEQ ID NOs 62 and 70, respectively; SEQ ID NOs 63 and 71, respectively;
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SEQ ID NOs 64 and 72, respectively; SEQ ID NOs 65 and 73, respectively, or SEQ ID NOs
66 and 74, respectively.

In some embodiments, the antibody or antigen-binding fragment according to the
present invention may include, but is not limited to: a monoclonal antibody, a domain antibody
(dAb), a single chain antibody (scab), a Fab fragment, a Fab’ fragment, a F(ab’)2 fragment, an
scFab fragment, an Fv fragment, a dsFv fragment, a single chain variable fragment (scFv), an
ScFv-Fc fragment, a single domain heavy chain antibody, a single domain light chain antibody,
a variant antibody, a multimeric antibody, a minibody, a diabody, a bispecific antibody or a
multispecific antibody.

In some embodiments, the antibody or antigen-binding fragment has specificity to at
least one more antigen in addition to the ROR1 antigen. In some embodiments, the at least one
more antigen is different from ROR1, and may include, for example, cancer antigen, in which
case the antibody may have bi-specificity. A skilled person would be able to select a suitable
cancer antigen depending on the specific purpose of the bi-specific antibody.

In another aspect, the present invention provides an isolated polynucleotide encoding
the antibody or antigen-binding fragment according to the present invention.

In some embodiments, the polynucleotide according to the present invention is a
polynucleotide encoding a CDR disclosed in the present invention.

In some embodiments, the polynucleotide according to the present invention is a
polynucleotide encoding a heavy chain or light chain variable region disclosed in the present
invention.

In yet other embodiments, the polynucleotide according to the present invention is a
polynucleotide encoding a heavy chain or light chain disclosed in the present invention.

In some embodiments, the polynucleotide according to the present invention comprises
the sequence of any one of SEQ ID NOs 75 through 82, 102 and 103 which encode a whole-
length heavy chain disclosed in the present invention.

In some embodiments, the polynucleotide according to the present invention comprises
the sequence of any one of SEQ ID NOs 83 through 90 which encode a whole-length light
chain disclosed in the present invention.

The polynucleotide encoding a CDR and variable region according to the present
invention may be readily determined from among the above nucleic acid sequences encoding
heavy chain and light chain, based on the CDR and variable region amino acid sequences

disclosed in the present invention.
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In another aspect, a vector including the polynucleotide according to the present
invention is provided. In some embodiments, the vector according to the present invention
includes an expression vector for antibody production or a vector for CAR-T cells (Chimeric
Antigen receptor redirected T cells) or CAR-NK (Natural killer) cells.

In another aspect, a cell line transformed by the vector according to the present
invention is provided.

In yet another aspect, the present invention provides a method for preparing an isolated
antibody which binds specifically to ROR1 or an antigen-binding fragment thereof, the method
comprising a step of isolating an antigen or an antigen-binding fragment thereof from the cell
line according to the present invention.

In certain embodiments, the antibody drug conjugate has a structure represented by
General Formula Ila:

[Chemical Formula (I1a)]

(Dn
R1

O

_g_L/W

or a pharmaceutically acceptable salt thereof, wherein

G is a sugar, a sugar acid or a sugar derivative;

W is -C(0)-, -C(O)NR’-, -C(0)O-, SO:NR’-, -P(O)R’’NR’-, -SONR’- or -PO:2NR’-; wherein
the C, S or P is directly bound to the phenyl ring;

each Z is independently C1-Cs alkyl, halogen, cyano or nitro;

n is an integer from O to 3; and

misOorl;

L is absent, C1-Cso alkylene or 1-50 atom heteroalkylene, or L contains at least one branching
unit (BR) and at least one connection unit;

R! and R? are independently hydrogen, C1-Cs alkyl or C3-Cs cycloalkyl; or R1 and Ra,
combine to complete a (C3-Cs) cycloalkyl ring;

* represents a connection point to the active agent; and

~ represents a connection point to the antibody.
In certain preferred embodiments, the antibody drug conjugate has a structure

represented by General Formula II:
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[General Formula II]

or a pharmaceutically acceptable salt thereof, wherein
Rs

9] O

R4/ o)

G is a glucuronic acid moiety or Ry ;

R’ is a hydrogen or carboxyl protecting group;

each of the R4 are independently a hydrogen or hydroxyl protecting group;

B is an active agent;

R! and R? are respectively and independently hydrogen, C1-Cs alkyl or C3-Cs cycloalkyl;

W is -C(O)-, -C(O)NR’-, -C(0)O-, SO2NR’-, -P(O)R’’NR’-, -SONR’- or -PO2NR’-; wherein
the C, S or P is directly bound to a phenyl ring;

R’ and R’ are each independently are hydrogen, C1-Cs alkyl, C3-Cs cycloalkyl, C1-Cs
alkoxy, C1-Cs alkylthio, mono-or di- C1-Cs alkylamino, C3-Cao heteroaryl or Cs-Czo
aryl;

each Z is independently Ci-Cs alkyl, halogen, cyano or nitro;

n is an integer of 0 to 3; and

L comprises:

A) a Ci1-Cso alkylene or 1-50 atom heteroalkylene satisfying at least one of the following :
® L includes at least one unsaturated bond;
(i1))  Lis substituted by a bivalent substituent where 2 atoms in L are the same
as in a substituent, thus completing a heteroarylene;
(iii)) L is interrupted by a divalent heteroarylene group;
(iv) Lisa1to 50 atom heteroalkylene;
(v)  Lis substituted by at least one Ci-20 alkyl; or

10
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B) at least one isoprenyl derivative unit of General Formula III below which can be

recognized by an isoprenoid transferase :

[General Formula III]
*
* =
Rs
|
o o
(0]
R4/ e}
Ra
~ A
N
In certain embodiments, G is Rq ;

R’ is a hydrogen or a carboxyl protective group; and
ach R* is, respectively and independently, a hydrogen or a hydroxyl protective group.

In certain preferred embodiments, R? is hydrogen, and each R* is hydrogen.

In certain embodiments, R! and R? are hydrogen.

In certain embodiments, Z is independently C1-Cs alkyl, halogen, cyano or nitro.

In certain embodiments, n is 0.

In certain embodiments, W is -C(O)-, -C(O)NR’-, -C(0)O-, SO2NR’-, -P(O)R’’NR’-,
-SONR’- or -PO:NR’-; the C, S or P is directly bound to the phenyl ring; the R” and R’ are
respectively and independently compounds which are hydrogen, C1-Cs alkyl, C3-Cs cycloalkyl,
C1-Cs alkoxy, C1-Cs alkylthio, mono-or di- C1-Cs alkylamino, C3-Cao heteroaryl or Cs-Cao aryl.
In certain embodiments, W is -C(O)-, -C(O)NR’-, or -C(O)O-. In certain preferred
embodiments, W is -C(O)NR’-; and the C(O) is directly bound to a phenyl ring, and NR’ binds
toL.
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In certain embodiments, G is Ra

W is -C(O)NR’-, the C(O) is bound to the phenyl ring, NR’ binds to L; and
R3 and R4 are hydrogen.

In certain embodiments, L is C1-Cso alkylene or a 1-50 atom heteroalkylene comprising
at least one of:

) an unsaturated bond,;

(i)  a bivalent substituent where 2 atoms in L are the same as in a substituent, this

completing a heteroarylene;

(iii)  adivalent heteroarylene group interrupting L;

(iv) a1 to 50 atom heteroalkylene; or

) at least one Ci-20 alkyl substituent.

In certain embodiments, L is C1-Cso alkylene or a 1-50 atom heteroalkylene comprising
at least one of’

1) an unsaturated bond;

(ii)  aheteroarylene (e.g., interrupting L);

(iii) a1 to 50 atom heteroalkylene; or

(iv)  atleast one Ci-20 alkyl substituent.

In certain embodiments, L is a nitrogen-comprising 1-50 atom hetero alkylene, the
linker includes at least 2 atoms of a hydrophilic amino acid; and the nitrogen forms a peptide
bond with a carbonyl of a hydrophilic amino acid. In certain embodiments, W is -C(O)NR’-,
and the nitrogen of W is a nitrogen atom of a hydrophilic amino acid. In certain preferred
embodiments, the hydrophilic amino acid any one selected from a group comprising arginine,
aspartate, asparagine, glutamate, glutamine, histidine, lysine, ornithine, proline, serine and
threonine. In certain embodiments, the amino acid covalently bonds an oxime of a linker to a
polyethylene glycol unit of the linker. In certain embodiments, the amino acid is selected from
arginine, aspartate, asparagine, glutamate, glutamine, histidine, lysine, ornithine, proline,
serine and threonine. In certain embodiments, the hydrophilic amino comprises a side chain

having a moiety which has electric charge in aqueous solution at a neutral pH. In certain
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embodiments, the hydrophilic amino acid is aspartate or glutamate. In other embodiments, the
hydrophilic amino acid is ornithine or lysine. In yet other embodiments, the hydrophilic amino
acid is arginine.

In certain embodiments, L further comprises a peptide, and the peptide comprises at
least once hydrophilic amino acid and includes a side chain having a moiety which has electric
charge in aqueous solution at a neutral pH. In certain embodiments, each amino acid of the
peptide is independently selected from alanine, aspartate, asparagine, glutamate, glutamine,
glycine, lysine, ornithine, proline, serine and threonine. In certain preferred embodiments, the
peptide comprises at least one aspartate or glutamate. In certain preferred embodiments, W is
-C(O)NR’-, and in that the nitrogen of W is a nitrogen atom of an N-terminal amino acid of a
peptide. In certain embodiments, the peptide covalently bonds an oxime of a linker to a
polyethylene glycol unit of the linker. In certain embodiments, the peptide comprises 2 to 20
amino acids.

In certain embodiments, L is covalently bonded to an antibody by a thioether bond, and
the thioether bond includes a sulfur atom of the cysteine of the antibody. In certain
embodiments, the amino acid motifis a CYYX sequence; C is cysteine; Y is an aliphatic amino
acid; X is any one selected from glutamine, glutamate, serine, cysteine, methionine, alanine
and leucine; and the thioether bond includes a sulfur atom of the cysteine of the antibody. In
certain embodiments, the amino acid motif is a CYYX sequence; and Y is any one selected
from alanine, isoleucine, leucine, methionine and valine. In certain embodiments, the amino
acid motif is a CVIM or CVLL sequence. In certain embodiments, at least one of the 1 to 20
amino acids preceding the amino acid motif is glycine. In certain embodiments, at least three
of the 1 to 20 amino acids preceding the amino acid motif is glycine or proline. In certain
embodiments, at least one of the 1 to 20 amino acids preceding the amino acid motif'is selected
from glycine, aspartic acid, arginine and serine. In certain embodiments, at least 1, 2, 3, 4, 5,
6,7, 8,9 or 10 amino acids preceding the amino acid motif is (are) respectively glycine.

In certain embodiments, L further comprises the amino acid sequence
GGGGGGGCVIM at the C-terminus.

In certain embodiments, L further comprises at least one isoprenyl derivative unit of
General Formula III:

[General Formula III]
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* ~

In certain embodiments, L further comprises at least one isoprenyl derivative unit of
General Formula III which is recognized by an isoprenoid transferase:

[General Formula IIT]

* 2

In certain embodiments, L is a 3 to 50 heteroalkylene comprising oxime and the oxygen
atom of the oxime is on the side of L linked to W and the carbon atom of the oxime is on the
side of L linked to Ab; or the carbon atom of the oxime is on the side of L linked to W and the
oxygen atom of the oxime is on the side of L linked to Ab.

In certain embodiments, L further comprises an oxime and at least one isoprenyl unit
covalently binds the oxime to Ab.

In certain embodiments, L further comprises a connecting unit represented by General
Formula VIII or General Formula IX:

[General Formula VIII]
-(CH2)V(CH2)p)q-
[General Formula IX]
-(CH2CHa2X)w-

wherein

V is a single bond, -O-, -S-, -NR?!- -C(O)NR??-, NR**C(0)-, NR**SO2-, or -SO2NR?**-;

X is -O-, C1-Cs alkylene or -NR?!-;

R?! to R? are, independently and respectively hydrogen, (C1.Cs) alkyl, (C1-Cs) alkyl (Cs-C20)
aryl, or (C1-Cs) alkyl (C3-C20) heteroaryl;

ris an integer of 0 to 10;

p is an integer of 0 to 10;

q is an integer of 1 to 20; and

w is an integer of 1 to 20.

14



WO 2021/044208 PCT/1B2020/000649

In certain embodiments, q is an integer of 4 to 20. In certain embodiments, q is an
integer of 2 to 12. In certain embodiments, q is an integer of 6 to 20. In certain preferred
embodiments, q is an integer of 2, 5 or 11.

In certain embodiments, r is an integer of 2.

In certain embodiments, p is an integer of 2.

In certain preferred embodiments, V is -O-.

In certain embodiments, r is an integer of 2; p is an integer of 2; q is an integer of 2, 5
or 11; and V is -O-.

In certain preferred embodiments, X is -O-.

In certain embodiments, w is an integer of 6 to 20.

In certain embodiments, L. further comprises at least one polyethylene glycol unit

Ly
s

represented by 7t Y or A

™ In certain embodiments, L further comprises 1 to
12 -OCH2CHz- units. In certain embodiments, L further comprises 3 to 12 -OCH2CHa- units.
In certain embodiments, 5 to 12 -OCH2CHz- units. In certain embodiments, L comprises 6 to
12 -OCH2CHa- units. In certain preferred embodiments, L further comprises 3 -OCH2CHa-
units.

In certain embodiments, L further comprise an oxime and at least one polyethylene
glycol unit covalently bonds the oxime to an active agent.

In certain embodiments, L further comprises a unit formed by 1,3-dipolar cycloaddition
reactions, hetero-diels reactions, nucleophilic substitution reactions, nonaldol type carbonyl
reactions, additions to carbon-carbon multiple bonds, oxidation reactions or click reactions. In
certain preferred embodiments, the binding units are formed through reaction of acetylene and
azide, or through reaction of an aldehyde or ketone group with hydrazine or hydroxylamine.

In certain embodiments, L further comprises a binding unit represented by General
Formulae IV, V, VI or VII below:

[General Formula IV]

'L‘{L‘l\I\{S/E
N=N

[General Formula V]

L -~
e
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[General Formula VI]
; \(\ N-L1 »
1
N=N
[General Formula VII]

£\
R J\L{z‘

11
wherein
L!is a single bond or an alkylene of C1-C30; and
R!! is a hydrogen or an alkyl of C1-Co.
In certain embodiments, L! is a single bond. In other embodiments, L!is a C11-alkylene.

In other embodiments, L' is a C12-alkylene.

§—(CH2>r(V(CH2>p>q—L1\(/\N/E
N=N

In certain embodiments, L further comprises or

§—(CH2)r(V(CH2)p>q—L1-N/§/Z
N=N  : wherein

V is a single bond, -O-, -S-, -NR?!- -C(O)NR?2-, NR?C(0)-, NR?**SO:-, or -SO2NR?*-;
R?! to R* are, independently and respectively hydrogen, C1-Cs alkyl, C1-Cs alkyl Ce.Cao aryl,
or Ci-Csalkyl C3-Cao heteroaryl;
ris an integer of 1 to 10;
p is an integer of 0 to 10;
q is an integer of 1 to 20; and
L'is a single bond.

In certain embodiments, r is an integer of 2 or 3.

In certain embodiments, p is an integer of 1 or 2.

In certain embodiments, q is an integer of 1 to 6.

In certain embodiments, r is an integer of 2 or 3; p is an integer of 1 or 2; and q is an
integer of 1 to 6.

In certain embodiments, the isoprenoid transferase is a farnesyl protein transferase

(FTase) or a geranylgeranyl transferase (GGTase).
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In certain embodiments, L further comprises one or more branched linkers covalently
coupled to Ab, wherein

1) each branched linker comprises a branching unit (BR) covalently coupled to Ab by a
primary linker (PL),

i) each branched linker comprises a first branch (B1), in which a first active agent is
covalently coupled to the branching unit by a secondary linker (SL) and a cleavage
group (CG); and

ii1) each branched linker further comprises a second branch (B2), in which either a) a second
active agent is covalently coupled to the branching unit by a secondary linker (SL)
and a cleavage group (CGQG) or b) a polyethylene glycol moiety is covalently coupled to
the branching unit,

wherein each cleavage group can be hydrolyzed to release the active agent from the antibody-
drug conjugate.

In certain embodiments, the branching unit is represented by:

p

I
A
o ' /L3 N
J\VTM/VL‘L '7{(32 Gs?is MRW)H ‘555 )J\éf

>

L% L? and L* are each independently a bond or -CoHan-;

0 0 RA40
. J\; N
\ﬁ‘ \ Y
R30 R30 o)

n is an integer of 1 to 30;

G! G? and G are each independently, a bond,

R40
H
v,)\’("‘\;; f\N/ﬁ’v,
|
O or R30

>
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R40

0 0 ’ RA40 ’
& J]xg ‘HHJ\ N N %
R30 i R30 0 ) e} or R30

R’ is hydrogen or C1-30 alkyl,

>

L3 is a direct bond or Ci-10 alkylene; and
R is hydrogen C1-0 alkyl.

In certain embodiments, the antibody conjugate comprises at least one branched linker
covalently bonded to Ab; and at least two active agents covalently linked to the branched linker.
In certain embodiments, the antibody conjugate comprises at two or more branched linker
covalently bonded to Ab; and the branched linkers bind to at least two active agents. In certain
embodiments, the antibody conjugate comprises 3 branched linkers. In other embodiments, the
antibody conjugate comprises 4 branched linkers. In yet other embodiments, the antibody
conjugate comprises 1 branched linker. In certain embodiments, the respective branched linkers
each bind to two active agents. In certain embodiments, the conjugate comprises at least two
different active agents. In certain embodiments, the branched linker is bonded to at least two
active agents. In certain embodiments, the active agents bind to a branching unit through a
second linker; and the branching units are bonded to an anti-ROR1 antibody by a first linker.

In certain preferred embodiments, the branching unit is a nitrogen atom. In certain even
further preferred embodiments, the branching unit is an amide, and the first linker comprises a

carbonyl of the amide. In the most preferred embodiments, the branching unit is a lysine unit.

In certain embodiments, the antibody conjugate comprises a structure represented by:
CO,H O
HO, J

0] O B
HO Y 0O

OH N,{/\/O\]\L
H n
N
oy o+
H

n
HO,CW 0. L0

s

OB

HOY “OH
OH

b
o)

wherein

each B is an active agent;
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each n is independently an integer of 0 to 30; and
each n is independently an integer of 0 to 30.

In certain embodiments, n is an integer of 1 to 10. In other embodiments, n is an integer
of 4 to 20.

In certain embodiments, comprises oxime, and at least one polyethylene glycol unit
covalently binds the oxime to an active agent.

In certain embodiments, the cleavable bond is cleavable within a target cell. In certain
embodiments, the cleavable bond is cleavable by an activator (e.g., radiation, acid, base, or an

enzyme).

In certain embodiments, the conjugate is represented by the following structure or a

pharmaceutically acceptable salt thereof’

B
HO._O N
HO,
N0
HO

Y O
OH o H/{\/\O/]'n\(\N
N:N/

Ab_

wherein Ab is an anti-ROR1 antibody; B is an active agent and; n is an integer of 1 to 20.
In certain embodiments, the conjugate is represented by the following structure or a
pharmaceutically acceptable salt thereof:

CO5H 0
HO.,
ST A
HO” "0
OH
o} NHH
\K[( \[\/\O/L/Y\N
HO—< (0] N=p
(0]

Ab

>

wherein Ab is an anti-ROR1 antibody; B is an active agent and; n is an integer of 1 to 20.
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In certain embodiments, the conjugate is represented by the following structure or a

pharmaceutically acceptable salt thereof:

CO,H o)
pOUSAa
HO™ ™ 0/9/\

OH H/\/[/o\/\];o,N\ N N

>

wherein Ab is an anti-ROR1 antibody; B is an active agent and; n is an integer of 1 to 20.
In certain embodiments, the conjugate is represented by the following structure or a

pharmaceutically acceptable salt thereof:

CO,H j\
HO.

"0 0" B
HO” Y Yo

OH

o] NH H
\\"K’( N\/\O/N\\(\)\/\/K/\Ab
HO‘< 0
O

>

wherein Ab is an anti-ROR1 antibody; B is an active agent and; n is an integer of 1 to 20.
In some embodiments, the linker has the structure of Chemical Formula (I1a) below.
[Chemical Formula (I1a)]

(Z)n

G 0
0
—§—|_/ W 4?*

Wherein

G is a sugar, a sugar acid or a sugar derivative;

W is -C(0)-, -C(O)NR'-, -C(0)O-, -S(O)2NR'-, -P(O)R"NR'-, -S(O)NR'-, or -PO2NR'-;
whereinC(O), S or P is linked directly with the phenyl ring, R* and R’ are, respectively and
independently, hydrogen, (C1-Cs) alkyl, (C3-Cs) cycloalkyl, (C1-Cs) alkoxy, (C1-Cs) alkylthio,
mono- or di-(C1-Cs) alkylamino, (C3-Cao) heteroaryl, or (Ce-Cao) aryl;

each Z is, respectively and independently, (C1-Cs) alkyl, halogen, cyano or nitro;

n is an integer of 1 through 3;
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misOorl;

L is absent, or contains at least one branching unit (BR) and at least one connection
unit;

Ri1 and R» are, respectively and independently, hydrogen, (C1-Cs) alkyl or (Cs-Cs)
cycloalkyl, or the R1 and Ra, together with the carbon atoms to which they are bound, form a
(C3-Cs) cycloalkyl ring; and

In the above formula, * denotes a region which binds to an antibody or an antigen-
binding fragment thereof, and +* denotes a region which binds to a drug or a toxin.

In some embodiments, the sugar or sugar acid is a monosaccharide.

In some embodiments, G is a compound of the structure of Chemical Formula (IlIa)
below :

[Chemical Formula (I11a)]
Rj

wherein

Rs is a hydrogen or carboxyl protective group, and

each Ru is, respectively and independently, a hydrogen or hydroxyl protecting group.

In some embodiments, R3 is hydrogen, and each R4 is hydrogen.

In some embodiments, W is -C(O)NR’-, where C(O) is linked to a phenyl ring, and NR’
is linked to L.

In some embodiments, Z is hydrogen, and n is 3.

In some embodiments, R1 and Rz are respectively hydrogen.

In some embodiments, G is a compound of the structure of Chemical Formula (Illa)

below :
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[Chemical Formula (I1Ia)]

R3
o O
o)
R4/ 0
Ra }L?_
o o)
o)
g,

wherein

Rs is a hydrogen or carboxyl protective group;

each R4 is, respectively and independently, a hydrogen or hydroxyl protecting group;
and

W is -C(O)NR’-, where C(O) is linked to a phenyl ring, and NR’ is linked to L, each Z
is hydrogen, nis 3, m is 1, and R1 and Rz are respectively hydrogen.

In some embodiments, at least one branching unit is an alkylene having 1 to 100 carbon
atoms, where the carbon atoms of the alkylene may be substituted by one or more heteroatoms
selected from N, O and S, and the alkylene may further be substituted with one or more alkyls
having 1 to 20 carbon atoms.

In some embodiments, at least one branching unit is a hydrophilic amino acid.

