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CLEC12A ANTIBODY FRAGMENT SEQUENCES AND METHODS

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S. Provisional Patent Application No.
62/916,340, filed October 17, 2019, which is incorporated herein by reference in its entirety.

SEQUENCE LISTING
This application contains a Sequence Listing electronically submitted to the United States
Patent and Trademark Office via EFS-Web as an ASCII text file entitled “0110-
000633WO01_ST25.txt” having a size of 39 KB and created on October 14, 2020. Due to the
electronic filing of the Sequence Listing, the electronically submitted Sequence Listing serves as
both the paper copy required by 37 CFR §1.821(c) and the CRF required by §1.821(e). The

information contained in the Sequence Listing is incorporated by reference herein.

SUMMARY

This disclosure describes, in one aspect, an anti-CLEC12A polypeptide. The anti-
CLEC12A polypeptide has an amino acid sequence having at least 90% amino acid similarity to
SEQ ID NO:14.

In some embodiments, the anti-CLEC12A polypeptide includes the amino acid sequence
of SEQ ID NO:1, the amino acid sequence of SEQ ID NO:2, the amino acid sequence of SEQ ID
NO:3, the amino acid sequence of SEQ ID NO:4, the amino acid sequence of SEQ ID NO:5, the
amino acid sequence of SEQ ID NO:6, the amino acid sequence of SEQ ID NO:7, the amino
acid sequence of SEQ ID NO:8, the amino acid sequence of SEQ ID NO:9, the amino acid
sequence of SEQ ID NO:10, the amino acid sequence of SEQ ID NO:11, the amino acid
sequence of SEQ ID NO:12, or the amino acid sequence of SEQ ID NO:13.

In some embodiments, the anti-CLEC12A polypeptide includes the amino acid sequence
of SEQ ID NO:29, the amino acid sequence of SEQ ID NO:30, and the amino acid sequence of
SEQ ID NO:31.

In some embodiments, anti-CLEC12A polypeptide may be incorporated into an anti-

CLECI12A biologic. In some of these embodiments, the anti-CLEC12A biologic can be a bi-
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specific Killer engager molecule (BiKE), a tri-specific Killer engager molecule (TriKE), a tetra-
specific Killer engager molecule (TetraKE), a penta-specific Killer engager molecule (PentaKE),
a bi-specific T cell engager molecule (BiTE), a tri-specific T cell engager molecule (TriTE),
tetra-specific T cell engager molecule (TetraTE), a penta-specific T cell engager molecule
(PentaTE), a chimeric antigen receptor, a full antibody, an antibody-drug conjugate (ADC)
molecule, a targeted delivery construct, or a labeling construct.

In some embodiments, the anti-CLEC12A biologic may be combined with a
pharmaceutically acceptable carrier to form a pharmaceutical composition.

The above summary is not intended to describe each disclosed embodiment or every
implementation of the present invention. The description that follows more particularly
exemplifies illustrative embodiments. In several places throughout the application, guidance is
provided through lists of examples, which examples can be used in various combinations. In
each instance, the recited list serves only as a representative group and should not be interpreted

as an exclusive list.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Amino acid sequence alignment of 13 unique anti-CLEC12A antibody variant
clones (SEQ ID NOS:1-13), identified by phage display, and the anti-CLEC12A antibody
consensus sequence (SEQ ID NO:14). CDR1, CDR2, and CDR3 sequences are underlined.

FIG. 2. SDS-PAGE of His-tagged human CLEC12A extracellular domain used for
screening.

FIG. 3. Functional screening of bi-specific compounds containing humanized camelid
(huCAM) anti-CLEC12A antibody fragments using PBMCs. Peripheral blood mononuclear cells
(PBMCs) were incubated with the CLEC12A-expressing promyelocytic leukemia cell line HL60
in the presence of noted bi-specific compounds containing the different clones (SEQ ID NOs: 1-
13). A tri-specific compound (SEQ ID NO:15) containing an anti-CLEC12A scFv and known to
target CLEC12A was used a positive control, while no treatment (NT) was used as a negative
control. After five hours in culture, cells were harvested, stained for surface antigens, fixed,
permeabilized, and stained for intracellular interferon gamma (IFNy). Cells were run on a flow
cytometer and NK cell activation was measured via evaluation of degranulation (CD107a) of

CD56"CD3" NK cells.
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FIG. 4. Functional screening of bi-specific compounds containing humanized camelid
(huCAM) anti-CLEC12A antibody fragments using PBMCs. Peripheral blood mononuclear cells
(PBMCs) were incubated with the CLEC12A-expressing promyelocytic leukemia cell line HL60
in the presence of noted bi-specific compounds containing the different clones (SEQ ID NOs: 1-
13). A tri-specific compound (SEQ ID NO:15) containing an anti-CLEC12A scFv and known to
target CLEC12A was used a positive control, while no treatment (NT) was used as a negative
control. After five hours in culture, cells were harvested, stained for surface antigens, fixed,
permeabilized, and stained for intracellular interferon gamma (IFNy). Cells were run on a flow
cytometer and NK cell activation was measured via evaluation of [FNy production by
CD56°CD3" NK cells.

FIG. 5. Evaluation of a bi-specific compound containing humanized camelid (huCAM)
anti-CLEC12A Clone 33. To determine background activation mediated by the Clone 33 bi-
specific compound, enriched NK cells were incubated with the bi-specific compound containing
anti-CLEC12A Clone 33 (Clone 33 huCAM engager), the CLEC12A tri-specific compound
(SEQ ID NO:15; scFv engager), or no compound (NT) for five hours. NK cell degranulation
(CD107a, left) and cytokine production (IFNy, right) were measured by flow cytometry. While
the scFv shows some background activation in terms of degranulation, Clone 33 doesn’t,
highlighting better specificity.

FIG. 6. Evaluation of a bi-specific compound containing humanized camelid (huCAM)
anti-CLEC12A Clone 33. To determine activation mediated by the bi-specific compound
containing the anti-CLEC12A Clone 33 against a CLEC12-expressing target, enriched NK cells
were incubated with HL60 cells and either the bi-specific compound (SEQ ID NO:34) containing
anti-CLEC12A Clone 33 (Clone 33 huCAM engager), the CLEC12A tri-specific compound
(SEQ ID NO:15; scFv engager), or no compound (NT) for five hours. NK cell degranulation
(CD107a, left) and cytokine production (IFNy, right) were measured by flow cytometry. The
Clone 33-containing tri-specific compound induces NK cell degranulation against HL60 targets
and induces the same amount of cytokine production as the scFv-containing positive control.

FIG. 7. Evaluation of a bi-specific compound containing humanized camelid (huCAM)
anti-CLEC12A Clone 33. To determine activation mediated by the bi-specific compound
containing the anti-CLEC12A Clone 33 against a CLEC12-negative target (non-specific

activation), enriched NK cells were incubated with Raji (Burkitt’s lymphoma) cells and either
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the bi-specific compound (SEQ ID NO:34) containing anti-CLEC12A Clone 33 (Clone 33
huCAM engager), the CLEC12A tri-specific compound (SEQ ID NO:15; scFv engager), or no
compound (NT) for five hours. NK cell degranulation (CD107a, left) and cytokine production
(IFNy, right) were measured by flow cytometry. The Clone 33-containing bi-specific compound
induces less non-specific degranulation against CLEC12A-negative targets than the tri-specific
compound containing the anti-CLEC12A scFv.

FIG. 8. Evaluation of binding specificity of Clone 33. (A) Binding of Clone 33-
containing bi-specific compound (SEQ ID NO:34) and tri-specific compound (SEQ ID NO:15)
containing anti-CLEC12A scFv to CLEC12A™ HL60 cells. (B) Binding of Clone 33-containing
bi-specific compound (SEQ ID NO:34) and tri-specific compound (SEQ ID NO:15) containing
anti-CLEC12A scFv to CLEC12A-negative Raji cells.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

C-type lectin domain family 12 member A (CLEC12A) is a protein that 1o humans is
encoded by the CLEC 724 gene. CLEC12A a member of the C-type lectin/C-type lectin-like
domain (CTL/CTLD) superfamily. CLEC12A 1s an inhibitory C-type lectin-like receptor. It
contains an unmunoreceptor tyrosine-based inhibitory motf (ITIM) in its cytoplasmic tail that
can assoctate with signaling phosphatases such as, for example, SHP-1 and SHP-2.

Human CLEC12A is 2 monomer expressed primarily on myeloid cells such as, for
example, granulocytes, monocytes, macrophages, and dendritic cells. CLEC12A 15 a target for
immunotherapy for treating myeloid malignancies such as, for exaruple, acute myeloid leukernia
{AML} or a myelodysplastic syndrome (MDS) since CLECI2A is expressed on the majority of
myeloid blasts and leukemuc stern cells (L.SCs) myeloid cells but is not expressed on cells of
normal tissue or normal hematopoietic stem cells.

Human CLEC12 was subjected to phage display single domain antibody (sdAb) ibrary
screening. Three rounds of Bibrary panuing were performed using a premade single domain
antibody library for human CLECI2A. As shown in FIG. 2, the SDS-PAGE result indicated that
the recombinant human CLECI2A protein was of high quality. Biopanning was then performed

to enrich the specific binders to the target human CLECI2ZA. As shown in Table 1, after
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three rounds of library screening, strong enriching effect was cbserved for human CLECI2A,

and clear difference was found between the target screening groups and no coating control

aroups.
Table 1
Round fnput Output Enriching factor
1 2.00 x 1M 584 x 104 3.42 x 10°
2-P 244 = 104 2.13 % 10° 115 % 10°
2-N 3.05 x 104 2.02 % 10 155 x 107
3-P 2.54 x 108 451 = 1o/ 5.63 x 107
3-N 3.18 # 10Y 2.40 -+ 10° 1.33 x 107

Ninety-six clones were selected from the 3rd-P eluate and subjected to monoclonal phage
ELISA. Eighty-two positive clones were identified and subjected to DNA sequencing. Seventy-
seven clones were sequenced successfully, and 13 unique sequences were found (SEQ ID
NOSN:1-13) The 13 unigue sequences were aligned, yvielding a consensus sequence {(SEQ ID
NO:14) and dentifying complementarity-determuning regions {CDRs), as shown in FIG. 1

After sequencing, the 13 unigue sequences were cloned into the soluble VHH-AP
expression vector and subjected to scluble expression and soluble ELISA. As shown in Tabie 2,

all 13 clones bound to buwan CLECI2A positively.

