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FLT3 LIGAND FUSION PROTEINS AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to and the benefit of U S. provisional patent application
sertal number 63/062,713, filed on August 7, 2020, the contents of which are incorporated

herein by reference in their entirety.

SEQUENCE LISTING

The nstant application contains a Sequence Listing which has been submitted
electronically in ASCH copy, created oun July 28, 2021, is hereby incorporated by reference in

its entirety, 1s named P36298-WQ SL.xt, and is 128,413 bytes in size.

FIELD OF THE INVENTION

The present invention relates to FIt3 ligand fusion proteins and methods of using the

same.

BACKGROUND

Numerous studies support the importance of the differential presence of immune
system components in cancer progression {Jochems and Schlom, Exp Biol Med, 236(5): 567-
579 (2011)). Clinical data suggest that high densities of tumor-infiltrating lymphocytes are
linked to improved clinical outcome (Mlecnik et al., Cancer Metastasis Rev,; 30: 5-12, (2011)).
Tumor immune infiltrates include macrophages, dendritic cells (DC), mast cells, natural killer
(NK) cells, nave and memory lymphocytes, B cells and effector T cells (T lymphocytes),
primarily responsible for the recognition of antigens expressed by tumor cells and subsequent
destruction of the tumor cells by T cells.

Despite presentation of antigens by cancer cells and the presence of immune cells that
could potentially react against tumor cells, in many cases the immune system does not get
activated or is affirmatively suppressed. Turnors develop a number of immunomodulatory
mechanisms to evade antitumor immune responses. The overall result is impaired T-celi
responses and induction of apoptosis or reduced anti-fumor immune capacity of CD8”
cytotoxic T cells. Inhibition of antigen-presenting functions and dendritic cell (DBC)
additionally contributes to the evasion of anti-tumor immunity {Gerlini et al. Am. J. Pathol.

165(6), 1853-1863 (2004).



10

20

WO 2022/031876 PCT/US2021/044586

Additionally, the local immunosuppressive nature of the twmor microenvironment can
lead to the escape of cancer cell subpopulations that do not express the target antigens. Thus,
finding an approach that would promote the preservation and/or restoration of anti-tumor
activities of the immune system would be of considerable therapeutic benefit.

Immune checkpoints have been implicated in the tumor-mediated downregulation of
anti-tumor immunity. It has been demonstrated that T cell dysfunction occurs concurrently with
an induced expression of the inhibitory receptors, CTLA-4 and programmed death 1
polypeptide (PD-1), members of the CD2Z8 family receptors. Nevertheless, despite extensive
research in recent years, the success of immunotherapy in a clinical seiting has been limited.
Few therapeutic agents have been approved by regulatory authorities, and among those, the
benefit is not experienced by a majority of patients. In recent vears, immune checkpoints have
been implicated in the downregulation of anti-tumor inrunity and used as therapeutic targets.
These observations hghlight the need for development of novel therapeutic approaches for
harnessing the immune system against cancer.

Human Fli31 (Fms-like tyrosine kinase 3 ligand), a type I transmembrane protein that
stimulates the proliferation of bone marrow cells, was cloned for in 1994 (Lyman et al ., 1994).
The use of soluble hFU3L bas been explored in various preclinical and clinical settings
including stem cell mobilization in preparation for bone marrow transplantation, cancer
umununotherapy such as expansion of dendritic cells, as well as an vaccioe adjuvant, Yet no
pharmaceutical compaosition based on Flt3L has progressed past Phase 2 in the clinic.

One challenge is to optimize exposure 1o the FH3L Hgand and identify an optimal
dosing regimen while minimizing adverse side effects or potential unfavorable immunologic
effects. Modulating exposure can be done, for example, by varying dosing regimens, varying
dosing amounts, or changing the pharmacckinetic and/or pharmacodynamics properties of the
therapeutic molecule. Provided herein is a FIt3L-Fc fusion protein having beneficial PK/PD

properties beneficial for enhancing immunotherapy for cancer patients.

SUMMARY

The invention provides an effectorless Fe protein, fusion proteins comprising the
effectorless Fe protein, including FIt3 ligand fusion proteins comprising an active FIf3 ligand
(FIBL) fused to the effectorless immunoglobulin Fe protein and methods of using the same.
Methods for use of the effectorless Fe protein, fusion proteins comprising the effectorless Fe

protein, and FIt31L-Fc fusion proteins include treatment of cancer, especially treatment of
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cancer in patients receiving checkpoint immunotherapy. The invention further provides an
effectoriess IgG Fe protein,

In one aspect, an effectoriess Fe protein is provided, comprising an amino acid
sequence which is at least 95%, 96%, 97%, 98%, or 99% identical to residues SEQ ID NO:13,
wherein residues 13-17 of SEQ ID NO:13 comprise the amino acid sequence PVAGP (SEQ ID
NO:20) or residue 76 of SEQ 1D NO:13 15 a glycine. In other embodiments, the effectoriess
IgG1 Feregion comprises an amino acid sequence which is at feast 95%, 96%, 97%, 98%, or
99% identical to SEQ ID N 13, wherein residues 13-17 of SEQ 1D NO:13 comprise the
aming acid sequence PYAGP (SEQ ID N} 20} and residue 76 of SEQ 1D N(:13 i3 a glycine.
In still other embodiments, the effectorless Ig(G1 Fe region comprises an amino acid sequence
which is identical to SEQ ID NC:13. For clarity, in some embodiments, wherein residues 13-17
of SEQ ID NO: 13 comprise PVAGP (SEQ D NG:20), this may be referred to herein as
encompassing the PVA# variant, and wherein residue 76 of SEQ ID NO:13 15 a glycine, this
may be referred to herein as the N297G mutations, wherein 297 refers to EU numbering of
anitbodies.

in some embodiments, an effectorless Fo protein comprises the protein sequence of
SEQID ND: 2, 4, 5,6, 13, or 15.

in still other embodiments, the effectorless IgG1 Fe protein is attenuated relative to a
wildtype 1g(G1 Fe region which comprises SEQ ID NO:12.

In some aspects, an antibody is provided comprising the effectorless Fe protein which
comprises an amino acid sequence which is at least 95%, 96%, 97%, 98%, or 99% identical to
residues SEQ ID NO: 13, wherein residues 13-17 of SEQ ID NO:13 comprise the amino acid
sequence PVAGP (SEQ ID NO:20) or residue 76 of SEQ ID NO:13 is a glycine.

In some embodiments, the antibody binds to the FI3L receptor.

In some embodiments, the antibody binds to a checkpoint inhibitor protein. In other
embodiments, the checkpoint inhibitor protein is PD-L1, PD-1, and/or CTLA-4. In some
embodiments, the antibody is a bispecific antibody.

In some aspects, a heterodimeric protein is provided comprising the effectorless Fe
protetn of the present disclosure and 8 second protein. In some emboduments, the effectorless
Fc protein and the second protein are covalently linked to each other. In other embodiments,
the effectorless Fe protein and the second protein are linked by a disulfide bond.

In some aspects, an isolated nucleic acid encoding an effectorless Fe protein of the
present disclosure, an antibedy that comprises the effectorless Fe protein, and/or the

heterodimeric protein comprising the effectorless Fe protein as described herein and above is
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provided. In some embodiments, the isolated nucleic acid encodes the protein sequence of SEQ
IDNO: 2,4, 5,6, 13, or 15, In other embodiments, the tsolated nucleic acid further encodes a
signal sequence at the N-terminal end of the effectoriess Fe protein. In a preferred example, the
1solated nucleic acid encodes the protein sequence of SEQ ID NQ:13.

In some aspects, a host cell comprising a nucleic acid encoding the effectorless Fo
protein of the present disclosure, a fusion protein comprising the effectorless Fe protein, an
antibody that comprises the effectorless Fe protein, and/or the heterodimeric protein
comprising the effectorless Fc proteinas described herein and above is provided.

In some aspects a method of producing an effectorless Fo protein of the present
disclosure, a fusion protein comprising the effectoriess Fc protein, an antibody that comprises
the effectorless Fe protein, and/or the heterodimeric protein comprising the effectorless Fe
proteiu is provided, comprising culturing the host cell comprising a nucleic acid encoding the
effectorless Fo protein of the present disclosure, a fusion protein comprising the effectorless Fe
protein, an antibody that comprises the effectorless Fe protein, and/or the heterodimeric protein
comprising the effectorless F¢ protein so that each of the proteins is produced. In some
embodiments, the method further comprises recovering the effectorless F¢ protein of the
present disclosure, a fusion protein comprising the effectorless Fc protein, an antibody that
comprises the effectoriess Fo protein, and/or the heterodimeric protein comprising the
effectoriess e protein from the host cell. In some erobodiments, the host cell is a eukaryotic
cell or a prokaryotic cell. In other embodiments, the eukaryotic cell 18 a CHO cell.

In some aspects, a host cell comprising a vucleic acid encoding an effectorless Fe
protein of the present disclosure, a fusion protein comprising the effectorless Fe protein, an
antibody that comprises the effectorless Fe protein, and/or the heterodimeric protein
comprising the effectorless Fe protein is provided.

In some aspects a method of producing an effectorless F¢ protein of the present
disclosure, a fusion protein comprising the effectoriess Fc protein, an antibody that comprises
the effectorless Fo protein, and/or the heterodimeric protein comprising the effectoriess Fe
protein is provided, comprising culturing the host cell comprising a vucleic acid encoding the
effectorless Fo protein of the present disclosure, a fusion protein comprising the effectoriess Fe
protein, an antibody that comprises the effectorless Fe protein, and/or the heterodimeric protein
comprising the effectortess Fo protein so that the effectorless Fe protein of the present
disclosure, a fusion protein comprising the effectorless Fe protein, an antibody that comprises
the effectorless Fe protein, and/or the heterodimeric protein comprising the effectorless Fe

protein is produced. In some embodiments, the method further comprises recovering the
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effectorless Fe protein of the present disclosure, a fusion protein comprising the effectorless Fe
protein, an antibody that coraprises the effectorless Fe protein, and/or the heterodimeric protein
comprising the effectoriess Fe protein from the host cell. In some embodiments, the host cell is
a eukaryotic cell or a prokaryotic cell. In other embodiments, the eukaryotic cell is a CHO cell.

In one aspect, a fusion protein comprising the effectorless Fe protein is provided
comprising the effectorless Fe protein (SEQ 1D NG: 13 or variant thereof) and a second protein,
wherein the second protein is a ligand to a target protein. In some embodiments, the ligand
modulates the target protein upon binding of the ligand to the target protein. In some
embodiments, the second protein is a FI3L. In other embodiments, the target protein ia the
FUt3L receptor. In preferred embodiments, the second protein is N-terminal to the effectorless
F¢ protein.

In some emubodiments, the fusion protein comprises a Fe protein which is at least about
95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 13, wherein residues 13-17 of SEQ ID
NG:13 comprise the amino acid sequence PVAGP (SEQ ID NO:20) or residue 76 of SEQ ID
NO:13 is a glycine. In other embodiments, the effectorless IgG1 Fc region comprises an amino
acid sequence which is at least 95%, 96%, 97%, 98%, or 99% identical to SEQ 1D NO:13,
wherein residues 13-17 of SE) 1D NO:13 comprise the amino acid sequence PVAGP (SEQ ID
NO:20Y and residue 76 of SEQ ID NG:13 19 a glycine. In still other embodiments, the
effectoriess 1gG1 Fe region comprises an amino acid sequence which is identical to SEQ 1D
NG:13. For clarity, in some embodimenis, wherein residues 13-17 of SEQ I NG:13 comprise
PYAGP (SEQ ID NO:20), this may be referred to herein as encompassing the PVA# variant,
and wherein residue 76 of SEQ ID NG:13 is a glycine, this may be referred to herein as the
N297G mutations, wherein 297 refers to EU numbering of antibodies.

In one aspect, the fusion protein comprises a FIt3 ligand (FH31) and an effectoriess
IgG1 Fe region, wherein the Flt3L-Fc fusion protein has an effector function which is
attenuated relative to a wildtype Ig(G1 Fc region which comprises SEQ 1D NO:12.

In some embodiments of the FIt31L-Fc fusion protein, the FI3L comprises a protein
coruprising an awino acid sequence which is at least 95%, 96%, 97%, 98%, or 99% identical to
residoes 27-167 of SEQ 1D NG:21. In other embodiments, the Fit31, comprises the amino acid
sequence of SEQ ID NO:21, wherein the amino acid sequence has 1, 2, or 3 amino acid
substitutions. In other embodiments, the 1, 2, or 3 amino acid substitutions are not presentin a
region of the FIt3L that binds to an FeRa protein. In other embodiments, the FIt3L protein

comprises the sequence of SEQ ID NO:22.
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In some embodiments of the Flit3L-Fc fusion protein, the FIt3L comprises a protein
comprising amino acids 27-167, 27-168, 27-169, 27-170, 27-171, 27-172, 27-173, 27-174, 27~
178, 27-176, 27-177,27-178, 27-179, 27-180, 27-181, 27-182, 27-183, 27-184, or 27-183 of
SEQ ID NO:21. In preferred embodiments of the FIt3L-Fe fusion protein, the FI3L comprises
an amino acid sequence consisting of amino acids 27-167 of SEQ ID NG:2 1 or amino acids 27-
168 of SEQ ID NO:21. In other embodiments, the FIt3L of the FIt31-F¢ fusion protein does not
comprise 168-235, 169-235, 170-235, 171235, 172-235, 173-235, of SEQ D NO:21. In still
other embodiments, the Fit3L of the FIt3L-Fc fusion protein does not comprise the amino acid
sequence PWSPRPLEATAPTAPGPP (SEQ 1D NO:48), WSPRPLEATAPTAPGPP (SEQ ID
NG 49), SPRPLEATAPTAPQPP (SEQ ID NO:5SO), PRPLEATAPTAPQPP (SEQ D NG5,
RPLEATAPTAPQPP (SEQ ID NO:32), or PLEATAPTAPOPP (SEQ 1D NG:53).

fn some embodiments of the FI3L-Fc fusion protein, the FI3L comprises a protein
which 1s at least about 95%, 96%, 97%, 98%, or 99% identical to a protein comprising amino
acids 27-167, 27-168, 27-169, 27-170, 27-171, 27-172, 27-173, 27-174, 27-175, 27-176, 27~
177,27-178, 27-179, 27-180, 27-181, 27-182, 27-183, 27-184, or 27-185 of SEQ 1D NO:21.

in some embodiments of the Fit3L-Fc fusion protein, the FIt3L comprises a protein
which is at least about 95%, 96%, 97%, 98%, 99%, or 100% identical to a protein comprising
amine acids 24-167, 25-167, 26-167, 24-168, 25-168, 20-168, 24-169, 25-169, or 26-169 of
SEQ ID NO:21.

In some embodiments of the Fit3L-Fc fusion protein, the effectoriess 1gG1 Fe region
comprises an amino acid sequence which is at least 95%, 96%, 97%, 98%, or 99% identical to
SEQ ID NO: 13, wherein residues 13-17 of SEQ ID NO: 13 comprise the amino acid sequence
PVAGP (SEQ ID NO:20) or residue 76 of SEQ ID NG:13 is a glycine. In other embodiments,
the effectarless IgGl Fe region comprises an amino acid sequence which is at least 95%, 96%,
97%, 98%6, or 99% identical to SEQ ID NG:13, wherein residues 13-17 of SEQ 1D NG:13
comprise the amino acid sequence PVAGP (SEQ 13 N(:20) and residue 76 of SEQ ID NG:13
is a glycine. In still other embodiments, the effectorless IgGT Fe region comprises an aming
acid sequence which is identical to SEQ 1D NO:13. For clarity, in some embodiments, wherein
residoes 13-17 of SEQ ID NG: 13 comprise PVAGP (SEQ ID NG:20), this may be referred to
herein as encompassing the PV A# variant, and wherein residue 76 of SEQID NO: 13 13 a
glycine, this may be referred to herein as the N297G mutations, wherein 297 refers to EU
numbering of antibodies.

in some embodiments, the FIt3L-Fc fusion protein comprises an amino acid sequence

which is at least 95%, 96%, 97%, 98%, or 99% identical to SEG ID NO:26. In other
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embodiments, the Fit3L-Fc fusion protein comprises the amino acid sequence of SEQ ID
NO:26.