In some embodiments, the hydrophilic amino acid may be arginine, aspartate,
asparagine, glutamate, glutamine, histidine, lysine, ornithine, proline, serine or threonine.

In some embodiments, the hydrophilic amino acid may be an amino acid including a
side chain having residues which have electric charge in aqueous solution at a neutral pH.

In some embodiments, the hydrophilic amino acid is aspartate or glutamate.

In some embodiments, the hydrophilic amino acid is ornithine or lysine.

In some embodiments, the hydrophilic amino acid is arginine.

In some embodiments, at least one branching unit is -C(O)-, -C(O)NR'-, -C(O)O-, -
S(0)2NR'-, -P(O)R"NR'-, -S(O)NR'-, or -PO:NR'-, and R’ and R’ are, respectively and
independently, hydrogen, (Ci-Cs) alkyl, (C3-Cs) cycloalkyl, (C1-Cs) alkoxy, (C1-Cs) alkylthio,
mono- or di-(C1-Cs) alkylamino, (C3-Czo) heteroaryl, or (Cs-Cao) aryl.

In some embodiments, at least one branching unit is -C(O)NR’-, and R’ is hydrogen.

In some embodiments, at least one connection unit is (CH2){(V(CHz2)p)q-, where ris an
integer or 0 to 10, p is an integer of 0 to 12, q is an integer of 1 to 20, V is a single bond, -O- or
-S-.
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In some embodiments, 1 is 2.

In some embodiments, p is 2.

In some embodiments, q is an integer of 6 to 20.

In some embodiments, ris 2, pis 2, qis 2,4, Sor 11, and V is -O-.

In some embodiments, at least one connection unit is at least one polyethylene glycol

unit, and has a structure of

In some embodiments, at least one connection unit is 1 to 12 -OCH2CHz- units, or 5 to
12 -OCH2CHz- units, or 6 to 12 -OCH2CHz- units.

In some embodiments, at least one connection unit is (CH2CH2X)w-,

Where X is a single bond, -O-, (C1-Cs) alkylene, or -NRu21-;

Ra1 is hydrogen, (C1-Cs) alkyl, (C1-Cs) alkyl (Cs-Ca20) aryl, or (C1-Cs) alkyl (C3-Cao)
heteroaryl; and

w is an integer of 1 to 20, specifically 1, 3, 6 or 12.

In some embodiments, X is -O-, and w is an integer of 6 to 20.

In some embodiments, the linker additionally includes a binding unit formed by a 1,3-
dipolar cycloaddition reaction, a hetero-Diels-Alder reaction, a nucleophilic substitution
reaction, a non-aldol carbonyl reaction, an addition to carbon-carbon multiple bond, oxidation
reaction or click reaction.

In some embodiments, the binding unit is formed by a reaction between acetylene and
azide, or a reaction between aldehyde or a ketone group and hydrazine or alkoxyamine.

In some embodiments, the binding unit is represented by:

General Formula IV]
L'y 4
N

[General Formula V]

L —
ey

[General Formula VI]
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; \(\ N~ N
.
[General Formula VII]

A
e

wherein

L1 is a single bond or an alkylene having 1 to 30 carbon atoms;

Ru1is hydrogen or an alkyl having 1 to 10 carbon atoms, specifically methyl; and
L2 is an alkylene having 1 to 30 carbon atoms.

In some embodiments, the linker may additionally contain at least one isoprenyl unit

having the structure k “", wheren is at least 2.

In some embodiments, at least one isoprenyl unit is an isoprenoid transferase substrate
or a product of isoprenoid transferase.

In some embodiments, the isoprenyl unit of the linker is covalently linked to the
antibody through a thioether bond, and the thioether bond includes a sulfur atom of cysteine.
In some embodiments, the antibody includes an amino acid motif recognized by isoprenoid
transferase, and the thioether bond includes a sulfur atom of the cysteine of the amino acid
motif.

In some embodiments, the antibody binding to RORI1 or antigen-binding fragment
thereof includes an amino acid motif recognized by isoprenoid transferase, and the thioether
bond includes a sulfur atom of the cysteine of the amino acid motif.

In some embodiments, the amino acid motif is a sequence selected from a group
comprised of CXX, CXC, XCXC, XXCC and CYYX, where C denotes cysteine; Y in each
case independently denotes an aliphatic amino acid; X in each case independently denotes
glutamine, glutamate, serine, cysteine, methionine, alanine or leucine; and the thioether bond

includes a sulfur atom of the cysteine of the amino acid motif.
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In some embodiments, the amino acid motif is a CYYX sequence, and Y in each case
is independently alanine, isoleucine, leucine, methionine or valine.

In some embodiments, the amino acid motifis a CVIM or CVLL sequence.

In some embodiments, at least one of the 1 to 20 amino acids preceding the amino acid
motif is glycine.

In some embodiments, at least one of the 1 to 20 amino acids preceding the amino acid
motif may, respectively and independently, be selected from glycine, arginine, aspartic acid
and serine.

In some embodiments, 1 to 20 amino acids preceding the amino acid motif are glycine.
More specifically, at least 1, 2, 3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 of 20
amino acids preceding the amino acid motif'is (are) glycine.

In some embodiments, the antibody may include the amino acid sequence
GGGGGGGCVIM.

In some embodiments, the linker may include :

(a) at least one branching unit; (b) at least one connection unit; (c) at least one binding
unit (BU); and (d) at least one trigger unit (TU).

Here, the connection unit connects the trigger unit and binding unit, the trigger unit and
the branching unit, or the branching unit and the binding unit;

the at least one trigger unit may release at least one drug or toxin; and

the branching unit links a connection unit and trigger unit, or a connection unit and
another connection unit.

In some embodiments, the trigger unit has the structure of Chemical Formula (IIb)
below :

[Chemical Formula (I1b)]

Wherein
G is a sugar, a sugar acid or a sugar derivative;

W is -C(O)-, -C(O)NR'-, -C(O)O-, -S(O)2NR'-, -P(O)R"NR'-, -S(O)NR'-, or -PO2NR'-;
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wherein C(O), S or P is linked directly to the phenyl ring, R> and R’ are, respectively and
independently, hydrogen, (Ci-Cs) alkyl, (C3-Cs) cycloalkyl, (Ci-Cs) alkoxy, (Ci-Cs) alkylthio,
mono- or di-(Ci-Cs) alkylamino, (C3-Cao0) heteroaryl, or (Ceé-Ca0) aryl, and W is linked to a
connection unit or a branching unit;

each Z is, respectively and independently, (C1-Cs) alkyl, halogen, cyano or nitro;

n is an integer of 1 through 3;

mis O or 1; and

Ri1 and Rz are, respectively and independently, hydrogen, (Ci1-Cs) alkyl or (Cs-Cs)
cycloalkyl, or the R1 and R, together with the carbon atoms to which they are bound, form a
(Cs-Cs) cycloalkyl ring.

In some embodiments, the sugar or sugar acid is a monosaccharide.

In some embodiments, G is a compound having the structure of Chemical Formula
(IlIa) below :

[Chemical Formula (I11a)]

Rs
O O
O
R4/ o)
Ra )LL
~o 0
O
g,

wherein

Rs is a hydrogen or carboxyl protective group; and

each Ru is, respectively and independently, a hydrogen or hydroxyl protective group.

In some embodiments, R3 is hydrogen, and each R4 is hydrogen.

In some embodiments, W is -C(O)NR’-, where C(O) is linked to the phenyl ring, and
NR’ is linked to L.

In some embodiments, Z is hydrogen.

In some embodiments, R1 and Rz are respectively hydrogen.
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In some embodiments, the connection unit is represented as —(CH2)(V(CH2)p)q-, -

((CH2)pV)q-, -(CH2){(V(CH2)p)qY-, -((CH2)pV)q(CH2)r-, -Y((CH2)pV)q- or —(CH2)«(V(CH-
2)p)aYCH2-,

wherein:

ris an integer of 0 to 10;

p is an integer of 1 to 10;

q is an integer of 1 to 20;

V and Y are, independently and respectively a single bond, -O-, -S-, -NR21-, -C(O)NR22-
, NR23C(0O)-, NR24SO2-, or -SO2NR2s- and,

R21 to Ros are, independently and respectively hydrogen, (Ci-Cs) alkyl, (C1-Cs) alkyl
(C6-C20) aryl, or (C1-Cs) alkyl (C3-Czo) heteroaryl.

In some embodiments, ris 2.

In some embodiments, p is 2.

In some embodiments,  is an integer of 6 to 20.

In some embodiments, qis 2, 5 or 11.

In some embodiments, V and Y are, respectively and independently, -O-.

In some embodiments, the branching unit is:

"{N J N f%N/E
| ~?_s-/ \e_é I

YRt ey
N=N NN N=N .

(e}
JN\ A
S Y
R4 1 or  wdne N

wherein

L1, L2 and L3 are, respectively and independently, a direct bond or -CnHan-;
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n is an integer of 1 through 30;
G1, G2 and G are, respectively and independently, a direct bond,

0 0O Ry Ry
AN SIS e, A
||23 , 'IQBJ\LI ;, l)ﬁ(l/ ;‘or Il?3 >

Rs3 is hydrogen or C1-Cso alkyl;
R4 is hydrogen or Ls-COORs; Lais a direct bond or -CaHan-; n is an integer of 1 to 10,
and Rs is hydrogen or C1-C3o alkyl.

In some embodiments, the branching unit is:

ava%aval

NJ{N/%LL Gz/Lz)\LS\GB éf%N/‘?k Jé\N)‘\ég
Y ¥l PR

>

wherein
L1, L2 and L3 are, respectively and independently, a direct bond or -CnHan-;
n is an integer of 1 through 30;

G1, G2 and G are, respectively and independently, a direct bond,

o) )o]\ R Re
;“‘\T)gf g T)\’(N\f MN\; Jg\l\ll/y&
R3 , Ry O , o} or Rs .
R3 is hydrogen or C1-Cso alkyl;
R4 is hydrogen or Ls-COORs; Lais a direct bond or -CaHan-; n is an integer of 1 to 10,

and Rs is hydrogen or Ci1-Cso alkyl.

In some embodiments, the branching unit is
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/L1\N\%l L1 /N/ii ;/N/L1\
T RS TR

, or
LS \
A

where L1 is a direct bond or an alkylene having 1 to 30 carbon atoms;

R11

Ru11 is hydrogen or an alkyl having 1 to 10 carbon atoms, specifically methyl;

L is an alkylene having 1 to 30 carbon atoms; and

the branching unit links a connection unit and an antibody.

In some embodiments, L1 is an alkylene having 12 carbon atoms.

In some embodiments, Ri1 is methyl.

In some embodiments, L2 is an alkylene having 11 carbon atoms.

In some embodiments, the binding unit is covalently bound to the antibody through a
thioether bond, and the thioether bond includes a sulfur atom of cysteine. In some such
embodiments, the antibody includes an amino acid motif recognized by isoprenoid transferase,
and the thioether bond includes a sulfur atom of the cysteine of the amino acid motif.

In some embodiments, the amino acid motif is a sequence selected from a group
comprised of CXX, CXC, XCXC, XXCC and CYYX, where C denotes cysteine; Y in each
case independently denotes an aliphatic amino acid; X in each case independently denotes
glutamine, glutamate, serine, cysteine, methionine, alanine or leucine; and the thioether bond
includes a sulfur atom of the cysteine of the amino acid motif.

In some embodiments, the amino acid motif is a CYYX sequence, and Y in each case
is independently alanine, isoleucine, leucine, methionine or valine.

In some embodiments, the amino acid motifis a CVIM or CVLL sequence.

In some embodiments, at least one of the 1 to 20 amino acids preceding the amino acid
motif is glycine.

In some embodiments, at least one of the 1 to 20 amino acids preceding the amino acid
motif may, respectively and independently, be selected from glycine, arginine, aspartic acid
and serine.

In some embodiments, 1 to 20 amino acids preceding the amino acid motif are glycine.
More specifically, at least 1, 2, 3, 4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 of 20

amino acids preceding the amino acid motif is (are) glycine.
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In some embodiments, the antibody may include the amino acid sequence

GGGGGGGCVIM.

In certain embodiments, the active agent is an immunoregulatory compound, anti-
cancer agent, antiviral, antibacterial, antifungal, antiparasitic or a combination of these.
In certain embodiments, the active agent is selected from:

(a) erlotinib, bortezomib, fulvestrant, sutent, letrozole, imatinib mesylate, PTK787/ZK
222584, oxaliplatin, 5-fluorouracil, leucovorin, rapamycin, lapatinib, lonafarnib,
sorafenib, gefitinib, AG1478, AG1571, thiotepa, cyclophosphamide, busulfan,
improsulfan, piposulfan, benzodopa, carboquone, meturedopa, uredopa, ethylenimine,
altretamine, triethylenemelamine, triethylenephosphoramide,
triethylenethiophosphoramide, teimethylolomelamine, bullatacin, bullataciionone,
camptothecin, topotecan, bryostatin, callystatin, CC-1065, adozelesin, carzelesin,
bizelesin, cryptophycin 1, cryptophycin 8, dolastatin, duocarmycin, KW-2189, CB1-
TM1, eleutherobin, pancratistatin, sarcodictyin, spongistatin, chlorambucil,
chlornaphazine, cholophosphamide, estramustine, ifosfamide, mechlorethamine,
melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard,
carmustine, chlorozotoxin, fotemustine, lomustine, nimustine, ranimustine,
calicheamicin, calicheamicin gamma 1, calicheamicin omega 1, dynemicin,
dynemicin A, clodronate, esperamicin, neocarzinostatin chromophore,
aclacinomysins, actinomycin, antrymycin, azaserine, bleomycins, catcinomycin,
carabicin, carninomycin, carzinophilin, chromomycins, dactinomycin, daunorubicin,
detorubucin, 6-diazo-5-oxo-L-norleucine, doxorubicin, morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubucin, liposomal doxorubicin,
deoxydoxorubicin, epirubicin, esorubicin, marcellomycin, mitomycin C,
mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin,
puromycin, quelamycin, rodorubicin, streptomigrin, streptozocin, tudercidin,
ubenimex, zinostatin, zorubicin, 5-fluororacil, denopterin, methotrexate, pteropterin,
trimetrexate, fludarabine, 6-mercaptopurine, thiamiprine, thiguianine, ancitabine,
azacytidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine, calusterone, dromostanolone, propionate, epitiostanol,
mepitiostane, testolactone, aminoglutethimide, mitotane, trilostane, folinic acid,
aceglatone, aldophosphamide glycoside, aminolevulinic acid, eniluracil, amsacrine,
bestrabucil, bisantrene, edatrexate, defofamine, democolcine, diaziquone, elfornithine,
elliptinium acetate, etoglucid, gallium nitrate, hydroxyurea, lentinan, lonidainine,

30



WO 2021/044208 PCT/1B2020/000649

maytansine, ansamitocins, mitoguazone, mitoxantrone, mopidanmol, nitraerine,
pentostatin, phenamet, pirarubicin, losoxantrone, 2-ethylhydrazide, procarbazine,
polysaccharide-k, razoxane, rhizoxin, sizofiran, spirogermanium, tenuazonic acid,
triaqizuone, 2,2’, 2”’-trichlorotriethylamine, T-2 toxin, verracurin A, roridin A,
anguidine, urethane, vindesine, dacarbazine, mannomustine, mitobronitol, mitolactol,
pipobroman, gacytosine, arabinoside, cyclophosphamide, thiotepa, paclitaxel,
albumin-engineered nanoparticle formulation of paclitaxel, docetaxel, chlorambucil,
gemcitabine, 6-thioguanine, mercaptopurine, cisplatin, carboplatin, vinblastine,
platinum, etoposide, ifosfamide, mitoxantrone, vincristine, vinorelbine, novantrone,
teniposide, edatrexate, daunomycin, aminopterin, xeloda, ibandronate, CPT-11,
topoisomerase inhibitor RFS 2000, difluoromethylornithine, retinoic acid,
capecitabine, or pharmaceutically acceptable salts, solvates or acids thereof;

(b) monokine, lympokine, traditional polypeptide hormone, parathyroid hormone, thyroxine,
relaxin, prorelaxin, glycoprotein hormone, follicle stimulating hormone, thyroid
stimulating hormone, luteinizing hormone, hepatic growth factor fibroblast growth
factor, prolactin, placental lactogen, tumor necrosis factor, tumor necrosis factor-a,
tumor necrosis factor-p, Mullerian inhibiting substance, mouse gonadotropin
associated peptide, inhibin, activin, vascular endothelial growth factor,
thrombopoietin, erythropoietin, osteoinductive factor, interferon, interferon-a,
interferon-P, interferon-y, colony stimulating factor (CSF), macrophage-CSF,
granulocyte-macrophage-CSF, granulocyte-CSF, interleukin (IL), IL-1, IL-1a, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, I L-12, tumor necrosis factor,
polypeptide factor, LIF, kit ligand, or mixtures thereof;,

(¢) diphtheria toxin, botulinum toxin, tetanus toxin, dysentery toxin, cholera toxin, amanitin,
O-amatinin, pyrrolobenzodiazepine, pyrrolobenzodiazepine derivative,

indolinobenzodiazepine, pyridobenzodiazepine, tetrodotoxin, brevetoxin, ciguatoxin,
ricin, AM toxin, auristatin, tubulysin, geldanamycin, maytansinoid, calicheamicin,
daunomycin, doxorubicin, methotrexate, vindesine, SG2285, dolastatin, dolastatin
analog, auristatin, cryptophycin, camptothecin, rhizoxin, rhizoxin derivatives, CC-
1065, CC-1065 analogs or derivatives, duocarmycin, enediyne antibiotic,
esperamicin, epothilone, toxoid, or mixtures thereof,

(d) affinity ligand, where the affinity ligand is a substrate, inhibitor, active agent,

neurotransmitter, radioactive isotope, or mixtures thereof’,
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(e) radioactive label, 32P, 35S, fluorescent dye, electron dense reagent, enzyme, biotin,
streptavidin, dioxigenin, hapten, immunogenic protein, nucleic acid molecule with a
sequence complementary to a target, or mixtures thereof;

(f) immunomodulatory compound, anti-cancer agent, anti-viral agent, anti-bacterial agent,
anti-fungal agent, anti-parasitic agent, or mixtures thereof;

(g) tamoxifen, raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene,
LY117018, onapristone or toremifene;

(h) 4(5)-imidazole, aminoglutethimide, megestrol acetate, exemestane, letrozole or
anastrozole

(1) flutamide, nilutamide, bicalutamide, leuprolide, goserelin, or troxacitabine;

(j) aromatase inhibitor;

(k) protein kinase inhibitor;

(1) lipid kinase inhibitor;

(m) antisense oligonucleotide;

(n) ribozyme;

(o) vaccine; and

(p) anti-angiogenic agent.

In certain preferred embodiments, Ab is an anti-ROR1 antibody;

the active agent is a pyrrolobenzodiazepine dimer;

the linker links Ab to the N10 or N’ 10 position of the pyrrolobenzodiazepine dimer; and

y is an integer of 1 to 20.

In certain embodiments, the active agent is a pyrrolobenzodiazepine dimer;

the pyrrolobenzodiazepine dimer is substituted by X at the N10 position or by X’ at the N’ 10
position, where X or X’ links the pyrrolobenzodiazepine dimer to the linker;

X and X’ are, respectively and independently, -C(0)O*, -S(0)O-*, -C(0)-*, -C(O)NRX-*,
-S(0)2NR*-* -P(O)R’NR*-* -S(O)NR*-*, or -PO:NR*-*;

R* is C1- alkyl, Cs cycloalkyl, C3-20 heteroaryl or Cs0 aryl;

R¥” is OH, N3, CN, SH, Ci-s alkyl, C3-8 cycloalkyl, Ci-s alkoxy, C1-¢ alkylthio, C3.20
heteroaryl, Cs-20 aryl or amino; and

* is a binding site between the pyrrolobenzodiazepine dimer and the linker.

In certain embodiments, X and X’ are each independently -C(O)O*, -C(O)-*, or

-C(O)NR*-*,

In certain embodiments, the pyrrolobenzodiazepine dimer is represented by General

Formula X or General Formula XI below:
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[General Formula X]

RXS‘ RX3
Y- Y-
g RX6/
RX4 RX4
RX2 RX2
[General Formula XI]

wherein:

a dotted line represents an optional double bond as permitted by valency;

R*! and R*! are independently selected from H, OH, =0, =CHz CN, R™ OR™, =CH-R™,
=C(R™)2, 0SO2-R™, CO2R™, COR™, halo and dihalo;

R™ is selected from R™ CO2R™, COR™ CHO, CO:H and halo;

each R™ is independently selected from of Ci-12 alkyl, Cz2-12 alkenyl, Cz-12 alkynyl, Cs-20 aryl,
Cs-20 heteroaryl, Cs. cycloalkyl, 3-7 membered heterocyclyl, 3-7 membered
heterocycloalkyl and 5 to 7 heteroaryl; or R™is X or X'

RX2 RX? R¥ R¥ R*® and R** are independently selected from H, R™, OH, OR™ SH,
SR™ NHa2, NHR™ NR™;, NO2, Me3SN and halo;

R** and R** are independently selected from H, R™, OH, OR™, SH, SR™ NHz, NHR™ NR™,
NOz, MesSN, halo, Ci-s alkyl Ci alkoxy, C2 alkenyl, Ca-6 alkynyl, Cs.6 cycloalkyl,
3-7 membered heterocycloalkyl, Cs.12 aryl, 5 to 7 heteroaryl, -CN, -NCO, -OR", -
OC(O)R", -OC(O)NR"R™, -OS(O)R", -OS(0)2R", -SR", -S(O)R", -S(O)R", -
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S(O)NR"R™, -S(0):NR"R"™, -OS(O)NR"R", -OS(0):NR"R", -NR"R"™, -NR"C(O)R®, -
NR"C(0O)OR?, -NR"C(O)NR°R?, -NR"S(O)R®, -NR"S(0)2R®, -NR"S(O)NR°R, -
NR"S(0):NR°R?, -C(O)RY, -C(O)OR"and -C(O)NR'R™,

R*and R* are each independently selected from H, OH, N3, CN, NOz, SH, NHz, ONH>,
NHNHg3, halo, Ci-s alkyl, Cs-s cycloalkyl, Ci-s alkoxy, Ci-s alkylthio, Cs-20 heteroaryl,
Cs.20 aryl or mono- or di-Ci-s alkylamino;

Y and Y’ are each independently selected from O, S and N(H);

each R*is independently selected from Cs.12 alkylene, Cs.12 alkenylene, or Cs-12
heteroalkylene;

R*” and R*” are independently selected from H, Ci.s alkyl, C2-6 alkenyl, Ca-6 alkynyl, C3-6
cycloalkyl, 3-7 membered heterocycloalkyl, Cs-10 aryl, 5 to 7 heteroaryl, -OR’, -
OC(O)R’, -OC(O)NR'R", -OS(O)R", -OS(0)2R", -SR’, -S(O)R", -S(O):R, -
S(O)NR'R", -S(0):NR'R", -OS(O)NR'R", -OS(0):NR'R", -NR'R", -NR'C(O)RS, -
NR'C(0)ORS?, -NR'C(O)NR®R*, -NR'S(O)R?, -NR'S(0)2R®, -NR"S(O)NR*R?, -
NR'S(0):NR*R?, -C(O)R", -C(O)ORS® or -C(O)NR'R™;

each R" R", R® and R is independently selected from H, C1.7 alkyl, C2.7 alkenyl, C2.7 alkynyl,
Cs.13 cycloalkyl, 3-7 membered heterocycloalkyl, Cs-10 aryl and 5 to 7 heteroaryl;

each R*®and R** is independently selected from H, Ci- alkyl, C2.s alkenyl, C2. alkynyl, Css
heteroalkyl, 3-7 membered heterocycloalkyl, Cs.10 aryl, 5 to 7 heteroaryl, -S(O)R™, -
S(0)2R™, -S(O)NR™R™, -S(0)2NR™R™, -NR™R™, -NR™C(O)R™, NR™C(O)OR",
-NR™C(O)NR"R™, -NR™S(O)R", -NR™S(0)2R", -NR™S(O)NR"R", -
NR™S(0):NR"R", -C(O)R™, -C(O)OR™ and -C(O)NR"™R™,

Z2is selected from ORX!?2 NRX12aRX12a o GRX122.