Table 2 — Monoclonal phage ELISA

Clone Induce Temp CLECI12A No Coating
1 30°C 0.1900 0.1740
37°C 2.0060 0.3150
3 30°C 0.2240 0.1570
37°C 0.3640 0.1870
9 30°C 0.3910 0.1700
37°C 0.4720 0.2080
10 30°C 0.3480 0.1830
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37°C 0.6020 0.3280

11 30°C 1.4340 0.3250
37°C 1.4510 0.3650

17 30°C 0.9840 0.2300
37°C 0.6100 0.2370

23 30°C 0.6690 0.1590
37°C 0.7120 0.1640

29 30°C 1.2190 0.2290
37°C 1.3380 0.1750

33 30°C 1.5930 0.1820
37°C 1.5190 0.1990

40 30°C 09.190 0.2110
37°C 0.9040 0.3040

56 30°C 0.2920 0.1860
37°C 0.4370 0.2760

60 30°C 0.7130 0.2140
37°C 0.6900 0.2920

86 30°C 1.6750 0.1620
37°C 1.7080 0.1610

TG1 Lysate - 0.1430 0.1670
TBS - 0.1560 0.1660

FIG. 3 and FIG. 4 show the functional screening of humanized camelid (huCAM) anti-
CLECI12A clones using PBMCs. The humanized anti-CLEC12A camelid clone variants (SEQ ID
NOs:1-13) were cloned as the targeting domain into a bi-specific backbone containing a camelid
anti-CD16 and a linker. These bi-specific compounds activated natural killer (NK) cells through
formation of a cytolytic bridge between the NK cell (through binding of CD16) and the tumor
cell through binding of CLEC12A. A tri-specific killer engager (SEQ ID NO:15) previously
tested and shown to target CLEC12A through a single chain variable fragment (scFv) was used

as a positive control. The data show that Clone 33 displays the highest activity. Some clones
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were produced in smaller amounts and thus were tested at lower concentrations than the scFv
(tri-specific positive control) or the Clone 33 bi-specific compound. Thus, no conclusions can be
drawn from results where a clone appears to lack activity compared to the negative control.

To determine the functional specificity of the humanized CLEC12A camelid Clone 33
antibody fragment, the CD16-Clone33 bi-specific compound (SEQ ID NO:34) was used. This bi-
specific compound has the ability to activate natural killer (NK) cells through formation of a
cytolytic bridge between an NK cell (through binding of CD16) and a tumor cell (through
binding of CLEC12A). FIG. 5. shows background activation of NK cells as measured by NK cell
degranulation (CD107a, left) and induction of IFNy (right). The bi-specific compound containing
Clone 33 shows minimal background NK cell activation. FIG. 6 shows activation of NK cells in
the presence of CLEC12A-positive HL60 cells. The bi-specific compound containing the anti-
CLEC12A Clone 33 antibody fragment induced both degranulation (left) and production of IFNy
(right), with IFNy induction being nearly identical to the positive control, the anti-CLEC12A-
scFv-containing tri-specific compound (SEQ ID NO:15). FIG. 7. shows NK activation in the
presence of CLEC12A-negative Raji (Burkitt’s lymphoma) cells. The Clone-33-containing bi-
specific compound induces less non-specific degranulation against a CLEC12A-negative target
than the anti-CLEC12A-scFv-containing tri-specific compound.

FIG. 8 further shows the binding specificity of the anti-CLEC12A Clone 33. Both the bi-
specific compound containing the anti-CLEC12A Clone 33 antibody fragment and the tri-
specific compound containing the anti-CLEC12A scFv were constructed in include a 10x HIS
tag. Binding of these constructs to CLEC12A-positive HL60 cells (FIG. 8A) and CLEC12A-
negative Raji cells (FIG. 8B) was assessed using an anti-HIS-Phycoerythrin-labeled antibody. As
a control, basal binding of the anti-HIS-PE antibody was determined without previous binding of
the engager compounds (gray bars). As the data shows, both the Clone 33 bi-specific compound
and the scFv tri-specific compound induced minimal binding against CLEC12A negative cells.
The Clone 33 bi-specific compound induced more binding to the CLEC12A-positive cells than
the anti-CLEC12A scFv-containing tri-specific compound.

Thus, this disclosure describes polypeptides that target CLEC12A on myeloid
malignancies. Because the polypeptides target CLEC12A, the polypeptides induce less targeting
of normal myeloid cells than polypeptides that target other antigens associated with myeloid

malignancies such as, for example, CD33. This disclosure expressly describes 12 unique
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humanized single-domain antibody (sdAb) sequences that target CLEC12A, a consensus
sequence derived from an alignment of the 12 unique anti-CLEC12A sdAb sequences, and
provides guidance toward additional variants by identifying regions of high conservation and
regions of variability among the 13 total sequences.

The anti-CLEC12A polypeptides described herein can be incorporated into biologic
constructs that may be used in the context of, for example, therapeutic, diagnostic, and/or
detection methods. For example, the anti-CLEC12A polypeptides described herein may be
incorporated into a bi-specific Killer engager molecule (BiKE, e.g., SEQ ID NO:34), a tri-
specific Killer engager molecule (TriKE, e.g., SEQ ID NO:35), a tetra-specific Killer engager
molecule (TetraKE), a penta-specific Killer engager molecule (PentaKE), a bi-specific T cell
engager molecule (BiTE), a tri-specific T cell engager molecule (TriTE), a tetra-specific T cell
engager molecule (TetraTE), a penta-specific T cell engager molecule (PentaTE), a chimeric
antigen receptor (CAR, for expression in, for example, CAR T cells, CAR NK cells, CAR
macrophage cells, etc.), a full antibody construct (e.g., to induce antibody-dependent cellular
toxicity (ADCC)), an antibody-drug conjugate (ADC) molecule (e.g., for delivery of a toxin), a
labeling construct (e.g., for commercial evaluation of antigen expression), a radiolabeled format
(e.g., for positron-emission tomography (PET) imaging or directed radiation delivery), an
applications for delivery of a cytokine and/or a chemokine, or other general immunotherapeutic
approach.

While other reagents—e.g., CD33-binding antibodies and/or antibody fragments—target
myeloid malignancies expressing CD33, they also target normal myeloid cells that express lower
levels of the target. In contrast, the anti-CLEC12A polypeptides described herein are much less
likely to result in on-target, off-tumor toxicity by targeting an antigen that is more specifically
expressed on myeloid malignancies (e.g., such as acute myeloid leukemia (AML) cells or
myelodysplastic syndromes (MDS) cells). CLEC12A is also expressed in leukemic stem cells.
Thus, targeting CLEC12A can limit the likelihood and/or severity of relapse. The anti-CLEC12A
polypeptides described herein also may provide advantages over scFvs for forming constructs
(e.g., BiKEs, TriKEs, BiTEs, CARs, etc) because sdAbs are more stable than scFvs. Finally, the
anti-CLEC12A sequences described herein are all from a humanized library, and thus less likely

to rejected in human patients.
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This disclosure describes anti-CLEC12A polypeptides. Exemplary anti-CLEC12A
polypeptides include polypeptides that include, or are structurally similar to, or are functional
variants of, the amino acid sequence of any one of SEQ ID NOs:1-14 or SEQ ID NOs:29-31.
SEQ ID NOs:1-13 are variant single domain antibody sequences selected through phage display
screening because they specifically bind to CLEC12A. SEQ ID NO:14 is a consensus sequence
derived from an alignment analysis of SEQ ID NOs:1-13 (FIG. 1). SEQ ID NO:29 is the
consensus sequence of CDR1 as determined from the alignment analysis shown in FIG. 1. SEQ
ID NO:30 is the consensus sequence of CDR2 as determined from the alignment analysis shown
in FIG. 1. SEQ ID NO:31 is the consensus sequence of CDR3 as determined from the alignment
analysis shown in FIG. 1.

As used herein, an anti-CLEC12A polypeptide is “structurally similar” to or a “functional
variant” of a reference polypeptide if the amino acid sequence of the anti-CLEC12A polypeptide
possesses a specified amount of identity compared to the reference polypeptide. An amino acid
sequence is a “functional fragment” of a reference amino acid sequence if the “functional
fragment” amino acid sequence contains less than the full-length amino acid sequence of the
reference amino acid sequence. A “functional fragment” may further possess a specified amount
of sequence identity or sequence specificity compared to the reference amino acid sequence.

Structural similarity and/or sequence identity of two polypeptides can be determined by
aligning the amino acid residues of the two polypeptides (for example, a candidate anti-
CLECI12A polypeptide and the polypeptide of, for example, any one of SEQ ID NOs:1-14 or
SEQ ID NOs:29-31) to optimize the number of identical amino acids along the lengths of their
sequences. Gaps in either or both sequences are permitted in making the alignment in order to
optimize the number of identical amino acids, although the amino acids in each sequence must
nonetheless remain in their proper order. A candidate anti-CLEC12A polypeptide is the
polypeptide being compared to the reference polypeptide (e.g., any one of SEQ ID NOs:1-14 or
SEQ ID NOs:29-31). A candidate polypeptide can be isolated, for example, from an animal, or
can be produced using recombinant techniques, or chemically or enzymatically synthesized.

A pair-wise comparison analysis of amino acid sequences can be carried out using the
BESTFIT algorithm in the GCG package (version 10.2, Madison WI). Alternatively,
polypeptides may be compared using the Blastp program of the BLAST 2 search algorithm, as
described by Tatiana et al., (FEMS Microbiol Lett, 174, 247-250 (1999)), and available on the
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National Center for Biotechnology Information (NCBI) website. The default values for all
BLAST 2 search parameters may be used, including matrix = BLOSUMG62; open gap penalty =
11, extension gap penalty = 1, gap x_dropoff = 50, expect = 10, wordsize = 3, and filter on.