In some embodiments, the FIt3L-Fc¢ fusion protein comprises an amino acid sequence
which is at least 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO:26, wherein residues
154-158 of SEQ ID NO:26 comprise the amino acid sequence PVAGP (SEQ ID NO:20) and
residue 217 of SEQ 1D NG:26 is a glycine.

in some embodiments, the FIt3L-Fc fusion protein comprises an amino acid sequence
which is at least 95%, 26%, 97%, 98%, or 99% identical to SEQ D NO:25, wherein residues
155-159 of SEQ I NO:25 comprise the amino acid sequence PVAGP (SEQ 1D NG:20) and
residue 218 of SEQ 1D N(G:25 is a glycine.

In some embodiments, the FUi3L-Fe fusion protein comprises an amino acid sequence
which is at least 95%, 96%, 97%, 98%, or 99% identical to SEQ 1D NO:32, wherein residues
153-157 of SEQ ID NO:32 comprise the amino acid sequence PVAGP (SEQ ID NO:20) and
residue 216 of SEQ ID NO:32 is a glycine.

In some embodiments, the Flt3L-Fc fusion protein comprises an aming acid sequence
which is at least 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO:33, wherein residues
152-156 of SEQ ID NO:33 comprise the amino acid sequence PVAGP (SEQ 1D NO:20) and
residue 215 of SEQ ID NO:33 s a glycine.

In some embodiments, the FIt3L-Fc fusion protein comprises an amino acid sequence
which is at least 95%, 96%, 97%. 98%, or 99% identical to SEQ ID NO:34, wherein residues
151-154 of SEQ ID NO:34 comprise the arsino acid sequence PVAGP (SEQ ID NO:20) and
residue 214 of SEQ 1D NG:34 1s a glycine.

In some embodiments, the FIt3L-Fc fusion protein comprises an amino acid sequence
which is at least 95%, 96%, 97%, 98%, 99%, or 100% identical to a protein selected from the
group consisting of SEQ ID NO:27 to SEQ D NO:31 and SEQ ID NG:35 to SEQ 1D NO:44.

In some embodiments, the FIi3L-Fe fusion protein activates antibody-dependent
cellular phagocytosis {ADCP} in an in vitro assay at an activity level that is less than about
20%, 25%, 30%, 35%, 40%, 45%, 50%, S5%, 60%, 65%, T0%, T5%, 80%, 85%, 90%, 95%, or
99% of the activity level by a FIt3L-Fe fuston protein compristug wildtype FIt3L fused to
wildtype IgG1 Fe (SEQ ID NO:12) in the in vitro assay. In other embodiments, ADCP in vitro
assay comprises use of primary macrophages as effector cells and a cell line that expresses the
Fit3L receptor as target cells. In still other embodiments, the primary macrophages are
monocyie-derived macrophages from healthy human donors. In yet other embodiments, the
target cells are human acute lymphoblastic leukemia cells, optionally, SEM cell line cells. In
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some embodiments, the activity is measured as percent phagocytosis (% ADCP), wherein
phagocytosis is determined by measuring uptake of a visual marker from the target cells.

In some embodiments, the FIt3L-Fc¢ fusion protein activates DC expansion in a subject
that has been administered the fusion protein. In other embodiments, the DC expansion 18
measured in the whole blood of the subject. In still other embodiments, the DC expansion is
measured by flow cytometry or FACS. In some emboediments, the DC expansion is at least 5-
fold, 10-fold, 13-fold, 20-fold, 50-fold, 100-fold, 300-fold, 1600-fold, 2000-fold, 5000-fold, or
10,000-fold greater than the DC expansion resulting from administration of a FI3L protein
which is not fused to a heterclogous protein. In other embodiments, the heterologous protein is
a wildtype human Ig(G Fe protein. In vet other embodiments, the wildtype human g Fe
protein is a wildtype IgG1, 1gG2, IgG3 or IgG4 Fe protein. In some embodiments, the FU3L
protein is not fused to a wildtype IgG1 Fe protein or to a human serum albumin protein. In
some embodiments, the subject 1s a rodent, a rabbit, a cynomolgus monkey, or a human. In
other embodiments, the rodent is 2 mouse or a rat.

In some embaodiments, the Flt3L-Fc fusion protein has an increased thermostability as
compared to the thermostability of a Flt3L-Fc fusion protein having SEQ 1D NO:14. In other
embodiments, the thermostability is measured using differential scanning fhuorimetry. In still
other embodiments, the FIt3L-Fc fusion protein has a melting temperature (Tm) which is at
least 1.5°C, 2°C, 3°C, 4°C or 5°C greater than the Tm of the FH3L-Fc fusion protein haviog
SEQ ID NO: 14,

In some embodiments, the FIt3L-Fc¢ fusion protein contains a single amino acid
substitution in the Fit3L domain. In other embodiments, the substitution reduces in vivo
immunogenicity but does not reduce functional activity by more than 10%, 20%, or 30%. In
other embodiments, the functional activity assay is the expansion of dendritic cells in an
animal.

In some aspects, an isolated nucleic acid encoding an Flt3L-Fc fusion protein as
described herein and above 1s provided. In some embodiments, the isolated nucleic acid
encodes the protein sequence of SEQ 1D NO: 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38,39, 40, 41, 42, 43, or 44. In other embodiments, the 1solated nucleic acid further encodes a
signal sequence which is at the N-terminal end of the Flt3L-Fc fusion protein. In a preferred
example, the isolated nucleic acid encodes the protein sequence of SEQ ID NG:45.

In some aspects, a host cell comprising a nucleic acid encoding a FU3L-Fc fusion

protein as described herein and above is provided.
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It some aspects a method of producing a FIt3L-Fc fusion protein is provided,
comprising culturing the host cell comprising a nucleic acid encoding the effectoriess FIi3L-Fe
fusion protein so that the FU3L-Fe fusion protein is produced. In some embodiments, the
method further comprises recovering the FIt3L-Fe fusion protein from the host cell. In some
embodiments, the host cell is a eukaryotic cell or a prokaryotic cell. In other embodiments, the
eukaryotic cell is a CHO cell.

in some aspects, a pharmaceutical formulation is provided, comprising a FIQ3L-Fe
fusion protein as described herein and a pharmaceutically acceptable carrier.

in some embodiments, the pharmaceutical formulation further comprises an additional
therapeutic agent. In still other embodiments, the additional pharmaceutical agent is an
adjuvant, a dendritic cell maturation factor, and/or a checkpoint inhibitor.

In some aspects, a method for expanding the number of dendritic cells (DCs)ina
subject administered the FI3L-Fc fusion protein is provided. In some embodiments, the DCs
are ¢cDC1 and/or ¢DC2 cells. In other embodiments, the method comprises administering to the
subject a FlIt3L-Fc¢ fusion protein of the present invention.

in some embodiments, the method comprises administering to the subject a dose of
about 0.1 mg/kg to 50 mg/kg, 0.1 mg/kg to 40 mgrkg, 0.1 mg/kg to 25 mg/kg, 0.1 mg/kg to 20
mg/ke, 0.1 mg/kg to 15 mg/kg, 0.1 mg/kg to 10 mg/kg, 1 me/kg to 50 melke, 1 mgkg to 40
mg/kg, I mg/kg to 25 mglkg, | mg/kg to 20 mg/kg, 1 mglkg to 1S ma/kg, or 1 mg/kg to 10
mg/kg of the Fit3L-Fc fusion protein.

In some embodiments, the method comprises administering to the subject the FIt3L
fusion protein about once per day, once per week, twice per week, once every 2 weeks, once
every 3 weeks, once per month, or once every other month.

in some embodiments, the method comprises administering to the subject the FI3L
fusion protein by intravenous administration, parenteral administration, intramuscular
njection, or subcutansous injection.

In some aspects, a method for treating a cancer is provided, wherein the method
coruprises administering to a subject in need thereof a FU3L-Fe fusion protein as described
heretn. In some ersbodiments, the method comprising adrownistering a therapeutically effective
amount of the Fit3L-Fc fusion protein and administering a therapeutically effective amount of
an immune checkpoint inhibitor. In other embodiments, the immune checkpoint inhibitor
suppresses or inhibits the effects of PD-1 or PD-L1. In still other embodiments, the immune

checkpoint inhibitor is pembrofizumab, nivolumab, pidilizumab, BMS 936559, atezolizumab,
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or avelumab. in other embodiments, the checkpoint inhibitor is administered before,
simultaneously with, or after administration of the FU3L~Fc¢ fusion protein.

In some embodiments, the method further comprises administering a dendritic cell
{DC) maturation factor. In other embodiments, the DC maturation factor is selected from
polyIC, poly-ICLC, a CD40 agonist, radiation therapy, and chemotherapy. In other
embodiments, the DC maturation factor s administered to the individual prior tg,
simultanecusly with, and/or subsequent to administering the FIt31-Fc fusion protein. In
particular embodiments, the DC maturation factor is radiation therapy. In some embodiments,
the method comprises administering the Fi3L-F¢ fusion protein to the subject after the subject
has received the DC maturation factor. In other embodiments, the method comprises
admivistering the FU3L-Fe fusion protein o the subject before the subject has received the DC
maturation factor. In still other embodiments, method comprises administering the Flit31L-Fe
fusion protein to the subject at about the same time that the subject receives the DC maturation
factor

In some embaodiments, the cancer is selected from the group consisting of non small
cell lung cancer (NSCLC), small cell fung cancer (SCLC), melanoma, Pancreatic ductal
adenocarcinoma, (PDAC), triple negative breast cancer (TNBC), non-Hodgkin lymphoma
(NHL), colorectal cancer (CRC), breast cancer, biadder cancer, kidney cancer, or a
combination thereof.

In some embodiments, the subject was previously treated with a checkpoint inhibitor. In
other embodiments, the subject did not respond to the checkpoint inhibitor therapy, wherein the
checkpoint inhibitor therapy was administered over a period of at least or about 3 months, 4
mounths, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 1 year, 1.5 years, or 2.

in some embodiments, the subject was treated with radiation therapy, wherein the
radiation therapy was administered over a pertod of at least or about 3 months, 4 months, 5
months, 6 months, 7 months, 8 months, 9 months, 10 months, 1 year, 1.5 years, or 2 years.

In some embodiments, the subject was treated with chemotherapy, wherein the
chemotherapy was adrsinistered over a period of at least or about 3 wonths, 4 months, 3
months, 6 months, 7 mounths, 8 months, 9 woonths, 10 months, 1 year, 1.5 years, or 2 yvears.

In some embodiments, the cancer in the subject has been characterized as comprising
an immune desert tumor. In other embodiments, the cancer has been characterized as
comprising a tumor with reduced inflammation (“cold tumor”) relative to a responsive,

inflamed tumor (“hot tumor™).
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BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows different levels of ADCP activity by anti-Her2 antibodies with a wildtype
or variant Fc domain. Primary M1 macrophages were incubated with SkBr3 target celis. The x-
axis shows antibody concentration and the y-axis shows percent phagocytosis.

FIGS. 242K show cytokiune release by macrophages when the anti-Her2 antibodies
with a wildtype or variant Fe domain are incubated with primnary M1 macrophages and SkBr3
target cells. The x-axis shows antibody concentration and the y-axis shows pg/mi cytokine.
FIG. 2A: G-C8F; FIG, 28 GM-CSF; FIG, 2C: [L-10; FIG. 2B IL-1ra; FIG. 2E: IL-6.

FEGS. 2F-2J show cytokine release by macrophages when the anti-Her2 antibodies
with a wildtype or variant F¢ domain are incubated with prmary M1 macropbages and kB3
target cells. The x-axis shows antibody concentration and the y-axis shows pg/ml cytokine.
FiG. 2F: 1L-8; FIG. 2G: MIP-lalpha; FIG. 2H: MIP-1beta; FIG. 21 RANTES; FIG. 24
TNFalpha.

FIG. 2K shows ADCC activity of an anti-CD20 antibody having wildtype and variant
Fe proteins.

FIG. 2L shows ADCC activity of an anti-Her2 antibody having wildtype and variant Fc
proteins.

FIGS. 3A-3C show differential characteristics of FU3L-FcNG2LH fusion proteins with
respect o aggregation and disulfide bond properties. Analysis of
hFLT3L.8163 no hinge higG1 NG PVA# aggregation and dimer formation of protein
expressed in CHO cells and HEK293 celis is shown by SDS-PAGE (FIG. 3A) and SEC-HPLC
{(FI1G. 38: 293 cells and (FIG. 3C: HEK297 cells). For FIGS. 38-3C, the x-axis is time and
the y-axis is mAU.

FEGS. 3D-3F show differential charactenstics of FH3L-FeNG2ZLH fusion proteins with
respect to aggregation and disulfide bond properties. Analysis of
expressed in CHO cells and HEK293 celis is shown by SDS-PAGE (FIG, 3D) and SEC-HPLC
(F1G. 3E: 293 cells and FIG, 3F: HEK297 cells). For FIGS, 3E-3F, the x-axis is time and the
y-axis is mAUL

FHGS, 4A-4B shows that FIt3L induces proliferation of QCIAMLS cells in viiro. FIG,
4A shows a dose response curve of hFLT3L P167 higG1 NG2LH and gCDX-301. Data shown
are the average = SD of triplicate values. Data were normalized to 10 ug/mL

hFET3E P167 higGl NG2LH as the maximum (100%) response. FIG. 4B shows EC50
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potency of HFLTIL. P167 higG1 NG2ZLH and gCDX-301. Reanlts are shown from §
independent experiments with lines marking the mean + SEM.

FIG. 5 shows serum concentrations of FIt3L-Fe (SEQ ID NO:28) fusion protein
detected in animals dosed with 0.1 mg/kg, 1 mg/kg or 10 mg/kg fusion protein.

FIGS. 6A-68 show dose-dependent cell expansion of monocytes (FIG. 64} and DCs
(FI1G. 6B) in animals administered 0.1 mg/kg, 1 mg/kg or 10 mg/kg fusion protein. Anti-gD is
a negative control humanized IgG antibody.

FIG. 7 show plasma concentrations of FH3L-Fe(NG2LH) in animals administered 0.1
mg/ke, I mg/kg or 10 mg/ke fusion protein. Anti-gD is a negative contrel humanized IgG
aniibody.

FIGS. 8A-8C show dose-dependent cell expansion of monocytes (FIG. 84), cDCH
cells (FIG, 8B), and ¢cDC2 cells (F1G. 8() in animals administered 0.1 mg/ke, 1 mg/kg or 10
mg/kg fusion protein. Anti-IgD is a negative control humanized IgG antibody.

FIG. 84 shows immunogenicity of select Fe-contatning proteiuns.

FIG. 9B shows immunogenicity of select Fe-containing proteins.

¥FIG. 10 shows results from one representative in vitro ADCP assay as described in

Example 10, comparing ADCP activity of various FH3L-Fc¢ proteins,

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

L DEFINITIONS

“Affinity” refers to the strength of the sum total of noncovalent interactions between a
single binding site of a molecule (e.g., an antibody) and its binding partner (e.g, an antigen).
Unless indicated otherwise, as used herein, “binding aftinity” refers to intrinsic binding affinity
which reflects a 1:1 interaction between members of a binding pair (e g, antibody and antigen).
The affinity of a molecule X for its partner Y can generally be represenied by the dissociation
constant (Kd). Affinity can be measured by common methods known in the art, including
those described herein. Specific iHlustrative and exeroplary embodiments for measuring
binding affinity are described in the following.