7V is selected from ORX!32 NRX13aRX13a o GRX132.

Z¥ is selected from ORX!22 NRX!2aRX12a o QRX122.

Z" is selected from OR¥13? NRXP2RX13 o GRX132%

each RX122 RX128° RX132" and RX13%" i5 independently selected from H, Ci.6 alkyl, C2.s alkenyl,
Cz6 alkynyl, Cs- cycloalkyl, 3 to 7 membered heterocycloalkyl, Cs-10 aryl, 5 to 7
heteroaryl, -C(O)R*13 _C(O)ORX!3 and -C(O)NRX!5aRX154%,

each R¥15% and R*** is independently selected from Ci.12 alkyl, C2-12 alkenyl, C2-12 alkynyl,
Cs.z0aryl, Cs.o heteroaryl, Cs. cycloalkyl, 3-7 membered heterocyclyl, 3-7 membered
heterocycloalkyl, and 5 to 7 heteroaryl; o

each RX13 and R*!*4 is independently H or alkyl; or RX!3 and R*!*2 together with the atom
to which it is connected, form 3-7 membered heterocyclyl, form 3-7 membered
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heterocycloalkyl, or form 3-7 membered heteroaryl, and the R¥13 and RX14

arbitrarily bind to the atoms to which they are attached to form 3-7 membered

heterocyclyl, 3-7 membered heterocycloalkyl, or 3-7 membered heteroaryl; and
each of R R™, R°, R®, RP and RP is independently selected from H, C1.7 alkyl, C2-7 alkenyl,

C»z-7 alkynyl, Cs.13 cycloalkyl, 3-7 membered heterocycloalkyl, Cs-10 aryl, and 5 to 7

heteroaryl.

In certain embodiments, R™ is independently selected from of Ci-12 alkyl, Cz-12 alkenyl,
Cz.12 alkynyl, Csao aryl, Cs-20 heteroaryl, Cs.s cycloalkyl, 3-7 membered heterocyclyl, 3-7
membered heterocycloalkyl and 5 to 7 heteroaryl; and
R™is substituted Ci-12 alkyl, Cz.12 alkenyl, Cz-12 alkynyl, Cs-20 aryl, Cs-20 heteroaryl, Cs-6

cycloalkyl, 3-7 membered heterocyclyl, 3-7 membered heterocycloalkyl or 5 to 7

heteroaryl.

In certain embodiments, R** and R** are independently selected from H, R™, OH, OR™,
SH, SR™, NHz, NHR™, NR™R™, NO2, Me3SN, halo, Ci-6 alkyl, C1. alkoxy, Ca- alkenyl, Cz-
alkynyl, Cs- cycloalkyl, 3-7 membered heterocycloalkyl, Cs.12 5 to 7 heteroaryl, -CN, -NCO,
-OR", -OC(O)R", -OC(O)NR"R"™, -OS(O)R", -OS(O)R", -SR", -S(O)R", -S(O)R",
-S(O)NR"R™, -S(O)NR"R™, -OS(O)NR'R™, -OS(O0)NR'R™, -NR"R™, -NR'C(O)R°,
-NR"C(O)OR®,  -NR"C(O)NR°R®, -NR"S(O)R°, -NR"S(O)R°, -NR"S(O)NR°R*,
-NR"S(0)2NR°R®", -C(O)R", -C(O)OR"and -C(O)NR"R™; and
R** or R¥* is C1.6 alkyl, C1 alkoxy, Ca- alkenyl, C26 alkynyl, Cs. cycloalkyl, 3-7

membered heterocycloalkyl, Cs.12 aryl or 5 to 7 heteroaryl, and additionally is

substituted with at least one Ci-6 alkyl, Ci alkoxy, C2 alkenyl, Ca-6 alkynyl, Cs-6
cycloalkyl, 3-7 membered heterocycloalkyl, Cs-10 aryl, 5 to 7 heteroaryl, -ORP, -

OC(O)RP, -C(O)NRPFRP, -OS(O)RP, -OS(0O)2RP, -SRP -S(O)RP, -S(O)RP, -

S(O)NRPRP' -S(0):NRPR?', -OS(O)NRPR?', -OS(O):NRPR?', -NRPRP", -NRPC(O)RY, -

NRPC(O)ORY, -NRPC(O)NRIRY, -NRPS(O)RY, -NRPS(0)2RY, -NRPS(O)NRIRY, -

NRPS(0):NRIRY, -C(O)RP, -C(O)ORP or -C(O)NRPRP.

In certain embodiments, R*¥! and R¥!" are both R™; and R™ is C1.6 alkyl, C2- alkenyl,
Cs.7 aryl, or Cs.¢ heteroaryl.

In certain embodiments, R*X2, RX? RX* R¥3", RS and R*** are independently selected
from H or OH.

In certain embodiments, R** and R** are both R™; and R™ is Ci- alkoxy. In certain
preferred embodiments, R** and R** are each independently selected from methoxy, ethoxy
and butoxy.
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In certain embodiments, Y and Y’ are O.

In cetain embodiments, R* is Cs.12 alkylene, Cs.12 alkenylene or Cs.12 heteroalkylene,
where R*¢ is substituted with -NHz, -NHR™, -NHC(O)R™, -NHC(O)R™ -NHC(O)CH:-
[OCH2CH2]o-R*¥, or -[CH2CH20]"-R*X;

R*¥Xis H, OH, N3, CN, NOz, SH, NH2, ONH>, NHNH_, halo, C1-s alkyl, C3-s cycloalkyl, C1-
alkoxy, Ci-s alkylthio, Cs-20 heteroaryl, Cs-20 aryl or mono- or di-Ci-s alkyl amino; and
n is an integer of 1 through 6.
In certain embodiments, the active agent has a structure represented by General

Formula XII or General Formula XIII;

[General Formula XII]
Ab
G L \W
(@)
G
(Zn
Xa- Xa
RX3r RX3 X\
A Y. N
\RXB/
RX4I RX4
RXZI RX2 o
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[General Formula XIII]
Ab
G' BN
w
@
G

wherein
X?and X* are each independently a bond or C1.6 alkylene;

Z* and ZX are each independently selected from hydrogen, C1.s alkyl, halogen, cyano, nitro, ,

;}&%’? y
S : W« S

Qj,&«sz& Q“’Erﬁ ;
ot ) and —(CHZ)m-OCHS;

each R®:R* and R'’is independently selected from hydrogen, C1.s alkyl, C2.¢ alkenyl and

C1-6 alkoxy; and
m is an integer of O to 12.

In certain embodiments, ZX and ZX are each independently selected from hydrogen,

80
1 T and —(CH2)m-OCH3;

R R% and R!% are each independently selected from hydrogen, Ci-3 alkyl and C1-3 alkoxy;
and
m is an integer of 1 to 6.
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In certain preferred embodiments, the active agent is selected from:
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acceptable salt thereof, and
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the bond overlaid with a dashed line represents a connection point to L.

In a further aspect, the present disclosure provides methods of treating a disease or
disorder associated with the over-expression of ROR1 in a subject, comprising administering
an antibody drug conjugate of the disclosure or a pharmaceutically acceptable salt thereof. In
certain embodiments, the disease or disorder associated with the over-expression of RORI is
cancer. In certain embodiments, the cancer is selected from chronic lymphocytic leukemia
(CLL), B-cell leukemia, lymphoma, acute myeloid leukemia (AML), Burkitt lymphoma,
mantle cell lymphoma (MCL), acute lymphoblastic leukemia (ALL), Diffuse large B-cell
lymphoma (DLBCL), follicular lymphoma (FL) and marginal zone lymphoma (MZL), breast
cancer, renal cancer, ovarian cancer, gastric cancer, liver cancer, lung cancer, colorectal cancer,
pancreatic cancer, skin cancer, bladder cancer, testicular cancer, uterine cancer, prostate cancer,
non-small cell lung cancer (NSCLC), neuroblastoma, brain cancer, colon cancer, squamous
cell carcinoma, melanoma, myeloma, cervical cancer, thyroid cancer, head and neck cancer
and adrenal cancer.

In a further aspect, the present disclosure provides methods of cancer in a subject,
comprising administering an antibody drug conjugate of the disclosure or a pharmaceutically
acceptable salt thereof In certain embodiments, the cancer is selected from chronic
lymphocytic leukemia (CLL), B-cell leukemia, lymphoma, acute myeloid leukemia (AML),
Burkitt lymphoma, mantle cell lymphoma (MCL), acute lymphoblastic leukemia (ALL),
Diffuse large B-cell lymphoma (DLBCL), follicular lymphoma (FL) and marginal zone
lymphoma (MZL), breast cancer, renal cancer, ovarian cancer, gastric cancer, liver cancer, lung
cancer, colorectal cancer, pancreatic cancer, skin cancer, bladder cancer, testicular cancer,
uterine cancer, prostate cancer, non-small cell lung cancer (NSCLC), neuroblastoma, brain
cancer, colon cancer, squamous cell carcinoma, melanoma, myeloma, cervical cancer, thyroid
cancer, head and neck cancer and adrenal cancer.

In another aspect, the present invention provides an antibody-drug conjugate of general
formula Ia below:

[General Formula Ia]

Ab-(Linker-D)n,

Where:

Ab is an anti-ROR1 antibody;

Linker is a linker;

D is a pyrrolobenzodiazepine dimer as an active agent; and
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The linker and the antibody are linked through the N10 or N10’ position of the
pyrrolobenzodiazepine dimer.

Here, a pyrrolobenzodiazepine dimer prodrug wherein at the N10 and N10’ positions
of the pyrrolobenzodiazepine dimer, respectively and independently, are attached any one
selected from the group comprised of -C(O)O-*, -S(0)0-*, -C(0)-*, -C(O)NR-*, -S(O)2NR-*,
-(P(O)R")NR-*, -S(O)NR-* and -PO2NR-* groups;

R¥and R* are independently selected from H, OH, N3, CN, NO2, SH, NHz2, ONH>,
NHNH_, halo, Ci-s alkyl, Cs.s cycloalkyl, Ci-s alkoxy, Ci-s alkylthio, Cs-20 heteroaryl, Cs-20 aryl
or mono- or (di)-Ci-s alkylamino,

where * is a region where a linker is attached;

R and R’ are respectively and independently H, OH, N3, CN, NO2, SH, NH2, ONH2z,
NHNH», halo, substituted or unsubstituted Cis alkyl, substituted or unsubstituted Cs=s
cycloalkyl, substituted or unsubstituted Ci-s alkoxy, substituted or unsubstituted Ci-s alkylthio,
substituted or unsubstituted Cs-20 heteroaryl, substituted or unsubstituted Cs-20 aryl, or mono-
or di-Ci-s alkylamino; and

where, in a case where the Ci-s alkyl, Cs-s cycloalkyl, Cis alkoxy, Ci-s alkylthio, Cs-20
heteroaryl or Cs-o aryl is substituted, the substitution is by a substitution group selected from
a group comprising H, OH, N3, CN, NOz, SH, NH2, ONHz, NNHz, halo, C1-s alkyl, Ci-s alkoxy
and Ce-12 aryl, or a pharmaceutically acceptable salt or solvate thereof may be used as an active
agent.

More specifically, substitution occurs with X at the N10 position or with X’ at the N’ 10
position of pyrrolobenzodiazepine dimer, where X or X’ links the pyrrolobenzodiazepine dimer
to a linker;

X and X’ are selected, respectively and independently, from among -C(0)O0*, -S(0)O-
* -C(0)-*, -C(O)NR*-*_ -S(0)2NR*-* -P(O)R’NR*-*_ -S(O)NR*-*, or -PONR*-*; and

RXand R® are independently selected from H, OH, N3, CN, NOz, SH, NH2, ONH_,
NHNH_, halo, Cis alkyl, Cs.s cycloalkyl, Ci.s alkoxy, Ci-salkylthio, Cs.20 heteroaryl, Cs-20 aryl
or mono- or di-Ci-s alkylamino,

In some embodiments, a pyrrolobenzodiazepine dimer precursor is provided. In a case
of administering in the form of the precursor according to the present invention, there are
advantages over conventional PBD drugs in that : additional reactions are necessary for
conversion to an efficacious drug upon exposure to blood, preventing the potential for adverse
reactions which may arise when the linker is cleaved prematurely; in that toxicity to normal
cells is reduced, and in that the drug is more stable.
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Further, when preparing antibody-drug conjugates, whereas antibody-drug conjugate
prepared using conventional methods has high impurity content, and the exposed imine group
is subject to nucleophile attack, posing a risk of a drug of an undesirable structure being
generated. On the other hand, an antibody-drug conjugate prepared using the method according
to the present invention has an advantage of ease of isolation due to high purity, and further
improved physical properties over conventional PBD or PBD dimer.

In some embodiments, the pyrrolobenzodiazepine dimer precursor is a
pyrrolobenzodiazepine dimer precursor wherein it has the structure of General Formula X or
General Formula XI below, or a pharmaceutically acceptable salt or solvate thereof:

[General Formula X]

X' RX3|
RX5I /
N10l

RX7 '

In the above formulae :

the dotted lines denote the selective existence of double bonds between C1 and C2,
between C2 and C3, between C’1 and C’2, or between C’2 and C’3;

R*! and R*!" are independently selected from H, OH, =0, =CHz , CN, R™ OR™ =CH-
R™,

=C(R™)z2, O-SO2-R™, CO2R™, COR™, halo and dihalo;
R™ is selected from R™ CO2R™, COR™ CHO, CO>H and halo;

44



WO 2021/044208 PCT/1B2020/000649

each R™ is independently selected from Ci-12 alkyl, Ca-12 alkenyl, Cz-12 alkynyl, Cs-20
aryl, Cs.2o0 heteroaryl, Cs. cycloalkyl, 3-7 membered heterocyclyl, 3-7 membered
heterocycloalkyl and 5 to 7 heteroaryl;

RX2 RX? R¥ R*¥ R* and R*® are independently selected from H, R™, OH, OR™,
SH, SR™ NHz, NHR™, NR™2, NO2, Me3SN and halo;

R** and R** are independently selected from H, R™ OH, OR™, SH, SR™ NH», NHR™,
NR™;, NO2, MesSN, halo, Cis alkyl Cis aloxy, Caz¢ alkenyl, Caz alkynyl, 3-7 membered
heterocyclyl, Cs-12aryl, 5 to 7 heteroaryl,

-CN, -NCO, -OR", -OC(O)R", -OC(O)NR"R™, -OS(O)R", -OS(0)2R", -SR", -S(O)R", -
S(0)2R", -S(O)NR"R", -S(O)2NR"R"™, -OS(O)NR"R"™, -OS(0)NR"R™, -NR"R", -NR"C(O)R®,
-NR"C(O)OR®, -NR"C(O)NR°R®, -NR"S(O)R°, -NR"S(0):R°, -NR"S(O)NR°R®,
NR"S(0):NR°R®, -C(O)R", -C(O)OR"and -C(O)NR"R™;

X and X’ are independently selected from -C(0)O*, -S(0)O-*, -C(0)-*, -C(O)NRX-*,
-S(0)2NR*-* -P(O)R’NRX*-* -S(O)NR*-* or -PO;NR*-*;

R¥and R* are independently selected from H, OH, N3, CN, NO2, SH, NH2, ONH>,
NHNHz, halo, Ci.s alkyl, Cs.s cycloalkyl, Ci.s alkoxy, Ci.s alkylthio, Cs.20 heteroaryl, Cs-20 aryl
or mono- or di-Ci-s alkylamino;

Y and Y’ are independently selected from O, S and N(H);

R* is independently selected from Cs.i2 alkylene, Cs.i2 alkenylene, or Cs.i2
heteroalkylene;

R*” and R*” are independently selected from H, C1. alkyl, C2- alkenyl, C2. alkynyl,
Cs cycloalkyl, 3-7 membered heterocycloalkyl, Cs-10 aryl, 5 to 7 heteroaryl, -OR", -OC(O)R’,
-OC(O)NR'R", -OS(O)R’, -OS(O)2R’, -SR’, -S(O)R", -S(0)2R", -S(O)NR'R", -S(O):NR'R", -
OS(O)NRR", -OS(0O)NR'R", -NR'R", -NR'C(O)R®, -NR'C(O)OR®, -NR'C(O)NR*R*¥, -
NRr3(O)RS, -NRr3(0)2R%, -NRr’(O)NRSRY, -NRr’(0)NR®RS, -C(O)R!, -C(O)OR® or -
C(O)NR'R",

each RY, R, R® and R* is independently selected from H, C1.7 alkyl, C2.7 alkenyl, C2.7
alkynyl, Cs.13 cycloalkyl, 3-7 membered heterocyclyl, 3-7 membered heterocycloalkyl, Cs-10
aryl and 5 to 7 heteroaryl;

each R*® and R*® is independently selected from H, Cis alkyl, C2 alkenyl, Cz- -
alkynyl, Cs heteroalkyl, 3-7 membered heterocycloalkyl, Cs.10 aryl, 5 to 7 heteroaryl, -
S(O)R™, -S(0)2R™, -S(O)NR™R™, -S(0):NR™R™, -NR™R™ -NR™C(O)R™, -NR™C(O)OR?, -
NR™C(O)NR"R™, -NR™S(O)R", -NR™S(0)R", -NR™S(O)NR'R™, -NR™S(O)NR"R"™, -
C(O)R™, -C(O)OR™and -C(O)NR™R™;
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Z21s selected from ORX!?2 NRX12aRX12a o GRX122.

ZP is selected from ORX!3 NRX!3#RX13a o SRX132,

Z¥ is selected from ORX!%2 NRX12aRX12a o SRX122,

Z" is selected from OR*13 NRXP2RX13 or RX132",

each RX12a RX12&' RXI3a" anq RX1% 5 independently selected from H, Ci.6 alkyl, Ca-
alkenyl, Ca alkynyl, Css cycloalkyl, 3-7 membered heterocycloalkyl, Cs.10 aryl, 5 to 7
heteroaryl, -C(O)R*!% -C(O)OR*!%* and -C(O)NRX!3RX152": and

each RX1% and R* is independently selected from Ci-12 alkyl, Cz.12 alkenyl, Cz-12
alkynyl, Cs.20aryl, Cs-20 heteroaryl, Cs-s cycloalkyl, 3-7 membered heterocyclyl, 3-7 membered
heterocycloalkyl, and 5 to 7 heteroaryl, and:

RX132 and RX!42 arbitrarily bind to the atoms to which they are attached to form 3-7
membered heterocyclyl, 3-7 membered heterocycloalkyl, or 3-7 membered heteroaryl, and the
RX13" and RX42 arbitrarily bind to the atoms to which they are attached to form 3-7 membered
heterocyclyl, 3-7 membered heterocycloalkyl, or 3-7 membered heteroaryl; and

each of R, R™, R° R°, RP and RP is independently selected from H, Ci.7 alkyl, C2.7
alkenyl, Caz7 alkynyl, Cs.13 cycloalkyl, 3-7 membered heterocycloalkyl, Cs.10 aryl, and 5 to 7
heteroaryl.

Further, R™ is independently selected from Ci-12 alkyl, Ca-12 alkenyl, Cz-12 alkynyl, Cs-
20 aryl, Csao0 heteroaryl, Cs.s cycloalkyl, 3-7 membered heterocyclyl, 3-7 membered
heterocycloalkyl and 5 to 7 heteroaryl; and

R™is additionally substituted with of Ci-12 alkyl, Cz-12 alkenyl, Cz.12 alkynyl, Cs-20 aryl,
Cs-20 heteroaryl, Cs.6 cycloalkyl, 3-7 membered heterocyclyl, 3-7 membered heterocycloalkyl
or 5 to 7 heteroaryl.

Further, R** and R** are independently selected from H, R™ OH, OR™, SH, SR™, NHa,
NHR™ NR™R™, NO2, MesSn, halo, Ci. alkyl Ci alkoxy, Ca.s alkenyl, C2-s alkynyl, Cs.6
cycloalkyl, 3-7 membered heterocycloalkyl, Cs.12 aryl, 5 to 7 heteroaryl, -CN, -NCO, -OR”", -
OC(O)R", -OC(O)NR"R"™, -OS(O)R", -OS(0)R", -SR", -S(O)R", -S(0)2R", -S(O)NR"R", -
S(0)2NR"R™, -OS(O)NR"R™, -OS(0)NR"R™, -NR"R™, -NR"C(O)Ro, -NR"C(O)ORo, -
NR"C(O)NR°R®, -NR"S(O)R®, -NR"S(0)2R°, -NR"S(O)NR°R*,-NR"S(0):NR°R", -C(O)R", -
C(O)OR"and -C(O)NR"R™; and

R** or R** is C1s alkyl, C1 alkoxy, Ca. alkenyl, Ca.s alkynyl, Cs. cycloalkyl, 3-7
membered heterocycloalkyl, Cs-12 aryl or 5 to 7 heteroaryl, and additionally is substituted with
at least one Ci- alkyl, Ci-6 alkoxy, Cas alkenyl, Ca.6 alkynyl, Css cycloalkyl, 3-7 membered
heterocycloalkyl, Cs-10 aryl, 5 to 7 heteroaryl, -ORP, -OC(O)RP, -OC(O)NRPR", -OS(O)RP, -
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OS(O):RP, -SRP-S(O)RP, -S(ORRP, -S(O)NRPR”, -S(O);NRPR”, -OS(O)NRPR,
OS(0):NRPRP, -NRPR”, -NRPC(O)R’, -NRPC(O)ORY, -NRPC(O)NRIRY, -NRPS(O)RY, -
NRPS(O):RY, -NRPS(O)NRIR®, -NRPS(0);NRIRY, -C(O)RP, -C(O)ORP or -C(O)NRPRP.