In the comparison of two amino acid sequences, structural similarity may be referred to
by percent “identity” or may be referred to by percent “similarity.” “Identity” refers to the
presence of identical amino acids. “Similarity” refers to the presence of not only identical amino
acids but also the presence of conservative substitutions. A conservative substitution for an
amino acid in an anti-CLEC12A polypeptide may be selected from other members of the class to
which the amino acid belongs. For example, it is well-known in the art of protein biochemistry
that an amino acid belonging to a grouping of amino acids having a particular size or
characteristic (such as charge, hydrophobicity and hydrophilicity) can be substituted for another
amino acid without altering the activity of a protein, particularly in regions of the protein that are
not directly associated with biological activity. For example, nonpolar (hydrophobic) amino
acids include alanine, leucine, isoleucine, valine, proline, phenylalanine, tryptophan, and
tyrosine. Polar neutral amino acids include glycine, serine, threonine, cysteine, tyrosine,
asparagine and glutamine. The positively charged (basic) amino acids include arginine, lysine
and histidine. The negatively charged (acidic) amino acids include aspartic acid and glutamic
acid. Conservative substitutions include, for example, Lys for Arg and vice versa to maintain a
positive charge; Glu for Asp and vice versa to maintain a negative charge; Ser for Thr so that a
free -OH is maintained; and Gln for Asn to maintain a free -NHz. Likewise, biologically active
analogs of a polypeptide containing deletions or additions of one or more contiguous or
noncontiguous amino acids that do not eliminate a functional activity of the polypeptide are also
contemplated.

In some embodiments, an anti-CLEC12A polypeptide as described herein can include a
polypeptide with at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% amino acid sequence similarity to
the reference amino acid sequence.

In some embodiments, an anti-CLEC12A polypeptide as described herein can include at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% amino acid sequence identity to the reference amino acid

sequence.
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In some embodiments, an anti-CLEC12A polypeptide as described herein also can be
designed to provide additional sequences, such as, for example, amino acids added C-terminal or
N-terminal of the anti-CLEC12A polypeptide. Such additional amino acids may include, for
example, a signal sequence (e.g., SEQ ID NO:32) or a tag that facilitates purification by trapping
the tagged anti-CLEC12A polypeptide on a column or by using antibodies. Exemplary tags
include, for example, a histidine-rich tag (e.g., SEQ ID NO:33) that allows purification of
polypeptides on nickel columns.

This disclosure also describes polynucleotides that encode an anti-CLEC12A
polypeptide. Exemplary polynucleotides that encode an anti-CLEC12A polypeptide include the
polynucleotides that include the nucleotide sequence of any one of SEQ ID NOs:16-28. SEQ ID
NOs:16-28 are, however, merely exemplary. Since the genetic code is well-known, this
disclosure describes any polynucleotide that encodes an anti-CLEC12A polypeptide as described
herein.

An anti-CLEC12A polypeptide as described herein may be incorporated into a biologic,
which is then formulated with a pharmaceutically acceptable carrier. As used herein, an “anti-
CLEC12A biologic” is a biologic compound that includes an anti-CLEC12A polypeptide. An
anti-CLEC12A biologic may include additional functional moieties depending on the
fundamental structural platform of the biologic (e.g., a BIKE, a TriKE, a CAR, etc.). As used
herein, “carrier” includes any solvent, dispersion medium, vehicle, coating, diluent, antibacterial,
and/or antifungal agent, isotonic agent, absorption delaying agent, buffer, carrier solution,
suspension, colloid, and the like. The use of such media and/or agents for pharmaceutical active
substances is well known in the art. Except insofar as any conventional media or agent is
incompatible with the active ingredient, its use in the therapeutic compositions is contemplated.
Supplementary active ingredients also can be incorporated into the compositions. As used herein,
“pharmaceutically acceptable” refers to a material that is not biologically or otherwise
undesirable, i.e., the material may be administered to an individual along with the anti-
CLEC12A biologic without causing any undesirable biological effects or interacting in a
deleterious manner with any of the other components of the pharmaceutical composition in
which it is contained.

An anti-CLEC12A biologic may therefore be formulated into a pharmaceutical

composition. The pharmaceutical composition may be formulated in a variety of forms adapted
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to a preferred route of administration. Thus, a composition can be administered via known routes
including, for example, oral, parenteral (e.g., intradermal, transcutaneous, subcutaneous,
intramuscular, intravenous, intraperitoneal, etc.), or topical (e.g., intranasal, intrapulmonary,
intramammary, intravaginal, intrauterine, intradermal, transcutaneous, rectally, etc.). A
pharmaceutical composition can be administered to a mucosal surface, such as by administration
to, for example, the nasal or respiratory mucosa (e.g., by spray or aerosol). A composition also
can be administered via a sustained or delayed release.

Thus, an anti-CLEC12A biologic may be provided in any suitable form including but not
limited to a solution, a suspension, an emulsion, a spray, an aerosol, or any form of mixture. The
composition may be delivered in formulation with any pharmaceutically acceptable excipient,
carrier, or vehicle. For example, the formulation may be delivered in a conventional topical
dosage form such as, for example, a cream, an ointment, an aerosol formulation, a non-aerosol
spray, a gel, a lotion, and the like. The formulation may further include one or more additives
including such as, for example, an adjuvant, a skin penetration enhancer, a colorant, a fragrance,
a flavoring, a moisturizer, a thickener, and the like.

A formulation may be conveniently presented in unit dosage form and may be prepared
by methods well known in the art of pharmacy. Methods of preparing a composition with a
pharmaceutically acceptable carrier include the step of bringing the anti-CLEC12A biologic into
association with a carrier that constitutes one or more accessory ingredients. In general, a
formulation may be prepared by uniformly and/or intimately bringing the active compound into
association with a liquid carrier, a finely divided solid carrier, or both, and then, if necessary,
shaping the product into the desired formulations.

Thus, in another aspect, this disclosure describes a method of treating any condition
where targeting cells that overexpress CLEC12A has therapeutic benefit. In many embodiments,
the condition can be a myeloid malignancy. In other embodiments, however, the condition may
be an autoimmune condition—e.g., a condition in which myeloid cells infiltrate the central
nervous system. Generally, the method includes administering to the subject an amount of the
anti-CLEC12A biologic effective for treating the condition. “Treat” or variations thereof refer to
reducing, limiting progression, ameliorating, or resolving, to any extent, the symptoms or signs
related to a condition. As used herein, “ameliorate” refers to any reduction in the extent, severity,

frequency, and/or likelihood of a symptom or clinical sign characteristic of a particular

12



10

15

20

25

30

WO 2021/076545 PCT/US2020/055468

condition; “symptom” refers to any subjective evidence of disease or of a patient’s condition;
and “sign” or “clinical sign” refers to an objective physical finding relating to a particular
condition capable of being found by one other than the patient.

A “treatment” may be therapeutic or prophylactic. “Therapeutic” and variations thereof
refer to a treatment that ameliorates one or more existing symptoms or clinical signs associated
with a condition. “Prophylactic” and variations thereof refer to a treatment that limits, to any
extent, the development and/or appearance of a symptom or clinical sign of a condition.
Generally, a “therapeutic” treatment is initiated after the condition manifests in a subject, while
“prophylactic” treatment is initiated before a condition manifests in a subject. Thus, in certain
embodiments, the method can involve prophylactic treatment of a subject at risk of developing a
condition. “At risk” refers to a subject that may or may not actually possess the described risk.
Thus, for example, a subject “at risk” for developing a specified condition is a subject that
possesses one or more indicia of increased risk of having, or developing, the specified condition
compared to individuals who lack the one or more indicia, regardless of the whether the subject
manifests any symptom or clinical sign of having or developing the condition. Exemplary indicia
of a condition can include, for example, genetic predisposition, ancestry, age, sex, geographical
location, lifestyle, or medical history. Treatment may also be continued after symptoms have
resolved, for example to prevent or delay their recurrence.

In some embodiments, “prophylactic” treatment also includes treatment in the setting of
relapse. In other words, a subject may have once manifested symptoms or clinical signs of a
condition, but received successful treatment so that the condition is considered to be in
remission. Such as subject may no longer manifest a symptom or clinical sign of the condition in
remission, but be “at risk” of relapse. In such a context, treatment that includes the anti-
CLEC12A biologic may be considered “prophylactic” to reduce the likelihood and/or severity of
relapse.

Accordingly, an anti-CLEC12A biologic may be administered to the subject before,
during, or after the subject first exhibits a symptom or clinical sign of the condition. Treatment
initiated before the subject first exhibits a symptom or clinical sign associated with the condition
may result in decreasing the likelihood that the subject experiences clinical evidence of the
condition compared to a subject to which the anti-CLEC12A biologic is not administered,

decreasing the severity of symptoms and/or clinical signs of the condition, and/or completely
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resolving the condition. Treatment initiated before the subject first exhibits a symptom or clinical
sign associated with relapse of the condition may result in decreasing the likelihood that the
subject experiences clinical evidence of relapse compared to a subject to which the anti-
CLEC12A biologic is not administered, decreasing the severity of symptoms and/or clinical
signs of relapse, and/or completely resolving the condition. Treatment initiated while the subject
exhibits a symptom or clinical sign associated with the condition may result in decreasing the
severity of symptoms and/or clinical signs of the condition compared to a subject to which the
anti-CLEC12A biologic is not administered, and/or completely resolving the condition.

The amount of an anti-CLEC12A biologic administered can vary depending on various
factors including, but not limited to, the specific anti-CLEC12A biologic being administered, the
weight, physical condition, and/or age of the subject, and/or the route of administration. Thus,
the absolute weight of anti-CLEC12A biologic included in a given unit dosage form can vary
widely, and depends upon factors such as the species, age, weight and physical condition of the
subject, and/or the method of administration. Accordingly, it is not practical to set forth generally
the amount that constitutes an amount of anti-CLEC12A biologic effective for all possible
applications. Those of ordinary skill in the art, however, can readily determine the appropriate
amount with due consideration of such factors.

In some embodiments, the method can include administering sufficient anti-CLEC12A
biologic to provide a dose of, for example, from about 100 ng/kg/day to about 50 mg/kg/day to
the subject, although in some embodiments the methods may be performed by administering
anti-CLEC12A biologic in a dose outside this range.