The term “Fi3 ligand” also referred to as “FH3L,” refers to a protein that is capable of
binding the Flt3 receptor with sufficient affinity such that the protein 1s useful as a diagnostic
and/or therapeutic agent in targeting the Fit3 receptor (FI3R). In one embodiment, the extent

of binding of a Fit3 ligand to an unrelated, non-FI3R protein is less than about 10% of the
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binding of the protein to FIt3L as measured, e.g., by a radicimmunoassay (RIA}. In certain
embodiments, a protein that binds to the FIt3R has a dissociation constant (Kd} of < 1pM,
SI00 oM, <10 nM, <1 oM, <01 oM, <001 nM, or <0.001 nM (e g 107 M or less, eg
from 108 Mto 10P M, e g, from 107 M to 107 M). In certain embodiments, a FIt3L binds to
a FIt3R that is conserved among FIt3R from different species.

The term “FIt3L,” as used herein, refers to the cleaved, soluble FIt3L (e.g,,
approximately residues 27-185 of SEQ ID NG:21), but may also refer to any native FI3L from
any vertebrate source, including mammals such as primates (e.g. humans) and rodents (e.g.,
mice and rats), unless otherwise indicated. The term can encompass “full-length,” unprocessed
FIt3L as well as any form of FI3L that results from processing in the celf, e.g.,., removal of 2
signal peptide (leader sequence} or cleavage from the TM domain. The term also encompasses
naturally occurring variants of FIt3L, e.g., splice variants or allelic variants. The amino acid
sequence of an exemplary human FI3L with the endogenous signal sequence is shown in SEQ
ID NO:21 and is also provided in GenBank Accession Record P49771, while in other
embodiments, the amino acid sequence of mature FI{3L protein without an exogenous leader
sequence 18 provided as residues 27-167 of SEQ D NO:21. Minor sequence variations
especially conservative amino acid substitutions of FIt3L that do not affect FIt3L's function
and/or activity {e.g., binding to FI3 receptor (GenBank Acc. No. NP_004110) are also
conteruplated by the invention.

The term “Flt3L-F¢ fusion protein” or altematively, “Fe-effectorless FIt3L-Fe fusion
protein,” as used herein refers to a fusion protein in which a FI3L polypeptide is Huked,
directly or indirectly, to a variant IgG Fc region wherein the variant Fe region has attenuated
effector function relative to its counterpart wildtype Fe region. It is noted that for any use of the
term “effectorless FIG3L-Fc fusion protein” the term “effectorless” applies to the Fc portion of
the fuston protein. In certain preferred embodiments, the Fit3L-Fe fusion protein of the
invention comprises a buman FIt3L protein or polypeptide linked to a human IgG Fe region. In
certain embodiments, the human FU3L protein comprises the amino acid sequence of SEQ ID
NO:22. However, it is understood that minor sequence variations such as insertions, deletions,
substitutions, especially conservative amno acid substitutions of Fii3L or Fe that do not
significantly affect the function and/or activity of F3L or of an effectoriess FI3L-Fe fusion
protein of the invention (e.g., SEQ ID NG:26) are also contemplated by the invention. The
effectoriess FH3L-Fe fusion protein of the invention can bind to the FH3 receptor protein (FIi3),
which can lead to Flt3 receptor downstream signaling. As used herein, CDX-301 referstc a
Flt3L having the amino acid sequence of SEQ ID NO:23.
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The term "antibody” herein is used in the broadest sense and encompasses various
antibody structures, including but not Hisited to monoclonal antibodies, polyclonal antibodies,
multispecific antibodies (e.g., bispecific antibodies), and antibody fragments so long as they
exhibit the desired antigen-binding activity.

An "antibody fragment” refers to a molecule other than an intact antibody that
comprises a portion of an intact antibody that binds the antigen to which the intact antibody
binds. Examples of antibody fragments include but are not limited to Fv, Fab, Fab’, Fab’-SH,
Fab'); diabodies; linear antibodies; single~chain antibody molecules (e.g sc¥Fv); and
multispecific antibodies formed from antibody fragments.

The “class” of an antibody refers to the type of constant domain or constant region
possessed by its heavy chain. There are five major classes of antibodies: IgA, Igh, IgE, IgG,
and Igh, and several of these may be further divided into subclasses (isotypes), e.g., IgGi,
IeGy, 1gGs, I1gQy, IgAy, and IgAs. The heavy chain constant domains that correspond to the
different classes of irnmunoglobulios are called o, 8, g, v, and y, respectively.

“Effector functions” refer to those biological activities attributable to the Fc region of
an antibody, an isolated Fc region, or an Fc region fused to another protein, wherein the Fe
region varies with the tsotype of the source antibody. Examples of antibody effector funciions
include: Clq binding and complement dependent cytotoxicity (CDCY; Fe receptor binding;
antibody-dependent cell-mediated cytotoxicity (ADCC); phagocyiesis, antibody dependent
cellular phagocyiosis {ADCP); down regulation of cell surface receptors (e.g. B cell receptor);
and B cell activation. In certain embodiments, the FIt3L-¥Fe fusion protein does not exhibit any
effector function or any detectable effector function. In certain other embodiments, the FIG3L-
Fc fusion protein exhibits substantially reduced effector function, e.g., about 50%, 60%, 70%
80%, or 90% reduced effector function relative to a fusion protein comprising a FIt3L protein
of the present invention fused to a wildtype Fc protein having SEQ ID NO:12.

“Dendritic cell expansion,” “expansion of dendritic cells,” or “increase in the number of
dendritic cells” as used herein refers to an increase in the number of dendritic cells in an in
vitro assay or as measured tn an inn vive experument.

An "effective amount” of an agent, ¢.g., a pharmaceutical formulation, refers to an
amount effective, at dosages and for periods of time necessary, to achieve the desired
therapeutic or prophylactic result.

The term “Fc region” herein is used to define a C-terminal region of an
immunoglobulin heavy chain that contains at ieast a portion of the constant region. The term
includes native sequence Fc regions and variant Fc regions. In one embodiment, a human IgG
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heavy chain Fe reglon extends from Cys226, or from Pro230, 1o the carboxyl-terminus of the
heavy chain. However, the C-terminal lysine (Lys447) of the F¢ region may or may not be
present. Unless otherwise specified herein, numbering of amino acid residues in the Fe region
or constant region is according to the EU numbering system, also called the EU index, as
described in Kabat et al, Sequences of Proteins of Immunological Interest, 5th Ed. Public
Health Service, National Institutes of Health, Bethesda, MD, 1991,

"T cell activation” as used herein refers to one or more cellular response of 2 T
lymphocyte, particularly a cytotoxic T lymphocyte, selected from: proliferation, differentiation,
cytokine secretion, cytotoxic effector molecule release, cytotoxic activity, and expression of
activation markers. The T cell activating bispecific antigen binding molecules of the invention
are capable of inducing T cell activation.

The terms "host cell,” "host cell line," and "host cell culture” are used interchangeably
and refer to cells inte which exogenous nucleic acid has been introduced, including the progeny
of such cells. Host cells include "transformants” and "transformed cells," which inchude the
primary transformed cell and progeny derived therefrom without regard to the number of
passages. Progeny may not be completely identical in nucleic acid content to a parent cell, but
may contain mutations. Mutant progeny that have the same function or biclogical activity as
screened or selected for in the originally transformed cell are included herein,

An “individual” or “subject” is 3 mammal. Mammals include, but are not limited to,
domesticated animals (e.g., cows, sheep, cats, dogs, and horses), primates {¢.g., humans and
non-haman primates such as monkeys), rabbits, and rodents {e.g., mice and rats). T certain
embodiments, the individual or subject is a human.

An "isolated” protein or polypeptide is one which has been separated from a component
of its natural environment. In some embodiments, a protein is purified to greater than 95% or
99% purity as determined by, for example, electrophoretic (e.g., SDS-PAGE, isoelectric
focusing (JEF), capillary electrophoresis) or chiromatographic {e.g., ion exchange or reverse
phase HPLC). For review of methods for assessment of antibody purity, see, e.g., Flatman et
al., J. Chromatogr. B 848:79-87 (2007).

An “isolated” nucleic acid refers to a nucleic acid molecule that has been separated
from a component of its natural environment. An isolated nucleic acid includes a nucleic acid
molecule contained in cells that ordinarily contain the nucleic acid molecule, but the nucleic
acid molecule is present extrachromosomally or at a chromosomal location that is different

from its natural chromosomal location,
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“Isolated nucleic acid encoding a FI31L-Fe tusion protein” refers to one or more nucleic
acid molecules encoding a Fi3L-Fc¢ fusion protein, including such nucleic acid molecule(s) in
a single vector or separate vectors, and such nucleic acid molecule(s) present at one or more
locations in a host cell.

“Percent (Yo) amino acid sequence identity” with respect to a reference polypeptide
sequence is defined as the percentage of amino acid residues in a candidate sequence that are
identical with the amino acid residues in the reference polypeptide sequence, after aligning the
sequences and introducing gaps, if necessary, to achieve the maximum percent sequence
identity, and not considering any conservative substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino acid sequence identity can be achieved
in various ways that are within the skill in the art, for instance, using publicly available
corputer software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software.
Those skillied in the art can determine appropriate parameters for aligning sequences, including
any algorithins needed to achieve maximal alignment over the full length of the sequences
bieing compared. For purposes herein, however, % amino acid sequence identity values are
generated using the sequence comparison computer program ALIGN-Z. The ALIGN-2
sequence comparison computer program was authored by Genentech, Inc., and the source code
has been filed with user documentation in the U.8. Copyright Office, Washington 3.C., 20559,
where it is registered under UK. Copyright Registration No. TXUS10087. The ALIGN-2
program is publicly available from Genentech, Inc., South San Francisco, California, or may be
compiled from the source code. The ALIGN-2 progrars should be compiled for use on a UNIX
operating svstem, including digital UNIX V4.0D. All sequence comparison parameters are set
by the ALIGN-2 program and do not vary.

in situations where ALIGN-2 is employed for amino acid sequence comparisons, the %
amino acid sequence identity of a given amino acid sequence A to, with, or against a given
amino acid sequence B (which can alternatively be phrased as a given amino acid sequence A
that has or comprises a cerfain % amino acid sequence identity to, with, or against a given

amino acid sequence B} is calculated as follows:

100 times the fraction X/Y

where X is the number of amine acid residues scored as identical matches by the sequence
alignment program ALIGN-2 in that program’s alignment of A and B, and where Y is the total
number of amino acid residues in B, It will be appreciated that where the length of amino acid

sequence A 18 not equal to the fength of amino acid sequence B, the % amino acid sequence
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identity of A to B will not equal the % amino acid sequence identity of B to A. Unless
specifically stated otherwise, all % amino acid sequence identity values used herein are
obtained as described in the immediately preceding paragraph using the ALIGN-2 computer
program.

The term "pharmaceutical formulation” refers to a preparation which is in such form as
to permit the biclogical activity of an active ingredient contained therein to be effective, and
which contains no additional components which are unacceptably toxic to a subject to which
the formulation would be administered.

A “pharmaceutically acceptable carrier” refers to an ingredient in a pharmaceutical
formulation, other than an active ingredient, which is nontoxic to a subject., A
pharmaceutically acceptable carrier includes, but is not limited to, a buffer, excipient,
stabilizer, or preservative.

As used herein, “treatment” (and grammatical variations thereof such as “treat” or
“treating”) refers to clinical intervention in an attempt to alter the natural course of the
individual being treated, and can be performed etther for prophylaxis or during the course of
clinical pathology. Desirable effects of treatment include, but are not limited to, preventing
occurrence or recurrence of disease, alleviation of symptoms, dirninishment of any direct or
indirect pathological consequences of the disease, preventing metastasis, decreasing the rate of
disease progression, amelioration or pailiation of the disease state, and remission or improved
prognosis. In some embodiments, fusion proteins of the invention are used to delay
development of a disease or to slow the progression of a disease.

The phrase "therapeutically effective amount” means an amount of a protein of the
present invention that (i) treats or prevents the particular disease, condition, or disorder, (i1}
attenuates, ameliorates, or eliminates one or more symptoms of the particular disease,
condition, or disorder, or (iii) prevents or delays the onset of one or more symptoms of the
particular disease, condition, or disorder described herein. In the case of cancer, the
therapeutically effective amount of the therapeuiic agent or a combination of agents as
described herein may reduce the nuomber of cancer cells; reduce the tumor size; inhibit (ie,
slow to some extent and preferably stop) cancer cell infiltration into penpheral organs; nhibit
(i.e, slow to some extent and preferably stop) tumor metastasis; inhibit, to some extent, tumor
growth; and/or relieve to some extent one or more of the syrmptoms associated with the cancer.
To the extent the therapeutic agent or a combination of agents as described herein may prevent

growth and/or kill existing cancer cells, it may be cytostatic and/or cytotoxic. For cancer
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therapy, efficacy can be measured, for example, by assessing the time to disease progression
(TTP) and/or determining the response rate (RR).

The terms "cancer" and "cancerous” as used herein refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell growth. A "tumor”
comprises one or more cancerous cells. Tumors include solid and liquid tumors. Examples of
cancer include, but are not limited to, carcinoma, lvmphoma, blastoma, sarcoma, myeloma, and
leukemia or lymphoid malignancies. More particular examiples of such cancers include
squamous cell cancer (e.g., epithelial squamous cell cancer), lung cancer including small-cell
fung cancer, non~small cell lung cancer ("NSCLC"), adenocarcinoma of the lung and squamous
carcinoma of the lung, cancer of the peritoneun, hepatocelfular cancer, gasiric or stomach
cancer including gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer,
ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer, rectal
cancer, colorectal cancer, malignant brain tumors, melanoma, endometrial or uterine
carcinoma, salivary gland carcinoma, kidney or renal cancer, prostate cancer, vulval cancer,
thyroid cancer, hepatic carcinoma, anal carcinoma, penile carcinoma, head and neck cancer, as
well as acute myelogenous leukemia (AML).

The term “cold tumor” or “immune desert” as used herein refers to a cancerous fumor
which is hypo-immunogenic or characterized by insufficient elicitation of tumor-specific
mununity and resistance to UBIUNOgeNIC Cytotoxicity.

The term "vector," as used herein, refers to a nucleic acid molecule capable of
propagating avother nucleic acid to which it is linked. The term includes the vector as a self-
replicating nucleic acid structure as well as the vector incorporated into the genome of a host
cell into which 1t has been introduced. Certain vectors are capable of directing the expression
of nucleic acids to which they are operatively linked. Such vectors are refesred to herein as

"expression vectors.”

H. COMPOSITIONS AND METHODS

A, The Effectoriess Fe Protein

in one aspect, the invention provides a novel effectoriess IgGG1 Fe protein that has
surprisingly reduced effector activity. The Fe protein designed and described herein comprises
the araino acid sequence of SEQ 1D NO:2 and 15 also referred to herein as “FeNGZLH” or “Fe
NG PVA#” As shown herein, the FeNG2LH Fe protein has significantly reduced ADCP
activity compared to proteins having a wildtype IgG1 Fe domain (see, e.g, at least in Examples
1 and 10}, as well as reduced activation of cytokine release by macrophages (see, e.g., Example
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1) and reduced ADCC activity. Also notable is the surprising increase in thermostability of the
FeNG2LH protein relative to the thermostability of an IgG1 Fe domain containing only the
WN297(G mutation.

The design of an effectoriess IgG1 Fe domain protein has utility in the context of many
therapeutic molecules, in addition to its use in an FH3L-Fc fusion protein as described herein.
For example, antibodies designed to bind to and activate a molecule {e.g., cell suface receptor)
by bridging two or more of the molecules together, antibodies that target checkpoint inhibitors,
bi- or multispecific antibodies that have at least one arm that binds to and induces ADCC
and/or ADCP activity. The ordinanly skilled artisan will appreciate the use of the effectoriess
Fe protein described herein for the generation of a fusion protein wherein the effectorless Fe
protein is linked {e.g., via an amino acid bond) to the N-terminus and/or C-terminus of a
second protein to the C-terminus and/or N-terminus of the effectorless Fo protein, respectively.
The second protein is preferably one which has a desired therapeutic function. Effectorless Fe
domains can prevent adverse reactions such as neutrophilia caused by binding of an IgG Fe
receptor. There is need in the field of therapeutic proteins to continually develop ways to refine
the control of Fc effector functions.