Further, R*” and R*” are independently selected from H, C1- alkyl, C2- alkenyl, C2-
alkynyl, Cs-s cycloalkyl, 3-7 membered heterocycloalkyl, Cs-10 aryl, 5 to 7 heteroaryl, -OR’, -
OC(O)R’, -OC(O)NR'R", -OS(O)R’, -OS(O)R", -SR’, -S(O)R’, -S(O):R’, -S(O)NRR”, -
S(0):NRR", -OS(O)NRR", -OS(O)NRRF, -NRR®, -NR'C(O)RS, -NR'C(O)ORS, -
NR'C(O)NRRY, -NR'S(O)R®, -NR'S(O):R®, -NR'S(O)NR'R®, -NR'S(0):NR'R®, -C(O)R”, -
C(0)OR® or -C(O)NR'R™,

R*” and R*” are independently selected from Ci- alkyl, C2.6 alkenyl, C2.s alkynyl, Cs.
6 cycloalkyl, 3-7 membered heterocycloalkyl, Cs-10 aryl, 5 to 7 heteroaryl, as well as Ci-6 alkyl,
Ca alkenyl, C2+ alkynyl, Cs.s cycloalkyl, 3-7 membered heterocycloalkyl, Ce-10 aryl, 5 to 7
heteroaryl, -OR!, -OC(O)R', -OC(O)NR'R, -OS(O)R!, -OS(O):R}, -SRY, -S(O)RY, -S(O):RY, -
S(O)NRR", -S(0),NRR', -OS(O)NRR', -OS(O)NRR!, -NRR' -NRIC(ORY, -
NRIC(O)ORY-NRIC(O)NR'RY,  -NRIS(O)RY,  -NRIS(O)R",  -NR'S(O)NR'R", -
NRIS(0)2NR'RY, -C(O)RY, -C(O)OR! or -C(O)NRR"; and

R’ RY, RS, R*, RY, RY, R%and R" are independently selected from H, C1.7 alkyl, C27
alkenyl, Ca-7 alkynyl, Cs-13 cycloalkyl, 3-7 membered heterocycloalkyl, Cs-10 aryl, and 5 to 7
heteroaryl.

Further, R*! and R*!" are independently selected from R™; and

R™ is selected from Ci- alkyl, C2.6 alkenyl, Cs.7 aryl and Cs-s heteroaryl.

Further, RX2, RX* R*®* R*¥ R*S and R*® are independently selected from H or OH.

Further, R** and R** are independently selected from R™; and

R™is Ci6 alkoxy.

Further, R** and R** are independently any one selected from methoxy, ethoxy and
butoxy-.

Further, Y and Y’ are O.

Further, the R* is Cs.12 alkylene, Cs-12 alkenylene or Cs.12 heteroalkylene, with the R
substituted by -NHz, -NHR™ -NHC(O)R™, -NHC(O)CH2-[OCH2CH2]o-R*¥, or -[CH>*CH?O].-
R*X:

R**is H, OH, N3, CN, NO2, SH, NH2, ONH2, NHNH_, halo, C1.s alkyl, C3.s cycloalkyl,
Cis alkoxy, Ci-s alkylthio, Cs-20 heteroaryl, Cs-20 aryl or mono- or di-Ci-s alkyl amino; and

n is an integer of 1 through 6.
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Further, in some embodiments, the active agent is a pyrrolobenzodiazepine dimer

denoted by General Formula XII or General Formula XIII,

[General Formula XII]
Ab
G' L\
@), W
G
("),
Xa-
/)’(l Rx3, RX3
Y2 Y.
\RXG/
RX4| RX4
RXZI RXZ
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[General Formula XIIT]

@

X?and X* are independently selected from between a bond or C1- alkylene;
Z* and Z* are independently selected from hydrogen, C1-s alkyl, halogen, cyano, nitro,
R . X
{}i“&-\ﬁm ﬁ} , {}\§%§§§
Caaid , . HNRR or (CH2)m-OCH3;

R R* and R'* are each indepndently selected from hydrogen, C1-s alkyl, C2- alkenyl
and Ci- alkoxy; and

m is an integer of 0 to 12.

Z* and Z* are independently any one selected from hydrogen and <(CH2)m-OCH3;

Moo

R38R and R'% are each independently selected from hydrogen, C1.3 alkyl and Ci-3
alkoxy;
m is an integer of 1 to 6; and

the active agent is any one selected from:
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; and

In another aspect, the present invention provides, in relation to the preparation of a drug
for prevention or treatment of illnesses associated with over-expression of ROR1, a use for the
antibody-drug conjugate according to the present invention, or a pharmaceutically acceptable
salt or solvate thereof.

Here, an illness associated with over-expression of ROR1 is cancer, examples of which
are, but not limited to: chronic lymphocytic leukemia (CLL), B-cell leukemia, lymphoma,
acute myeloid leukemia (AML), Burkitt lymphoma, mantle cell lymphoma (MCL), acute
lymphoblastic leukemia (ALL), Diffuse large B-cell lymphoma (DLBCL), follicular
lymphoma (FL) and marginal zone lymphoma (MZL), breast cancer, renal cancer, ovarian
cancer, gastric cancer, liver cancer, lung cancer, colorectal cancer, pancreatic cancer, skin
cancer, bladder cancer, testicular cancer, uterine cancer, prostate cancer, non-small cell lung
cancer (NSCLC), neuroblastoma, brain cancer, colon cancer, squamous cell carcinoma,
melanoma, myeloma, cervical cancer, thyroid cancer, head and neck cancer and adrenal cancer.

In another aspect, the present invention provides a pharmaceutical composition for
prevention or treatment of illness associated with over-expression of ROR1, the composition
comprising the antibody-drug conjugate according to the present invention or a

pharmaceutically acceptable salt or solvate thereof.
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Further, a pharmaceutically efficacious amount of chemotherapeutic agent, for example
at least one type of therapeutic co-agent, and pharmaceutically acceptable excipients may
additionally be included.

In some embodiments, the therapeutic co-agent may be used with agents exhibiting
preventive, improving or therapeutic effects against illnesses associated with over-expression
of ROR 1, agents which are able to reduce the adverse effects which appear upon administration
of therapeutic agents for illnesses associated with over-expression of ROR1, or agents which
exhibit an immune-boosting effect, but agents with which the therapeutic co-agent are not
limited to the foregoing. This means that the therapeutic co-agent may be used in combination
with any medicine which exhibits therapeutically useful effects, further improves the stability
of pyrrolobenzodiazepine, reduces the adverse effects which may manifest upon administration
of pyrrolobenzodiazepine, or boosts immunity to maximize therapeutic effect when applied in
the form of a compound drug with pyrrolobenzodiazepine.

In another aspect of the present invention, the present invention provides a method for
treating illness associated with over-expression of ROR1 in a subject having an illness
associated with over-expression of ROR1, the method comprising a step of administering a
subject with the antibody-drug conjugate according to the present invention or
pharmaceutically acceptable salt or solvate thereof in an effective dose for treating illness
associated with over-expression with ROR1, and a method of administering [the antibody-drug
conjugate according to the present invention or pharmaceutically acceptable salt or solvate
thereof] by mixing with one or more anti-proliferative, cytostatic or cytotoxic substances.

In one aspect of the present invention, a method for treating cancer, the method
comprises a step of administering the above pharmaceutical composition to a patient, is
provided.

The antibody-drug conjugate according to the present invention is suitable for use in
providing an active agent, specifically pyrrolobenzodiazepine, to a target position on a target
object. The antibody-drug conjugate according to the present invention discharges active
pyrrolobenzodiazepine that does not have any linkers, and does not contain any modification
which can impact the reactivity of the pyrrolobenzodiazepine compound.

Antibody-drug conjugates described herein, by including an antibody as described
above, is able to effectively, specifically and selectively deliver a drug to cells expressing
RORI. By having an antibody stably bonded to a drug to maintain in-vivo stability while
exhibiting the intended cytotoxicity, and in particular being more stable in the serum and stable
in circulation, and employing linker technology which includes a self-immolative group which
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allows a drug to be easily released within a cancer cell to maximize efficacy, these conjugates
exhibit a benefit of providing a drug-linker-ligand system which allows a drug and/or toxin to

safely reach a target cell and effectively exhibit efficacy while having greatly reduced toxicity.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows results of analyzing (ELISA) the binding capacity of an anti-ROR1
monoclonal phage antibody prepared according to one example of the present invention to
RORI antigen. It is shown that the respective anti-ROR1 monoclonal antibodies specifically
bind to extracellular domain RORI1 antigen. BCMA-Fc is a negative control group, and it is
shown that the respective anti-ROR1 monoclonal antibodies specifically bind only to ROR1
antigen, and do not bind to the BCMA protein or the Fc used as a tag.

Fig. 2 shows results of measuring (FACS) the binding capacity of an anti-ROR1
monoclonal phage antibody according to one example of the present invention to cell surface-
expressed ROR1 antigen, and a JeKo-1 cell line was used as the cell expressing ROR1 on the
cell surface. It is shown that each anti-ROR1 monoclonal antibody binds specifically to the
RORI1 expressed on the cell surface.

Figs. 3A & B show the results of analyzing (ELISA) the binding capacity of an anti-
ROR1 IgG antibody prepared according to an example of the present invention to human ROR1
antigen. It is shown that the respective antibodies bind to human RORI1 antigen in a
concentration-dependent manner. The results show that binding capacity to RORI1 is
maintained even after a monoclonal phage antibody is changed to an IgG form.

Fig. 4 shows results of analyzing (ELISA) the binding capacity of an anti-ROR1 IgG
antibody prepared according to one example of the present invention to mouse ROR1 antigen.
It is shown that each antibody binds to mouse ROR1 antigen in a concentration-dependent
manner. Through this experiment, it was confirmed that the anti-RORI1 antibody of the present
invention has cross-reactivity with mouse ROR1. As for the 2A2 antibody used as a reference
group, it was found that whereas it had cross-reactivity with mouse ROR1, the degree of
binding was relatively weak compared to the anti-ROR1 antibody of the present invention.

Fig. S5 shows results of measuring (FACS) the binding capacity of an anti-ROR1
antibody prepared according to one example of the present invention to cell surface-expressed
RORI1 antigen, where human RORUI is artificially over-expressed in the CHO-human ROR1
cell line, human ROR?2 is over-expressed in CHO-human ROR2, and mouse ROR1 is over-
expressed in CHO-mouse ROR1. It was shown that the respective antibodies specifically bind

to human ROR1 expressed on the cell surface, and not to the family protein human ROR2.
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Further, by confirming binding to a cell line wherein mouse ROR1 was artificially over-
expressed, it was confirmed that the anti-ROR1 antibody of the present invention has inter-
species cross-reactivity to mouse ROR1. As for the 2A2 antibody used as a reference group, it
was found that whereas it had cross-reactivity with mouse ROR1, the degree of binding was
relatively weak compared to the anti-ROR1 antibody of the present invention.

Fig. 6 shows results of measuring (FACS) the binding capacity of an anti-ROR1
antibody prepared according to one example of the present invention to cell surface-expressed
RORI1 antigen, using the JeKo-1 and Mino cell lines as the ROR 1 expression positive cell lines
and the MCF7 cell line as the ROR1 negative cell line. The respective antibodies were found
to specifically bind to ROR1 expressed on the cell surface, and not to bind to MCF7, a cell line
which does not express ROR1.

Fig. 7 shows results of measuring (FACS) the binding capacity of an anti-ROR1
antibody prepared according to one example of the present invention to cell surface-expressed
RORI antigen. An MC38 human RORT1 cell line, where human ROR1 was artificially over-
expressed on the mouse colon cancer cell line MC38, was used. The respective antibodies were
found to bind to the cell line with human ROR1 over-expression in a concentration-dependent
manner.

Fig. 8 shows results of measuring (FACS) the binding capacity of an anti-ROR1
antibody prepared according to one example of the present invention to cell surface-expressed
RORI1 antigen in various cancer cell lines.

Figs. 9A & B show the results of analyzing the cancer suppression efficacy of an anti-
RORI1 antibody according to one example of the present invention in a mouse tumor xenograft
model.

Fig. 10 shows results of analyzing the mechanism of action of an anti-ROR1 antibody
prepared according to one example of the present invention. Suppression of cancer growth by
the antibody may manifest in the form of, for example, inducing autophagic cell death,
suppression cancer cell division, suppressing tumor angiogenesis, and/or immune cell
activation, and identical or different mechanisms of action may be exhibited according to the
antibody. In Fig. 10, whether or not cell death occurred was analyzed using a single mechanism
of action where possible. It was found in the results of treating a cell line expressing ROR1
with an anti-ROR1 antibody according to the present invention that the antibody formed a
multimer and was able to induce cell death. As for the 2A2 antibody used as a reference group,

it was found that cell death was not induced even in cases where a multimer was formed.
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Fig. 11a is a drawing showing the characteristics of an anti-ROR1 antibody-MMAE
conjugate (DAR4) prepared according to one example of the present invention.

Fig. 11b is a drawing showing the characteristics of an anti-ROR1 antibody-dPBD
conjugate (DAR?2) prepared according to one example of the present invention.

Fig. 12 shows results of analyzing the cancer suppression efficacy of an anti-ROR1
antibody-dPBD conjugate (DAR2) prepared according to one example of the present invention
in an MDA-MB-468 breast cancer cell line transplanted mouse model. It is shown that the anti-
RORI1 antibody-dPBD conjugate (DAR2) according to the present invention is effective in
carcinoma elimination in an RORI1-expressing breast cancer cell line transplanted mouse
model.

Fig. 13 shows results of analyzing the cancer suppression efficacy of an anti-ROR1
antibody-dPBD conjugate (DAR2) prepared according to one example of the present invention
in an MDA-MB-231 breast cancer cell line transplanted mouse model. It is shown that the anti-
ROR1 antibody-dPBD conjugate (DAR2) according to the present invention is effective in
carcinoma elimination in an RORI1-expressing breast cancer cell line transplanted mouse
model.

Fig. 14 shows results of analyzing the cancer suppression efficacy of an anti-RORI1
antibody-dPBD conjugate (DAR2) prepared according to one example of the present invention
in an HCC1187 lung cancer cell line transplanted mouse model. It is shown that the anti-ROR1
antibody-dPBD conjugate (DAR2) according to the present invention is effective in carcinoma
elimination in an ROR1-expressing lung cancer cell line transplanted mouse model.

Fig. 15 shows results of analyzing the cancer suppression efficacy of an anti-RORI1
antibody-dPBD conjugate (DAR2) and anti-ROR1 antibody-MMAE conjugate (DAR4)
prepared according to one example of the present invention in a Calu-3 breast cancer cell line
transplanted mouse model. It is shown that the anti-ROR1 antibody-dPBD conjugate (DAR2)
and anti-ROR1 antibody-MMAE conjugate (DAR4) according to the present invention are
effective in carcinoma elimination in an ROR 1-expressing breast cancer cell line transplanted
mouse model.

Fig. 16 shows results of comparing the cancer suppression efficacy of anti-ROR1 anti-
drug conjugates according to the present invention in a Jeko-1 mantle cell lymphoma cell line
transplanted mouse model.

Fig. 17 shows results of the anti-ROR1 antibody-dPBD conjugate (DAR2) and anti-
RORI1 antibody-MMAE conjugate (DAR4) according to the present invention. It is shown that
the anti-ROR1 antibody-dPBD conjugate (DAR2) and anti-ROR1 antibody-MMAE conjugate
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(DAR4) according to the present invention are effective in carcinoma elimination in an ROR1-
expressing mantle cell lymphoma cell line transplanted mouse model.

The present invention is based on the development of antibodies able to specifically
bind to ROR1.

The titles used under this section are used for convenience in stating the specification,
and the present invention is not limited thereto.

Unless otherwise defined In the present disclosure, scientific and technical terms used
in the present invention shall be defined as ordinarily understood by a skilled person of the
present technical field. Further, unless specifically required in context, singular expressions
include plural expressions, and plural expressions include singular expressions.

[Definitions]

The following definitions apply in the present specification:

In the present specification, “conjugates" refers to cell binding agents that are
covalently linked to one or more molecules of a cytotoxic compound. Here, " cell binding agent
" 1s a molecule having affinity for a biological target, for example, a ligand, protein, antibody,
specifically a monoclonal antibody, protein or antibody fragment, and the binding agent serves
to direct the biologically active compound to the biological target. In some embodiments, the
conjugate may be designed to target tumor cells through cell surface antigens. The antigen may
be a cell surface antigen that is overexpressed or expressed in an abnormal cell type.
Specifically, the target antigen may be expressed only on proliferative cells (e.g., tumor cells).
Target antigens may be selected based on different expression, usually between proliferative
and normal tissues. In the present disclosure, a ligand is bonded to a linker.

In the present disclosure, a “variant” of a polypeptide such as an antigen-binding
fragment, protein or antibody is a polypeptide where, compared to another polypeptide
sequence, insertion, deletion, addition and/or substitution has occurred in at least one amino
acid residue, including fused polypeptides. Further, protein variants include those which have
been modified by proteolytic cleavage, phosphorylation or other post-translational
modification, but maintain the biological activity of the antibody disclosed, for example
binding and specificity to ROR1. The variant may be approximately 99%, 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81% or 80%
identical to the sequence of the antibody or antigen-binding fragment thereof disclosed in the
present invention. Percent identity (%) or homology may be calculated with reference to the

following.
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In one example, percent identity of peptide sequences can be calculated, for example,
as 100x[(identical positions)/min(TGa, TGg)], where TGa and TGg 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 TGs. (Russell et al., J. Mol Biol., 244: 332-350 (1994)).

In the present disclosure, conservative amino acid substitution refers to a substitution
which does not significantly impact the activity or antigenicity of the polypeptide. A
polypeptide may include one or more conservative substitutions. Non-limiting examples are
disclosed in Table 3 below.

In the present disclosure, a “derivative” of a polypeptide refers to a polypeptide wherein
at least one residue has been chemically modified through conjugation with another chemical
moiety, and is different from an insertion, deletion, addition or substitution variant.

In the present disclosure, the term “found in nature” used in relation to polypeptide,
nucleic acid and host cells, etc. means that the materials exist naturally.

The ROR1 (Receptor Tyrosine Kinase-Like Orphan Receptor) recognized by the
antibody according the present invention refers to a transmembrane protein of the RTK
(Receptor Tyrosine Kinase) family. In one example, the extracellular domain is recognized in
particular. The ROR1 recognized by the antibody according to the present invention may be an
extracellular domain which exists on the cell membrane or does not exist on the cell membrane.
The human protein of ROR1 is comprised of 937 amino acids, where the amino acid sequence
is NCBI Reference Sequence ID: NP 005003.2 and the nucleic acid sequence is
NM_005012.3. Unless clear from the context used In the present disclosure, ROR1 designates
hRORI1, but the antibody according to the present invention also has mouse ROR1-specific
binding capacity. The Mouse ROR1 amino acid is GenBank : BAA75480.1.

In the present disclosure, “identity” means sequence similarity of two or more
polypeptides or two or more polynucleotides, as determined by aligning and comparing two or
more polypeptides or two or more polynucleotide sequences. Such intersequence identity is
generally expressed as "percent identity", which means the same amino acid or nucleotide ratio
between molecules being compared and is calculated based on the smallest molecule of the
molecules being compared. Methods that can be used to align nucleic acids or polypeptides to
calculate multimolecular identity are known in the art.

In the present disclosure, “affinity” or [“affinity”] is the strength of interaction between
an antibody or its antigen-binding fragment and an antigen, and it is determined by properties

of the antigen such as size, shape and/or charge of antigen, and CDR sequences of the antibody
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or antigen-binding fragment. The methods for determining the affinity are known in the art,
and the following may be used as references.

The antibody or its antigen-binding fragment is called “specifically binding” to its
target such as an antigen, when a dissociation constant (Kp) is <10°M. The antibody
specifically binds to a target with “high affinity” when Kp is <1x*M.

As used in the present disclosure, “antigen-binding fragment” of a chain (heavy chain
or light chain) of an antibody or immunoglobulin includes a part of an antibody which lacks
some amino acids compared to a full-length chain, but can specifically bind to an antigen. This
fragment can be considered as having biological activity, in that it can specifically bind to a
target antigen, or can compete with other antibodies or an antigen binding fragment to bind to
a specific epitope. In some embodiments, this fragment comprises at least one CDR present in
a full-length light chain or heavy chain, and in some examples, it includes a short-chain heavy
chain and/or light chain, or part thereof. This biological active fragment may be produced by a
recombinant DNA technique or may be produced, for example, by cutting an intact antibody
enzymatically or chemically. An immunologically functional immunoglobulin fragment
includes Fab, Fab, F(ab)2, scFab, dsFv, Fv, scFV, scFV-Fc, diabody, minibody, scAb, and
dAb, but not limited thereto, and may be derived from any mammal, including, but not limited
to, human, mouse, rat, camelid or rabbit. The functional parts of antibodies such as the one or
more CDRs disclosed in the present invention may be linked with a secondary protein or a
small molecular compound by a covalent bond, and thereby used as a targeted therapeutic agent
for a specific target.

In the present disclosure, “Fc” region comprises two heavy chain fragments comprising
CH2 and CH3 domains of an antibody. These 2 heavy chain fragments are combined each other
by hydrophobic interaction of two or more of disulfide bonds and a CH3 domain.

In the present disclosure, “Fab fragment” consists of 1 light chain and 1 heavy chain
comprising a variable region and CH1 only. The heavy chain of a Fab molecule cannot form a
disulfide bond with another heavy chain molecule. In an scFab, two molecules of Fab are linked
by a flexible linker.

In the present disclosure, “Fab’ fragment” includes a Fab fragment and additionally a
region between CH1 and CH2 domains of a heavy chain. A disulfide bond may form between
two heavy chains of Fab’ fragments of two molecules, forming a F(ab')2 molecule.

In the present disclosure, as aforementioned, “F(ab'): fragment” comprises two light
chains and two heavy chains comprising a variable region CH1 and part of a constant region
between the CH1 and CH2 domains, with an inter-chain disulfide bond formed between the
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two heavy chains. Accordingly, a F(ab'): fragment consists of two Fab' fragments, and the two
Fab' fragments are joined to each other by the disulfide bond between them.

In the present disclosure, “Fv region” is a fragment of an antibody which comprises
each variable region of a heavy chain and a light chain, but does not comprise constant regions.
In an sdFV, a heavy chain and a light chain are linked by a disulfide bond. In an scFc, the Fv
is linked by a flexible linker. In an scFv-Fc, an Fc is linked to an scFV. In a minibody, CH3 is
linked to an scFV. A diabody comprises the scFVs of two molecules.

In the present disclosure, “single chain Fv” or “scFv” antibody fragment includes the
VH and VL domains of an antibody, these domains existing within a single polypeptide chain.
An Fv polypeptide may additionally comprise a polypeptide linker between a Vh domain which
enables the scFv to form the target structure for antigen binding, and a VL domain.

In the present disclosure, “short-chain antibody (scAb)”is a single polypeptide chain
comprising one light chain constant region or one constant region of a heavy chain, wherein
heavy chain and light chain variable regions are linked by a flexible linker. A reference for a
short-chain antibody may be found in U.S. Patent No. 5,260,203, disclosed in the present
invention by reference.

In the present disclosure, “domain antibody (dAb)” is an immunologically functional
immunoglobulin fragment comprising only a variable region of a heavy chain or a variable
region of a light chain. In one embodiment, two or more VH regions are linked by a covalent
bond by a peptide linker, to form a bivalent domain antibody. Two VH regions of this bivalent
domain antibody may target the same or different antigen.

In the present disclosure, “complementarity determining region” (CDR; that is, CDR1,
CDR2 and CDR3) denotes amino acid residues of the variable domain of an antibody, which
are necessary for binding to antigen. Each variable domain typically has three CDR domains,
identified as CDR1, CDR2 and CDR3.

In the present disclosure, “framework region” (FR) refers to variable domain residues
other than the CDR residues. Each variable domain typically has four FRs, identified as FR1,
FR2, FR3 and FR4.