In some embodiments, the method can includes administering sufficient anti-CLEC12A
biologic to provide a minimum dose of at least 100 ng/kg/day such as, for example, at least 1
ug/kg/day, at least 5 pg/kg/day, at least 10 pug/kg/day, at least 25 ug/kg/day, at least 50
ug/kg/day, at least 100 pg/kg/day, at least 200 pg/kg/day, at least 300 ug/kg/day, at least 400
ug/kg/day, at least 500 pg/kg/day, at least 600 pg/kg/day, at least 700 ug/kg/day, at least 800
ug/kg/day, at least 900 pg/kg/day, or at least 1 mg/kg/day.

In some embodiments, the method includes administering sufficient anti-CLEC12A
biologic to provide a maximum dose of no more than 10 mg/kg/day such as, for example, no
more than 5 mg/kg/day, no more than 4 mg/kg/day, no more than 3 mg/kg/day, no more than 2
mg/kg/day, no more than 1 mg/kg/day, no more than 900 pg/kg/day, no more than 800
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ug/kg/day, no more than 700 pg/kg/day, no more than 600 pg/kg/day, no more than 500
ug/kg/day, no more than 400 pg/kg/day, no more than 300 pg/kg/day, no more than 200
ug/kg/day, no more than 100 pg/kg/day, no more than 90 pg/kg/day, no more than 80 pg/kg/day,
no more than 70 pg/kg/day, no more than 60 pg/kg/day, no more than 50 pug/kg/day, no more
than 40 pg/kg/day, no more than 30 ug/kg/day, no more than 20 pg/kg/day, or no more than 10
ug/kg/day. The anti-CLEC12A biologic provides a dose of “no greater than” a specified amount
when the anti-CLEC12A biologic is not absent but is present in an amount up to and including
the specified amount.

In some embodiments, the method includes administering sufficient anti-CLEC12A
biologic to provide a dose characterized by a range having endpoints defined by any a minimum
dose identified above and any maximum dose that is greater than the selected minimum dose.
For example, in some embodiments, the method can include administering sufficient anti-
CLEC12A biologic to provide a dose of from about 10 pg/kg/day to about 10 mg/kg/day to the
subject, a dose of from about 100 ug/kg/day to about 1 mg/kg/day, a dose of from 5 pg/kg/day to
100 pg/kg/day, etc.

In certain embodiments, the method includes administering sufficient anti-CLEC12A
biologic to provide a dose that is equal to any minimum dose or any maximum dose listed above.
Thus, for example, in certain embodiments, the method can include administering sufficient anti-
CLEC12A biologic to provide a dose of 1 ug/kg/day, 5 ng/kg/day, 10 pg/kg/day, 25 ug/kg/day,
50 ng/kg/day, 100 ug/kg/day, 200 pg/kg/day, S00 ug/kg/day, 1 mg/kg/day, S mg/kg/day, etc.

In some embodiments, an anti-CLEC12A biologic may be administered, for example,
from a single dose to multiple doses per week, although in some embodiments the method can be
performed by administering an anti-CLEC12A biologic at a frequency outside this range. In
certain embodiments, an anti-CLEC12A biologic may be administered from about once per
month to about five times per week. In some embodiments, the doses indicated above, which are
described in terms of the amount of anti-CLEC12A biologic administered over a 24-hour period,
are administered in a seven-day cycle of four days of treatment and three days of rest.

In some embodiments, an anti-CLEC12A biologic may be administered, for example,
from a single dose to multiple cycles of treatment, although in some embodiments the method
can be performed by administering an anti-CLEC12A biologic for a duration outside this range.

In some embodiments, the anti-CLEC12A biologic may be administered for three weeks. In such
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embodiments, each week may be a treatment cycle such as the exemplary treatment cycle
described in the preceding paragraph. In other embodiments, the anti-CLEC12A biologic may be
administered for a greater number of treatment cycles, without a gap between one set of
treatment cycles and a subsequent set of treatment cycles. The gap between one set of treatment
cycles and a subsequent set of treatment cycles may be a gap of one or more weeks, one or more
months, or one or more years.

In some embodiments, the method further includes administering one or more additional
therapeutic agents. The one or more additional therapeutic agents (e.g., chemotherapeutic agents)
may be administered before, after, and/or coincident to the administration of an anti-CLEC12A
biologic. An anti-CLEC12A biologic and the additional therapeutic agents may be co-
administered. As used herein, “co-administered” refers to two or more components of a
combination administered so that the therapeutic or prophylactic effects of the combination can
be greater than the therapeutic or prophylactic effects of either component administered alone.
Two components may be co-administered simultaneously or sequentially. Simultaneously co-
administered components may be provided in one or more pharmaceutical compositions.
Sequential co-administration of two or more components includes cases in which the
components are administered so that each component can be present at the treatment site at the
same time. Alternatively, sequential co-administration of two components can include cases in
which at least one component has been cleared from a treatment site, but at least one cellular
effect of administering the component (e.g., cytokine production, activation of a certain cell
population, etc.) persists at the treatment site until one or more additional components are
administered to the treatment site. Thus, a co-administered combination can, in certain
circumstances, include components that never exist in a chemical mixture with one another. In
other embodiments, the anti-CLEC12A biologic and the additional therapeutic agent may be
administered as part of a mixture or cocktail. In some aspects, the administration of
anti-CLEC12A biologic may allow for the effectiveness of a lower dosage of other therapeutic
modalities when compared to the administration of the other therapeutic agent or agents alone,
thereby decreasing the likelihood, severity, and/or extent of the toxicity observed when a higher
dose of the other therapeutic agent or agents is administered.

Exemplary additional therapeutic agents include altretamine, amsacrine, L-asparaginase,

colaspase, bleomycin, busulfan, capecitabine, carboplatin, carmustine, chlorambucil, cisplatin,
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cladribine, cyclophosphamide, cytophosphane, cytarabine, dacarbazine, dactinomycin,
daunorubicin, docetaxel, doxorubicin, epirubicin, etoposide, fluorouracil, fludarabine,

10 fotemustine, ganciclovir, gemcitabine, hydroxyurea, idarubicin, ifosfamaide, irinotecan,
lomustine, melphalan, mercaptopurine, methotrexate, mitoxantrone, mitomycin C, nimustine,
oxaliplatin, paclitaxel, pemetrexed, procarbazine, raltitrexed, temozolomide, teniposide,

tioguanine, thiotepa, topotecan, vinblastine, vincristine, vindesine, and vinorelbine.

In the preceding description and following claims, the term “and/or” means one or all of
the listed elements or a combination of any two or more of the listed elements; the terms

2%

“comprises,” “comprising,” and variations thereof are to be construed as open ended—i.e,,

additional elements or steps are optional and may or may not be present; unless otherwise

(13 2%
a

specified, an,” “the,” and “at least one” are used interchangeably and mean one or more
than one; and the recitations of numerical ranges by endpoints include all numbers subsumed
within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).

In the preceding description, particular embodiments may be described in isolation for
clarity. Unless otherwise expressly specified that the features of a particular embodiment are
incompatible with the features of another embodiment, certain embodiments can include a
combination of compatible features described herein in connection with one or more
embodiments.

For any method disclosed herein that includes discrete steps, the steps may be conducted

in any feasible order. And, as appropriate, any combination of two or more steps may be

conducted simultaneously.

EXAMPLES

Construction of the CD16-huCAMCLECI12A bi-specific compound (SEQ ID NO:34)

Constructs encoding the CD16-huCAMCLECI12A bi-specific compounds were
synthesized using PCR and HiFi cloning techniques as previously described (Vallera et al., 2016,
Clin Cancer Res 22:3440-3450). Each fully assembled fragment included an EcoRI restriction
site, an ATG start codon, the coding sequence for a humanized camelid anti-CD16 sdAb (Vincke
et al., 2007, Protein Eng Des Sel 21:1-10), the coding sequence for a huCAMCLECI12A sdAb
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(one of SEQ ID NOs:16-28), and a sequence encoding a 10X His tag. The assembled fragments
were cloned into the Minicircle DNA vector (System Biosciences, LLC, Palo Alto, CA) under
the control of a CMV promoter. The DNA sequence was validated to confirm sequence and
location of gene insertion (Biomedical Genomics Center, University of Minnesota, Minneapolis,

MN).

Construction of the CD16-huCAMCLECI12A tri-specific compound (SEQ ID NO:35)
Constructs encoding the CD16-huCAMCLEC12A tri-specific compounds were
synthesized using PCR and HiFi cloning techniques as previously described (Vallera et al., 2016,
Clin Cancer Res 22:3440-3450). Each fully assembled fragment included an EcoRI restriction
site, an ATG start codon, the coding sequence for a humanized camelid anti-CD16 sdAb (Vincke
et al., 2007, Protein Eng Des Sel 21:1-10), a linker, the coding sequence for a human IL-15
fragment (amino acids 162-175 of SEQ ID NO:35), the coding sequence for a whitlow amino
acid linker (GSTSGSGKPGSGEGSTKG; SEQ ID NO:36), the coding sequence for a
huCAMCLECI12A sdAb (one of SEQ ID NOs:16-28), and a sequence encoding a 10X His tag.
The assembled fragments were cloned into the Minicircle DNA vector (System Biosciences,
LLC, Palo Alto, CA) under the control of a CMV promoter. The DNA sequence was validated to
confirm sequence and location of gene insertion (Biomedical Genomics Center, University of

Minnesota, Minneapolis, MN).

Production and isolation of CD16-huCAMCLEC12A bi-specific compounds and CD16-
huCAMCLECI12A tri-specific compound

Plasmids for all clones were transfected into Expi293 cells (Thermo Fisher Scientific,
Inc., Waltham, MA) according to the manufacturer’s protocol. The supernatants were collected,
and protein was purified using HISPUR cobalt resin (Thermo Fisher Scientific, Inc., Waltham,
MA) and PIERCE centrifuge columns (Thermo Fisher Scientific, Inc., Waltham, MA). The
protein was eluted using 250 mM imidazole solution and desalted using prepacked disposable
PD-10 columns (GE Healthcare Systems, Chicago, IL). Purity and size were determined by
running sodium dodecyl sulfate polyacrylamide gel electrophoresis using SIMPLY BLUE LIFE
STAIN (Invitrogen, Carlsbad, CA).
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Cancer cells lines (HL60 and Raji)

HL60 promyeloblast cells (ATCC CCL-240, American Type Culture Collection,
Manassas, VA) where obtained from ATCC and used as a CLEC12A-expressing line. Raji
Burkitt’s lymphoma lymphoblasts (ATCC CCL-86, American Type Culture Collection,
Manassas, VA) were also obtained from ATCC and used as a CLEC12A-negative line.