In one aspect, the invention provides antibodies in which the heavy chain constant
domain comprises the FeNG2LH protein of SEQ ID NO:2, In some embodiments, the Flt3L-Fe
fusion proteins described herein include immupoglobuling and antibodies. Persons having
ordinary skill in the art can readily envision the format of a variety of antigen-specific
antibodies which can accommodate and benefit from the presence of the NGZLH mutations
and resuitant lack of or decrease in effector function. For example, the human IgG1 FeNGZLH
of the present disclosure could be part of a monoclonal antibody, human antibody, chimeric
antibody, a humanized antibody, a bispecific antibody, or a multispecific antibody. In other

words, any immunoglobulin structure that includes or can include an IgG1 Fe domain.

B. Exemplary FIt3L-Fc Fusion Proteins

In one aspect, the invention provides FIt3L-Fc fusion proteins that bind to the Fli3
receptor (FI3R) and wherein the Fc protein has approximately no effector function or has
greatly reduced effector function as compared to the wildtype Fc protein. These fusion proteins
are useful for treatment of cancer through a variety of cancer immunotherapy treatment
protocols, especially in cases where a patient either does not respond to checkpoint inhibitor
immuvotherapy or has a limited respounse to checkpotnt inhibitor immunctherapy. It is thought

that a lack of anti-tumor immune response in a “cold tumor” or “immune desert” 1s at feast in
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part due to insufficient or a lack of anti-tumor T cell response. An effective anti-tumor T cel}
response requires cross presentation of tumor antigens by dendritic cells (DCs).

Accordingly, one means of increasing efficacy of cancer iromunotherapy is to increase
the number of antigen-presenting DCs within a tumor. Tt is well known that FI3L functions in
part to increase DCs in a subject, through proliferation, differentiation, development and
mobilization of progenitor cells. While there 15 evidence that a Flt3L protein administered to a
healthy subject can indeed expand DCs and hematopoietic stem cells (e g, Anandasabapathy et
al., 2015, Bone Marrow Transplant., 50:924.930) one concern is the relatively short half-life of
recombinant FIt3L in the blood which may result in less therapeutic efficacy and/or a need for
oo frequent dosing.

A well-established strategy to extend the serurn half-life of a therapeutic protein is o
link or fuse it to an immunoglobulin Fo domatin {e.g, via a peptide bond, preferably at the N-
terminus of the Fe protein) (e.g., Czajkowsky et al , 2012, EMBO, 4:1015-1028; Ha et al |
2016, Front Immunol, 7:394). However, in the case of a FIt3L-Fe fusion protein for use in, e g,
cancer immunotherapy, it may be disadvantageous to have a functional Fe domain which may
activate many and unpredicatable immunologic or inflammatory processes in situ. Indeed, it’s
umportant to minimize risk of administration resulting in a cviokine storm or cytokine release
syndrome (CRS). Additionally, interaction between a wildtype Fc of a Fli3L-Fc fusion protein
domain and a Fe receptor on an immune effector cell may lead to phagocytic destruction of the
DC bound by the FIt3L-Fc fusion protein. } can be iraportant to minimize and thereby control
for effects of the Fe region of the FIt3L-Fc fusion protein while rmaintaining the advantages
imparted by the Fc region. Described herein is a new effectorless IgG Fe region, referred to
herein as “Fo-NG2LH” or “Fe-PVA# N297G.” which was shown to have surprisingly low
effector function (see, e.g., Example 7), especially when compared to, e.g., wildtype 1gG1 Fc,
IgG1 Fe-N297G, and lg(G4 Fe regions. Moreover, as shown in Example &, introduction of the
NG2LH variant resulted in an unpredicted increase in the thermostability of the Fc domain as
well as effects on haif-life in the serum of an animal.

Additional characterization of FIt3L-Fe fusion protein variants show that substituting
FI3L W144 sigoificantly tncreases iromunogenicity as determined 1o an wn vitro T cell
proliferation assay, suggesting removing a potential oxidation liability at position 149 of Fit3L
{SEQ ID NG:21) could be detrimental to a therapeutic effectorless FIi3L-Fe fusion protein
product. In contrast, however, Example 9 shows substitution of potential glycosylation sites at

positions 149 and 151 did not increase immunogenicity as determined by the in vitro T cell

20



10

20

WO 2022/031876 PCT/US2021/044586

proliferation assay, suggesting that mutations at these and other positions may be amenable to
manufacture of a Fi31L-Fe fusion protein.

Importantly, in vivo administration of varying doses of an effectoriess Fit31L-Fe fusion
protein as disclosed herein produced a large expansion of dendritic cells {e.g., see Example 5).
Moreover, the level of DC expansion is arguably much greater than what has been observed
with an equivalent dose of CIX-301.

The FIt3L-Fc fusion protein comprises a FlIt3 ligand (FIQL) protein linked to an 1gGl
Fc region wherein the IgG1Fc has reduced or no effector function relative to the same Fit3L
fused to a wildtype IgG1 Fe Fe. The FI3L portion of the Fit31L-F¢ fusion protein can bind to
the cell surface Flt3 receptor (FIt3R). A sequence of the Flt3L protein is described in GenBank
Accession No. P49771 (provided herein as SEQ 1D NQ:21) as a protein 235 amino acids in
length, with the signal peptide extending from approximately residues 1-26 and a
transmerbrane domain extending approximately from residues 185-205. Residues 29-159 are
described in the GenBank record as the FIt3 ligand, while Savvides et al. (Nat Struct Bio,
7:486-491) state that residues 27-160 alone have been shown to be sufficient for bicactivity. In
some embodiments, the present disclosure envisions FIt3 ligand domains which comprise
residues of SEQ 13 NO:Z1 with a N-terminus being any amino acid residue from 24 to 30 of
SEQ ID NO:21 and a C-terminus being any amino acid residue at position 167-190 of SEQ 1D
NQG:21. While Savvides et al. (ibid) showed that a polypeptide comprising residues 27-160
alone {and configured as a dimer) 1s sufficient for functional activity of the ligand, studies
described in Example 2 below show that using a FIt3L protein which terminates N-terminal to
residue 167 of SEQ ID NO:21, e.g., is covalently linked to the Fc N-terminal residue (of SEQ
ID NO:13). Tt 1s understood that variants of FIt3L are also envisioned in the present disclosure,
such as mature FIt3L proteins comprising a protein sequence having at least 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity to SEQ D NO:21 residues
27-167. It shown here {e.g., Example 3 below) that the fragment size of FI{3 which is fused to
an Fc protein can have a significant impact on aggregation of the fusion protein.

In one aspect, the inveuntion provides a Flt31-Fc fusion protein comprising a Fit3L
protetn comprising au amino acid sequence which s at least 95% identical to residues 27-167
of SEQ ID NO:21 and an IgG Fc molecule which is at least 95% identical to SEQ ID NO:13.
The IgG Fo molecuie has attenuated Fe effector function relative to a wildtype IgG1 Fe
polypeptide (SEQ ID NO:12), wherein the Fe effector function is selected from CDBC, ADC,
ADCC, and/or ADCP. In some embodiments, the IgG Fc molecule has attenuated ADCP
activity relative to the wildtype IgG1 Fe polypeptide. Without being bound by theory, it is
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considered that the low to absent effector function of the Fe{NGZLH]} protein is due to the
presence of unigque combination of both the N297G mutation {at position 76 of SEQ ID NO:13)
and arvino acids PVYAGP (residues 13-17 of SEQ ID NO:13) in the lower hinge of the
Fo{NG2LH) protein.

a} Substitution, Insertion, and Beletion Variants

in certain embodiments, protein variants having one or more amino acid substitutions
are provided. Conservative substitutions are shown in Table | under the heading of "preferred
substitutions." More substantial changes are provided in Table 1 under the heading of
"exemplary subsiitutions,” and as further described below in reference to aming acid side chain
classes. Amino acid substitutions may be introduced into an fusion protein of interest and the

products sereened for g desived activity, e.g., decreased immunogenicity or decreased ADCP,

TABLE 1
Original Exemplary Preferred
Residue Substitutions Substitutions
Ala (A) Val; Leu; Ile Val
Arg (R) Lys; Gln; Asn Lys
Asn (N} Gla: His; Asp, Lys; Arg Gln
Asp (D) (lu; Asp Glu
Cys (Y Ser; Ala Ser
Gin (B Asn; Glu Asn
Glu (E) Asp; Gln Asp
Gly (G) Ala Ala
His (H) Agn; Gln; Lys; Arg Axg
fle (B Lew; Val; Met; Ala; Phe; Norleucing Leu
Leu (L} Norleucine; le; Val; Met; Ala; Phe le
Lys (K) Arg; Gin; Asn Arg
Met (M) Leu; Phe; He Leun
Phe (F) Trp; Lew; Val: lle; Ala; Tyr Tvr
Pro (P) Ala Ala
Ser (8} Thr Thr
Thr (T} Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr {Y} Trp; Phe; Thr; Ser Phe
Val (V) le; Lew;, Met; Phe; Ala; Norlencine Leu
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Amino acids may be grouped according to common side-chain properties:

{1} hydrophobic: Norleucine, Met, Ala, Val, Ley, Ilg;

{23 neutral hydrophilic: Cys, Ser, Thr, Asn, Gin;

{3y acidic: Asp. Glu;

{4} basic: His, Lys, Arg;

{5} residues that influence chain orientation: Gly, Pro;

{6) aromatic: Trp, Tyr, Phe.

Non-conservative substitutions will entail exchanging a member of one of these classes
for another class.

Awino acid sequence insertions include amivo- and/or carboxyi-terminal fusions
ranging in length from one residue to pelypeptides containing a hundred or more residues, as
well as intrasequence insertions of single or multiple amino acid residues. Examples of
terminal insertions include a Fit3L-Fe fusion protein with an N-terminal methionyl residue.
Other insertional variants of the FIt3L-Fe fusion protein molecule include the fusion to the N-
or C-terminus of the Fit3L-Fc fusion protein to an enzyme (e.g. for ADEPT) or a polypeptide

which increases the serum half-life of the Fit31L-Fc fusion protein.

b} Glveosviation variants

in certain embodiments, a FU3L-F¢ fusion protein provided herein is altered o increase
or decrease the extent to which the Fc portion of the Fit3L-Fc fusion protein is glycosylated.
Addition or deletion of glycosylation sites to Fe domain may be conveniently accomplished by
altering the amino acid sequence such that one or more glycosylation sites is created or
removed.

With respect to a Fc region, the carbohydrate attached thereto may be altered. Native
antibodies produced by mammalian cells typically comprise a branched, biantennary
oligosaccharide that is generally attached by an N-linkage to Asn297 of the CH2 domain of the
Feregion. See, e.g, Wright et al. ZIBTECH 15:26-32 (1997). The oligosaccharide may
include various carbohydrates, e g., mannose, N-acetyl glucosamine (GlcNAc), galactose, and
sialic acid, as well as a fucose attached to a GleNAc in the “stem” of the biantennary
oligosaccharide structure. In some embodiments, modifications of the oligosacchande ina
FIt3L-Fe fusion protein of the invention may be made in order to create effectoriess Fc variants
with certain improved properties.

In one embodiment, Fc fusion variants are provided having a carbohydrate siructure
that lacks fucose attached (directly or indirectly) to the Fc region. For example, the amount of
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fucose may be from 1% to 80%, from 1% to 65%, from 5% to 65% or from 20% to 40%. The
amount of fucose is determined by calculating the average amount of fucose within the sugar
chain at Asn297, relative to the sum of all glycostructures attached to Asu 297 (e, g complex,
hybrid and high mannose structures) as measured by MALDE-TOF mass spectrometry, as
described in WO 2008/077546, for example. Asn297 refers to the asparagine residue located at
about position 297 in the Fc region (Eu mumbering of Fc region residues); however, Asn297
may also be located about = 3 amino acids upstrearn or downstream of position 297, i,
between positions 294 and 300, due to minor sequence variations in antibodies. Such
fucosylation variants may have improved ADCC function. See, e.g., US Patent Publication
Nos. US 2003/0157108 (Presta, L.} US 2004/0093621 (Kyowa Hakko Kogyo Co., Lid).
Examples of publications related to “defucosylated” or “fucose-deficient” antibody varianis
include: US 2003/0157108; WO 2000/61739; WG 2001/29246; US 2003/0115614; US
2002/0164328; US 2004/0093621; US 2004/0132140; US 2004/0110704; US 2004/0110282;
US 2004/0109865;, WO 2003/085119;, WO 2003/084570; WO 2005/035586;, WO
2005/035778, W2005/053742; W2002/031140; Okazaki et al. J Mol Biol 336:1239-1249
{2004); Yamane-Ohnuki et al. Biotech. Biceng. 87: 614 (2004). Examples of cell lines capable
of producing defucosylated antibodies include Lec13 CHO cells deficient in protein
fucosyiation (Ripka et al. drch. Biochem. Biophys. 249.533-545 (19806); US Pat Appl No US
2003/0157108 AL, Presta, L; and WO 2004/056312 Al, Adams efal, especially at Example
11}, and knockout cell lines, such as alpha-1,6-fucosyltransferase gene, FUTS, knockout CHO
cells (see, e.g., Yamane-Ohnuki et al. Biotech. Biveng. 87. 614 (2004); Kanda, Y. et al,,
Biotechnol. Bioeng., 94(4).680-688 {20006}, and W(O2003/085107).

Fc variants are further provided with bisected oligosaccharides, e g, in which a
biantennary oligosaccharide attached to the Fc region of the fusion protein is bisected by
GlcNAc. Such Fe variants may have reduced fucosylation and/or improved ADCC function.
BExamples of such antibody variants are described, e.g., in W0 2003/011878 (Jean-Mairet et
al.}, US Patent No. 6,602,684 (Umana et al ), and US 2005/0123546 (Umana er a/). Fli3L-Fe
fusion protein variants with at least one galactose residue in the oligosaccharide attached to the
Fe region are also provided. Such FIt3L-Fe fusion proteins {(and therefore Fo) variants roay
have improved CDC function. Such antibody variants are described, e.g., in WO 1997/30087

{Patel et al); WO 1998/58964 {Raju, 8.); and WO 1999/22764 (Raju, S.).
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¢} Protein Derivatives

in certain embodiments, an effectoriess Fe protein, an astibody or a fusion protein
comprising the effectoriess Fe protein, or Fit3L-Fc fusion protein provided herein may be
further modified o contain additional nonproteinaceous moieties that are koown in the art and
readily available. The moieties suitable for derivatization of the Fit3L-Fc fusion protein
include but are not limited to water soluble polymers. Non-limiting examples of water soluble
polymers include, but are not fimited to, polyethylene glycol (PEG), copolymers of ethylene
glycol/propylene glycol, carboxymethyicellulose, dextran, polyvinyl alcohol, polyvinyl
pyrrofidone, poly-1, 3-dioxolane, poly-1,3,6-trioxane, ethylene/maleic anhydride copolymer,
polyaminoacids {either homopolymers or random copolymers), and dextran or poly{n-vinyl
pyrrolidone)polyethylene glycol, propropylene glycol homopolymers, prolypropvlens
oxide/ethylene oxide co-polymers, polyoxyethylated polvols {e.g , glycerol), polyvinyl alcohol,
and mixtures thereof. Polyethylene glycol propionaldehyde may bave advantages in
manufacturing due to its stability in water. The polymer may be of any molecular weight, and
may be branched or unbranched. The number of polymers attached to the Fe-fusion protein
may vary, and if more than one polymer are attached, they can be the same or different
molecules. In general, the number and/or type of polymers used for derivatization can be
determined based on counsiderations including, but not limited to, the particular properties or
functions of the FIt3L-Fe fusion protein to be improved, whether the FIt3L-Fc fusion protein
derivative will be used in a therapy under defined conditions, gic.

In another embodiment, conjugates of a Fi3L-Fe fusion protein and nonproteinaceous
moiety that may be selectively heated by exposure to radiation are provided. In one
embodiment, the nonproteinaceous moiety is a carbon nanotube (Kam et al, Proc. Na#l Acad.
Sci. US4 1062: 11600-11605 (2005)). The radiation may be of any wavelength, and includes,
but is not limited to, wavelengths that do not harm ordinary cells, but which heat the
nonproteinacecus moiety to a temperature at which cells proximal to the fusion protein-

nonproteinacecus moiety are killed.