In the present disclosure, “bivalent antigen-binding protein” or “bivalent antibody”
comprises 2 antigen-binding sites. The two antigen-binding sites included in a bivalent
antibody may have the same antigen specificity, or the antibody may be a dual-specific
antibody where the antigen-biding sites bind to different antigens.

In the present disclosure, “multi-specific antigen-binding protein” or “multi-specific
antibody” targets two or more of antigens or epitopes.
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In the present disclosure, “linker” refers to a compound which covalently bonds a
cytotoxic compound to a ligand or antibody. In some embodiments, the linker disclosed in
PCT/US2016/063564 and PCT/US2016/063595 may be used, both of which are hereby
incorporated by reference herein in their entireties, and particularly for the linkers disclosed
therein.

In the present disclosure, “non-substituted or substituted” is used to refer to a group
which may be non-substituted or substituted; “substituted” refers to a group having at least one
substituent group; and “substituent group” refers to a chemical part covalently bonded to or
joined with a parent group. It is understood that substituents and substitution patterns on the
compounds of the present invention can be selected by one of ordinary skilled person in the art
to result in chemically stable compounds which can be readily synthesized by techniques
known in the art, as well as those methods set forth below, from readily available starting
materials. If a substituent is itself substituted with more than one group, it is understood that
these multiple groups may be on the same carbon or on different carbons, so long as a stable
structure results. For example, the substituent may be, but is not limited to, hydroxyl,
hydroxyalkyl, alkoxy, halogen, alkyl, nitro, silyl, acyl, acyloxy, aryl, cycloalkyl, heterocyclyl,
amino, aminoalkyl, cyano, haloalkyl, haloalkoxy, -OCO-CH2-O-alkyl, -OP(O)(O-alkyl)2 or —
CH2-OP(0)(O-alkyl).. In certain embodiments, groups (e.g., alkyl, cycloalkyl, heteroaryl,
heterocyclyl, or aryl groups) referred to in the structural formulae herein are optionally
substituted, i.e., are non-substituted or substituted. In certain embodiments, groups (e.g., alkyl,
cycloalkyl, heteroaryl, heterocyclyl, or aryl groups) referred to in the structural formulae
herein are unsubstituted.

As used herein, the terms “optionally substituted” or “non-substituted or substituted”
refer to the replacement of one to six hydrogen radicals in a given structure with the radical of
a specified substituent including, but not limited to: hydroxyl, hydroxyalkyl, alkoxy, halogen,
alkyl, nitro, silyl, acyl, acyloxy, aryl, cycloalkyl, heterocyclyl, amino, aminoalkyl, cyano,
haloalkyl, haloalkoxy, -OCO-CH:-O-alkyl, -OP(O)(O-alkyl)» or —CH2-OP(O)(O-alkyl)a.
Preferably, “optionally substituted” or “non-substituted or substituted” refer to the replacement
of one to four hydrogen radicals in a given structure with the substituents mentioned above.
More preferably, one to three hydrogen radicals are replaced by the substituents as mentioned
above. It is understood that the substituent can be further substituted.

In the present disclosure, “halo” refers to fluorine, chlorine, bromine or iodine, etc.

In certain embodiments of the present disclosure, "alkyl" is a monovalent moiety
obtained by removing a hydrogen atom from a carbon atom of an aliphatic or alicyclic,
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saturated or unsaturated (unsaturated, fully unsaturated) hydrocarbon compound. Examples of
saturated alkyls include methyl, ethyl, Butyl, n-pentyl (amyl), n-hexyl, n-heptyl and the like,
saturated cyclic alkyl groups such as methyl, ethyl, Isopropyl, isobutyl, sec-butyl, tert-butyl,
isopentyl and neopentyl, etc.

In other embodiments of the present disclosure, the term “alkyl” refers to saturated
aliphatic groups, including straight-chain alkyl groups, branched-chain alkyl groups,
cycloalkyl (alicyclic) groups, alkyl-substituted cycloalkyl groups, and cycloalkyl-substituted
alkyl groups. In preferred embodiments, a straight chain or branched chain alkyl has 30 or
fewer carbon atoms in its backbone (e.g., Ci-30 for straight chains, Cs-30 for branched chains),
and more preferably 20 or fewer.

In both of the above embodiments and throughout the specification, examples, and
claims, “alkyl” is intended to include both unsubstituted and substituted alkyl groups, the latter
of which refers to alkyl moieties having substituents replacing a hydrogen on one or more
carbons of the hydrocarbon backbone, including haloalkyl groups such as trifluoromethyl and
2,2,2-trifluoroethyl, etc.

In the present disclosure, "alkoxy" refers to -OR where R is an alkyl group, and
examples include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy, isobutoxy
and tert-butoxy, etc.

In the present disclosure, "alkenyl" is an alkyl having at least one carbon-carbon double
bond. Examples of unsaturated alkenyl groups are ethenyl (vinyl, -CH=CH2), 1-propenyl (-
CH=CHCH3), 2-propenyl, isopropenyl, butenyl, pentenyl and hexenyl, etc.

In the present disclosure, "alkynyl" is an alkyl group having at least one carbon-carbon
triple bond, and examples of unsaturated alkynyl group include ethynyl and 2-propynyl, etc.

In the present disclosure, "carboxy" refers to -C(=0)OH.

In the present disclosure, "formyl" refers to -C(=O)H.

In the certain embodiments of the present disclosure, "aryl" refers to a monovalent
moiety obtained by removing a hydrogen atom from an aromatic ring atom of an aromatic
compound. For example, "Cs.7 aryl" is a moiety having from 5 to 7 ring atoms, which is a
monovalent moiety obtained by removing a hydrogen atom from the aromatic ring atoms of an
aromatic compound, and "Cs.10 aryl" is a moiety having from 5 to 10 ring atoms, which is a
monovalent moiety obtained by removing a hydrogen atom from the aromatic ring atoms of an
aromatic compound. Here, the prefixes (Cs.7, Cs.10, etc.) refer to the number of ring atoms or a
range for the number of ring atoms, regardless of whether they are carbon atoms or hetero
atoms. For example, "Css aryl" relates to an aryl group having 5 or 6 ring atoms. Here, the

68



WO 2021/044208 PCT/1B2020/000649

ring atoms may be all carbon atoms as in a "carboaryl group”. Examples of a carboaryl group
include, but are not limited to, those derived from benzene, naphthalene, azulene, anthracene,
phenanthrene, naphthacene and pyrene. Examples of aryl groups that include a fused ring
wherein at least one is an aromatic ring include, but are not limited to, groups derived from
indane, indene, isoindene, tetralin, acenaphthene, fluorene, phenalene, acesphenanthrene and
aseantrene. Alternatively, the ring atoms may contain one or more heteroatoms as in a
"heteroaryl group”.

In other embodiments of the present disclosure, “aryl” as used herein include
substituted or unsubstituted single-ring aromatic groups in which each atom of the ring is
carbon. Preferably the ring is a 5- to 7-membered ring, more preferably a 6-membered ring.
The term “aryl” also includes polycyclic ring systems having two or more cyclic rings in which
two or more carbons are common to two adjoining rings wherein at least one of the rings is
aromatic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls,
heteroaryls, and/or heterocyclyls. Aryl groups include benzene, naphthalene, phenanthrene,
phenol, aniline, and the like.

In the present disclosure, "heteroaryl" refers to aryl containing one or more
heteroatoms, such as pyridine, pyrimidine, benzothiophene, furyl, dioxolanyl, pyrrolyl,
oxazolyl, pyridyl, pyridazinyl, More specifically benzofuran, isobenzofuran, indole, isoindole,
indolizine, indolin, isoindoline, purine (adenine or guanine), benzimidazole, indazole,
benzoxazole, benzisoxazole, benzodioxole, benzofuran, benzotriazole, benzothiofuran,
benzothiazole, Co having two fused rings derived from benzothiazole, chromene, iso-
chromene, chroman, iso-chroman, benzodioxane, quinoline, isoquinoline, quinolizine,
benzoxazine, benzodiazine, pyridopyridine, quinoxaline, quinazoline, cinnoline, phthalazine,
naphthyridine, Cio having two fused rings derived from pteridin, C11 having two fused rings
derived from benzodiazepine, carbazole, dibenzofuran, dibenzothiophene, carboline,
pyrimidine, Ci3 having three fused rings derived from pyridoindole, acridine, xanthene,
thioxanthene, phenoxathiine, phenazine, phenoxazine, phenothiazine, thianthrene,
phenanthridine, phenanthroline, and Ci4 having three fused rings derived from phenazine.

In the present disclosure, “cycloalkyl” refers to an alkyl group which is a cycloalkyl
group, and relates to a monovalent moiety obtained by removing a hydrogen atom from an
alicyclic ring atom of a cyclic hydrocarbon compound. Examples of cycloalkyl groups include,
but are not limited to, those derived from:

Saturated single ring hydrocarbon compounds, such as: cyclopropane, cyclobutane,
cyclopentane, cyclohexane, cycloheptane, methylcyclopropane, dimethylcyclopropane,
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methylcyclobutane, dimethylcyclobutane, methylcyclopentane, dimethylcyclopentane and
methylcyclohexane; or

Unsaturated single ring hydrocarbon compounds, such as: cyclopropene, cyclobutene,
cyclopentene, cyclohexene, methylcyclopropene, dimethylcyclopropene, methylcyclobutene,
dimethylcyclobutene, methylcyclopentene, dimethylcyclopentene and methylcyclohexene;
and saturated heterocyclic hydrocarbon compounds: norcaran, norphenen, and norbornene.

In the present disclosure, "heterocyclyl" refers to a monovalent moiety obtained by
removing a hydrogen atom from a ring atom of a heterocyclic compound.

In the present disclosure, the prefixes (e.g., Ci-12, C3 -, etc.) refer to the number of ring
atoms or a range for the number of ring atoms, regardless of whether they are carbon atoms or
hetero atoms. For example, the term “Cs.¢ heterocyclyl” used in the present specification relates
to a heterocyclyl group having 3 to 6 ring atoms.

Examples of single ring heterocyclyl groups include, but are not limited to, those
derived from :

IN: aziridine, azetidine, pyrrolidine, pyrroline, 2H- or 3H-pyrrole, piperidine,
dihydropyridine, tetrahydropyridine, azepine;

2N: imidazolidine, pyrazolidine, imidazoline, pyrazoline, piperazine;

10 : oxirane, oxetane, oxolane, oxol, oxane, dihydropyran, pyran, oxepine;

20 : dioxolane, dioxane and dioxepane;

30 : trioxane;

IN1O: tetrahydrooxazole, dihydrooxazole, tetrahydroisoxazole, dihydroisoxazole,
morpholine, tetrahydrooxazine, dihydrooxazine,

1S : thiirane, thietane, thiolane, thiane, thiepane;

IN1S : thiazoline, thiazolidine, thiomorpholine;

2N10 : oxadiazine;

1018 : oxathiol, oxathiane; and

IN101S : oxathiazine.

In the present disclosure, "prodrug" refers to compounds which, under in vivo
physiological conditions (e.g. enzymatic oxidation, reduction and/or hydrolysis), may, by
action of enzyme or gastric acid, be converted directly or indirectly into a
pyrrolobenzodiazepine drug.

In the present disclosure, “pharmaceutically acceptable salt" may be an acid addition
salt formed by pharmaceutically acceptable free acid, where the free acid is an organic acid or

an inorganic acid.
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The organic acids include, but are not limited to, citric, acetic, lactic, tartaric, maleic,
fumaric, formic, propionic, oxalic, trifluoroacetic, benzoic, gluconic, methane sulfonic,
glycolic, succinic, glutamic and aspartic acid. Also, the inorganic acids include, but are not
limited to, hydrochloric acid, bromic acid, sulfuric acid and phosphoric acid.

For example, if the compound has a functional group which is an anion or may be an
inion (e.g. -COOH may be -COO-), a suitable cation may be used for forming a salt. Examples
of suitable inorganic cations include, but are not limited to, Na* and K™ alkaline earth cations
such as Ca?" and Mg?™ and other cations such as Al*~ Examples of suitable organic cations
include, but are not limited to, ammonium ion (i.e., NHs") and substituted ammonium ions (e.g.
NH:R", NH2R2", NHR3™, NR4").

Some examples of suitable substituted ammonium ions are derived from the following:
ethylamine, diethylamine, dicyclohexylamine, triethylamine, butylamine, ethylenediamine,
ethanolamine, diethanolamine, piperazine, benzylamine, phenylbenzylamine, choline,
meglumine and tromethamine, as well as amino acids such as lysine and arginine. An example
of a typical quaternary ammonium ion is N(CH3)*".

If the compound has a functional group which may be a cation or a cation (e.g., -NH:
may be -NH3"), a salt may be formed with a suitable anion. Examples of suitable inorganic
anions include, but are not limited to, those derived from the following inorganic acids:
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, sulfuric acid, nitric acid,
nitrous acid, phosphoric acid and phosphorous acid.

Examples of suitable organic anions include, but are not limited to, those derived from
organic acids such as: 2-acetoxybenzoic acid, acetic acid, ascorbic acid, aspartic acid, benzoic
acid, camphorsulfonic acid, cinnamic acid, citric acid, disulfonic acid, ethanesulfonic acid,
fumaric acid, glutaronic acid, gluconic acid, glutamic acid, glycolic acid, hydroxymaleic acid,
hydroxynaphthalenecarboxylic acid, isethionic acid, lactic acid, But are not limited to, malic
acid, methanesulfonic acid, mucilous acid, oleic acid, oxalic acid, palmitic acid, pamic acid,
pantothenic acid, phenylacetic acid, phenylsulfonic acid, propionic acid, pyruvic acid, salicylic
acid, stearic acid, succinic acid, sulfanilic acid and tartaric acid, etc. Examples of suitable
multimeric organic anions include, but are not limited to, those derived from the following
multimeric acids: tannic acid, carboxymethylcellulose, etc.

In the present disclosure, “solvate" refers to a molecular complex between a compound
according to the present invention and solvent molecules, examples of which include but are

not limited to water, isopropanol, ethanol, methanol, dimethylsulfoxide, ethyl acetate, acetic
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acid, ethanolamine or the compound according to the present invention bonded to a mixed
solvent thereof.

It may be convenient or desirable to prepare, purify and/or handle solvates
corresponding to active compounds. In the present specification, the term “solvate” is used in
its conventional sense to refer to solutes (e.g., active compounds and salts of active compounds)
and complexes of solvents. When the solvent is water, the solvate may conveniently be referred
to as a hydrate, such as monohydrate, dihydrate or trihydrate, etc.

In the present disclosure, “effective dose” or “effective therapeutic dose” refers to a
dose necessary to achieve the target therapeutic effect (with respect to administration dose,
administration period and means). An effective dose is a minimum amount of activating agent
necessary to give an object a minimum therapeutic benefit, and is less than a toxic dose. For
example, the administration dose may be in a range of approximately 100 ng to approximately
100 mg/kg per patient, more typically in a range of approximately 1pg/kg to approximately 10
mg/kg. In a case where the activating compound is a salt, ester, amide or prodrug, etc., the
administration dose is calculated based on the parent compound, and therefore the actual mass
used increases proportionally. The pyrrolobenzodiazepine compound according to the present
invention may be formulated to include 0.1 mg to 3000 mg, 1 mg to 2000 mg, or 10 mg to 1000
mg active ingredient per unit dosage form, but is not limited thereto.

The active ingredient may be administered to obtain a peak plasma concentration of
active compound of approximately 0.05 uM to 100 uM, 1 uM to 50 uM, or 5 uM to 30 uM.
For example, a solution of 0.1 w/v% to 5 w/v% active ingredient in saline solution, arbitrarily,
may be administered by intravenous injection.

The concentration of an active compound in a pharmaceutical composition may be
determined by the absorption, inactivation and excretion rate of the drug, and other factors
known to those skilled in the art. The administration dose may differ according to the severity
of the symptoms or illness. Further, the dose and method of administration for a given patient
may be adjusted according to the professional judgment of the administration supervisor,
giving general consideration to the degree of symptoms/illness of the patient, necessity, age,
and reactivity to the drug, etc., and the range of concentrations stated in the present invention
are only exemplary, and are not intended to limit the present invention to the examples
presented of the composition claimed. Further, the active ingredient may be administered in
one administration, or smaller doses may be administered over multiple administrations.

Antibody or antigen-binding fragment
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The present invention discloses an antibody which binds specifically to the extracellular
domain of ROR1 protein. As disclosed in the present disclosure, the antibody according to the
present invention is a polypeptide comprising six complementarity-determining area or region
(CDR).

In some examples, the CDR is included in a “framework” region, and the framework
orients the CDR(s) so that the CDR(s) may have the appropriate antigen-binding properties.

The antibody according to the present invention specifically binds to the extracellular
domain of human and mouse-derived ROR1, and can specifically bind to extracellular domain
in isolated form, or to the extracellular domain of ROR1 expressed at the cell surface.

The antibody disclosed in the present invention binds to ROR1, specifically human
RORI1 and mouse ROR1. The antibody disclosed in the present disclosure, able to specifically
bind to human or mouse-derived ROR1 extracellular domain or to ROR1 expressed at the cell
surface, can be useful in targeted treatment of cancer targeting ROR1. For example, the
antibody according to the present invention maybe bonded to an anti-cancer medicine and used
for treatment of specific cancers.

Further, as the antibody binds to mouse RORI1, on-target tox can be verified through
mouse testing, and in vivo efficacy can be verified through a syngeneic model using a mouse
cancer cell line overexpressing mouse ROR1. As such, the antibody can be useful in
development of various drugs associated with ROR1.

The antibody may include, but not limited to, a monoclonal antibody, dual-specific
antibody, double antibody, multi-specific antibody, multiple antibody, minibody, domain
antibody, antibody mimetic (or synthetic antibody), chimeric antibody or antibody fusion (or
antibody conjugate) and fragment thereof, and includes various forms of antibodies disclosed
herein.

In some embodiments, the antibody fragment of the antibody disclosed in the present
invention may include Fab, Fab', F(ab'), scFab, Fv, dsFv, scFV, scFV-Fc¢, minibody, diabody,
scAb or dAb.

In some embodiments, the antibody disclosed in the present invention may consist of a
polypeptide of only light chains or only heavy chains comprising the variable regions disclosed
in Table 2a and Table 2b.

One antibody disclosed in the present invention may share a specific region or sequence
with another antibody disclosed in the present invention. In some embodiments, it may share a
constant region of the antibody or antigen-binding fragment. In some embodiments, it may
share an Fc region. In some embodiments, it may share a frame of a variable region.
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In some embodiments, the antibody has a typical structure of an antibody found in
nature. Camelid animals produce an antibody consisting of a single heavy chain, but the
structural unit of this antibody commonly comprises a tetrameric polypeptide, where the
tetramer comprises a pair of two polypeptide chain bodies consisting of different 2 polypeptide
chains. In a typical antibody, the one pair of polypeptide chain body comprises one full-length
light chain (approximately 25kDa) and one full-length heavy chain (approximately 50 to
70kDa). Each chain shows a characteristic folding pattern, and consists of several
immunoglobulin domains, consisting of about 90 to 110 amino acids. These domains are basic
units making up an antibody polypeptide. The amino-terminal part of each chain typically
comprises a part called a variable region or V region that recognizes an antigen. The carboxy-
terminal part is conserved evolutionarily more so than the amino-terminal, and includes a part
called a constant region or C region. The human light chain is commonly classified as a kappa
(K) or lambda (A) light chain, and these comprise one variable region and one constant region,
respectively.

A heavy chain is typically classified as a mu (u), delta (6), gamma (y), alpha (o) or
epsilon (&) chain, and these are defined as IgM, IgD, IgG, IgA and IgE isotypes, respectively.
IgG has a multiplicity of subtypes, including but not limited to IgG1, IgG2, IgG3 and IgG4.
IgM subtypes include IgM and IgM2. IgA subtypes include IgA1 and IgA2. In humans, IgA
and IgD isotypes comprise 4 heavy chains and 4 light chains;

IgG and IgE isotypes comprise 2 heavy chains and 2 light chains, and the IgM isotype
comprises 5 heavy chains and 5 light chains. The heavy chain constant region typically includes
at least one domain exhibiting an effector function. The number of heavy chain constant region
domains varies depending on the isotype. An IgG heavy chain, for example, comprises 3 C
region domains known as CH1, CH2 and CH3, respectively. The antibody disclosed in the
present invention may be any one of these isotypes and subtypes. In some embodiments, the
antibody is an IgG1, IgG2a, IgG2b, IgG3 or IgG4 subtype. In some embodiments, the antibody
of the present invention is an IgG1- or IgG2-type. In a further embodiment, the antibody of the
present invention is an IgG1- type.

The heavy chain variable region and light chain variable region according to the present
invention may be linked to at least a part of a human constant region. The selection of a constant
region may be determined in part by whether or not antibody-dependent cell-mediated
cytotoxicity, antibody-dependent cell phagocytosis, and/or complement-dependent
cytotoxicity is required. For example, human isotypes IgGland IgG3 have complement-
dependent cytotoxicity and human isotypes IgG2 and IgG4 do not have this cytotoxicity. In
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addition, human IgGland IgG3 induce a cell-mediated effector function stronger than that of
human IgG2 and IgG4. The light chain constant region may be lambda or kappa.

In some embodiments, the antibody may be a human antibody, and the heavy chain
constant region may be an IgGl-, IgG2- 1gG3- or IgG4-type. In some embodiments, the
antibody of the present invention is an IgG1- or IgG2-type.

In some embodiments, the antibody is a human antibody, and recognizes mouse ROR1
specifically.

In a full-length light chain and heavy chain, a variable region and a constant region are
linked by a region “J” that is about 12 or more amino acids in length, and the heavy chain
comprises a “D” region of about 10 or more of amino acids. For example, see Fundamental
Immunology, 2nd ed., Ch. 7 (Paul, W, ed.) 1989, New York: Raven Press. Typically, a variable
region of a light chain/heavy chain pair of an antibody forms an antigen-binding site.

A variable region of an immunoglobulin chain generally has the same overall structure,
and comprises a comparatively conserved framework region (FR) connected by 3
hypervariable regions called “complementarity determining sites or regions or domains” or
CDRs (Complementarity Determining Region). The CDR of a variable region derived from
each chain comprising a heavy chain/light chain pair is typically arranged by a framework
region to form a structure specifically binding to a specific epitope of a target protein (ROR1).
These factors of naturally occurring light chain and heavy chain regions are typically comprised
from the N-terminal to the C-terminal in the following order: FR1, CDR1, FR2, CDR2, FR3,
CDR3 and FR4. The position of amino acid sequences corresponding to each variable region
may be determined by Kabat. The CDRs determined by each definition, when compared
against each other, may be subsets which overlap or where one includes another. However, in
the present disclosure, all CDRs to be defined by each of the above methods are included in
the scope of the invention. Those skilled in the art will be readily able to easily select CDR
sequences according to the definitions above, given a variable region sequence of an antibody.

CDR sequences which may be included in heavy chain and light chain variable regions
of the antibody or antigen-binding fragment according to some embodimentsof the present
invention are disclosed in Table 1a to Table 1f, respectively.