Functional evaluation of different clones using PBMCs against CLEC12A-positive HL60 cells

Healthy donor blood was obtained from Memorial Blood Bank (Minneapolis, MN) and
processed to obtain peripheral blood mononuclear cells (PBMCs) using density gradient Ficoll-
Paque (GE Healthcare Systems, Chicago, IL). Assessment of NK cell function by flow
cytometry was carried out as previously described (Vallera et al., 2016, Clin Cancer Res
22:3440-3450). PBMCs, HL60 cells, and treatments (30 nM) were co-cultured and stained with
FITC conjugated anti-CD107a (H4A3, BioLegend, San Diego, CA). One hour after the addition
of anti-CD107a, cells were given Golgi Stop and Golgi Plug (BD Biosciences, San Jose, CA)
and incubated for three hours. At the end of the incubation, cells were stained with Live/Dead
Fixable Aqua Staining Kit (Thermo Fisher Scientific, Inc., Waltham, MA), PE-CY7-conjugated
anti-CD56, PE-CF594-conjugated anti-CD3, and PE-conjugated anti-CD69 (FNS0, BioLegend,
San Diego, CA), fixed, and permeabilized. Permeabilized cells were stained with BV650
conjugated IFNy (4S.B3, BioLegend, San Diego, CA) and expression was evaluated by flow
cytometry.

Evaluation of functional specificity of Clone 33 using NK cells against nothing, CLEC12A-
positive HL60 cells, or CLEC12A-negative Raji cells

Healthy donor blood was obtained from Memorial Blood Bank (Minneapolis, MN) and
processed to obtain peripheral blood mononuclear cells (PBMCs) using density gradient
FICOLL-PAQUE (GE Healthcare Systems, Chicago, IL)). PBMCs were used to magnetically
enrich NK cells using an EASYSEP human NK cell enrichment kit (STEMCELL Technologies,
Inc., Vancouver, BC). Assessment of NK cell function by flow cytometry was carried out as
previously described (Vallera et al., 2016, Clin Cancer Res 22:3440-3450). Enriched NK cells
were incubated alone, with HL60 cells, or with Raji cells and noted treatments (30 nM). Cells

and treatments were co-cultured and stained with FITC conjugated anti-CD107a (H4A3,
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BioLegend, San Diego, CA). One hour after the addition of anti-CD107a, cells were given Golgi
Stop and Golgi Plug (BD Biosciences, San Jose, CA) and incubated for three hours. At the end
of the incubation, cells were stained with Live/Dead Fixable Aqua Staining Kit (Thermo Fisher
Scientific, Inc., Waltham, MA), PE-CY 7-conjugated anti-CD56, PE-CF594-conjugated anti-
CD3, and PE-conjugated anti-CD69 (BioLegend, San Diego, CA), fixed, and permeabilized.
Permeabilized cells were stained with BV650-conjugated IFNy (BioLegend, San Diego, CA) and

expression was evaluated by flow cytometry.

Determination of binding specificity

To determine binding specificity, 30 nM of the Clone 33 bi-specific compound or the
anti-CLEC12A scFv-containing tri-specific compound were incubated with CLEC12A-positive
HL60 cells or CLEC12A-negative Raji cells for 30 minutes at 37°C. The cells were spun down
and washed twice. An anti-HIS, phycoerythrin (PE)-labeled, antibody (OriGene Technologies,
Inc., Rockville, MD) was added and incubated with cells for 20 minutes at 4°C. Cells were
washed twice, fixed with 2% paraformaldehyde, and run on a flow cytometer to evaluate percent

of cells binding to noted constructs.

The complete disclosure of all patents, patent applications, and publications, and
electronically available material (including, for instance, nucleotide sequence submissions in,
e.g., GenBank and RefSeq, and amino acid sequence submissions in, e.g., SwissProt, PIR, PRF,
PDB, and translations from annotated coding regions in GenBank and RefSeq) cited herein are
incorporated by reference in their entirety. In the event that any inconsistency exists between the
disclosure of the present application and the disclosure(s) of any document incorporated herein
by reference, the disclosure of the present application shall govern. The foregoing detailed
description and examples have been given for clarity of understanding only. No unnecessary
limitations are to be understood therefrom. The invention is not limited to the exact details
shown and described, for variations obvious to one skilled in the art will be included within the
invention defined by the claims.

Unless otherwise indicated, all numbers expressing quantities of components,

molecular weights, and so forth used in the specification and claims are to be understood as
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being modified in all instances by the term “about.” Accordingly, unless otherwise indicated
to the contrary, the numerical parameters set forth in the specification and claims are
approximations that may vary depending upon the desired properties sought to be obtained
by the present invention. At the very least, and not as an attempt to limit the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be construed
in light of the number of reported significant digits and by applying ordinary rounding
techniques.

Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. All numerical values, however, inherently
contain a range necessarily resulting from the standard deviation found in their respective
testing measurements.

All headings are for the convenience of the reader and should not be used to limit the

meaning of the text that follows the heading, unless so specified.
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Sequence Listing Free Text

SEQ ID NO:1 - CLEC12A clone 1

1 QVQLQESGGG LVQPGGSLRL
51 IVTODGSTYY ADSVKGRETI
101 LDAEDLWYWG QGTLVTVSS

SEQ ID NO:2 - CLEC12A clone 3

1 QVQLLESGGG LVQPGGSLRL
51 IYKKNGSTYY ADSVKGRETI
101 GEEHKELYSW GQGTLVTVSS

SEQ ID NO:3 - CLEC12A clone 9

1 QVQLLESGGG LVQPGGSLRL
51 ILATSGSTYY ADSVKGRETI
101 EKSSQSMPEFW GQGTLVTVSS

SEQ ID NO:4 - CLEC12A clone 10

1 QVQLLESGGG LVQPGGSLRL
51 IDGGDGSTYY ADSVKGRETI
101 TSHEAEVHSW GQGTLVTVSS

SEQ ID NO:5 - CLEC12A clone 11

1 QVQLLESGGG LVQPGGSLRL
51 IVDTDGSTYY ADSVKGRETI
101 YNEDDVSYWG QGTLVITVSS

SEQ ID NO:6 - CLEC12A clone 17

1 QVQLLESGGG LVQPGGSLRL
51 IATNDGSTYY ADSVKGRETI
101 SWENDLWYWG QGTLVTVSS

SEQ ID NO:7 - CLEC12A clone 23

1 QVQLLESGGG LVQPGGSLRL
51 IATRDGSTYY ADSVKGRETI
101 DOLYGNEQLA FWGQGTLVTV

SEQ ID NO:8 - CLEC12A clone 29

1 QVQLLESGGG LVQPGGSLRL
51 IDVPSGSTYY ADSVKGRETI
101 GODWEQAEPS EMYYWGOQGTL

SCAASGDRE'S
SRDNSKNTLY

SCAASGVRVS
SRDNSKNTLY

SCAASGYSIT
SRDNSKNTLY

SCAASGVNVT
SRDNSKNTLY

SCAASGYRLS
SRDNSKNTLY

SCAASGEFRET
SRDNSKNTLY

SCAASGEFRLT
SRDNSKNTLY
SS

SCAASGYNVI
SRDNSKNTLY
VIVSS

22

NDVMAWVRQA
LOMNSLRAED

AQFMSWVRQA
LOMNSLRAED

DODMSWVRQA
LOMNSLRAED

ADDMSWVRQA
LOMNSLRAED

NDIMAWVROQA
LOMNSLRAED

AQDMSWVRQA
LOMNSLRAED

DEDMSWVRQA
LOMNSLRAED

YEDMGWVRQA
LOMNSLRAED

PCT/US2020/055468

PGKGLEWVSA
TAVYYCAGEP

PGKGLEWVSS
TAVYYCAIDH

PGKGLEWVSG
TAVYYCAGEV

PGKGLEWVST
TAVYYCATAF

PGKGLEWVSA
TAVYYCARDP

TGKGLEWVST
TAVYYCATDS

PGKGLEWVST
TAVYYCAGLR

PGKGLEWVSG
TAVYYCAAVV
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SEQ ID NO:9 - CLEC12A clone 33

1
51
101

SEQ ID NO:10 - CLEC12A clone 40

1
51
101

SEQ ID NO:11 - CLEC12A clone 56

1
51
101

SEQ ID NO:12 - CLEC12A clone 60

1
51
101

SEQ ID NO:13 - CLEC12A clone 86

1
51
101

QVQLLESGGG
IONTDGSTYY
DRMVGKEEQL

LVQPGGSLRL
ADSVKGREFTI
ASWGOQGTLVT

SCAASGDME'S
SRDNSKNTLY
VSS

QVQLLESGGG LVQPGGSLRL SCAASGDTIN
IEAQSGSTYY ADSVKGRETI SRDNSKNTLY

AHQEEPVAYW

GQGTLVTVSS

QVQLLESGGG LVQPGGSLRL SCAASGETVT
ITVGNGSTYY ADSVKGRETI SRDNSKNTLY

LPHOEVTYWG

QGTLVTVSS

QVQLLESGGG LVQPGGSLRL SCAASGYMES
IWIPDGSTYY ADSVKGRETI SRDNSKNTLY
NERIASITKN MHSWGQGTLV TVSS

QVQLLESGGG LVQPGGSLRL SCAASGDMLS
IDSDDGSTYY ADSVKGRETI SRDNSKNTLY
GEDVIMQODSS VGSWGQGTLV TVSS

YDDMGWVRQA
LOMNSLRAED

PEDMGWVRQA
LOMNSLRAED

DHDMGWVRQA
LOMNSLRAED

ADVMSWVRQA
LOMNSLRAED

AQDMGWVRQA
LOMNSLRAED

SEQ ID NO:14 — CLECI12A clone consensus sequence

1
51
101

QVOLLESGGG
IXKXDGITYY
L0 S0.8.0:0.6:0.4

fay
)