C. Recombinant Methods and Compositions

Flt3L fusion proteins may be produced using recombinant methods and compositions
readily known to the ordinarily skilled artisan. In one embodiment, isolated nucleic acid
encoding a Fit3L-Fc fusion protein described herein s provided. Such nucleic acid may
encode an amino acid sequence comprising the F3L and Fc portions of the Fit3L-Fe fusion
protetn. In a further embodiment, one or more vectors {e.g., expression veciors) comprising
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such nucleic acid are provided. In a further embodiment, a host cell comprising such nucleic
acid is provided. In one such embodiment, a host cell comprises {(e.g., has been transformed
with): (1} a vector comprising a nucleic acid that encodes a FIG3L polypeptide and an Fe
polypeptide according to the present invention. In preferred embodiments, the nucleic acid
encoding the FIt3L polypeptide is upstream of the nucleic acid encoding the F¢ polypeptide.
Moregver, the 2 nucleic acids are in a single operon. In one embodiment, the host cell is
eukaryotic, e.g. a Chinese Hamster Ovary (CHO) cell or lymphoid cell {(e.g., YO, NSO, Sp20
cell). In one embodiment, a method of making a FIt3L-Fc fusion protein is provided, wherein
the method comprises culturing a host cell comprising a nucleic acid encoding the Fli31-Fc
fusion protein, as provided above, under conditions suitable for expression of the Fit3L-Fc
fusion protein, and optionally recovering the FIt3L-Fc fusion protein from the host cell {or host
cell culture medium).

For recombinant production of a Fit3L-Fc fusion protein, nucleic acid encoding a
Flt3L-Fe fusion protein, e.g., as described above, is isolated and inserted into one or more
veetors for further cloning and/or expression in a host cell. Such nucleic acid may be readily
isolated and sequenced using conventional procedures {e.g., by using oligonucleotide probes
that are capable of binding specifically to genes encoding the fusion protein).

Suitable host cells for cloning or expression of effectoriess Fo proteins, antibodies or
fusion proteins containing the Fe protein, or e.g., FIt3L-F¢ fusion protein-encoding vectors
inchude prokaryotic or eukaryotic cells described herein. For example, Fit3L-Fe fusion proteins
may be produced tn bacteria, in particular when glycosylation and Fe effector function are not
needed. For expression of polypeptides in bactena, see, e.g., U S Patent Nos. 5,648,237,
5,789,199 and 5,840,523, {See also Charlton, Methods in Molecular Biology, Vol 248
{(B.X.C Lo, ed., Humana Press, Totowa, NJ, 2003), pp. 245-254, describing expression of
antibody fragments in 7 coli.) After expression, the Fit3L-Fc fusion protein may be isolated
from the bacterial cell paste in a soluble fraction and can be further purified.

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are
suitable cloning or expression hosts for a Fit3L-Fc fusion protein-encoding vectors, including
fungi and veast strains whose glycosylation pathways bave been “humanized,” resulting in the
production of a Fit3L-Fe fusion protein with a partially or fully human glycosylation pattern.
See Gemngross, Nat. Biotech. 22:1409-1414 {2004), and Li et al., Nat. Biotech. 24:210-215
{2006).

Suitable host cells for the expression of glycosylated FIt3L-Fc fusion protein are also

derived from multicellular organisms {invertebrates and vertebrates). Examples of invertebrate
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cells include plant and insect cells. Numerous baculoviral strains have been identified which
may be used in conjunction with insect cells, particalarly for transfection of Spodoptera
Srugiperda cells.

Plant cell cultures can also be utilized as hosts. See, e.g., US Patent Nos. 5,959,177,
6,040,498, 6,420,548, 7,125,978, and 6,417,429 (describing PLANTIBODIES™ technology
for producing anttbodies in transgenic plants).

Vertebrate celis may also be used as hosts. For example, mammalian cell lines that are
adapted to grow in suspension may be useful. Other examples of useful mammalian host cell
lines are monkey kidney CV1 line transformed by SV40 (COS8-7); human embryonic kidney
line (293 or 293 cells as described, e.g., in Graham et al,, J Gen Virol 36:59 (1977}); baby
haroster kidney celis (BHK), mouse sertoli cells (TM4 cells as described, e.g., in Mather, 8o/,
Reprod. 23:243-251 (1980}, muonkey kidney cells (CV1); African green monkey kidney cells
(VERO-76); human cervical carcinoma cells (HELA), canine kidney cells (MDCK; buftalo rat
tiver cells (BRL 3A); human hung cells (W138); human liver cells (Hep G2); mouse mammary
tumor (MMT 060562); TRI cells, as described, e.g., in Mather et al, Annals N.Y. Acad. Sci.
383:44-68 (1982); MRC 5 cells; and FS4 cells. Other useful mammalian host cell lines include
Chinese hamster ovary (CHO) cells, including BHER™ CHO cells (Urlaub et al,, Proc. Nail
Acad. Sci. US4 77:4216 {19803}, and myeloma cell fines such as Y0, NSO and Sp2/0. Fora
review of certain mammalian host cell lines suitable for antibody production, see, e.g., Yazaki
and Wu, Methods in Molecular Biology, Vol 248 (BX.C. Lo, ed,, Humana Press, Totowa, NJ),
pp. 255-268 (2003},

D. Assays
Flt31-Fc fusion proteins which can facilitate expansion of DCs as provided herein may
be identified, screened for, or characterized for their physical/chemical properties and/or

biological activities by various assays known in the art,

E. Immunocenjugates

The wvention also provides immunoconjugates comprising a FIt31-F¢ protein herein
conjugated to one or more cytotoxic agents, such as chemotherapeutic agents or drugs, growth
inhibitory agents, toxins {e.g., protein toxins, enzyratically active toxins of bacterial, fungal,
plant, or animal origin, or fragments thereof), or radicactive isotopes.

in one embodiment, an immuncconjugate of the FIt31L-Fe protein is generated in a

manner similar to generation of an antibody-drug conjugate (ADC) in which an antibody is
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conjugated to one or more drugs, including but not limited to a mayiansinoid (see U.S. Patent
Nos. 5,208,020, 5,416,064 and European Patent EP0425235B1); an auristatin such as
monomethylauristatin drug moteties DE and DF (MMAE and MMAF) (see U.S. Patent Nos.
5,635,483 and 5,780,588, and 7,498.298); a dolastatin; a calicheamicin or derivative thereof
(see U.S. Patent Nos. 5,712,374, 5,714,586, 5,739,116, 5,767,285, 5,770,701, 5,770,710,
5,773,001, and 5,877,296, Hinman et al., Cancer Res. 53:3336-3342 (1993); and Lode et al,
Cancer Res. 58:2925-2928 (1998)); an anthracycline such as daunomycin or doxorubicin (see
Kratz et al., Current Med. Chem. 13:477-523 (2006); Jeffrey et al., Bicorgonic & Med. Chem.
Lefters 16:358-362 (2006}, Torgov et al., Bioconj. Chem. 16:717-721 (2005); Nagy et al., Proc.
Natl. Acad. Sci. 154 97:829-834 (2000); Dubowchik et al., Bivorg. & Med. Chem. Letters
12:1529-1532 (2002); King et al., /. Med. Chem. 45:4336-4343 {2002}, and U 8. Patent No.
6,630,579}, methotrexate; vindesine; a taxane such as docetaxel, paclitaxel, larotaxel, tesetaxel,
and ortataxel; a trichothecene; and CC1065.

In another embodiment, an immunocenjugate comprises a Fit3L-Fe protein as described
herein conjugated to an enzymatically active toxin or fragment thereof, including but not
limited to diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A
chain (from Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-
sarcin, Aleurites fordil proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPIL
and PAP-8), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor,
gelonin, mutogellin, restrictocin, phenomycin, enomycin, and the tricothecenes.

In another embodiment, an immunoconjugate comprises a FH3L-Fe protein as described
herein conjugated to a radicactive atom to form a radicconjugate. A variety of radicactive
isotopes are available for the production of radioconjugates. Examples include A2 [H1 1125,
v Re'™ R sm'%? Bi*Y PP PbM? and radioactive isotopes of Lu. When the
radioconjugate is used for detection, it may comprise a radivactive atom for scintigraphic
studies, for example tc99m or F123, or a spin {abel for nuclear magnetic resonance (NMR}
imaging (also known as magunetic resonance imaging, mri}, such as todine~123 again, iodine-
131, indium-111, fluorive-19, carbon-13, nitrogen-13, oxygen-17, gadolinium, manganese or
ron.

Conjugates of a FIt3L-Fe protein and cytotoxic agent may be made using a variety of
bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithico) propionate
{SPDP}, succinimidyl-4-(N-maleimidomethyl} cyclohexane-1-carboxylate (SMCC),
iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCl},

active esters (such as disuccinimidyl suberate}, aldehydes {such as glutaraldehyde), bis-azido
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compounds (such as bis (p-azidobenzoyl} hexanediaming), bis-diazonium derivatives (such as
bis-(p-diazoniumbenzoyly-ethylenediamine), ditsocyanates (such as toluene 2,6-diisocyanate},
and bis-active fluorine compounds (such as 1,5-difluoro-2. 4-dinitrobenzene). For example, a
ricin immunotoxin can be prepared as described 1n Vitetta et al , Science 2381098 (1987).
Carbon-14-labeled 1-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-
DTPA) is an exemplary chelating agent for conjugation of radicnucleotide to the antibody. See
WO094/11026. The linker may be a “cleavable linker” facilitating release of a cytotoxic dmg in
the cell. For example, an acid-labile linker, peptidase-sensitive linker, photolabile linker,
dimethyl linker or disuifide~containing linker (Chari et al , Cancer Res. 52:127-131 (1992);
U.S. Patent No. 5,208,020) may be used.

The immunuoconjugates herein expressly contemplate, but are not limited to such
conjugates prepared with cross-linker reagents including, but not limited to, BMPS, EMCS,
GMES, HBVS, LC-SMCC, MBS, MPBH, SBAFP, SIA, SIAB, SMCC, SMPB, SMPH, sulfo-
EMCS, sulfo-GMBS, sulfo-KMUS, sulfo-MBS, sulfo-SIAB, sulfo-SMCC, and sulfo-SMPB,
and SYSE (succinimidyl-{4-vinylsulfone}benzoate) which are commercially available (e.g.,

from Pierce Biotechnology, Inc, Rockford, 1L, 17 8 A).

¥. Pharmaceutical Formulations

Pharmaceutical formulations of a Flt3L-F¢ fusion protein as described herein are
prepared by mixing such protein having the desired degree of purity with one or more optional
pharmaceutically acceptable carriers (Remingron's Pharmaceutical Sciences 16th edition, Osol,
AL Ed. (19801, in the form of lyophilized formulations or aqueous solutions. Pharmaceutically
acceptable carriers are generally nontoxic to recipients at the dosages and concentrations
employed, and inchude, but are not himited to: buffers such as phosphate, citrate, and other
organic acids; antioxidants including ascorbic acid and methionine; preservaiives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chlortde; benzalkonium
chioride; benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as
methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low
molecular weight (less than about 10 residues) polypeptides; proteins, such as serum albumin,
gelatin, or immunocglobuling; hvdrophilic polymers such as polyvinylpyrrolidone; amino acids
such as glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydrates including ghicose, mannose, or dexirins; chelating
agents such as EDTA, sugars such as sucrose, mannitol, irehalose or sorbitol; salt-forming

counter-ions such as sodium; metal complexes (e.g. Zn-protein complexes); and/or non-tonic
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surfactants such as polyethvlene glycol (PEG). Exemplary pharmaceutically acceptable
carriers herein further include insterstitial drug dispersion agenis such as soluble neutral-active
byaluronidase glycoproteins (sSHASEGP), for example, human soluble PH-20 hyaluronidase
glycoproteins, such as rHuPH20 (HYLENEX”, Baxter International, Inc.). Certain exemplary
sHASEGPs and methods of use, including rfHuPH20, are described in US Patent Publication
Nos. 2005/0260186 and 2006/0104968. In one aspect, a sHASEGP is combined with one or
more additional glycosaminoglycanases such as chondroitinases.

The formulation herein may also contain more than one active ingredients as necessary
for the particular indication being treated, preferably those with complementary activities that
do not adversely affect each other. For example, it may be desirable to further provide a
dendritic cell maturation factor and/or adjuvant. Such active ingredients are suitably present in
corbination in amounts that are effective for the purpose intended.

Active ingredients may be entrapped in microcapsules prepared, for example, by
coacervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose
or gelatin-microcapsules and poly-(methylmethacylate) microcapsules, respectively, in
colloidal drug delivery systems (for example, liposomes, albumin microspheres,
microemulsions, nano-particles and nanocapsules) or in macroemulsions. Such technigues are
disclosed in Remingion's Pharmaceuniical Sciences 16th edition, Osol, A, Ed. (1980}

Sustatned-release preparations may be prepared. Suitable examples of sustained-
release preparations include semipermeable matrices of solid hydrophobic polymers containing
the Fe fusion protein, which matrices are in the forrn of shaped articles, e.g. films, or
microcapsules.

The formulations to be used for in vive administration are generally sterile. Sterility

may be readily accomplished, e g, by filtration through sterile filtration membranes.

G. Therapeutic Methods and Compositions

Any of the Fit3L-Fc¢ proteins provided herein may be used in therapeutic methods.

In one aspect, a FIt3L-Fc protein for use as a medicament is provided. In further
aspects, a Fit3L-Fc protein for use in a cancer 1s provided. In certain embodiments, a Fit3L-Fc
protein for use in 3 method of treatment is provided. In certain embodiments, the invention
provides a Flt31.-F¢ protein for use in a method of treating an individual having cancer
comprising administering to the individual an effective amount of the FIt3L-Fc protein. In one
such embodiment, the method further comprises administering to the individual an effective

amount of at least one additional therapeutic agent, e.g., as described below. In further
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embodiments, the invention provides a FIt3L-Fc¢ protein for use in expanding dendritic cells.
In certain embodiments, the invention provides a FU3L-F¢ protein for use in a method of
expanding dendritic cells in an individual comprising administering to the individual an
effective of the F3L-Fe protein to expand dendritic cells. An “individual” according to any of
the above embodiments is preferably a human

In a further aspect, the invention provides for the use of a Fi{3L-Fc¢ protein in the
manufacture or preparation of a medicament. In one embodiment, the medicament is for
treatment of cancer. In a further emboediment, the medicament is for use in a method of
treating cancer comprising administering to an individual having cancer an effective amount of
the medicament. In one such embodiment, the method further comprises administering to the
individual an effective amount of at least one additional therapeutic agent, ¢.g., as described
below. Ina further embodiment, the medicament is for expanding dendritic cells. In a further
embodiment, the medicament is for use in a method of expanding dendntic cells in an
individual comprising administering to the individual an amount effective of the medicament
to expand dendritic cells. An “individual” according to any of the above embodiments may be
a human.

in a further aspect, the invention provides a method for freating a cancer. In ooe
embodiment, the method comprises administering to an individual having such cancer an
effective amount of a Fli3L-F¢ protein. In one such embodiment, the method further comprises
administering to the individual an effective amount of at least one additional therapeutic agent,
as described below. An “individual” according to any of the above embodiments may be a
human.

In a further aspect, the invention provides a method for expanding dendritic cells in an
individual. In one embodiment, the method comprises administering to the individual an
effective amount of a FIt3L-Fc¢ protein {0 expand dendritic cells. In one embodiment, an
“tndividual” is a human.

In a further aspect, the invention provides pharmaceutical formulations comprising any
of the a Fit3L-Fc¢ proteins provided hereiu, e.g., for use in any of the above therapeutic
methods. In one embodiment, a pharmaceutical formulation comprises any of the a Fit3L-Fe
proteins provided herein and a pharmaceutically acceptable carrier. In another embodiment, a
pharmaceutical formulation comprises any of the FH3L-Fc proteins provided herein and at least

one additional therapeutic agent, e.g., as described below.
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FH3L-Fe proteins of the invention can be used either alone or in combination with other
agents in a therapy. For instance, a FI3L-Fc¢ protein of the invention may be co~-administered
with at least one additional therapeutic agent.