[Table 1a]
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-iﬁeaxy Chain CDR1

Sequence SEQID NO

SYDMS 1
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NYAMS | 4
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DYDMS

[Table 1b]

Heavy Chain CDR2

Sequence
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[Table 1¢]
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CDR3 of VH

Sequence

SEQ IDNO

PTGREDY

14

NLEAFDY

i3

VNGRFDY

i6

GONGAWDTGEDY

i7

RLSLRRRFSY YSDNAMDY

i8

FIS %RK@I GREYSNGMDV

19

DVVEONMNPCUSYDNAMDY

20

APGWCQAPSCYYDINAMDY

21

GONAAWDTGEDY

a7

[Table 1d]

Light Chain CDR1

5&{;&&:}{:&:

SEQIDNO

SGSSSNIGNNNVN

A9

SGESSNIGENTVY

_\‘} B
«.2

L4y

| mawm

SGSSSNIGNT

[Table 1e]
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Light Chain CDR2

Sequence SEQ ID NO
K o

gy

Lk
L 6V

A

i,,;.j
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i
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DDSQRPS

‘11»5744‘5’
oy

[Table 1f]

Light Chain CDR3 ;
Sequence SEQ ID NO
GSWDYSLSGYV |
GAWDDSLSGYV 41
GAWDDSLSGYV 41
GTWDYSLSGYV | 4@

s

A
v
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In some embodiments of the present invention, the heavy chain and light chain variable

region sequences of the antibody or antigen-binding fragment comprising the above light chain

and heavy chain CDR sequences are disclosed in Table 2a and Table 2b below, respectively.

[Table 2a]

Heavy Chatn Varisble Reslon (VH) Sequence

SEQ IDNO

EVQLLESGGGLVQPGGSLRLSCAASGEIFSSYDMSWVRQAPGKGLEWYS
WISPDSGSIYYADSVKGRFTISRONSENTLY LOMNSLRAEDTAVYYCARP
TORFDYWOOGTLVTVRS

4

o

EVOLLESGGGLVOPGGSLRL SCAASGETFSDY ¥ MSWVROAPGRGLEWYS
SISPDGSNTY Y ADSVKGRETISRDNSKNTLYLOMNSLRAEDTAVY YCAKN
LRAEDYWGQGTLVIVSS

44

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYDMSWVRQAPGKGLEWYS
WIPGGOSKYYADRSVRKGRITISRDONSKNTLYLOMNSLRAEDTAVYYCAR
VNGRFDYWOQOGTLVTVES

EVQLLESGGGLVOPGOSLRLSCAASGFTESNYDMSWVRQAPGKGLEWYS
AIVHSGSSKY VADSVEGRFTISRDNSENTLYLQMNSLEAEDTAVYYCAR
GONGAWDTGIFDYWGOGTLVTIVES

EVQLLESGGGLVUPGGSLRLSCAASGFTESSYDMEWVRQAPGRKGLEWYS
GISHGSGNRKY Y ADSVRGRFTISRINGEENTUYLOQMNSLRARDTAVYYCAK
RLSLRRRPSVYSDNAMINWWGOGTINVTVES

EVOLLESGGGLVOPGGSIRLSCAASGETFSNY AMSWVRQAPGKGLEWYS
SISHNSGSTYYADSVEGRFTISRDNSENTLYLQMNSLRAEDTAVYYCAKH
SARKSLORSVENGMDVWGOGTIVTVES

EVQLLESGGGIVQPGGSLRLSCAASGETESDYDMSWVRQAPGKGLEWYS
VISPDGOGSIYYADSVEGRETISRONSKNTLYLOQMNSLRAEDRTAVYYCARD
VVECNMNPCSVDNAMDVWOGQGTLVTVES

EVQLLESGGGLVYQPGGSLRLSCAASGFTFSNYDMSWVRQAPGKGLEWVS
SISPASGENYYADRSVREGRFTISRDNSENTLYLOMNSLRAEDTAVYYCAKA
POWCQAPSCYYDNAMDVWGQGTLVTVSES

EVQLLESGGGLYVQPGUGSLRLACAASGRTIESDY Y MSWVROAPGRKGLEWNS
SISPDASNTYYADSVRKGRFTISRONSENTLYLOQMNSLRAEDTAVYYCAKN
LRAFDYWGQGTEVTVES

EVQLLESGUGGLVOPGGSLRLSCAASGFTFSNYDMEWVRQAPGKGLEWYS
AIVHSGSSKY YARSVRGRFTISRINSENTLYLOQMNSLRAEDTAVYYCAR
GONAAWDTGFINYWGOGTLVTVER

[Table 2b]
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Light Cliain Vaviahle Region {VL) Sequence SEQ ID X0
QSVLTOPPSASGTPOORVTISCSGSISNIGHNNRYNWYQGOLPGTAPKLLIYY
DERPSGVPDRFSGEKSGISASLAISGLRSEDEADYYOGTWDASLSGY VY &1
GOGIKLTIVLG
SVETOPPRPASGTPOORVTISCSGSSSNIGSNTVYWYQRQILPOTAPKLLIY A
NEQRPSGVPDRFSOSKSGISASLAISGLRSEDEADYYOGSWDYSLIGYVF 2
COGTEETVLG
QSVLTOPPSASGTPGORVTISCSGSSENIGNNN VWY QQLPGTAPRLLIVA
DEHRPSGVPDRFSGSNSGTSASLABGLRSEDEADYYCATWDYSLAGYVF 33
GGGTKLIVLIG
QSVLTQPPSASGTPGORVTISCSGRSSNIGENDVSWYQQLPGTAPKLLILYY
DNNRPSGVPDRFSGSRSGTSASLARGLREEDEADYYCGAWDDSLSGYNF hE
GGOGTRLTVEG
QRVLTOPPSASGTPOORVIISCTGSSENIGNNAVNWYQULPGTAPKLINYY
DENRPRGVPDRISGSKEGTSASLAISGLRIEDEADYYUGAWDRDRLSGYVE 83
GGGTRLTVLG
QSVLTQPPSASGTPGORVTISCTGSSSNIGENDVIWYQQLPGTAPKLLIVA
DSKRPSGVPDRISGSKSGTSASLAISGLRSEDEADYYCOTWINSLEGYVE 36
GOGTRLTVLG
QEVLTOPPSASGTPGORVTISCSGSSENIGSNYVEWYQOLPGTAPKLLIYD
DASHREIGVPDRFSGEESGTSASLASGLRSEDEADY Y CGAWDDSLAGYVE 37
GOGTKLTVLG
QSVLTOPPSASGTPGORVTISCRGSSSNIGNNDYVSWYQQLPGTAPKLLIYD
DSCRPSGVPDRESGSKEGTSASLAISGLBSEDEADYYCGAWDILSLSGYVE 38
GOGTRLTVLG

In some embodiments, the CDRs of the respective light chain variable regions and the
CDRs of the respective heavy chain variable regions disclosed in Table 1a through Table 1f
above may be combined freely.

In some embodiments, the heavy chain and light chain variable regions disclosed in
Table 2a and Table 2b may be combined freely for preparation of various forms of antibody,
and for example, a single antibody such as ScFV or a domain antibody or full-length antibody
may be formed.

Each of the heavy chain and light chain variable regions disclosed in the present
invention may bind to various target heavy chain and light chain constant regions to form heavy
chains and light chains, respectively, of an intact antibody. Further, the respective heavy chain
and light chain sequences bonded to constant regions may further be combined to form an intact
antibody structure.

Any variable region of a heavy chain or light chain of the antibody according to the
present invention may be linked to at least part of a constant region. The constant region may
be selected according to whether antibody-dependent cell-mediated cytotoxicity, antibody-

dependent cell phagocytosis and/or complement-dependent cytotoxicity, etc. is required.
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Whichever is appropriate of the above constant regions may be used depending on the
objective, for example human or mouse-derived constant region. In some embodiments, a
human heavy chain constant region IgG1 is used, represented by SEQ ID No. 91. In some
embodiments, a human lambda region represented by SEQ ID No. 93 is used as a light chain
constant region.

Any variable region disclosed in the present invention may bind to a constant region to
form heavy chain and light chain sequences. In some embodiments, a heavy chain variable
region disclosed in the present invention may be linked to a human IgG1 constant region,
represented by SEQ ID NO. 59 to 66, 100 and 101. In some embodiments, the light chain
variable region disclosed in the present invention may be linked to a human lambda constant
region, and these are represented respectively by SEQ ID No. 67 through 74. The light chain
and heavy chain according to the present invention may be combined in a variety of
combinations to form intact antibodies comprising two light chains and two heavy chains.

However, these constant region sequences which may be combined with variable
regions disclosed in the present invention are intended to be exemplary, and those skilled in
the art shall be able to know that other variable regions, including IgG1 heavy chain constant
regions, IgG3 or IgG4 heavy chain constant regions, any kappa or lambda light chain constant
region, or other variable regions modified to give target characteristics such as stability,
expression, manufacturability or otherwise may be used.

The present invention also includes one or more nucleic acid sequences having
substantial sequence identity to one or more nucleic acid sequences disclosed in the present
invention. Substantial identity means that the antibody or antigen-binding fragment encoded
by the nucleic acid maintains the effect disclosed In the present disclosure, even with sequence
variation. In some embodiments, the sequence has about 90%, 95%, or 99% identity to the
heavy chain variable regions disclosed in Table 2a. In some embodiments, the sequence has
about 90%, 95%, or 99% identity to the light chain variable regions disclosed in Table 2b. For
example, in the case of variant showing 90%, 95%, or 99% identity to the antibody or antigen-
binding fragment disclosed In the present disclosure, the variation occurs at the framework of
the variable region, rather than at the CDRs.

In some embodiments, the nucleic acid coding the antibody disclosed in the present
invention or a fragment thereof is a nucleic acid which codes the CDRs disclosed In the present
disclosure, a variable region including the CDRs, and a whole length antibody including the
variable region and a constant region. Upon determining the amino acid sequence, the nucleic
acid sequence may be readily determined using known reverse transcription programs and with
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consideration for codon usage, etc. An example of a nucleic acid sequence for a heavy chain
constant region coding human IgG1 may be represented by SEQ ID No. 92. An example of a
nucleic acid sequence for a light chain constant region coding human lambda may be
represented by SEQ ID No. 94 or 95. Examples of nucleic acid sequence for a whole-length
heavy chain including the above constant region nucleic acid may be represented by SEQ ID
NO. 75 through 82, 102 and 103 (heavy chain including human IgG1 constant region), and
examples of nucleic acid sequence for a whole-length light chain may be SEQ ID No. 83
through 90 (light chain including human lambda constant region).

Further, nucleic acid sequences coding the CDR sequences of Table 1a through Table
1f, and the variable regions of Table 2a and Table 2b, are included. These nucleic acids are
included in the nucleic acid sequences coding the whole-length antibody disclosed in the above,
and are not indicated separately. Those skilled in the art will be able to, based on the protein
sequences of the CDRs and variable regions disclosed In the present disclosure, readily identify
from among SEQ ID No. 75 through 90 the nucleic acid sequences which code the same.

The present invention further includes at least one nucleic acid sequence which has
substantial sequence identity with at least one nucleic acid disclosed in the present invention.
Substantial identity means that the antibody or antigen-binding fragment encoded by the
nucleic acid maintains the effect disclosed In the present disclosure, even in cases where
nucleic acid variation causes conservative substitution or amino acid variation in which the
variation of nucleic acid is not accompanied by amino acid substitution.

Specificity and affinity of antibody to antigen

The antibody or antigen-binding fragment according to the present invention has
specificity in particular to the ECD of RORI1 antigen, and affinity appropriate for use as an
antibody therapeutic or diagnostic agent. In one embodiment, according to Table 6, the affinity
to an aggregate is KD < 1.0 x 10® M; and in another embodiment, KD < 1.0 x 1071 M. The
antibody or antigen-binding fragment according to the present invention having such affinity
has the advantage of being administrable in loser doses compared to antibodies having lower
affinity, for example 10 M or 10 M. Whereas antibodies are not limited to those described
in the foregoing, [those described] have a large clinical advantage as sufficient efficacy can be
achieved through more convenient methods of administration, such as subcutaneous injection.
Variable region of antibody

The present invention includes the variable regions of the heavy chains and light chains
disclosed in Table 2a and Table 2b above. Further, the present invention includes an antibody
including an immunological functional fragment, a derivative, a mutant protein and a variant
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of the light chain and heavy chain variable regions (and corresponding nucleic acid sequence).
An antibody wherein the variable regions of heavy chains and light chains according to the

[t

present invention are combined in various ways may be expressed as “VHx / VLy”, where “x

[Tt

is the heavy chain variable region SEQ ID NO., and “y” corresponds to the light chain. In one
example, the variable region may include the following combinations : VH43/VL5I1,
VH43/VL52, VH43/VL53, VH43/VL54, VH43/VL55, VH43/VL56, VH43/VL57,
VH43/VL58, VH44/VL51, VH44/VL52, VH44/VL53, VH44/VL54, VH44/VL5S,
VH44/VL56, VH44/VL57, VH44/VL58, VH45/VL51, VH45/VL52, VH45/VL53,
VH45/VL54, VH45/VL55, VH45/VL56, VH45/VL57, VH45/VL58, VH46/VL51,
VH46/VL52, VH46/VL53, VH46/VL54, VH46/VL55, VH46/VL56, VH46/VL57,
VH46/VL58, VH47/VL51, VH47/VL52, VH47/VLS53, VH47/VL54, VH47/VL5S,
VH47/VL56, VHA47/VL57, VH47/VLS8, VHA48/VL51, VH48/VL52, VHA48/VL53,
VHA48/VL54, VH48/VLS5, VH48/VL56, VH48/VL57, VH48/VL58, VH49/VLS5I1,
VH49/VL52, VH49/VL53, VH49/VL54, VH49/VL55, VH49/VL56, VHA49/VL57,
VH49/VL58, VHS0/VL51, VHS50/VL52, VHS50/VL53, VHS50/VL54, VHS0/VLS5S,
VHS50/VL56, VHS50/VL57, VHS50/VL58, VH98/VL51, VH98/VL52, VH98/VL53,
VH98/VL54, VH98/VL55, VH98/VL56, VH98/VL57, VH98/VL58, VH99/VL51,
VH99/VL52, VH99/VL53, VH99/VL54, VH99/VLS5S5, VH99/VL56, VH99/VL57, or
VH99/VLS3S8.
Various other forms of antibody

The antibody disclosed in the present invention is also a variant of the antibody
disclosed in the present invention. For example, a part of an antigen comprises conservative
amino acid substitution in one or more of the residues of the heavy chains, light chains, variable
regions or CDR sequences disclosed in the above. A conservative amino acid substitution refers
to a substitution which does not substantially affect the activity of a polypeptide or its
antigenicity. In some embodiments, a conservative amino acid substitution refers to a
substitution with another residue falling in the same category in the following amino acid
categorization. Naturally occurring amino acids can be categorized as follows, based on
common properties of side chain properties: 1) hydrophobic: norleucine, Met, Ala, Val, Leu,
Ile; 2) neutral, hydrophilic: Cys, Ser, Thr, Asn, Gln; 3) acidic: Asp, Glu; 4) basic: His, Lys,
Arg; 5) residue affecting a chain direction: Gly, Pro; and 6) aromatic: Trp, Tyr, Phe. The
conservative amino acid substitution may also comprise a non- naturally-occurring amino acid
residue such as a peptide mimetic, and this residue is typically introduced by chemical

synthesis, not a cell.
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Non-limiting examples of conservative amino acid substitution are shown in, and are
not limited to, Table 3.

[Table 3] Conservative amino acid substitution

original residue | Exemplary subsititution
Arg
S
Anp | Glu

Thr Ser

Tep Tyr

Twr Trpy Fha
Val e leu
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Non-conservative substitution includes substitution with a residue which belongs to
other categories in the above categorization. Such substitution may be adopted into a region of
an antibody which is homologous to a human antibody, or a non-homologous region of the
same.

Preparation of antibody

In the present disclosure, non-human antibody may be derived from, for example, any
antibody-producing animal, for example, mouse, rat, rat, rabbit, goat, donkey or non-human
primates (for example monkeys such as the cynomolgus monkey or rhesus macaque) or apes
(for example, chimpanzees). Non-human antibody can be produced by immunizing animals
using methods known to the art. The antibody may be polyclonal or monoclonal, or may be
synthesized within a cell host through expression of recombinant DNA. Fully human antibody
may be produced by administering antigen to a transformed animal including a human
immunoglobulin gene locus, or by treating a phage display library expressing a human antibody
repertory with antigen, then selecting the target antibody.

A monoclonal antibody (mAb) may be produced using conventional monoclonal
antibody methods, for example the standard somatic hybridization method in literature (See :
Kohler and Milstein, 1975, Nature 256:495).

The single chain antibody disclosed in the present invention may be produced using an
amino acid bridge (short peptide linker) to link heavy chain and light chain variable domain
(Fv region) fragments. The single-chain antibody disclosed in the present invention includes
scFv including combinations of heavy chain and light chain variable region domains listed in
Table 1a through Table 1f, or the CDRs disclosed in Table 1a through Table 1f, but is not
limited thereto.

Also, the antibody disclosed in the present invention may be modified to a different
subtype antibody through subtype switching. Accordingly, an IgG antibody may, for example,
be derived from an IgM antibody, and the reverse is also possible.

Accordingly, included among the antibodies disclosed in the present invention are, for
example, the variable domain combination antibody according to the present invention,
switched to the target isotype (for example, IgA, IgG1, IgG2, 1gG3, IgG4, IgE and IgD).
Method for expressing antibody

The present invention further relates to an expression systems and constructs in the
form of plasmids, expression vectors, and transcription or expression cassettes including at
least one polynucleotide described in the above; a host cell comprising such expression systems
or constructs; and a method for producing antibody using the expression systems or host cells.
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The antibody disclosed in the present invention may be expressed in a hybridoma cell
line or a cell line other than a hybridoma. Expression constructs coding the antibody may be
used to transform mammalian, insect or microbial host cells. Constructs such as plasmids may
be prepared, as described in the foregoing, any of various known methods for introducing
polynucleotide into a host cell. The specific method may vary according to the type of host
cell. Methods for introducing a heterogeneous polynucleotide into a mammalian cell are widely
known to the art, and include, and are not limited to, for example, dextran-mediated transfer,
calcium phosphate precipitation, polybrene-mediated transfer, protoplast fusion,
electrophoresis, capsulation of transferred polynucleotide using liposome, mixing of nucleic
acid and positively charged lipid, and direct microinjection of DNA into the nucleus.

Use of human RORI1 antibody for therapeutic and treatment purposes

In cancers, ROR1 is associated with unfavorable prognosis of cancer patients, and is
reported to also affect metastasis. ROR1 is overexpressed not only in hematologic malignancy
such as B-cell leukemia, lymphoma, acute myeloid leukemia (AML), Burkitt lymphoma,
chronic lymphocytic leukemia (CLL), mantle cell lymphoma (MCL), acute lymphoblastic
leukemia (ALL), Diffuse large B-cell lymphoma (DLBCL), follicular lymphoma (FL) and
marginal zone lymphoma (MZL), etc. but also solid cancer including breast cancer, renal
cancer, ovarian cancer, gastric cancer, liver cancer, lung cancer, colorectal cancer, pancreatic
cancer, skin cancer, bladder cancer, testicular cancer, uterine cancer, prostate cancer, non-small
cell lung cancer (NSCLC), neuroblastoma, brain cancer, colon cancer, squamous cell
carcinoma, melanoma, myeloma, cervical cancer, thyroid cancer, head and neck cancer and
adrenal cancer, etc. For anti-cancer antibody therapy, for example, ROR1 antibody may, as
described In the present disclosure, be used in the form of the antibody alone or in a form
bonded to various cytotoxic agents to remove cancer cells which overexpress RORI.
Accordingly, antibody binding to ROR1 may be used alone or as bonded to anti-cancer
chemotherapeutic agents, cytotoxic agents or radioactive materials, or may be embodied as a
cytotherapeutic agent such as CAR-T cells for example, to target an anti-cancer target, and
thereby used as a targeted therapeutic agent which guides a therapeutic agent derived from the
antibody disclosed in the present invention to a cell expressing ROR1.

Method of treatment: pharmaceutical formulation and administration pathway

A treatment method using an antibody, an antibody drug conjugate, or a
pharmaceutically acceptable salt or solvate thereof is also provided. In certain embodiments,
the antibody, antibody drug conjugate, or a pharmaceutically acceptable salt or solvate thereof
is provided to a patient. The antibody, antibody drug conjugate, or a pharmaceutically
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acceptable salt or solvate thereof binds to human ROR1 expressed on the surface of cancer
cells, thereby suppressing metastasis of cancer cells. In some embodiments, the antibody in a
form bonded to a cytotoxic agent binds to human ROR1 expressed on the surface of cancer
cells, specifically delivering the cytotoxic agent to cancer cells to induce cell death of the cancer
cells. In some embodiments, the antibody in a form of an antibody specific to the same or a
different target binds to human ROR1 expressed on the surface of cancer cells, thereby
increasing the specificity of a multi-specific antibody to cancer cells or inducing the connection
of cancer cells to other types of cell such as immune cells, and inducing death of cancer cells.
In certain embodiments, the antibody is expressed on the surface of cytotherapeutic agents such
as CAR-T cells, binding to human ROR1 and thereby specifically delivering the
cytotherapeutic agent to the cancer cells to induce their death.

A pharmaceutical composition comprising a therapeutically effective dose of the
antibody drug conjugate and a pharmaceutically acceptable diluent, carrier, solubilizer,
emulsifier, preservative and/or supplement is also provided. In addition, for example, a method
for treating a cancer patient by administering such a pharmaceutical composition is included.
The term “patient” includes a human patient.

The pharmaceutical composition may comprise pharmaceutically acceptable carriers.
Here, carriers refer to excipients, diluents or adjuvants. The carrier may be selected from a
group comprised of lactose, dextrose, sucrose, sorbitol, mannitol, xylitol, erythritol, maltitol,
starch, acacia rubber, alginate, gelatin, calcium phosphate, calcium silicate, cellulose, methyl
cellulose, microcrystalline cellulose, polyvinyl pyrrolidone, water, saline, PBS and other buffer
solutions, methylhydroxybenzoate, propylhydroxybenzoate, talc, magnesium stearate and
mineral oil. The composition may include fillers, anticoagulants, lubricants, wetting agents,
flavoring agents, emulsifiers, preservatives, or combinations thereof.

The pharmaceutical composition may be formulated as any dosage form according to
known methods. The composition may be formulated into formulations for oral administration
(for example, powders, tablets, capsules, syrups, pills or granules) or non-oral administration
(for example, injections). Further, the composition may be prepared as a systemic or local
formulation.

The pharmaceutical composition may comprise the antibody conjugate, an antigen-
binding fragment thereof, anti-cancer agents, or combinations of these in effective amounts.
The term “effective amount” refers to an amount sufficient to exhibit preventive or therapeutic
effects when administered to an individual requiring prevention or treatment. The effective
amount may be appropriately selected by a PHOSITA depending on the cell or individual, and
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may be determined based on elements including severity of illness, patient age, body weight,
health, gender, sensitivity to drugs, duration of administration, administration pathway,
excretion ratio, duration of therapy, and drugs mixed with the composition or used
concomitantly therewith, and other elements well known to the field of medicine. The effective
amount may be approximately 0.1 ug to approximately 2g per [unit missing] of the
pharmaceutical composition.