LVOPGGSLRL

SCAASGYXVS
SEDNSENTLY

T
TVSE

X= any amino acid or no amino acid

XDDMEWVRQA
LOMNSLERAED

SEQ ID NO:15 — CLEC12A TriKE amino acid sequence

1
51
101
151
201
251
301
351
401
451

MKWVTEISLL

FLESSAYSQV

NMGWEFRQAPG
MNSLRAEDTA
SGGGGSGGGG
AMKCEFLLELQ
EELEEKNIKE
SGPGLVKPSE
SPDYNPSLKS
YWGQGTLVTV
RASQSTISSYL

QGLEAVASIT
VYYCAANPWP
SGNWVNVISD
VISLESGDAS
FLOSEFVHIVQ
TLSLTCVVSG
RVTISVDKSR
SSGGGGSGGG
NWYQOKPGKA

QLVESGGGLV
WSGRDTEYAD
VAAPRSGTYW
LKKIEDLIQS
IHDTVENLIT
MEFINTSGSTS
GSISSSNWWS
NQFSLKLSSV
GSGGGGSEIE
PKLLIYAASS

23

QPGGSLRLSC
SVKGREFTISR
GQGTLVTVSS
MHIDATLYTE
LANNSLSSNG
GSGKPGSGEG
WVRQPPGKGL
TAADTAVYYC
LTQSPSSLSA
LQSGVPSRF'S

PCT/US2020/055468

PGKGLEWVSG
TAVYYCATLY

PGKGLEWVSA
TAVYYCARLT

PGKGLEWVSS
TAVYYCATEP

PGKGLEWVSG
TAVYYCAAQL

PGKGLEWVSG
TAVYYCAALW

PCRGLEWVEL
TAVY YCRAY XY

AASGLTESSY
DNSKNTLYLQ
SGGGGSGGGG
SDVHPSCKVT
NVTESGCKEC
STKGQVQLQE
EWIGEIYHSG
AKVSTGGFFD
SVGDRVTITC
GSGSGTDFTL
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501

underlined: signal peptide
bold: anti-CLEC12A scFv

SEQ ID NO:16 — Clone 1 DNA sequence

1 CAGGTGC!

&1 TCCTGTGCAG
CCAGGGAAGSH
TCCG TG ]—m GGGCL
AT GA

GC ‘(3 JIA\'\:'kJ Fad k/ ’_

T C CRAGGA

NETC TGGEGEEAGEC

[CCGGAGA TAGGET

ACCATC
T GCC‘ GAGGAC

GTATTEGEET
AL LT "k‘J i

GUARGAC

TS R T

CTGCAAA
CITTGR

TGATG

PN T, T N
CAGCCT L'J(/\:'

el

SEQ ID NO:17 — Clone 3 DNA sequence

TETTOEGAGTC

et e o g
GGAGTC (3G A

TGGEEEGAG

1 CAGGTGCAG

TOCTETECAC
TCCTGETGCAG C

~ \r.']f\r*{'*rw’ RO N e e
SCT REICINE TAGGEGET

GUCTAGAGTG GGTATCAAL

sARGGGCCE GTTCACCATC

N7 f‘r“’

(“ et it

GCAGACTCT

52 /xGG

ity COmEGe

- LA R ry
CTGCAAATGA ACAGCC A

S
S0G TGCCEAGGE
P

GGG

AGEDEC ACAS

R CIONT e
GAGGHAGC A SAGCT

GTA

SEQ ID NO:18 — Clone 9 DNA sequence

1 AGGTGCAGC
A’CT\JT

TCTTGGAGTC
,ﬂ‘—\T ‘\FVLY(J TL'l
GTCTAGAGTG

cl
121

SCAG

4 o~ ele oy - CTTCACTAT
121 GUAGACTCCGE TGAAGGGCTG ( ACCAT

PR A . COOTEOS TOCCCAGEAS
2471 CTGCARAATCG ACAGCCTGCE [ GCLGAGEAC

301 GAGAI CCCAGTCGAT GCCGETTTTGG

SEQ ID NO:19 - Clone 10 DNA sequence

1 CAGGTGCAGC TGTTGGAGTC TGGGGHAGGEC
6l TCCTGTGCAG CCTCCGGAGT TAACGTTACC
1z21 CCAGLGGAAGG GTC TAGAGT = GGTATCAACC
iel GCAGACTCCG TGAAGGGCCGE GTTCACCATC
2471 CTGCAARATGA ACE “—CCT =Ch TGCCGAGGAC
301 ACGTCLCATG AGGCGGAGET CCACTCTTLG

SEQ ID NO:20 — Clone 11 DNA sequence

1 CAGGTGCAGT TGTTGGAGTC [LjC:L% :qAC‘m,(‘
TCCTGTGCAG CUTCCGGATA

U T R e
GGETATC IA\\."'\/(

GTTCACCATC

TAGAG

CC AGGGAAGS TG
TGARGGGCCGE

VN T T
GCAGACTCCG

24

TTGE

0 GCTCA

FAENTTION T e
T\ L \/.Z\

TISSLQPEDFEF ATYYCQQSYS TPPTFGPGTK VET

T
RS S

-TACAGC
GACGTTA
ACCC
TCCCETGACA
ACCGCEGETATY

CARGGGEAACCT

Yeln
WT L

’“(‘L‘CG] GACA ATTCC

ATTATTGCG

Ny FEENTOA T
CCGECEGETAT

Glal:

"’Cf'(/n TGACA

el alel Ll
ACCGCEGETAT

NN T, O T
GGTCAGGGAA

TTGGTACAG
e

QO

~
A\
ATTGATG

TCCO!

b—j
[
R

a5
[

- ‘,'\,hr\l,—-.w

ACCLELG

[
)
H
(2
*J
')
B
S

TTGETACAGC
AATGACATTA
TTETGEGACA

TCCCE T”*‘Cn

iy
A

il

CACAGC CT'G

Tl nd aay gad

S T T
TATGA

ATARAGA AARACGGETAG

Aa CCCTGEC

PCT/US2020/055468

CTGGEGEGELEETC

TGECCTGEEGET

C’I‘("" GTCTC

CGCCAGGCT

AR CALG GTAG TAC
ATTCCARGAR CACGCTGETAT

oo

TTTHT I T N e
ATTATTECEE GGGLAGHR

TGETCACTGET

yr‘w N U
Al /:JJIA\\:'\/

CCIT T AN IO TN
CCTGECETCTC

A (Glal

~ (x (»« e

SCCAGGCT

Alals

CACATACTAC
CAAGAA CACGITGET ’. T
 GATTGATCAT

COETOTOGA
CGETCTCGAGT

e T

CTGGEGEEE CCTGCETCTC
TGAGCTGEET CCGCCAGGCT
GTGACGGTAG CACATACTAC
ATTCCAA\’ <AL CACGCTGTAT

ATTATTGCGE GACTGCTTTT
-
{

s T T T T Ty
CCCTGETCAC CGTCTCGAGC

CTGGEGEGELEETC G

C C’I‘ GZGT

TGECCTGEEGET CCGUCAGGCT
CAGACGGTAG C AL‘ ATACTAC
ATTCCAAGAR CACGCTGTAT
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SEQ ID NO:21 - Clone 17 DNA sequence

1 CRGGTGCAGC TGETTGGAGTT
ol TCCTGETGECAG COTCCGEATT
ACAGGGAAGG GTCT AGAG’I‘G

AAGGGCT

CTCCG

TGGEGEEE

TAGGT

COTATCRACC
GGTATCAACC

GUAGA

TS T AT NN N T N
CTGCAAATGA ACAGCCTGCE

VT Y e o~ ,w\ SN PSP ;’\rnx r\nlr. N Pdas)
TCTTGEGAGA ACGACTTGETG TATTGEEGEET

SEQ ID NO:22 — Clone 23 DNA sequence

CAGGTGCAGT TGETTGGAGTT TGGGGE
& TCCTGETGCAG COTCCGGATT TAGGTTTACC

ELLH

¢ IaTal
\olg U5

o

CTAGH

YRR fp
GAAGG (

ACTCCG TH

AT N T T T T O
CTGCAAATGEA

ST N O N D Y
GTTCACCATC
CACGAC

Al

SAAGGGECTG

TN N T o
ACAGUC TGO

ATGGGAACGA

TEOE

=

GCnG 1

1

1

1

21 GCAG
471

1

1

SEQ ID NO:23 — Clone 29 DNA sequence
1

N e

-CAGC
TCC T’"T -CAG
CCAGGGAAGG

TTGGAGTC
CCTCCGGATA
CTAGAGTG

TGGGEGGAGEC
TAACGTTATC

TR TS T
GGTATCAGEC

i81 GCAGACTCCG T'“ﬁAunC'“ GTTCACCATC
2471 CTGCARATGA ACAGCCTGCG TGCCGAGGAC
201 GGTCAGGATT GGTTTCAGGC TGAGCCITCG
361 GTCACCETICT CGAGC

SEQ ID NO:24 - Clone 33 DNA sequence

X CAGGTGCAGT TGTT

ol TCCTGTGCAG C
p(, AGGGAAGE &1
GUAGAZTCCG
CTGCAARATGA
GATAG GG
GTCOTC

TGGEEGEEAGEC

[GGAGTC
SCGGAGA T
CAGAG
TGAAGGGCTG

NN T e
ACAGCCTGCE

TTGGGAAGGA

ATG

'I"GCC‘GAG"‘«'

GGAGCS

GAGC

SEQ ID NO:25 - Clone 40 DNA sequence

1 CAGGETGCAGC TGETTGGAGTC TGGGGGAGEC
TCOT CAG TAAC

121 CCAGGGARGG TCAGCC

AT

-

CCTCCG TACCAT

GGTA

SGAGA

TAGAGTG

GTC

25

TTGGETACAGC
GCTCAGGATA
[GCTACGA
TCCCETGACA
ACCGCEGETATY

ARCCT

e
CRGGEE

sGETACH

Fueen
AloslaA

\=C

~ |-r( A

HF

I alalalale
ALLUEUES

T

A :“'u(:rk:r TC

TIGGTACAGC

TA T"w GATA

GTACAGC

ATGACGATA

ielalele
LA

STGACA
SCGCGGTAT

Al \:'\/ T

TTGGEE

TTGGTA

Z\CA (—r

ATTGAG C:k/(:k

PCT/US2020/055468

ATTATTGCGEC

TGGTCACCGET
CTGGEGEGELEETC

TGAGCTGEGET
ATGACGGETAG
TCCARGAR
TATTGCEE

PCACCGT

CTCCGGRERGTO
TGGEGGEEETC

TGAGCTGEGET
GAGACGE

S
ATl

TOORL
TCCARGA

AGGGAACCC '.[

~ o

sGGEGGE
TEEGCTEGEET
CTAGCGGTAG
ATTCCAAGAA
ATTATTGCGC

ATTGGGGETCA

Melelleutial

sGGGEETC
SCHGEGET

CTGACGGTAG

OTC

ATTCCARGAR
ATTATIGCGC

CAGGGARL

NN T

TGEEGECT

ARAGCGGE

TAG

AN

CCT GZGETCTC

CGCCAGGCT
C AUP'[‘[%W TAC
CACGCTGE

T

GACTGAR]