Such combination therapies noted above encompass combined administration (where
two or more therapeutic agents are included in the same or separate formulations}), and separate
admunistration, in which case, administration of the Flt3L-F¢ protein of the invention can occur
prior to, simultaneously, and/or following, administration of the additional therapeutic agent or
agents. In one embodiment, administration of the FIt3L-Fc protein and administration of an
additional therapeutic agent occur within about one month, or within about one, two or three
weeks, or within about oune, two, three, four, five, or six days, of each other. Flt3L-Fc proteins
of the invention can also be used in combination with radiation therapy.

A FH31-Fe fusion protein of the invention (and any additional therapeutic agent) can be
administered by any suitable means, including parenteral, intrapulmonary, and intranasal, and,
if desired for local treatment, intralesional administration. Parenteral infusions include
intramuscular, intravencus, intraarterial, intraperitoneal, or subcutaneous administration.
Dosing can be by any suitable route, e.g. by injections, such as intravenous or subcutaneocus
mjections, depending in part on whether the adwministration is brief or chronic. Various dosing
schedules including but not limited to single or multiple administrations over various time-
potots, bolus adrotoistration, and pulse infusion are contemplated herein.

Fl3L-Fc¢ fusion proteins of the invention would be formulated, dosed, and administered
in a fashion consistent with good medical practice. Factors for consideration in this context
include the particular disorder being treated, the particular mammal being treated, the chnical
condition of the individual patient, the cause of the disorder, the site of delivery of the agent,
the method of administration, the scheduling of administration, and other factors known to
medical practitioners. The FIt3L-Fe fusion protein need not be, but is optionally formulated
with one or more agents currently used to prevent or treat the disorder in question. The
effective amount of such other agents depends on the amount of FU31-Fc fusion protein
present in the formulation, the type of disorder or reatment, and other factors discussed above.
These are geverally used in the same dosages and with adminisiration routes as described
herein, or about from 1 to 99% of the dosages described herein, or in any dosage and by any
route that is empirically/clinically determined to be appropriate.

For the prevention or treatment of disease, the appropriate dosage of a Fit3L-Fc fusion
protein of the invention (when used alone or in combination with one or more cther additional
therapeutic agenis} will depend on the type of disease to be treated, the type of Ft3L-Fc fusion

2
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protein, the severity and course of the disease, whether the Flt3L-F¢ fusion protein is
administered for preventive or therapeuntic purposes, previous therapy, the patient’s clinical
history and response to the fusion protein, and the discretion of the attending physician. The
FIt3L-Fc fusion protein is suttably administered to the patient at one time or over a series of
treatments. Depending on the type and severity of the disease, about | pa/kg to 15 mg'kg (e g
0.1 mg/keg-10 mg/kg) of FIt3L-Fe fusion protein can be an initial candidate dosage for
administration to the patient, whether, for example, by one or more separate administrations, or
by continucus infusion. One typical daily dosage might range from about 1 pg/kg to 100
mg/kg or more, depending on the factors mentioned above. For repeated administrations over
several days or longer, depending on the condition, the treatment would generally be sustained
untif a desired suppression of disease symptoms occurs. One exemplary dosage of the Fit31L-Fe
fusion protein would be in the range from about 0.05 mg/kg to about 10 mg/kg. Thus, one or
more doses of about 6.5 mg/kg, 2.0 mg/kg, 4.0 mg/kg or 10 mg/kg {or any combination
thereof) may be administered to the patient. Such doses may be administered intermittently,
e.g. every week or every three weeks (e.g. such that the patient receives from about two to
about twenty, or e.g. about six doses of the fusion protein). An initial higher loading dose,
followed by one or more lower doses may be administered. However, other dosage regimens
may be useful.

It is understood that any of the above formulations or therapeutic methods may be
carried out using an immunoconjugate of the invention in place of or in addition to a FI3L-F¢

fusion protein.

H. Articles of Manufacture

In another aspect of the invention, an article of manufacture containing materials useful
for the treatment, prevention and/or diagnosis of the disorders described above is provided.
The article of manufacture comprises a container and a label or package insert on or associated
with the container. Suitable containers include, for example, bottles, vials, syringes, IV
solution bags, etc. The containers may be formed from a variety of materials such as glass or
plastic. The container holds a composition which is by itself or combined with another
composition effective for treating, preventing and/or diagnosing the condition and may have a
sierile access port (for example the container may be an intravenous solution bag or a vial
having a stopper pierceable by a hypodermic injection needle). At least one active agent in the
coruposition is a Fe fusion protein of the invention. The label or package insert indicates that

the composition s used for treating the condition of choice. Moreover, the article of
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manufacture may comprise (a) a first container with a composition contained therein, wherein
the composition comprises a Fc fusion protein of the invention; and (b) a second container with
a composition contained therein, wherein the composition comprises a further cytotoxic or
otherwise therapeutic agent. The article of manufacture in this embodiment of the invention
may further comprise a package insert indicating that the compositions can be used to treat a
particular condition. Alternatively, or additionally, the article of manufacture may further
comprise a second {or third) container comyprising a pharmacentically-acceptable buffer, such
as bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer's solution and
dextrose solution. It may further include other materials desirable from a commercial and user
standpoint, including other buffers, diluents, filters, needles, and syringes.

It 1s understood that any of the above articles of manufacture may include an

immunoconjugate of the invention in place of or in addition to a FIt3L-Fc fusion protein.

i EXAMPLES
The following are examples of methods and compositions of the invention. tis
understood that varicus other embodiments may be practiced, given the general description

provided above.

Example 1 Desien of an Effectoriess Fe Protein

The term “NG2LH” refers to a human IgGl Fe domain that comprises the IgGl N297G
substitution and that “swaps” the lower hinge residues 233-236 (ELLG, SEQ ID NO:19) of
IgG1 with residues 233-236 (PVA; no amino acid at position 236, also referred to herein as
“PYA#”) of human 122, wherein positions are numbered according to the EU index as
described in Kabat. The effectorless nature of the NGZLH ¥e variant protein (also referred to
herein as “PVA# NG”) was first shown 1o the context of a full-length antibody and in
comparison to wildiype, N297G and other Fe variant IgG1s, as well as IgG2 and IgG4
antbodies, as defined in Table 2 below.

TABLEZ

SEQ | Description of Heavy Chain Substitution(s) (EU Numbering)
I | Constant Region (CH1 - CH3)
NG
2 IeG1 NG2LH, aka IgGl NG PVA# | N297G/HE233P/L234V/L23SA/G236#
3 Gl NG N297G
4 IgGl PVA# H233P/L234V/L235A/G236#
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5 IgGI NGPVA# G N297G/E233P/A234VAL235A/GR36H/A327G

6 IgGI NG PVA# GSS N297TG/E233P/L234V/L235A/GRI06H/ A32TG/AS
308/P3318

7 IgGl PG 329G

] IgGl LALA L234A/L235A

Q IgGl LALAPG 1234A/L235A/P329G

Full length antibodies comprising the heavy chain constant regions {CH1-CH3) listed in
Table 2 were constructed that encoded the light chain and heavy chain variable and domains of
an anti-Her2 antibody {trastuzumab (HERCEPTIN®, Genentech, Inc., South San Francisco,
Calif, USA) (also referred to in U.S. Pat. No. 6,407,213 and Lee et al., J. Mol. Biol. (2004},
340(5):1673-93; herein as SEQ 1D NO:47). The light chain for these anti-Her2 antibodies
comprised & native human C kappa constant region. Nucleic acids encoding the full length light
chain and various full length heavy chains were cloned into the pRK mammalian expression
vector (Eaton et al., 1986, Biochemistry 25:8343-47). Light and heavy chain nucleic acid
vectors were co-expressed in CHO cells, and the antibodies were purified via protein A affinity
chromatography followed by size exclusion chromatography.

The antibodies were then tested for their effects on antibody-dependent cellular
phagocytosis (ADCP) and antibody-dependent cytokine release (ADCR} using primary
macrophages and SK-BR-3 human breast cancer cell line that overexpresses Her2 (ATCC®
HTB-30). An anti-gD antibody was used as a negative control antibody. Movocyies were
isolated from donor PBMCs and stimulated with 25 ng/ml human MCSF-1 and allowed to
differentiate to macrophages for 5-7 days in T-175 tissue culture flasks. The day before the
ADCP and cytokine release experiments, all macrophages were stimulated with 30 ng/m! IFNy
(R&D Systems 285-IF-100/CF) to differentiate to M1 macrophages. Macrophages and SK-BR-
3 GFP cells were harvested by accutase (Millipore SCRO0S) treatment. Prislodged macrophages
and SK-BR-3 cells were resuspended in media (X-Vivo 10; Lonza 04-743(Q, 10% HIFBS;
Gibeo 10438-026) at concentration of 2x 10° and 0.5x10% cells/m], respectively. A 96-well plate
map was designed to determine the test conditions (antibody variants and treatruent
concentration). 2X serial dilutions of each of the antibody variants were prepared in wedia (6
points 16-fold dilution series: 2000, 200, 20, 2, 6.2, 4.02 ng/ml). Following the plate map, 50
ul of macrophage and 50 ul of SK-BR-3 were added to each well, resulting in 100k
macrophages and 25k SK-BR-3 cells in each well. 100 ul of the 2X antibody serial diluted
solution were combined the well of 96-well plates according to the plate map. The final
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antibody treatment concentrations were 1000, 100, 10, 1, 0.1, .01 ng/mi. 100 ul. of media was
added 10 3 wells containing the macrophages and SK-BR-3 cells as “media only” control
treatment. The 96-well plate was centrifuged at 20 x g for 2 min theo incubated at 37°C for
about 24 h. Cells were centrifuged at 400 x ¢ for 4 min and supernatant was collected for
ADCR analyzed by Luminex Reader Millipore Multiplex. Cells were dislodged from the wells
by accutase treatment. Cells in each well were washed once with 200 ul of FACS Buffer (BD,
554657). Staining solution was prepared with anti-CD11b (BD), 555385) and anti-CD14 (BD,
555396} conjugated with Alexa 647 {Invitrogen, Alexa Fluor 647 Antibody Labeling Kit,
A20186) (1:100 antibody conjugate in FACS buffer). 50 ul. of the staining solution were added
10 all the wells and incubate at 4°C for 30 - 60 min. Cells were washed twice with FACS
Buffer (200 ul per well). Cells in each well were resuspended in 50 ul of FACS Buffer. One
plate of cells was analyzed by FACS for ADCP efficiency. FACS data were analyzed with
software Flowlo. Cells were gated in the Forward and Side Scatter plot then plotted on GFP-
expression on Y-axis and Alexa 647 on the X-axis. Cell percentage in each quadrant were
calculated. SK-BR-3 cells were largely in quadrant 1 (Q1, GFP positive) and macrophages
were largely in quadrant 3 (3, Alexa 647 positive). % Phagocytosis of each well were
calculated:

% Phagocytosis = 100% - {((Q1 of each well}/(average Q1 of 3 media only control wells)

% Phagocytosis of the antibody variants with respect to the antibody treatment concentration
plotied on a graph.

Two plates were analyzed by Luminex (Luminex Corp). As shown in FIG. 1,
approximately no phagocytosis was chserved in the presence of increasing concentrations of
the LALAPG or NGLH?2 Fc anti-Her2 antibodies. The highest levels of ADCP were observed
with the IgG1 wildtype and 1gG4 antibody variants. Intermediate levels of phagocytosis were
observed for IgG2 wildtype Fc and [g(G1 PVA# Fe. Accordingly, ¥IG. 1 shows that the IgGl
NGZLH and IgGl LALAPG Fe domains lack ADCP activity in an in vitro assay. The
experiment shows a similar lack of ADCP activity in the presence of IgGl NG PVAG and
IgG1 NG PVA# GSS (data not shown).

Results of the cytokine release profiles from the ADCP assay are provided in FIGS.
2A-2J. Consistent with the phagocytosis data, these results demonstrate that in contrast to
native 1gG1, IgG4, and to a lesser extent N297G, the NG2LH variant mediates no ADCR by
macrophages in the presence of target cells.

These data contrast to data from an ADCC reporter assay of the variants compared to
wildtype Ig(G1 Fc. The vanable domains from ocrelizumab (anti-CD20) or trastuznmab (anti-
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Her2) were fused o the wildtype and variant domains described above and tested in an ADCC
assay. In this assay, a NK cells was engineered as a NFAT-RE-Luciferase reporter cell, reading
out ReyRIHa binding, then assayed in the presence of WIL28 CD20+ cells or SkBr3 Her2+
cells. For both the anti-CD20 and anti-Her2 constructs with wildtype or variant domains, all
non-wildtype Fc molecules had minimal activity as compared to wildtype 1gG1 Fc (see FIGS.

2K and 21

Example 2. Destgn of FU3L Fe Fusion Proteins

The FI3L-Fc fusion proteins were generated using routine nucleic acid cloning, protein
expression and protein purification techniques.

PCR was used to amplify cDNA containing the nucleotide sequence encoding the FIit3L
and Fc portions of desired chimeric Flt3L-Fc proteins (see Table 3, SEQ ID NOS:16-31). For
expression and production of the FI3L-Fc proteins described in Table 3 {(sequences provided in
Table 10}, the cDNA was generated to include the native signal sequence of buman FIE3L
{residues 1-27 of GenBank Acc. No. P40771; SEQ ID NO:21). As an example, the cDNA
generated for expression of the hFLT3L P167 Saa hinge higG1 NG PV A# protein comprised a
cDNA sequence encoding the fusion protein with the FIt3L signal sequence as provided in

Table 10 as SEQ ID N(G:45.

TABLE 3
SEQ Construct Name
D
NG:

25 hFLT3L.P168 Saa hinge hlgG1. NG PVA#H

26 BFLT3L P167 Saa hiuge hgGlL NG PVA#

7 hFLT3L P167 Saa hinge higGl

28 hFLT3L P167 5aa hinge higGl1. NG

29
BFLT3L P167 Saa hinge higGl PVA#

30 hFLT3L.P167 Saa hinge higGl1 LALAPG

31 hFLT31.P167 7aa hinge. higG4

32 hFLT3L.P166.5aa hinge higGlL NG PVA#

33 KFLT3L.L165 5aa hinge higGl NG PVA#

34 hFLT31. L1164 5aa hinge hiaGl NG PVA#

35 BFLT3L.C158 5aa hinge higGl NG PVA#

hFLT3L.P17% higGIN297G

30
37 WFLT3L. Q189 higG1 N297G

38 WFTL3L.C158 3aa hinge hloG1 NG PVA#

2
N
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39 hFTL3L.C158 no hinge hlgGl NG PVA#

40 hFTL3L. D161 nohinge hieGl NG PVA#

RFTL3L. 8163 nohinge higGl NG PVA#

1
42 | Hs FLT3LGMI-L165 W144D O pRK-5aa hlgG1 NG2LH
3 | Hs FLT3LGMI-L165 8151D 0O pRK-5aa hlgG1 NG2LH

44 Hs FLT3LGM1-L165.S151E O pRK-5aa blgGl NG2LH

46 | FIBL-Fe(lgGd)

The cDINA encoding FIt3L-F¢ fusions was subcloned into a mammalian expression
vector pRKS {(Gorman, et al,, DNA and Protetn Engineering Techniques 2:1 (1990), U.S. Pat.
No. 6,232,117 and expressed under the control of the CMV promoter.

Either CHO or HEK293 cells were traunsiently transfected with a destred expression
congtruct, grown in the appropriate culture media 10 or 6 days, respectively, and harvested for
purification.

Purification of Fii3L-Fc fusion constructs was achieved using HiTrap MabSelect SuRe
affinity capture chromatography (GE), followed by Superdex 200 SEC, and finally
concentration and buffer exchange via dialysis.