The administration dose of the pharmaceutical composition may be, for example, 10 ug
/kg to approximately 30 mg/kg for an adult, selectively 0.1 mg/kg to approximately 30 mg/kg,
or alternatively 0.3 mg/kg to approximately 20 mg/kg. The administration may be performed
once a day, multiple times a day, or once per week to four weeks, or one two twelve times per
year.

In the following, preferred embodiments are presented to aid understanding of the
present invention. However, the following embodiments are provided to facilitate
understanding of the present invention, and the present invention is not limited to these
embodiments.

Embodiment 1: Preparation of ROR1 antibody
Embodiment 1-1: Antigen

As the antigen, an ROR1 ECD-Fc type protein wherein Fc is connected to the C-
terminal of the extracellular domain (ECD) of human ROR1 was used.

Specifically, to prepare the antigen, a residue including the extracellular domain of
RORI1 and corresponding to amino acid 1 through amino acid 406 of the ROR1 amino acid
sequence represented by NCBI reference number NP_0050032 was used. As for the gene
coding the extracellular domain of the ROR1, cDNA from Origene was purchased and used
(Origene, RC214967). In addition, to purify the ROR1 extracellular domain thereafter, a gene
coding human IgG1-derived Fc protein was synthesized and linked to the 3’ terminal of the
gene coding the ROR1 extracellular domain (hereinafter referred to as ‘RORI1-F¢’). By
introducing the gene into a pcDNA3.1 vector, a vector which codes ROR1-Fc¢ nucleic acid in
a mammalian cell line was obtained.

The expression vector was transiently transfected into HEK 293E cells to express
RORI1-Fc by culturing in DMEM-/F12 medium at 8% CO2 and 37°C, and collecting the
medium every 72 hours. Protein A affinity chromatography was used to purify the Fc-ROR1
ECD protein.
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Embodiment 1-2: Selection of antibody through phage library screening

Preparation of library phage

Escherichia coli 2 x 10 1° with a human-derived single-chain variable fragment (scFv)
library (Yang et. Al., 2009 Mol. Cells 27: 225) gene with binding potential to various antigens
was cultured for 2 to 3 hours at 37°C (OD600 = 0.5 ~ 0.7) in medium containing 2X YT
(Amresco, J902-500G), carbenicillin (Duchefa, C01090025) 100 ug/mé and 2% glucose
(sigma, G7021), then infected with helper phage and cultured for 16 hours at 30°Cina 2X YT
medium [2X YT, carbenicillin, 70 ug/mé kanamycin (Duchefa, K0126), ImM IPGTG
(Duchefa, 11401)] to induce phage packaging. Thereafter, the cultured cells were centrifuged
(6000 rpm, 15 minutes, 4°C), and then 4% PEG8000 (sigma, P2139) and 3% NaCl (Samchun,
S2097) was added to the supernatant and dissolved thoroughly and reacted for 1 hour in ice.
After centrifuging once again (8000rpm, 20 minutes, 4°C), PBS (Phosphate buffered saline,
Gibco 10010-023) was added to the pellet to create a suspension, which was again centrifuged
(12000rpm, 10 minutes, 4°C). The supernatant containing library phage was placed in a new
tube, and kept at 4°C until use.

[0526] Panning through phage display

To screen antibodies binding to human RORI1 protein, the ROR1-F¢ protein prepared
in Embodiment 1-1 was used to carry out panning a total of three times as explained in the
following.

Specifically, in an immunotube (maxisorp 444202), ROR1-Fc at a concentration of 10
ug/me and a negative control-Fc (BCMA-Fc) were added to PBS. Protein was allowed to be
adsorbed on the surface of the immunotube over night at 4°C, after which a 3% BSA (bovine
serum albumin) solution was added to the immunotube to protect surfaces on which the ROR1-
Fc had not been adsorbed. The immunotube was emptied, and 10'2 CFU antibody phage library
dispersed in 3% BSA solution was placed in the immunotube where the control Fc protein is
adsorbed, then allowed to react for 1 hour at room temperature (negative selection). Thereafter,
the phages which did not bind to the negative control Fc were recovered and bonded to the
immunotube to which ROR1-F¢ had been adsorbed. The non-specifically bound phages were
removed by washing 5 to 30 times using PBS-T solution (Phosphate buffered saline-0.05%
Tween 20), then the remaining antigen-specific phage antibodies were recovered using 100mM
triethylamine solution. The recovered phages were neutralized with 1M Tris buffer (pH 7.4).
ER2537 E. Coli was infected for 1 hour at 37°C, and the infected E. Coli was plated on 2X YT
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agar medium and cultured overnight at 37°C. The next day, the cultured E. Coli was suspended
in 4 m¢ of 2X YT carbenicillin culture, and 15% glycerol was added. Some was stored at -80°C,
and the rest was used to prepare phages for the next experiment. This process was repeated a

total of three times to amplify and concentrate the ROR1 antigen-specific phage pool.

Monoclonal phage antibody screening (single clone screening)

The following experiment was performed to select a monoclonal antibody that
specifically binds to ROR1 from the phage pool obtained through panning.

To isolate the monoclones from the concentrated pool, the phage pool was plated in
LB-tetracycline / carbenicillin agar medium and cultured to obtain a single colony. Monoclones
were then inoculated into 96 deep well plates containing 400 ué of 2 x YT-tetracycline /
carbenicillin medium per well and grown overnight, then 10 L€ of the culture was added to a
new 96 deep well plate containing 390 u€ of 2 x YT-tetracycline / carbenicillin and incubated
at 37 °C for 4 hours. 1 mM IPTG was added to the culture solution and incubated overnight at
30°C. The culture solution cultured overnight was centrifuged to obtain the supernatant.

Thereafter, the ELISA method was used as follows to select clones expressing
monoclonal soluble scFv binding to ROR1-Fc antigen (Steinberger Rader and Barbas III 2000
Phage display vectors In: Phage Display Laboratory Manual 1sted Cold Spring Harbor
Laboratory Press NY USA pp119-1112). Specifically, 100ng per well of recombinant human
ROR1-Fc¢ prepared in Embodiment 1-1 or FBMA-Fc¢ was placed in a 96-well microtiter plate
(Nunc-Immuno Plate, NUNC, USA), which was coated overnight at 4°C. BCMA-Fc¢ is the
protein used as a negative control, a recombinant protein where the extracellular domain of
human BCMA protein is linked to human Fc. 200uL each of 3% BSA was placed in each well,
and blocked for 2 hours at 37°C.

The monoclonal phage supernatant was prepared by mixing 1:1 with 3% BSA, and 100
uL each of this mixture was loaded into the wells and reacted for 2 hours at 37°C. After washing
5 times with 300 ulL PBST, anti-HA HRP binding antibody was added, reacted for 1 hour at
37°C, then washed 5 times with PBST. 100 uL TMB (Tetramethylbenzidine, Sigma, T0440)
was added for color development, and then 50 ul. 1IN H2SO4 was added to stop the reaction.
Absorbance was measured at 450nm and 650nm, and clones where the absorbance at 450nm

and 650nm was 10 or higher when coated with 1 ug/mL ROR1 were screened (Fig. 1)
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Next, flow cytometry was used to screen clones binding to cell lines expressing ROR1.

Specifically, 100 p€ of the monoclonal scFv supernatant was reacted with a cell line (JeKo-1)

overexpressing ROR1, then washed two times with PBS. After reacting with anti-HA-FITC

antibody (Sigma, H7411) at 4°C for 30 minutes, and washing twice with PBS then suspending

in 200 u¢ PBS, a FACSCalibur flow cytometer (BD Bioscience) was used to screen clones

binding to the JeKo-1 cell line (Fig. 2)
This this process, 10 antibody clones (AB4, A2F2, A2F3, BA6, CC9, C2E3, DGO,
D2B12, A2F2 M1 and BA6 M1) binding to recombinant human ROR1 protein and cell lines

expressing ROR1 were screened. The amino acid sequence and CDR sequence of the heavy

chain variable region and light chain variable region of each of these antibodies are as shown

in the following tables.

[Table 4a]
COR Sequencrs of Heavy Chindn Viardalide (VH)
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[Table 4b]
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COR Sequences of Light Clist Varlable (VL0 Vi
ChRY TR CDR3

hid SEQ SEG SEG | SEQ
Sequence w Segquence n Sequence i m

X XO S0 ¢ NG
AB SGRAEENIGNNNWN 32 YIINKRPS & GTWDASESGYY 38 51
AZFZ | BORRENIGENTYY 23 P ANSCRPE T ¥ P GSWDYSIRGYY 3% 2
AZF3 | SGNSSNIGNNNYS |24 JADSHRPS | 32 [ATWDYSLSGYV | 48 R
BAS SGRSSNIGRRDVS & PYDNNEPS |33 LOAWDDSISOYY L 4 3
CCR L TOSSENIGNNAVR] 26 [ YDSNRPS | 34§ GAVDDRISGYY | & 33
CIEZ | TGSSENIGSNDVT | 27 [ ADSKRPS | 35 LOTWDYSLSGYV | €@ 56
DG | SGISENIGENYVS 38 PDDSHRPE | 3¢ [ GAWDDSLSGYV | 4l 57
DIBLY | SGREENIONNDVE | 23 [ DDSCRES | 3T L GAWDDSLEGYV | 4 38
AIFI N | SOSBSNIGENTYY I3 ANBURPS 3 GRWRYSLIGYY R 52
BAGML | SOSSSNIGERDVE | 28 [YDNNEPR | 33 [ GAWDDRLIOYY | 4 34

The nucleic acid sequence encoding the variable region and CDR sequences is included
as part of the nucleic acid sequence encoding the following full length heavy chains and light
chains, in the order of AB4, A2F2, A2F3, BA6, CC9, C2E3, DG6, D2B12, A2F2 M1 and BA6
M1 : SEQ ID NO. 75 ( Heavy chain) and 83 (light chain); SEQ ID NOs. 76 (heavy chain) and
84 (light chain); SEQ ID NOs. 77 (heavy chain) and 85 (light chain); SEQ ID NOs. 78 (heavy
chain) and 86 (light chain); SEQ ID NOs. 79 (heavy chain) and 87 (light chain); SEQ ID NOs.
80 (heavy chain) and 88 (light chain); SEQ ID NOs. 81 (heavy chain) and 89 (light chain);
SEQ ID NOs. 82 (heavy chain) and 90 (light chain); SEQ ID NOs: 102 (heavy chain) and 84
(light chain); SEQ ID NO: 103 (heavy chain) and 86 (light chain). The nucleic acid sequence
encoding the constant region in the nucleic acid sequence is SEQ ID NO. 92 (heavy chain),

and SEQ ID NO. 94 (light chain) or 95 (light chain).

Embodiment 2: Conversion of anti-RORI1 scFV into full IgG form, and production of the

same
Embodiment 2-1: Cloning of anti-ROR1 scFV into full IgG form

To convert the sequences of each of the ROR1-specific monoclonal phage antibodies
obtained in Embodiment 1 to full IgG form, nucleic acids encoding the heavy chain and light
chain variable regions of the respective clones obtained in Embodiment 1 were synthesized

(Genotech, South Korea). After synthesizing genes encoding the heavy chain and light chain
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constant regions (SEQ ID No. 91 and 93, respectively) of the human IgG1 subtypes, the genes
were connected with nucleic acid encoding the respective heavy chain and light chain variable
regions. The nucleic acids encoding the light chains and heavy chains of the respective
antibodies were respectively cloned into pcDNA3.1-based expression vectors, obtaining
vectors encoding antibody nucleic acids in CHO-S mammalian cell lines.

As for the reference group, a chimera antibody where human IgG1 is bonded to the
variable region of the conventional anti-ROR1 antibody 2A2 (US 9.316,646) was used.

The antibodies according to the present invention in IgG form are disclosed with the
following heavy and light chain full-length sequences, in the order of AB4, A2F2, A2F3, BA6,
CC9, C2E3, DG6, D2B12 A2F2 M1 and BA6 M1: SEQ ID NOs. 59 (heavy chain) and 67
(light chain); SEQ ID NOs. 60 (heavy chain) and 68 (light chain); SEQ ID NOs. 61 (heavy
chain) and 69 (light chain); SEQ ID NOs. 62 (heavy chain) and 70 (light chain); SEQ ID NOs.
63 (heavy chain) and 71 (light chain); SEQ ID NOs. 64 (heavy chain) and 72 (light chain);
SEQ ID NOs. 65 (heavy chain) and 73 (light chain); SEQ ID NOs. 66 (heavy chain) and 74
(light chain) SEQ ID NOs: 100 (heavy chain) and 68 (light chain); SEQ ID NOs: 101 (heavy
chain) and 70 (light chain).

Embodiment 2-2: Expression of anti-ROR1 IgG antibodies

CHO-S cells were adjusted to a concentration of 1.5 X 106 cells/ml in CD-CHO (Gibco,
10743) medium, then cultured for 1 day at 37°C and 8% CO2. On the day of DNA transfection,
the cells, which had grown to 2.5 to 3 x 106 cells/ml, were prepared to a concentration of 2.1
x 106 cells/ml using a CD-CHO medium containing 1% DMSO and then cultured for 3 hours
at 37°C and 8% CO2. After centrifuging for 15 minutes at 3000rpm, the supernatant was
removed, and re-suspended in RPMI 1640 medium containing 25% FBS. Thereafter, vectors
expressing the heavy chain and light chain of Embodiment 2-1 were diluted in Opti-MEM

medium at a rate of 1 ug per ml medium, and PEI (Polysciences, 23966, stock concentration :
Img/ml) was diluted at a rate of 8 ug per ml culture medium.

The vector and PEI mixture was fixed at room temperature for 10 minutes, then placed
in a flask containing cells prepared as described above. After culturing for 4 hours at 5% CO2,
37°C and 100rpm, CD-CHO of the same volume as the culture was added, followed by
culturing for 4 days at 8% CO2, 37°C and 110 rpm.

Embodiment 2-3: Isolation and purification of anti-ROR1 IgG antibodies
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Equilibrium buffer solution (50 mM Tris-HCI, pH7.5, 100 mM NaCl) was brought to
equilibrium by passing through a Mab selectsure (GE healthcare, SmL), the culture solution of
Embodiment 3-2 was passed through a column (Mab selectsure (GE healthcare, SmL) so that
the expressed antibody would bind to the column. Thereafter, after eluting with 50mM Na-
citrate (pH 3.4) and 100mM NaCl solution, 1M Tris-HCI (pH 9.0) was used to neutralize and
achieve a final pH of 7.2. The buffer solution was exchanged with PBS (phosphate buffered
saline, pH 7.4).

Embodiment 3: Analysis of binding specificity of anti-ROR1 IgG antibody to ROR1

Embodiment 3-1: Analysis of binding capacity (ELISA)of anti-ROR1 IgG antibody to

RORI antigen (extracellular domain)

The specific binding capacities of the IgG antibodies of the respective clones prepared
and screened in Embodiment 2 to antigen were analyzed as follows.

Anti-RORI1 antibody — antigen binding affinity was assessed using an ELISA-based
solution binding assay. Specifically, a 96-well microtiter plate (Nunc-Immuno Plates), NUNC)
was coated for 16 hours at 4°C with the ROR1 protein described below at a concentration of 1
ug/me in PBS solution, and non-specific binding sites were blocked for 2 hours with 3% BSA
(bovine serum albumin). Here, the ROR1 protein used was, in the case of human ROR1, the
RORI1-Fc¢ or recombinant human ROR1-His (Sino Biological, 13968-HO8H) of Embodiment
1. The ROR1-His used in ELISA, as stated in the above sentence, was a protein from the Sino
Biological company (13968-HO8H), and the ROR1-His of Embodiment 1 or recombinant
mouse RORI1 protein was used (Acrobiosystems, RO1-M5221-100 ug)

Subsequently, the anti-ROR1 antibodies prepared in Embodiment 3 were added at the
concentrations stated in Fig. 2 to a 96-well microtiter plate, and binding capacity was analyzed
using ELISA as follows. Specifically, after incubating for 2 hours, the plate was washed 5 times
with PBS containing 0.05% Tween 20, then HRP-conjugated Fab multiclonal antibody reagent
(Perce, 31414) was diluted to 1:10,000 and placed in the washed microtiter plate. After reacting
for 1 hour at 37°C, the ROR1 antibodies bonded to the plate were detected. After the reaction,
color development was performed using TMB (Tetramethylbenzidine, Sigma, T0440). The
enzymatic reaction was stopped using 0.5 mol/L sulfuric acid, and absorbance at 450nm and

650nm was measured (450 nm — 650 nm) using a micro plate reader (Molecular Device)
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The results are shown in Fig. 3a, Fig. 3b and Fig. 4, and it was confirmed that the anti-
RORI1 antibody of the present invention binds to human ROR1 and mouse RORI1 in a
concentration-dependent manner. Further when comparing the cross-reactivity to mouse ROR1
protein, the ROR1 antibody according to the present invention was found to have superior

binding capacity compared to the 2A2 antibody used as a reference group.
Embodiment 3-2: Measuring the specific binding capacity of Anti-ROR1 IgG antibody to

cell surface-expressed RORI1 antigen (FACS)

It is critical for an antibody to a certain antigen to be used in vivo as a therapeutic
antibody, for example, that it binds to antigens expressed at the cell surface. Some antigens
will bind to purified antigen, but will not bind to cell surface-expressed antigen. In such cases,
even in the antibody is administered in vivo, it cannot bind to antigen, meaning that the
antibody is unable to bind to cells expressing the antigen and that a therapeutic antibody, etc.
is unable to exhibit in vivo activity.

Accordingly, FACS analysis was carried out to confirm that the anti-ROR1 antibody of
the present invention binds to cell surface-expressed ROR1.

For this experiment, using cell lines (Fig. 5 and Fig. 7, respectively) transiently (CHO-
human ROR1, CHO-human ROR2, CHO-mouse ROR1) or stably (MC38-human RORI)
transfected with ROR1 gene to achieve artificial over-expression of ROR1 protein, an ROR1-
expressiong cell line (JeKo-1, Mino) (Fig. 6), a non ROR1-expressing cell line (MCF7) (Fig.
6) and a FACSCalibur (BD Biosciences) device was used to measure the degree to which anti-
RORI1 antibody and ROR1 were bound, as follows. MCF7 is a negative control which does not
express ROR1, and CHO-human ROR2 is a negative control expressing human ROR2. JeKo-
1, Mino, CHO-human ROR1, CHO-mouse ROR1 and MC38-human RORI are all cell lines
which express human ROR1 or mouse ROR1.

Specifically, after dissociating each cell line and washing in PBS, the number of cells
was counted and adjusted to 2 x 10° cells/200 4€ PBS. Then the respective ROR1 monoclonal
antibodies prepared in Embodiment 3 were diluted 5 times from 10 ug/mL or 10 yg/mL, then
reacted for 1 hour at 4°C. After the reaction, the cells were washed in PBS, then FITC-marked
constant region (Fc) specific antibody (Goat anti-human IgG FITC conjugate, Fc specific,
Sigma, F9512, concentration 20 mg/ml) was suspended in 2 L€/1x10° cells/200 u¢ PBS and

reacted for 1 hour at 4°C. As for identification of the degree of expression of the transiently

over-expressed human ROR1, human ROR2 and mouse ROR1, a commercially available
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FACS analysis antibody (anti-ROR1 : R&D Systems, FAB 2000G, anti-ROR2 : R&D,
FAB20641P) was used. After reacting the cells were washed in PBS and analyzed using a
FACSCalibur device. The negative control (2nd Ab) was only treated with FITC-marked
constant region (Fc) specific antibody. The shifted readings for the respective experimental
groups treated with ROR1 monoclonal antibody were compared against the shifted reading for
the control group (MFI Ratio : MFI of anti-ROR1 / MFI of 2nd Ab).

The results are represented in Fig. 5, Fig. 6 and Fig. 7. In the results, it was found that
the anti-ROR1 antibody of the present invention binds specifically and in a concentration-
dependent manner to human ROR1 (Fig. 6) which is originally expressed in cells, and the
extracellular domain of human ROR1 (Fig. 5 and Fig. 7) artificially over-expressed in cells.

Further, it was confirmed that it does not bind to the family protein human ROR2, and
that it has inter-species cross-reactivity with to mouse ROR1 (Fig. 5). When comparing cross-
reactivity to cell surface-expressed mouse ROR1, it was confirmed that the ROR1 antibody of
the present invention has a superior degree of binding than the 2A2 antibody used as a reference
group (Fig. 5).

Embodiment 3-3: Measuring the binding ability of anti-ROR1 IgG antibody to cell

surface-expressed RORI1 antigen in various cancers (FACS)

Subsequently, FACS analysis was performed to verify that the anti-ROR1 antibody of
the present invention binds to cell surface-expressed ROR1 in various types of cancer cell lines.
RORI1 is expressed in a variety of cancer cells, including not only blood cancers such as B-cell
leukemia, lymphoma, acute myeloid leukemia (AML), Burkitt lymphoma, mantle cell
lymphoma (MCL), acute lymphoblastic leukemia (ALL), chronic lymphocytic leukemia
(CLL), Diffuse large B-cell lymphoma (DLBCL), follicular lymphoma (FL) and marginal zone
lymphoma (MZL), etc. but also solid cancers including breast cancer, renal cancer, ovarian
cancer, gastric cancer, liver cancer, lung cancer, colorectal cancer, pancreatic cancer, skin
cancer, bladder cancer, testicular cancer, uterine cancer, prostate cancer, non-small cell lung
cancer (NSCLC), neuroblastoma, brain cancer, colon cancer, squamous cell carcinoma,
melanoma, myeloma, cervical cancer, thyroid cancer, head and neck cancer and adrenal cancer,
etc.

For this experiment, the following various cancer cell lines were used : AGS (ATCC
CRL-1739™ huamn gastric adenocarcinoma), NCI-N87 (ATCC CRL-5822™_ human gastric
carcinoma), MKN-28 (KCLB 80102, human gastric adenocarcinoma), SNU-1750 (KCLB
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01750, human gastric adenocarcinoma), SNU-16 (ATCC  CRL5974™, human gastric
carcinoma), HCC1187 (ATCC CRL-2322™_ huamn breast canccer TNM stage IIA grade 3),
MDA-MB-231 ATCC HTB-26™, human breast cancer), MDA-MB-468 (ATCC HTB-132™,
human breast cancer), HCC70 (ATCC CRL2315™ human breast cancer TNM stage IIIA,
grade 3), HCC1143 (ATCC CRL-2321™_ TNM stage ITA, grade3, primary ductal carcinoma),
BT20(ATCC HTB-19™ human breast cancer), HCC1806 (ATCC CRL-2335™, huamn breast
canccer TNM stage IIB grade 2), HCC1937 (ATCC CRL2336™, TNM stage 1IB, grade3,
primary ductal carcinoma), BT474 (ATCC HTB-20™, ductal carcinoma), MCF7 (ATCC
HTB-22™ breast cancer metastatic site), H460 (ATCC HTB-177™, large cell lung cancer),
A549 (ATCC CCL-185™ lung carcinoma), NCI-H1975 (ATCC CRL-5908™, non-small cell
lung cancer), H1437 (ATCC CRL5872™,
stagel,adenocarcinomanonsmallcelllungcancer),Calu-6(ATCC HTB- 56™, anaplastic lung
carcinoma), HCT116 (ATCC CCL-247™, colorectal carcinoma), DLD-1 (ATCC CCL-221™,
Dukes' type C, colorectal adenocarcinoma), HT29 (ATCC HTB-38™, colorectal
adenocarcinoma), 697 (DSMZACC 42, acute myeloblastic leukemia), Kasumi-2 (ATCC CRL-
27724™ acute myeloblastic leukemia), Mino (ATCC CRL3000™, Mantle Cell Lymphoma),
JeKo-1(ATCC CRL3006™ Mantle Cell Lymphoma), Jurkat (ATCC TIB-152™ acute Tcell
leukemia). FACS analysis (FACSCalibur, BD Biosciences) was used to analyze the binding of
the anti-ROR1 antibody of the present invention to ROR1 in the above cell lines.