(‘( s (z :J.l \\:'\/

COTERGTOT
eIl alak Valalalssl

CCGCCAGETT

CRACATA

K /—\ (\1 lele) r[ (~ (5] r\‘r::‘

TN

falale

GGEGAL

GGTCAZC Y
CCTGCETCTC

-

CCT GZGETCTC

~ "4(\ N iyl
\/r\u(:rk

7

Al

~ e elteutr

CACGCTGETAY

RO AT
CCTGGETCACC

alalsil el el
LU0
e

CCGCE

CACATA

TCTC
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Y

181
241
201

TCCCGTGACA ATTCCAAGAA CACGLTGTI
ACCGCGGETAT ATTATTGCGC GAGATTGACT
G

PRV £ T T T ST MO RS OO O
SGTCAGGGAA CCOTGGTCAC CGTCTCGAGC

"
e
b
i
)
2 O
o
3
IO@]

(@]

2
Q
Ll
£
b=
=
=
)
[0

SEQ ID NO:26 — Clone 56 DNA sequence

1 CAGGETGECAGC
¢l TCUTETE

TTGGAGTC TGGGGGAGEC TTGGTACAGC

CCTCCGGATT TACGGTTACC CGATA

CCTGCETCTC

AT peelar Y elous
GGCTEGEET CCGCUAGGCT

121 CCAGGC CTAGAGTG GGTATCAAGC T ""’(:J GAARCGGET CACATACTAC
i81 GCAGACTCCG TGAAGGGCCG CATC TCCOGTGACA ATTCCAL CACGTTGETAT

2471 CTGTAAATGA ACUAGCCTGIG TGUCGAGGAC ACCTGCGGETAT ATT!

301 TTGCCGCACC AGGAGGTCAL ATTGGEET CAGGGAACTC TGGTCA JJ(,L ]. CTCGAGT

GACAGAGCCTY

SEQ ID NO:27 — Clone 60 DNA sequence
1

&l

7 ~
\,r\‘::(

ST ONTTI N
N

L

e e

AGGC

SITGGAGTC TGGGGGAGEC TTGETACAGT
TN T
LR &Y

TCCGGATA TATGTTTAGC GOTGEACGH

izl GTCTAGAGT G sGTATCAGGET ATTTGGATCOT A ,29 TAC [‘A.C
181 GCAGACTCCG TGAZ 1GG 2CGE TCCCGTGACE CAT

2471 CTUGTRAATGA CCTGLG TGCCGAGGAC ACTGUGGTAT GGCTCAGTTG
301 AATGAGAGGA TTGCTTCTAT TACGAAGAAC ATGTACTCTTY GGGGTCAGEG AACCITGGETC
361 A I’CS"]_"C"]."CG}\ GC

SEQ ID NO:28 — Clone 86 DNA sequence

1 CAGGTGCAGC CTTGGAGTE TGGGEHLGAGET CGETACAGT CCTGECETCTC
el TCOTETGCAG CCTCCGGAGA TA 'T‘f'%("[ TAGC FCAGGATA TGEEGCTGEE C" GCTAG

WCGGET

GCAGACTCCE TGRAGGGCCE GTTCATCATC TCCIE TCCAZ &Aj’f—‘_\
CTGTARAATGA ACAGCCTGIG TGCCGAGGAC ACCGIGGTAT ATTATTGIGC
o GATS TEATTATGCA GOACTOETOG GTEEEETemT LEETCARE

24 @l
L:r(:r::\;r‘k‘:»“"’l (=7l Adliaua T LTS \‘J»“’p =R Y \J\Ju

361 ACCGTCTCGA GC

GTCTAGAGTG GGTATCAGGC ATTGAT

CACATACTAC

SEQ ID NO:29 — CDRI1

X1X2X3MX4
¥;= N,A,D,Y, or P
X,= D,E,H,Q, or deletion

X3= V,F,I, or D
Xs= A,S, or G

SEQ ID NO:30 — CDR2

K1IXoX3XuXsGSTY YADSVKGRET

X=A,S,T, or G

26
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X,= V,Y,L,D,A,E, T,W,Q, or deletion
Xs= T,K,A7,G,D,V,N,I, or S
X,= 0,K,T,G,N,R,P, or D
Xs= D,N, or S

SEQ ID NO:31 - CDR3

K1XpX3X g XsXeX7XgX9X10X11X12X13X14X15X16

X1= any amino acid
Xy,= any amino acid
X3= any amino acid
¥X,= P,E,S,Q,R,or H
Xs= any amino acid
Xe= any amino acid
X7;= any amino acid
Xg= any amino acid
Xg= any amino acid
Xi1p= any amino acid
X11= any amino acid
Xi12= any amino acid
Xi13= any amino acid
X14= L,M,0or V

X1s= W,Y,P,H,S,A,T,
Xie= Y,S, or F

or
or
or

or
or
or
or
or
or
or
or
or

or

deletion
deletion
deletion

deletion
deletion
deletion
deletion
deletion
deletion
deletion
deletion
deletion

G

SEQ ID NO:32 — Signal peptide

MKWVTEISLL FLESSAYS

SEQ ID NO:33 — Histidine tag, including spacer

VDEHHHHHHH HHH

SEQ ID NO:34 — CD16-huCAM Clone 33 bi-specific compound

PCT/US2020/055468

KWVTFISLLE LESSAYSQVO LVESGGGLVQ PGGSLRLSCA ASGLTESSYN MGWEFROAPGO

GLEAVASTTW SGRDTEYADS VKGRETISRD NSKNTLYTLOM NSLRAEDTAV YYCAANPWPV

AAPRSGTYWG QGTIVTVSSS GGGGSGGGGS GGGGSGGGGS GGSQVQLLES GGGLVQPGGS

LRLSCAASGD MFSYDDMGWV RQAPGKGLEW VSGIQNTDGS TYYADSVKGR FTISRDNSKN
TLYLOMNSLR AEDTAVYYCA TLYDRMVGKE EQLASWGQGT LVTVSSGSHH HHHHHHHH

underline: signal sequence

double underline: HuEF91
Bold: anti-CLEC12A Clone 33

27
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SEQ ID NO:35 — CD16-huCAM Clone 33 tri-specific compound

KWVTFISLLFE

LESSAYSQVOQ

LVESGGGLVO

PGGSLRLSCA

ASGLTESSYN

PCT/US2020/055468

MGWERQAPGQ

GLEAVASTTW

SGRDTEFYADS

VKGRFTISRD

NSKNTLYLOM

NSLRAEDTAV

YYCAANPWPV

AAPRSGTYWG

QGTLVTVSSS

HIDATLYTES

DVHPSCKVTA

GGGGSGGGGS
MKCFLLELOQV

GGGGSGGGGS
ISLESGDAST

GNWVNVISDL

KKIEDLIQSM

ESGGGLVQPG
GRFTISRDNS
HHHHHHHHHH

GSLRLSCAAS
KNTLYLOMNS

underline: signal sequence
double underline: HUEF91

GDMF'SYDDMG
LRAEDTAVYY

bold: anti-CLEC12A Clone 33

SEQ ID NO:36 -Whitlow linker

GSTSGSGKPG

SGEGSTKG

WVRQAPGKGL
CATLYDRMVG

28

SGKPGSGEGS
EWVSGIQNTD
KEEQLASWGQ

TKGGSQVQLL
GSTYYADSVK
GTLVTVSSGS
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What is claimed is:

1. A polypeptide comprising at least 90% amino acid similarity to SEQ ID NO:14.

2. A polypeptide comprising at least 90% amino acid identity to SEQ ID NO:14.

3. The polypeptide of claim 1 or claim 2 comprising:

the amino acid sequence of SEQ ID NO:1;

the amino acid sequence of SEQ ID NO:2;

the amino acid sequence of SEQ ID NO:3;

the amino acid sequence of SEQ ID NO:4;

the amino acid sequence of SEQ ID NO:5;

the amino acid sequence of SEQ ID NO:6;

the amino acid sequence of SEQ ID NO:7,

the amino acid sequence of SEQ ID NO:8;

the amino acid sequence of SEQ ID NO:9;

the amino acid sequence of SEQ ID NO:10;
the amino acid sequence of SEQ ID NO:11;
the amino acid sequence of SEQ ID NO:12; or
the amino acid sequence of SEQ ID NO:13.

4. The polypeptide of claim 1 or claim 2 comprising:
the amino acid sequence of SEQ ID NO:29;
the amino acid sequence of SEQ ID NO:30; and
the amino acid sequence of SEQ ID NO:31.

5. A polypeptide comprising:
the amino acid sequence of SEQ ID NO:29;
the amino acid sequence of SEQ ID NO:30; and
the amino acid sequence of SEQ ID NO:31.

29
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A biologic therapeutic compound comprising the polypeptide of any one of claims 1-5.

The biologic therapeutic compound of claim 6, wherein the biologic therapeutic

compound is:

a bi-specific Killer engager molecule (BiKE);

a tri-specific Killer engager molecule (TriKE);

a tetra-specific Killer engager molecule (TetraKE);
a penta-specific Killer engager molecule (PentaKE);
a bi-specific T cell engager molecule (BiTE);

a tri-specific T cell engager molecule (TriTE);
tetra-specific T cell engager molecule (TetraTE);

a penta-specific T cell engager molecule (PentaTE);
a chimeric antigen receptor;

a full antibody;

an antibody-drug conjugate (ADC) molecule;

a targeted delivery construct; or

a labeling construct.