Example 3. Characterization of FI{31L-F¢ Fusion Proteins

The fusion proteins generated as described in Example 2 were characterized in terms of
susceptibility to aggregation in solution as well as reduction and loss of disulfide bonds, each
of which was analyzed by SDS-PAGE (3-5 ug per well} and HPLC SEC (SuperDex 200;
equilibration buffer: 200 oM arginive, 137 mM succinic acid, pH 5.0). Data from experiments
performed using FIt3L-Fe fusion proteins purified from CHO cell cultures are summarized in
Table 4 below with exemplary data from FIt3L-Fc fusion construct
hFLT3L . S163 no hinge higG1 NG PV A# (SEQ ID NO:41) expressed in and purified from
CHO cells and HEK293 cells shown in FEGK. 3A-3C, and data from FU3L-Y¢ fusion construct
BFLT3L P167 5aa binge higG1 NG PVA# (SEQ 1D NG:26) expressed in and purified from
CHO cells and HEK293 celfs shown in FEGS. 3B-3F.

TABLE 4

SEQ D Construct % Aggregation Incomplete hinge
NO: disulfide

25 WFLT3L.P168. Saa hinge higGlL NG PVA# 24 ND*

26 hFLT3L P167 5aa hinge hleGl NG PVA# 26 ND

32 WELT3L P166.5aa hinge hlgGl1 NG PVA# 26 +

33 BFLT3L.L165 Saa hinge hlgGl NG PVA# 33 -

34 hFLT3L.L164 5aa hinge hlgGiI NG PV A# 35 bt

35 hFLT3L C158 Saa hinge hleG1 NGPVA# 86 A+
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38 hFTL3L.C158 3aa hinge hlgGl NG PVA# 90 -+
39 hFTL3L.C158 no hinge higGl NG PVA¥# 77 ++
41 hFTL3L 8163 no hinge hlgG1 NG PV A# 85 At

* NI = Not detected

The data analysis of the variants, summarized in Table 4 above, showed that the
number of amino acid residues present between the last cysteine of the Fit31 molecule and the
first cysteine of the Fo{NG2ZLH) molecule (junction length) can impact the level of aggregation
and/or disulfide bond formation. When the junction length is less than 14 residues, up to 30%
of each construct appears to lack intermolecular hinge disuffides. A junction length of 5 amino
acid residues or less resulted in very high aggregation. The lowest levels of aggregation were
observed for fusion proteins of SEQ ID NOS. 24, 26, 32, 33, and 34. The lowest fevels of
incompiete hinge disulfide bonding was observed for fusion proteins of SEQ ID NOS. 25,
26,and 32, with SEQ ID NOS. 33 and 39 also having relatively low levels of incomplete hinge
disulfide. The data observed here was somewhat unexpected considering that the structures of
both the FIt3L and Fe proteins are well characterized and shown to be capable of folding as
independent domains. It is noted, however, that each protein domain contains cysteine residues
important for disulfide bonding and structural integrity. Accordingly, the data show that design
of a FIt3L-Fe(NG2LH) fusion molecule requires careful assessment of the protein product to

ensure sutficient covalent Fe-dimerization and mimimal or lack of aggregation.

Example 4. To vitro Functional Assays for FIGL Activity

In vitro assays were done o assess the functional properties of an Fit3L-Fc fusion
protein compared to the function of the FIE3L protein {no Fc fusion; SEQ ID NG:23). The in
vitro assay performed as described here can be used to measure the potency of a Fit3L protein
to induce proliferation of a human cell line expressing FIt3 receptor.

Costar 96-well flat bottom plates (Cat#3610 Thermo Fisher) were coated overnight at
room temperature with 100 ul. of Poly-L-omithine (Cat#A-004-C EMD Millipore), washed 3x
with PBS and allowed to dry. Human OCI-AMLS cells (No. ACC 247, DSMZ) were seeded at
3000 cells per well in 100 ul. of assay media (RPMI 1640 containing 5% heat inactivated FBS,
1X Glutamax ). FU3L test articles were dituted to 20 ug/mL in assay media and serially diluted
1:10. 100 uL of diluted test article was added to each well (in triplicate) to achieve a final
starting concentration of 10 ug/mL. Maximum and minimum control wells included 10 ug/mL
WFLT3L P167 higGl NG2ZLH (SEQ ID NO:26) or assay media alone. Assay plates were
incubated at 37°C, 5% CQO; for 7 days. 100 ul of supernatant was removed from each well and
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then 100 ul of Cell Titer Glo (Cat#PR-G7572 Thermo Fisher) was added to each well and
plates were incubated for 8-10 mwin in the dark. Luminescence was measured with a
SpectraMax i3 plate reader (Molecular Devices). Raw values were normalized to the maxiroum
and minimum control wells. A dose response of each test article was plotted with XLfit (IDBS)

5  and ECso values determined using a four parameter logistic curve. Graphs shown in FIGS. 44-
48 were generated with GraphPad Prism 7.

These data show that both hFLT3L P167 higGl NGZLH and gCDX-301 induced dose-
dependent proliferation of OCI-AMLS cells o vitro. Average ECso potency values were
comparable: 2 540 5 pM for hFLT3L P167 higGi1 NG2LH; 2 340 5 pM for gCD¥-301.

10 Moreover, WFLT3L P167 higG1 NG2ZLH and gCDX-301 can induce the proliferation of OCI-

AMILS5 cells in vitro with at least equivalent potency.

Example 3. PKPD Studies in Mouse

Given the complexities of the immune system, it can be important to show
15 pharmacodynarics in mammalian subjects that can provide information for this human Fe
molecule. PK/PD studies were performed with mice as described here.
The study was approved by Genentech’s Institutional Animal Care and Use Commitiee
and was conducted using SCID mice. Animals were divided into 3 groups. Animals in
Group 1, 2, and 3 were given FLT3L-Fe¢ (SEQ ID NO37--FH3L QIS0 Fe NGy at 0.1, 1.0, and
20 10 mg/kg, respectively. Whole blood was collected at selected time points for cell population
counts by FACS. Plasma was collected and assayed using a huFlIt3L ELISA to determine the
amount of test article in each sample.

Group mean PK parameters are summarized in Table 5 below.

TABLE S
Mominal Cnax Cmax/Dose AUCwr AUCu/Dose LO1 P
Dose {ug/mL} | (ug/mL)/(mg/ke} | (ug/mi*day} | (ug/mL*dayy{mg/ke} | (mL/day/kg}
0.1 ma/kg 2.68 26.8 442 22.6 22.6
1 mg/kg 279 279 77.9 77.9 i2.8
10 mg/kg 273 27.3 768 76.8 13
25
The NCA parameters reported in Table 5 include Cun (Observed maximum serum
concentration after the first dose); Can/Dose (Dose normalized Cuud; AUCiur (Area under the
serum concentration—time curve from Bay 0 to infinity}; AUCw/Dose (Bose normalized
AUC); and CL (Clearance calculated using the serum concentration—time curve).
A0 The results are graphically presented in FIG. 8
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In Groups 1-3, Cmax increased nearly dose-proportionally. A more than dose-
proportional increase in AUC was observed, suggesting target-mediated drug disposition
{TMDD) impacted PX profifes at all dose groups. In addition, total clearance (CL) was
observed to be dose-dependent, suggesting target-mediated CL.

The mean monocyte and DC counts from the peripheral blood samples are shown in
FIG. 6A (monocytes) and FIG, 6B (DCs). In all three groups, robust dose-dependent cell
expansion was noted in peripheral biood at 0.31-10 mg/kg. The initial kinetics of DC expansion

was similar across doses while the duration of expansion was dose/exposure dependent.

Example 6. PKPD Studies in Cynomolgus Monkeys

Additional PKPD studies were performed using varying doses of the Flit3L-Fe
(MNG2LH) protein (SEQ ID NO:26) administered to cynos. This study was conducted at
Charles River Laboratories {(Reno, NV) using naive, cynomolpus monkeys. Animals were
divided into 4 groups (2 males and 1 female/group). Animals in Group 1 were given Anti-gD
{anti-glycoprotein D human igG1 antibody with N297G mutation) at 10 mg/kg, while animals
in Groups 2, 3, and 4 were given FLT3L-Fc at 0.1, 1.0, and 10 mg/kg, respectively. Animals in
Group 2 received a single dose whereas animals in other groups were adwinistered two doses
(Study Days 1 and 22). Whole blood was collected at selecied time points for cell population
counts by FACS. Serum was collected and assayed using an anti-huFl3L-huFc ELISA to
determine the amount of test article in each serum sample.

Table 6A below details the dosing of each animal group. Group mean PK parameters
are summarized in Table 6B,

TABLE 6A

Group | Nominal Dese | Treatment

1 10 mg'ky Anti-gD {(N297G)

2 0.1 ma/kg FLT3L-Fe(NG2LH)

3 1 mg/kg FLT3L-Fe(NG2ZLH)

4 10mg/kg | FLT3L-Fe(NG2ZLH)

TABLE 6B
Groeup Cmax Cmax/Dose AUCexn AUCsa1/DPose CLoas™
{ug/ml) {(ug/miy/{mg’kg) | (ug/mi*day) | (ug/mi*dayy(mg'kg) | (mi/day/kg)

1 286 =266 28.6 2140+ 4359 214 3.68
2 2.63+ 0,189 26.3 6.4 = (.285 64 13.7
3 292+ 0.413 29.2 141 £ 16.7 141 6.83
4 2804331 28 1630 + 386 163 4.92
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The results are graphically presented in FIG, 7.

In Groups 2-3, Cuax inicrease was nearly dose-proportional. Anti-drug-antibody (ADA)
was detected in all dosed animals on or after Day 14 and exposures were impacted in animals
with high ADA titers. More than dose-proportional increase in AUCq.01 was cbserved after the
first dose, suggesting target-mediated drug disposition (TMIDD) impacting PK profiles,
particularly at <1 mg/kg. In addition, total clearance (CL) was observed to be dose-dependent,
suggesting target-mediated CL. At 10 mg'kg, the anti-GI¥ and FLT3L-Fe groups had similar
PE profiles and the total CL for FLT31L-Fo was 4.92 mL/day/kg.

The mean monocyte, ¢DC1, and ¢DC2Z counts for all four groups is shown in FIGS,
8A-8C. For FLT3L-Fc treated animals, robust dose-dependent cell expansion (monocytes,
cDCH, and cBDC2) was noted in peripheral blood after 1st dose at 0.1-1 mg/kg At 10 mg/kg,
less expansion was observed. Without being bound by theory, a possible explanation could be
that high concentrations of a FIt3 ligand prevent the receptor dimerization required for
proliferation and differentiation. At 1-10 mg/kg, lower but sustained cell expansion is observed
after the 2nd dose (possibly due to the impact of ADA).

Example 7. FeyR and FeRn Binding of Fe(NG2LH)

Effector function of a Fc domain can be affected by certain amine acid changes within
the domain. Accordingly, binding of Fo{NG2ZLH) to FeyR and FcRn receptors was measured by
Biacore. For these assays, FoyRs were captured through anti-His antibody on the Biacore chip
or FcRn was directly immobilized on the chip. Data were collected at the end of the injection
{association phase) and the refative binding activity (%) was caleulated by normalizing the
value of the sample divided by the value of the standard.

A summary of the PTD Biocore data 1s provided in Table 7 below. The values show

relative binding fevel (%) at 10 ug/ml.

TABLE T

Antibody FeyRIE FoevRi FeyRiHa VIS8 FcRn

aU D20 | abier? | oCD20 | aler? | oCUD20 | oHerZ | aCUD20 | alier?

IgGl wildtypd 100.00 | 100.00 | 100.00 | 100.060 : 100.00 | 100.00 | 100,00 | 100.00

leG1 LALAPR 174 1.92 -0.34 -(.62 1.36 1.58 85.93 G7.86

IeGl PVA# 2.69 2.51 251 26.77 5.16 5.87 10445 | 102.81

IgG1 NG 4.50 6.12 0.06 0.383 2.12 2.95 86.73 86.27

[gGINGPYV] 279 2.58 0.09 -0.21 2.09 2.02 o417 9472
{(NG2LH)

[gGI NG PV 277 2.17 0.59 -(.40 2.16 1.74 94.65 G112
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IgGI NG PV 400 1.99 G.81 -0.47 2.24 1.46 92.92 93.24
IgG2 wildtypl  2.43 2.10 179.04 | 157.56 3.85 3.33 99.42 85.35
la(34 SP 70.59 63.59 14.82 18.22 3.41 312 66.49 65.08

Example 8. Thermostability of Fe(NG2LH)

Thermostability of the FLT3L ligand fusion protein is one important aspect of
developing a therapeutic binlogic. After design of the effectorless Fe(NG2ZLH) protein,
differential scanning fluorimeiry {DSF) was performed to understand effects of the amino acid
changes on thermostability of the F¢ protein. DSF monitors thermal unfolding of proteins in
the presence of a flucrescent dye and is typically performed by using a real-time PCR
instrument {e.g., Bio-Rad CFX). SYPRO orange dye (Invitrogen, cat. no. 86650) is diluted

20 in PBS. One ul of diluted dye is added 1o 24 ul Fab protein (~100 ng/ml) in a well. As the
temperature increases from 20°C. to 100°C in a real~time PCR instrument (Bio-Rad CFX), the
fluorescence intensity is plotted and the inflection point of the transition curve (Tm) is
calculated using, for example, the Boltzmann equation. See Nature Protocols, 2007, 2:2212-
2221.

Variant Fc proteins were analyzed in the context of full-length antibodies, specifically,
as an anti-CID20 antibody derived from ocrelizumab and as an anti-Her antibody derived from
trastuzumab. The stability data for these variant antibodies are provided in Table & below. In
addition, variant Fo proteins were also tested o the context of an isolated Fe region comprising
the sequences described in Table 2 but absent the CHI domain and thus beginning N-
termivally at the hinge sequence DKTHT. The stability data for these vaniant Fc proteins are

provided in Table 9 below.

TABLE 8

Ceonstruct Heavy Chain a-CD20 a-Her2 IgG Ave, AfeGl
Constant Region IgG (°Ch (°C) °C) {°C)
SEQ ID NG

leG2 wildtype (wt) 3 57 57 57 4.3
fg(G4 SP 9 59 59 59 -23
IgGl wt 1 612 614 613 0
IeG1 LALAPG 7 59.7 55.7 59.7 -1.6
IaG1 PVA# 4 61.9 61.95 61.9 +0.6
IgG1 NG 3 52.8 $3.2 53 -8.3
IaGl NG PVA# 2 552 55.6 554 -5.9
IgGI NG PVAH G S 54.4 542 54.3 -7.0
IgG1 NG PVA# 6 50.4 50 50.2 -11.1
GSS

TABLE S
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Tm
Construct SEQ ID NO (°C) A kgl (°C)
Fc N297G i4 59.3 -7.1
Fe NG2ZLH 13 61.6 -4.8
Fe PG 16 634 -3.0
Fc LALAPG 13 65.5 -0.9
Fe wt 12 66.4 0.0
LALA 17 67.0 +0.6
Fec PVA# 15 68.5 +2.1

The data show that for both a full-length IgG and an isolated Fe protein, combining the
PV A# variant with the N297G substitution results in an increase in thermostability of about
2°C relative to the thermostability of the Fo construct having the N297G mutation alone, which
was unexpected.

Example 8. Variants of an Effectoriess Flt3L-Fc¢ Fusion Protein

Experiments were performed to assess immunogenicity of various FIt3L-Fc fusion
proteins. Specifically, immunogenicity of certain proteins was tested in a T cell proliferation
assay. As shown in FIG. 9A, neither F3L.P167 Fe NG2LH (SEQ ID NO:26) nor
FIGLLI6S Fo NG2LH (SEQ 1D NO:33), had detectable immunogenicity. Unexpectedly, there
was significant immunogenicity detected with the introduction of the FIt3L W 144D mutation
(SEQ ID NG:42).

Another experiment assessed immunogenicity of glycosylation variants of the FIGGL
protein. As shown in FIG. 8A, introduction of the N149E, S151D or S151E mutations did not
cause any detectable increase in CD4 T cell proliferation. N149E, S151D and S151E jndicate

the amino acid change and posttion relative to SEQ 1D NO:21.