Specifically, the respective cell lines were dissociated and washed in PBS, then the
numbers of cells were counted and adjusted to 2 x 10° cells/200 u¢ PBS. Then, they were
treated with 10 ug/mL of the antibody of clone name C2E3 of the ROR1 monoclonal antibodies
prepared in Embodiment 3, and reacted for 1 hour at 4°C. After the reaction, the cells were
washed in PBS, then FITC-marked constant region (Fc) specific antibody (Goat anti-human
IgG FITC conjugate, Fc specific, Sigma, F9512, concentration 20 mg/ml) was suspended in 2
1€/1x10° cells/200 1€ PBS and reacted for 1 hour at 4°C. After reacting, the cells were washed
with PBS and analyzed with the FACSCalibur equipment. The negative control was only
treated with FITC-marked constant region (Fc) specific antibody. To compare the degree of
RORI expression among the respective cancer cell lines, the quotient of dividing the shifted
readings for the experimental group treated with the ROR1 monoclonal antibody (C2E3) of the
present invention by the shifted readings for the control group (MFI Ratio : MFI of anti-ROR1
/ MFI or 2nd Ab) is indicated.

97



WO 2021/044208 PCT/1B2020/000649

The results are shown in Fig. 8. The anti-ROR1 antibody of the present invention was
confirmed to bind to ROR1 expressed in various cancer cell lines derived from gastric cancer,
breast cancer, lung cancer, colon cancer, acute lymphocytic leukemia (ALL), and mantle cell

lymphoma (MCL).

Embodiment 4: Measuring the affinity of anti-ROR1 IgG antibody to ROR1

A 96-well black microplate (greiner bio one) was mounted on a biosensor tray case,
and 200 u¢ 10X KB or DW was added to each of 8 wells. Then Anti Penta His biosensors or 8
AR2G biosensors (ForteBio, USA) were inserted to hydrate for 10 minutes. 600 € of the assay
samples were diluted 2-fold or 3-fold to the appropriate assay concentrations, using 1X KB or
10X KB to 30 to 0.021 nM. To immobilize the antigen, recombinant human ROR1-His (Sino
Biological, 13968-HO8H) was diluted to 1 ug/ML with 10X KB or Sodium Acetate pHS5 buffer.
Immobilization was fixed at a threshold of 0.3nm in the loading step. The association assay
was carried out for 3 to 10 minutes, and the dissociation assay was carried out for 20 minutes.
According to the Octet program template, the buffer was placed in a new 96-well black
microplate according to order. As Baselinel, 200 ¢ 10X KB or DW was placed. Then 200 ¢
each of 1 ué/mL of the antigen to be loaded, the ROR1-HIS protein, was added. As Baseline2,
200 u€ 10X KB or 1X KB was placed. Then to each well 30 to 0.021 nM of the diluted antibody
and 200 u€ each of 10X KB buffer or 1X KB corresponding to a reference blank was added.
The temperature of the test plate was fixed at 30°C. After all of the samples were introduced,
the equipment was started, and after the assay was completed, results were uploaded to the
Octet Analysis 90 software, with KD values analyzed through 1:1 fitting. The results are shown
in Table 6 below. By obtaining KD values through the Octet assay method, it was confirmed

that the anti-ROR1 antibody had strong binding potential to ROR1 antigen.
[Table 6] Measuring affinity of anti-ROR1 IgG antibody to ROR1
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Embodiment 5: Analyzing the cancer growth suppression efficacy of anti-RORI1 IgG

antibody in mouse tumor xenograft model

Human cancer xenograft mice were prepared by transplanting 1 x 107 cells/head of the
RORI1-expressing human mantle cell lymphoma cell line JeKo-1 to severe combined
immunodeficiency mice (SCID). After xenograft, when tumor size reached 170mm? on average
(Day 1), the mice were divided into groups, and 5 types of anti-ROR-1 antibody were
peritoneally injected into the mice using a ImL syringe twice a week at 10mg/kg for a total of
5 administrations (Days 1, 4, 7, 10 and 14). The negative control group was peritoneally
administered 10mg/kg each of human IgGl (InVivoPlus human IgGl isotype control,
BioXCell, BP0297) having a structure similar to that of ROR-1 antibody twice a week for a
total of 5 administrations. The size of the tumors grafted to the mice and the weight of the mice
were measured immediately before initial administration (Day 1), immediately before
administration on each administration date thereafter, and at two days after final administration
(Day 16).

The results are presented in Fig. 9a and Fig. 9b. The anti-ROR-1 antibodies according
to the present invention suppressed growth of cancer, and the % tumor growth inhibition
(%TGI) of the [antibody according to] the present invention compared to the human IgG1l
antibody (HulgG1) negative control was of Day 16 when the experiment ended was C2E3
360%, A2F2 289%, AB4 361%, BA6 317%, and CC9 294%. The anti-ROR1 antibodies
according to the present invention were found to have a statistically significant difference
compared to the HulgG-administered group (one-way ANOVA, P value < 0.05) (Fig. 9a)
Results of body weight measurement (Fig. 9b) did not reveal a significant difference between
the administration groups. As stated in Embodiments 3-1 and 3-2, the anti-ROR1 antibodies of
the present invention have cross-reactivity to mouse ROR1 antigen. Accordingly, the anti-
RORI1 antibodies of the present invention administered can bind to human ROR1 expressed by
the xenografted human mantle cell lymphoma cell line JeKo-1, as well as to the mouse ROR1
expressed by the mouse itself. Measuring body weight indicated similar increasing trends in
body weight between the negative control group (HulgG1l) and the anti-ROR1 antibodies of
the present invention, and this can be said to indicate that administration of the anti-ROR1
antibodies of the present invention does not induce toxicity. These results indicate that the

antibodies according to the present invention may be useful as cancer therapeutic agents.
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In the mouse tumor xenograft model, all 5 ROR1 antibodies of the present invention
were found to suppress growth of cancer. Of these, some antibodies (C2E3 and AB4), as shown
in Embodiment 6 and Fig. 10 below, were found to be able to induce auto-active cell death of
RORI1-overexpressing cancer cell lines when multimerized by anti-human Fc antibody.
However, various cancer inhibition mechanisms are possible, such as inducing auto-active cell
death, inhibiting division and growth of cancer cells, suppressing tumor angiogenesis, and
activation of immune cells. As such, the results of Fig. 10 below indicate that each of the anti-
RORI1 antibodies according to the present invention are able to suppress cancer growth in vivo

through different action mechanisms.
Embodiment 6: Analysis of anti-ROR1 IgG antibodies’ ability to induce auto-active cell

death

To analyze the possible mechanisms of the antibodies according to the present
invention exhibiting tumor suppression capacity as shown in Embodiment 5, their ability to
induce cell death was analyzed.

To this end, the ROR1 over-expressing cell line JeKo-1 was centrifuged to remove the
serum-containing medium. After washing once with PBS, 5 x 1076 cells were seeded in each
well of a 6-well plate using serum-free RPMI1640 medium. 100 ug/mL of the anti-ROR1
antibody according to the present invention and 300 ug/ml of anti-human Fc antibody (Thermo
Fisher, 31125) were placed at a 1:1 ratio in an equivalent tube, an reacted for 10 minutes at
room temperature so that the anti-ROR1 antibody was cross-linked by the anti-human Fc
antibody. 150 (€ each of the mixtures was placed in the wells containing 15ml medium so that
the final amount of antibody treated was 10 ué/mL for ROR1 antibody, and 30 ué/mL for anti-

human Fc antibody, then reacted by culturing for 24 hours at 5% COz and 37°C.

Next, to confirm whether or not whether or not the ROR1 antibody alone and the cross-
linked anti-ROR1 antibody had the capacity to induce auto-active cell death, the cells of each
well were collected and washed once with PBS. Thereafter, each group was reacted with the
auto-active cell death marker Annexin V and the cell death marker PI, and the degree to which
the groups were dyed was observed through FACS analysis.

The results are shown in Fig. 10. In the results of the experiment, no auto-active cell
death was observed for the group treated with anti-ROR1 antibody alone, but in the case of
some anti-ROR1 antibody clones (C2E3 and AB4) cross-linked by anti-human Fc, the degree

of dyeing by Annexin V and PI was increased over the control group. In particular, in terms of
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dyeing by the auto-active cell death marker Annexin V, there was a 23% increase for the C2E3
clone and a 10% increase for the AB4 clone over the control. To see if such capacity to induce
auto-active cell death is a reaction specific to ROR1, the same method was carried out on the
RORI1 non-expressing cell line U266 using the C2E3 clone to examine the degree of dyeing by
Annexin V and PI. It was confirmed that the ROR1 non-expressing cell line U266 was not able
to induce auto-active cell death, proving that the capacity of the one cross-linked anti-ROR1
antibody to induce auto-active cell death was an ROR1-specific reaction. Antibodies are able
to form multimers in vivo by binding with Fc gamma receptors through their Fc regions, and
therefore the formation of anti-ROR1 antibody multimer using anti-human Fc antibody can be
said to represent conditions similar to in vivo phenomena. The above analysis results relate to
a single mechanism, signifying that the anti-ROR1 antibody according to the present invention
may induce auto-active cell death in ROR1 over-expressing cancer cell lines.

It should be noted that induction of auto-active cell death of cancer cell lines through
multimerization of ROR1 antibody is not a phenomenon observed in all types of ROR 1
antibody. For example, in the case of the BA6 clone among the ROR1 antibodies of the present
invention and the 2A2 antibody used as a reference group, these did not induce auto-active cell
death of RORI over-expressing cancer cell lines even when multimerized by anti-human Fc
antibody. This signifies that the ROR1 antibodies according to the present invention have
cancer cell suppression capacity through different action mechanisms. This difference may be
due to differences in epitopes to which the respective ROR1 antibodies bind, but this theory is

not the sole explanation thereof.

Embodiment 7: Preparation of Compounds 1, 2, 3 and 4
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Compounds 1, 2 3 and 4 above were prepared using the method stated in Patent WO
2017-089895.
In Compounds 1, 2, 3 and 4 above, the structures of MMAE or MMATF are as follow:
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Compounds 5, 6 and 7 above were prepared using the method stated in Korean Patent

Application No. 10-2018-0036895.
Embodiment 9: Preparation of ADC
ADC was prepared through the following two steps, and the LCB14-0511 and LCB14-

0606 used commonly were prepared using the method stated in Korean Laid-open Patent No.
10-2014-0035393.

The structural formulae of LCB14-0511 and LCB14-0606 are as follow:
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Step 1 : Preparation of prenylated antibody

A prenylation reaction mixture of an ROR1 monoclonal antibody (C2E3) of the present
invention was prepared and reacted for 16 hours at 30°C. The reaction mixture was comprised
of 24uM antibody, 200nM FTase (Calbiochem #344145) and buffer solution (50 mM Tris-HCI
(pPH 7.4), 5 mM MgCl12, 10 uM ZnCl12, 0.144 mM DTT) containing 0.144mM LCB14-0511 or
LCB14-0606. After the reaction was completed, the prenylated antibody was desalted using a
(25 Sepharose column (AKTA purifier, GE healthcare) equilibrated with PBS buffer solution.

As the reference group antibody, a chimera antibody (2A2) where human IgG1 is
bonded to the variable region of an existing anti-ROR1 antibody 2A2 (US 9,316,646) was used.

Step 2 : Method of drug-conjugation

<Conjugation by oxime bond formation>

The mixture for oxime bond-forming reaction between prenylated antibody and linker-
drug was prepared by mixing 100mM Na-acetate buffer solution pH 5.2, 10% DMSO, 20uM
antibody and 200uM linker-drug (in, house, compounds 1, 2, 3, 4, 5 and 7 from Embodiments
7 and 8), and stirred lightly at 30°C. After reacting for 6 or 24 hours, an FPLC (AKTA purifier,
GE healthcare) process was carried out to remove the surplus small compounds used. The
protein fraction was collected and concentrated.

<Conjugation by click reaction>

The mixture for oxime bond-forming reaction between prenylated antibody and linker-
drug was prepared by mixing 10% DMSO, 20uM antibody and 200uM linker-drug (in, house,
compound 6 from Embodiment 8), 1mM copper (II) sulfate pentahydrate, 2mM (BimC4A)3
(Sigma-Aldrich 696854), 10mM sodium ascorbate and 10mM aminoguanidine hydrochloride,
reacted for 3 hours at 25°C, then treated with 20mM EDTA and reacted for 30 minutes. After
reacting, an FPLC (AKTA purifier, GE healthcare) process was carried out to remove the

surplus small compounds used. The protein fraction was collected and concentrated.

[Table 7]

List of ADCs prepared
ADCs Antibody Prenylation group Toxin
ADC1 Compound 1
ADC2 Compound 2
ADC3 Compound 3
ADC4 C2E3 LCB14-0000 Compound 4
ADCS Compound 5
ADC6 Compound 6
ADC7 LCB14-0511 Compound 7
ADCS 2A2 LCB14-0606 Compound 1
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ADCY9 Compound 2
ADC10 Compound 3

Embodiment 10: Assessing ADC properties

Using the ADCs prepared in Embodiment 9, the properties of the ADCs according to
the present invention were analyzed.

For this purpose, hydrophobic interaction chromatography-high-performance liquid
chromatography (HIC-HPLC) analysis was carried out. The ADCs were subjected to
hydrophobic interaction chromatography-high-performance liquid chromatography using a
phenyl-5PW column (7.5 x 75mm, 10um, Tosoh Bioscience, USA). 50mM potassium
phosphate buffer solution (pH 7.0) containing 1.5M ammonium sulfate was used as buffer
solution A, and 50mM potassium phosphate buffer solution (pH 7.0) containing 30%
acetonitrile was used as buffer solution B, and 70% A and 30% B were stabilized as an initial
condition. Using a 70% A / 30% B v. 10% A / 90% B linear gradient, elution was performed
for the next 25 minutes, with 5 minutes additional elution at 10% A / 90% B. Flow rate and
temperature were set to 1.0 m¢/min and 25°C, respectively. This was followed by detection at
both 254 and 280mm. ROR1 antibody was used, and prenylated ROR1 antibody was used as
a reference group.

In addition, size exclusion chromatography-high-performance liquid chromatography
(SEC-HPLC) analysis was carried out. Size exclusion chromatography-high-performance
liquid chromatography was carried out on the ADCs using an SWXL guard column (6.0 x 40
mm, Tosoh Bioscience, USA) and a G3000SWxI column (7.8 x 300mm, 5 um, Tosoh
Bioscience, USA). Using 200mM potassium phosphate buffer solution (pH 7.0) containing
250mM phosphate chloride and 15% isopropyl alcohol as the mobile phase, analysis was
carried out for 30 minutes under conditions of 0.5 m¢/min flow rate and 25°C. This was followed
by detection at both 254 and 280mm. ROR1 antibody was used, and prenylated ROR 1 antibody
was used as a reference group.

The results of analyzing properties of ADC2 and ADC5 among the ADCs prepared in
Embodiment 9 are represented in Fig. 11a and Fig. 11b.

Embodiment 11: In vitro cytotoxicity assessment

The cancer cell line cell proliferation inhibition activity of the ADCs prepared in

Embodiment 9 was measured.
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For this purpose, commercially available cancer cell lines were used (Mino, Jeko-1,
REC-1, H2228, NCIN87, HCC1806, MDA-MB-231, MCF-7 and Daudi cell lines). In a 96-
well plate, each well was seeded with 4,000 to 5,000 of the respective cancer cell lines. After
culturing for 24 hours, they were treated with the ADCs in Table 8 at a concentration of 0.0015
to 10.0 nM (serially diluted threefold). 72 hours later, the number of live cells was measured
using WST-8 (Dojindo Molecular Technology Inc.) dye.

The results are stated in Table 8 below. In cancer cell lines over-expressing ROR1, the
anti-ROR 1 monoclonal antibodies of the present invention were confirmed to have far superior
cytotoxicity than the ADCs (ADC 8, 9 and 10) conjugated with conventional anti-ROR1
antibody. Further, it was confirmed that pyrrolobenzodiazepine based ADCs exhibited strong
cytotoxicity compared to auristatin-based ADCs.

[Table 8]

Cytoxicity comparison of ADC specimens

Jeko-1 AMDAAIBZAL 3338 HCCI808 MEED
| (\tii?gix 13 112 9.4 37 1
Test sample ICsedpag
ADRCY 2067 nd nd nid -
ATCE ad nd, nd “ ‘
ADCE 3508 16,37 11,387 18,528 13,587
ADUS 7255 13,808 19508 2358 KRB
ADCS 247 243 ad 5,092
ADCIE 481 B sd RN -

*n.d : Cytotoxicity observed as concentration increases, but cells did not completely die at
maximum concentration, and IC50 value could not be found.

* - Exhibited weak or no cytotoxicity at maximum concentration.
* N/A : no data

Embodiment 12 : Analysis of in vivo cancer growth suppression efficacy
Embodiment 12-1 : Analysis of cancer growth suppression efficacy by ADC in mouse
model grafted with ROR1-expressing breast cancer cell line

1 x 107 cells/head of human ROR-1 expressing breast cancer cell line MDA-MB-468

were grafted to female Balb/C nude mice to prepare human cancer grafted mice. After grafting,

the mice were grouped when tumor size reached 166mm? on average (Day 1), and 1mg/kg of
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ADCS prepared in Embodiment 9 was intravenously injected into the mice. In the control
group, 10ml/kg PBS was intravenously injected into the mice.

The size of the tumors grafted into the mice and the body weight of the mice were
measured immediately before first administration (Day 1), and at regular intervals for 56 days
thereafter.

Also, 1 x 107 cells/head of human ROR-1 expressing breast cancer cell line MDA-MB-
231 were grafted to severe combined immunodeficient (SCID) mice to prepare human cancer
grafted mice. After grafting, the mice were grouped when tumor size reached 110mm?® on
average (Day 1), and 0.5, 1.0 or 2.0mg/kg of ADCS prepared in Embodiment 9 was
intravenously injected into the mice once, or 0.33 mg/kg ADC5 was intravenously injected
twice weekly a total of three times (Days 1, 7 and 14). In the control group, 10ml/kg PBS was
intravenously injected into the mice. The size of the tumors grafted into the mice and the body
weight of the mice were measured immediately before first administration (Day 1), and at
regular intervals for 22 days thereafter.

Also, 1 x 107 cells/head of human ROR-1 expressing breast cancer cell line HCC1187
were grafted to severe combined immunodeficient (SCID) mice to prepare human cancer
grafted mice. After grafting, the mice were grouped when tumor size reached 110mm® on
average (Day 1), and 1.25 or 0.31mg/kg of ADCS prepared in Embodiment 9 was intravenously
injected into the mice once, or 3.75 mg/kg ADC2 was intravenously injected once. In the
control group, 10ml/kg PBS was intravenously injected into the mice. The size of the tumors
grafted into the mice and the body weight of the mice were measured immediately before first
administration (Day 1), and at regular intervals for 41 days thereafter.

The results are stated in Fig. 12, Fig. 13 and Fig. 14. It was confirmed that the ADCs
of the present invention suppress growth of cancer in ROR 1-expressing breast cancer cell line-

grafted mouse models.
Embodiment 12-2 : Analysis of cancer growth suppression efficacy by ADC in mouse

model grafted with ROR1-expressing breast cancer cell line

1 x 107 cells/head of human ROR-1 expressing lung cancer cell line Calu-3 were grafted
to female Balb/C nude mice to prepare human cancer grafted mice. After grafting, the mice
were grouped when tumor size reached 184mm?® on average (Day 1), and 3mg/kg of ADC2
prepared in Embodiment 9 was intravenously injected into the mice once, or 0.25 or 1.0 mg/kg

ADCS prepared in Embodiment 9 was intravenously injected once. In the control group,
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10ml/kg PBS was intravenously injected into the mice. The size of the tumors grafted into the
mice and the body weight of the mice were measured immediately before first administration
(Day 1), and at regular intervals for 35 days thereafter.

The results are stated in Fig. 15. It was confirmed that the ADCs of the present invention

suppress growth of cancer in ROR1-expressing lung cancer cell line-grafted mouse models.
Embodiment 12-3 : Analysis of cancer growth suppression efficacy by ADC in mouse

model grafted with ROR1-expressing mantle cell lymphoma cell line

1 x 107 cells/head of human ROR-1 expressing human mantle cell lymphoma cell line
Jeko-1 were grafted to severe combined immunodeficient (SCID) mice to prepare human
cancer grafted mice. After grafting, the mice were grouped when tumor size reached 110mm?
on average (Day 1), and 3mg/kg of ADC2 prepared in Embodiment 9 was intravenously
injected into the mice once, or 0.25 or 1.0 mg/kg ADCS prepared in Embodiment 9 was
intravenously injected once. In the control group, 10ml/kg PBS was intravenously injected into
the mice. The size of the tumors grafted into the mice and the body weight of the mice were
measured immediately before first administration (Day 1), and at regular intervals for 33 days
thereafter.

The results are stated in Fig. 16. It was confirmed that the ADCs of the present invention
suppress growth of cancer in ROR 1-expressing mantle cell lymphoma cell line-grafted mouse

models.
Embodiment 12-4 : Comparison of cancer growth suppression efficacy among ADCs in

mouse model grafted with ROR1-expressing mantle cell lymphoma cell line

Cancer growth suppression efficacy depending on the antibodies and drugs comprising
the ADCs was compared.

For this purpose, 1 x 107 cells/head of human ROR-1 expressing human mantle cell
lymphoma cell line Calu-3 were grafted to severe combined immunodeficient (SCID) mice to
prepare human cancer grafted mice. After grafting, the mice were grouped when tumor size
reached 110mm?® on average (Day 1), and 1mg/kg or 4mg/kg of ADC2 (C2 MMAE)) or ADC9
(2A2 MMAE) prepared in Embodiment 9 was intravenously injected into the mice once, or
0.25 or 1.0 mg/kg of ADCS (dPBD-ADC) or ADC10 (2A2 dPBD) prepared in Embodiment 9
was intravenously injected once. In the control group, 10ml/kg PBS was intravenously injected

into the mice. The size of the tumors grafted into the mice and the body weight of the mice
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were measured immediately before first administration (Day 1), and at regular intervals for 37
days thereafter.

The results are stated in Fig. 17. The ADCs conjugated with the anti-ROR 1 monoclonal
antibodies of the present invention were confirmed to have superior cancer growth suppression
efficacy than the ADCs (ADC 9 and 10) conjugated with conventional anti-ROR1 antibody.
Further, it was confirmed that pyrrolobenzodiazepine based ADCs exhibited stronger cancer

growth suppression than auristatin-based ADCs.
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