A pharmaceutical composition comprising:
the biologic therapeutic compound of claim 6; and

a pharmaceutically acceptable carrier.

A method comprising:

administering to a subject having a tumor characterized in expression of CLEC12A a

biologic therapeutic of claim 6 in an amount to ameliorate at least one symptom or clinical sign

of the tumor.

10.

The method of claim 9, wherein the biological therapeutic is:
a bi-specific Killer engager molecule (BiKE);
a tri-specific Killer engager molecule (TriKE);

a tetra-specific Killer engager molecule (TetraKE);

30
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a penta-specific Killer engager molecule (PentaKE);
a bi-specific T cell engager molecule (BiTE);

a tri-specific T cell engager molecule (TriTE);
tetra-specific T cell engager molecule (TetraTE);

a penta-specific T cell engager molecule (PentaTE);
a chimeric antigen receptor;

a full antibody;

an antibody-drug conjugate (ADC) molecule; or

a targeted delivery construct.
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SEALATIO0OME K TX N KN KX XN AN KO A A LAATE TS HNO T AT LIS N IS
SSALATIODOOMSDOASSAONT ADADM IV DX AAYLAATI TS NWOTATINISNAYS
SSALATIOOOMSHWNM LI SYTYANTYYOAAAVIAAVI TS NWOT A TLNMSNA IS
SSALATIOOOMALATOHATAA LY DX AAYVLAATI TS NWOTATILNASNA IS
SSALATIDOOMAVAdAAOHVITIVIAAAVIAAVITSNWOT X TLNMSNA IS
SSALATIOOOMSYTOAANDAINIA XTIV DA AAVIAAVI TS NWOT A TLNMSNA IS
SSALATIOOOMAANASd AVOA MAODAAVY DX AAYLAATI TS NWOTATINISNAYS
SSALATIODOOMAVTOAND ATOQITOVIAAAVIAAVI TS NWOT A TINMSNA IS
SSALATIOOOMAMTANAMS SALY DX AAVLAATITS NWOTATINASNA IS
SSALATIOOOMASAQAANAdAIY DX AAVLAATITS NWOTATLNASNA IS
SSALATIODOOMSHAAVHAHS LAV IVIAAAVIAAVITSNWOT X TLNMSNA IS
SSALATIODOOMAIWSOSSHHATDVY DA AAVIAAVITSNWOT XA TLNMSNA IS
SSALATIODOOMS ATAMHAADHA T VDA AAVIAAVITSNWOT X TLNMSNA IS
SSALATIOOOMAMTAAVATAADY DX AAYVLAATI TS NWOTATILNASNA IS

NmOO
TLAYSMASCY AALEDOUX KT TS AMETONDITO SAXADSYYISTYISOOINATOOSSHTTOAD
I LAYDMASAYAALSDAASATI DS AMATOMDIVOIAMONAOY STHNADS VYIS TATSDOdOATOODSHATTOAD
TLAYOMASAVAALSDAdTIMI DS AMITOMDAVOIAMSNAQY SANADSYY IS TATSDOdOATOODSHATTOAD
T LAYOMASAYAALSONDALI SSAMITOMODAVOIAMONAHALALADS VYOS TATSDOdOATOODSHATTOAD
T LAYOMASAVAALSDSOVAI VS AMATOMDdVOIAMONAAANT LADSYY IS TATSDOJOATOODSHATTOAD
I LAYDMASAYAALSDALNOTI DS AMATOMDAVOIAMONAA XSANADS VYIS TATSDDJOATOODSHATTOAD
T LAYOMASAYAALSDSAAATI DS AMITOMDAVOIAMONAA X TANADSYY IS TATSDOJOATOODSHATTIOAD
T LAYOMASAVAALSDAILVI LSAMITOMODAVOIAMSNAAALTIADS VYIS TATSDOdOATOODSHATTOAD
T LAYOMASAYAALSODANLVYI LSAMATOMDIVOIAMSNAOY IAYADSYY IS TATSDOdOATOODSHATTOAD
T LAYOMASAVAALSDALAATVSAMITOMDAVOIAMYNIANS TIXADSYY IS TATSDOJOATOODSHATTOAD
I LAYDMASAVYAALSDADDAT LSAMITOMDAVOIAMSNAAY LANADSYY IS TATSDOJOATOODSHATTOAD
T LAYDMASAVAALSDS IVTIIDSAMATOMDAVOIAMSNAOA LI SADSYY IS TATSDOdOATOODSHATTOAD
TLAYOMASAVAALSONIM AT SSAMITOMDAVOIAMSINA OV SATADSYY IS TATSODOJOATOODSHATTOAD
T LAYDMASAVAXLSDAOLAT VS AMITOMDdVOIAMYNAANSAIADSYY IS TATSDOJOATOODSHOTOAD
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US20/55468

A. CLASSIFICATION OF SUBJECT MATTER
IPC - CO07K 16/28; A61K 39/395 (2020.01)

CO7K 16/2896; A61K 39/395
CpPC -

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 10,358,492 B2 (MERUS N.V.) 23 July 2019; abstract; column 3, lines 44-49; column 4, lines| 1-2
38-44; column 14, line 62 - column 185, line 11

A WO 2019/139888 A1 (H. LEE MOFFITT CANCER CENTER AND RESEARCH INSTITUTE 1-2
INC.) 18 July 2019; abstract, page 1, lines 25-33; page 2, lines 18 - 34; page 3, lines 8-13, lines
26-30; page 4, line 35 - page 5, line 3

A US 2009/0215119 A1 (LADNER ROBERT C) 27 August 2009; paragraphs [0005], [0006], 1-2
[0013], [0014], [0070], Table 3

A WO 2009/051974 A1 (NUVELO, INC.) 23 April 2009; abstract, page 4, lines 2-33; page 6, lines | 1-2
15-20, lines 24-30

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁhqauon but cited to understand
to be of particular relevance the principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step

“E™ earlier application or patent but published on or after the international >

E ﬁ?{,l\gd?()g onorp ut pub ono when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which “Y" document of particular relevance; the claimed invention cannot
is cited to establish the r{)ubhcatlon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0" documentreferring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“p”  document published prior to the international filing date but later than  “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
12 February 2021 (12.02.2021) MAR 1 1 2021

Name and mailing address of the ISA/US Authorized officer

Mail Slop PCT, Alln: ISA/US, Commissioner for Patents Shane Thomas

P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571.273-8300 Telephone No. PCT Helpdesk: 5§71-272-4300
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Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. l:l Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
cxtent that no meaningful international scaich cain be caivied vul, specifically.

3. [Z Claims Nos.: 6-10
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***.Please See Supplemental Page-***-

1. [:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos..
1-2

Remark on Protest [:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US20/55468

-***.Continued From Box No. !lI: Observations where unity of invention is lacking-"**-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups |+, Claims 1-5, and SEQ ID NO: 14, wherein each Xaa is alanine (polypeptide sequence) are directed toward polypeptides.

The polypeptides will be searched to the extent they encompass SEQ D NO: 14, wherein each Xaa is alanine (first exemplary
polypeptide sequence). Applicant is invited to elect additional polypeptide(s), with specified SEQ ID NO: for each, or with specified
substitution(s) at specified site(s) of a SEQ ID NO:, such that the sequence of each elected species is fully specified (i.e. no optional or
variable residues or substituents), and where available as an option within at least one searchable claim, to be searched. Additional
polypeptide sequence(s) will be searched upon the payment of additional fees. It is believed that claims 1-2 (each in-part) encompass
this first named invention and thus these claims will be searched without fee to the extent that they encompass SEQ 1D NO: 14, wherein
each Xaa is alanine (polypeptide sequence). Applicants must specify the searchable claims that encompass any additionally elected
polypeptide sequence(s). Applicants must further indicate, if applicable, the claims which encompass the first named invention, if
different than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied
to the "+" group(s) will result in only the first claimed invention to be searched/examined. An exemplary election would be SEQ 1D NO:
14, whereln Xaa28 Is Arg, and each other Xaa Is Ala (polypeplide sequence).

No technical features are shared between the polypeptide sequences of Groups I+ and, accordingly, these groups lack unity a priori.

Groups I+ share the technical features including: a polypeptide comprising at least 90% amino acid identity to SEQ ID NO:14; and a
polypeptide comprising: the invariant portions of the amino acid sequence of SEQ ID NO: 29; the invariant portions of the amino acid
sequence of SEQ ID NO:30; and the invariant portions of the amino acid sequence of SEQ ID NO: 31.

However, these shared technical features are previously disclosed by US 2009/0215119 A1 (LADNER).

Ladner discloses a polypeptide comprising at least 90% amino acid identity to SEQ ID NO: 14 (a polypeptide comprising SEQ 1D NO: 30
(at least 90% amino acid identity to SEQ ID NO: 14); Table 3; wherein, based on the matching of any and all Xaa residues in SEQ ID
NO: 14 to any aligned residues in a comparator sequence, SEQ ID NO: 30 is 95% identical to Applicant's SEQ ID NO: 14); and a
polypeptide comprising: the invariant portions of the amino acid sequence of SEQ ID NO: 29 (a polypeptide comprising SEQ ID NO: 30
(a polypeptide comprising: the invariant portions of the amino acid sequence of SEQ 1D NO: 29); Table 3; wherein SEQ ID NO: 30
comprises a Met residue at position 20, which is the only invariant residue in Applicant's SEQ 1D NO: 29), the invariant portions of the
amino acid sequence of SEQ ID NO: 30 (SEQ ID NO: 30 (the invariant portions of SEQ ID NO: 30); Table 3, wherein SEQ 1D NO: 30
includes, at position 72, lle residue, followed by, starting at position 77, the sequence GSTYYADSVKGRFT, which identically matches
the invariant portions of Applicant's SEQ ID NO: 30); and the invariant portions of the amino acid sequence of SEQ ID NO: 31 (SEQ 1D
NO: 30 (the invariant portions of SEQ ID NO: 31); Table 3, wherein Applicant's SEQ ID NO: 31 includes no invariant amino acids).

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the Ladner reference, unity of invention is lacking.

Form PCT/ISA/210 (extra sheet) (July 2019)
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