Example 10. Effectoriess Ft3L-F¢ Fusion Protein in an ADCP Assay

Experiments were performed to compare the antibody dependent cellular phagocytosis
{ADCP) activity of 3 variants of' a human recombinant protein Fit3L-Fc construct: 1) FIt3L-Fe-
wildtype 1gG1 (SEQ D NO:27) FI3L with Fe of hlgG1. NG2LH (SEQ ID NO:26) and 3) FIG3L
with higG 1 N297G (SEG 1D NO:28). EB10.higG1, an anti-Flit3 monoclonal antibody (Piloto
et al., 2006, Cancer Res. 66:4843-4851) was used as a positive control. ADCP assays were
carried ocut using primary monocyte-derived macrophages from healthy human donors as
effector cells and SEM, human acute lymphoblastic leukemia cells as target cells. Briefly,
primary human macrophages were generated by isolating Ci314 positive cells from healthy

human PBMCs by positive selection (Miltenyi Biotee Inc, Auburn, California} and cultured
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in macrophage differentiation media (RPMI 1640, 10% FBS, 1% Glutamax, 1%
penicillin/streptomycin, and 20 ng/mL M-CSF (R&D Systems, Minneapolis, MN)) at 37 °C in
a humidified incubator with 5% COs. On day 3, cells are stimulated with 30ng/mlL of M-CSF
and were cultured for 4 more days. On day 7, macrophages were stained with 10 uM Cell Trace
Violet (Thermo Fisher Scientific, Eugene, OR), diluted to 1 » 10° cells/mL in ADCP assay
media (IMDM, 10% FBS, 1% Glutamax, 1% penicillin/streptomyein), and added at 30 ul/well
to a 96 wel low adherent U-bottom plate (Costar, Corning, NY). Target SEM cells were
diluted in ADCP assay media at 2 x 10° celis/mL, pre-iabeled with pHrodo (Thermo Fisher
Scientific, Eugene, OR), and added (50 ul./well} to the assay plate containing macrophages.
Then 100 ul. of serial dilutions of test antibodies {(table 1) were added to each well containing
macrophages and SEM cells, foliowed by incubation at 37°C with 5% carbon dioxide for 4.5
hours. The final concentrations of antibodies ranged from 0.457-3000 ng/mL following 3-fold
serial dilutions for a total of 11 samples per test antibody. After incubation, the cells were
centrifuged at 1200 rpm for 5 min and washed in PBS before being fixed in 4%
paraformaldehyde for 10 min at 4 °C. The cells were analyzed with a flow cytometer (BD
Biosciences FACSCanto IVD 10). Phagocytosis was analyzed via FlowJo (Tree Star, Inc;
Ashland, OR). Cell Trace Violet fluorescence was used to gate the macrophages in the sample
population. Phagocytosis was determined by measuring the perceniage of pHrodo Green
positive macrophages. The degree of phagocytosis was normalized by subtracting the percent
pHrodo Green positive macrophages from the control condition (no antibody present). All data
points were collected in duplicate. Percent phagocytosis (% ADCP) was plotted
opposite antibody concentration and fitted to a four-parameter model using GraphPad Prism
(Lalolia, CA). This procedure was conducted in independent experiments with 3 donors.

in this study, the Flt3-expressing SEM cells were used as target cells. SEM target cells
were pre-labeled with pHrodo AM that fluorescence brightly in acidic pH. As the phagosome
containing the target cells becomes increasingly acidic, the pHrodo green fluorescent signal
increases, which can be detected on a flow cytometer, ADCP activity induced by FIt3L with Fe
of hlgGl NG2ZLH (SEQ ID NG:26, 5.1 mg/mL), Fit31 with higGl N297G (SEQ ID NO:238,
1.92 mg/mL), FU3L with WT IgG1 (SEQ ID NO:27, 2.5 mg/mlL) and EB10 higG1 (3.17
mg/mL} were examined and compared in three independent experiments using monocyte
derived macrophages from three different donors.

All data points were collected in duplicate, and the mean of the % phagocytosis
(%ADCP) was plotted against the concentration of the tested molecule (drug concertation: 3

ug/mL-0.457 ng/mL ). The data were fitted with a four-parameter model. A representative
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dose-respouse ADCP curve is shown tn FIG. 10, Subject to the inherent lirvitations of the

ADCP assay, in all three expertments ADCP activity induced by FH3L with WT IgGland

EB10.hlgGlwas observed in FIt3 expressing cells. In addition, FLT3L-Fe-IgG-N297G induced

relatively low ADCP while little to no ADCP activity was detected with FL'T 3L-Fe-IgG
NG2LH.

Additional studies can be done to measure the ADCP activity of additional FIt3L-F¢

fusion proteins which comprise the Fo NG2LH (SEQ I NO:13), such as Fit3L-Fc fusion

protein which contain 1, 2, or 3 amino acid substitutions in the FI3L portion. Such studies can

show additional FIt31L-Fe fusion proteins which have little to no ADBCP activity, but which can

activate expansion of DCs in vivo.

Table 10

SEQUENCE LISTING

SEQ | Description | Substitution(s) | Sequense
B of Heavy U
NG | Chain Numbering)
Constant
Region
(CHI -
CH3)

1 1gGIWT ASTKGPSVRPLAPSSKSTSGGTAALGCLVKDYFPEPVTVEWNSGALTS
GVHTFPAVLOQSSGLY SLASVVTVPSSSLGTOTYICNVNHKPSNTK VDK
KVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPEPKDTLMISRTPEVTCV
VVDVSHEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSEVLTV
LHQDWLNGKEYKCKVSNKALPAPIEK TISKAKGOPREPOQVYTLEPSRE
EMTENQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FELYSKLTVDKSRWQOGNVYFSCSYMHEALHNEY TORKSLSLSPGK.

2 1gG1 N297G/EZ3I3P/ | ASTEGPSVFPLAPSSKSTSGGTAALGUCLVKDYFPEPVTVSWNSGALTS

NG2LH, aka | L234V/AL235A/ | GVHTFPAVLQSSGLYSLASVVTVPRSSLGTOTYIONVNHKPSNTKVDK
{gG1 NG G236# KVEPKSCRRKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTLVY
PVA# VDBVSHEDPEVKENWYVDGVEVHNAKTKPREEGYGSTYRVVSVLTVL
(NG2LH) HODWENGKEYKCK VSNK AT PAPIEK TISK AKGOPREPQVYTLPPSREE
MTENQVSLTCLVEGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFF
LYSELTVDKSRWOQOQGNVESCSVMHEALHNHYTQKSLSLSPGE.

3 1gGI NG N297G ASTRGPSVEPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTS
GVHTFPAVLOQSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTEVRIK
KVEPKSCOKTHTCPPCPAPELLGGPSVFLFPPRKPKDTUMISRTPEVTCY
VVDVSHEDPEVEFNWY VDGVEVHNAKTKFREEQYGSTYRVYVSVLTV
LHODWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQVYTLPPSRE
EMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK TTPPVLISDGS
FELYSKLTVDKSEWQOGNVFESCSVMHEALHNHY TOKSLSLSPGK

4 2G1 PVA# | E233P/A234V/ | ASTKGPSVFPLAPSSESTSGGTAALGCLVEDYFPERPVTVSWNSGALTS

L235A/G2364#

GVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICN VNHKPSNTRVDK

KVEPKSCBKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVY
VDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGEKEYKCKVSNKALPAPIEKTISK AR GOPREPOVYTLPPSREE
MTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEF
LYSKLTVBKSREWOOGNVESCSVMHEAL HNHYTOKSLSLSPGK
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U

12G1 NG
PVAH G

N297G/E2353P/
L234V/AL235A/
G236#/A327G

ASTKGPSVFPLAPSSE STSGGTAALGCLVEDYFPEPVTVSWNSGALTS
GVHTFPAVLOSSGLYSLSSVVTVPSSSLOTOQTYICNVNHKPSNTEKVDK
KVEPKSCDETHTCPPCPAPPVAGPRVFLFPPKPKDTLMISRTPEVTCVY
VDVSHEDPEVEFNWYVDGVEVHNARTEPREEQYGSTYRVVSVLTVL
HODWLNGEEYKCEVSNEGLPAPIEKTISK AKGOPREPOVY TLPPSREE
MTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEF
LYSKLTVBKSRWOOGNVESCSYMHEALHENHYTOKSLSLSPGK

12G1 NG
PVAH GSS

N297G/E233P/
E234VA2354/
G236#HA327G/
AB305/P3318

ASTKGPSVEPLAPSSKSTSGGTAALGCLVEKDYFPEPVTVSWNSGALTS
GVHTFPAVLOSSGLY SLSSVVTVPSSSLGTQTYICNVNHKPSNTEVDEK
KVEPKSCBKTHTCPRPCPAPPVAGPSVELFPPKPEDTLMISRTPEVTCVY
YDVSHEDPEVEFNWYVDGVEVHENARTEPREEQYGSTYRVVSVLTVL
HODWELENGKEYKCKVSNEGLPSSIEKTISK AKGOPREPQVYTLPPSRERE
MTENQVSLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEF
LYSKLTVEESRWOOGNVESCSVMHEALHNHYTOKSLSLSPGK

-3

TeGl PG

P329G

ASTKGPSVIPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTFPAVLOSSGLY SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDK
KVEPKSCDKTHTCPPCPAPELLGGPSVELFPPRPKDTLMISRTPEVTCY
VVDVSHEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTYRVVEVLTV
LHOQDWILNGKEYKCKVISNKALGAPIEKTISK AKGOPREPQVYTLPPSRE
EMTENQVSLTCLVKGFYPSRIAVEWESNGOPENNYK TTPPVLDSDGS
FFLYSKLTVDESRWOOGNVESCSVMHEALHNHYTOKSLSLSPGE

TGl LALA

L234A/233A

ASTEGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS

GVHTFPAVLOSSGLY SLSSVVTVPSSSLGTQTYICNVNHEPSNTK VDK

KVEPKSCDKTHTCPPCPAPEAAGGPSVELFPPKPRDTLMISRTPEVICY
VVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSEVETV
LHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRE
EMTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGS

FFLYSKETYDESRWOQOOGNVESCSVMHEALBNHYTOKSLSLSPGE

igGl
LALAPG

L234A/L235A7
P329G

ASTEGPSVFPLAPSSKSTSGCTAALGCLVKDYFPEPVIVSWINSGALTS
GVHTFPAVLOQSSGLY SLISVVTVPSSSLGTOTYICNVNHEPSNTKVDK
KVEPKSCEOKTHTCPPCPAPEAAGGPSVEFLFPPKPKDTLMISRTPEVICY
VVDVSHEDPEVKENWY VDGVEVHENAKTKPREEQYNSTYRVVEVLTV
LHODWLNGKEYKCKVSNKALGAPIEK TISK AKGOPREPQVY TLPPSRE
EMTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGS
FFLYSKLTVDKSRWOQOQGNVFSCSVMHEALBNHYTOQKSLSUSPGER

I

1gG2WT

ASTEGPSVIPLAPCSRSTSESTAALGCLVEDYFPEPVTVEWNSGALTSG
VHTFPAVLOSSGLY SLESSVVTVPSSNFGTQTYTCNVDHKPSNTRVDKT
VERKCCVECPPCPAPPVAGPRVFLFPPKPKDTLMISRTPEVTCVVVDVE
HEDPEVOFNWY VDOGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDW
LNCGKEYRCKVSNKGLPAPIEK TISKTKGOPREPQVY TLPPSREEMTEN
QVSLTCLYRKGFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSFFLY SK
LTVDKSRWOOGNVESCSVMHEALHNHYTOKSLELSPGK

1t

9G4 8P

8228p

ASTRGPSVIFPLAPCSRSTRESTAALGCLVEDYFPEPVTIVSWNSGALTSG
VHTIFPAVLOSSGLYRLISVVTVPSSSLGTKTYTONVDHKPISNTKVDKR
VESKYGPPCPPCPAPEFLGGPSVELIPPEPKDTLMBRTPEVTICVVVDY
SQEDPEVORNWY VDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGOQPREPOVYTLPPSQEEMTK
NOVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYS
RLTVDKSRWOQEGNVESCSVMHEALHNHYTOKSESLSLGK

1gG1 Fe
region

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHE
DPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL

NCGKEYECKVSNKALPAPIEK TISK AKGQPREPOVY TLPPSREEMTENG
VELTCLVEGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKL

TVDKSRWOQGNVESCRVMHEALENHYTOKSLSESPGK

13

Fe(NG2LH)

DETHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYGSTYRVVSVLTVLHGDWLN
GKEYKCKVSNKALPAPIEKTISK AKGOPREPQVYTLPPSREEMTKNGQV
SLTCLVKGFYPSDIAVEWESNGOPENNYETTPPVLDSDGSFFLYSKLT
VDESRWOOQGNVESCSVMHEALHNHYTORSLSLSPGK
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SEQIB Construct Name Seguence
NG
14 TGl W297G Fe region DRKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTC

VVVDVSHEDPEVKFNWYVEGVEVHNAKTKPREEQYGST
YRVVSVLTVLHODWINGKEYKCKVSNKALPAPIFKTISK
AKGQOPREPOVYTLPPSREEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFELY SELTVDKSRW
QOCNVESCSVMHEALHNHYTQKSLSLSPGK

NVA# Fe region

DEKTHTCPPCPAPPVAGPSVFLFPPEPKDTLMISRTPEVICY
VVDVSHEDPEVEKFNWYVDGVEVHNAKTEPREEQYNSTY
RVVSVLTVLHODWLNGEEYKCKVSNKALPAPIEKTISKA

KGQPREPQVYTLPPSREEMTKNOQVSLTCLVKGFYPSDIAY
EWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQ
QCNVFSCSVMHEALHNHYTQRESLSLSPGK

1eG1 PG Fe domain

BRTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEGYNST
YRVVSVLTVLHODWLNGKEYKCK VENKALGAPIEKTISK
AKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIA
VEWESNGOPENNYKTTPPVLDSDGSFELYSKLTVDKSRW
COGNVFSCSVMHEALHNHYTOK SLSESPGE

1gG1 LALA Fc domain

DETHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRTPEVTC
VVVIVSHEDPEVKENWY VDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWLNGKEYKCK VENKALPAPIEKTISK

AKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIA
VEWESNGOPENNYKTTPPVLDSDGSFELY SKLTVDKSRW
QOONVFSCESVMHEALHNHYTOKSLSLSPGE

LALAPG Fc region

DETHTCPPCPAPEAAGGPSVELFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAK TKPREEQYNST
YRVVSVLTVLEHOQDWILNGKEYKCKVENKALGAPIEKTISK
AKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFELY SKLTVDKSRW
QOCNVESCSVMHEALRNHYTOKSLSLSPGE

19

LH residues (wt)

ELLG

20

PVAGP (non-vanant part of Fe)

PVAGP

P49T7}

MTVLEAPAWSPTTYLLLELLLSSGLSGTODCSFQHSPISSDE
AVKIRELSDYLLODYPVTVASNLODEELCGGLWRLVLAG
RWMERLKTVAGSKMOQGLLERVNTEIHFVTKCAFQPPPSC
LRFVOQTNISRLLOETSEQLVALKPWITRONFSRCLELQCOP
DESTLPPPWSPRPLEATAPTAPQPPLLILLLIPVGLLLLAA

AWCLHWORTRERTPRPGEQVPPVPSPODLLLVEH

FH3L 27-167

TODCSFQHSPISSDFAVKIRELSDYLLOQDYPVTVASNLOD
EELCGGLWRLVLAQRWMERLKTVAGSEMOGLLERVNT
EIHFVTKCAFQPPPSCLRFVQTNISRLLOQETSEQLVALKPW
ITRONFSRCLELQCOPDSSTLEP

23

CDX-301

TODRCSFOHSPISSDFAVKIRELSDYLLOQDYPVTVASNLOD
EELCGGLWRLVLAQRWMERLETVAGSKMQGLLERVNT
EHFVTKCAFQPPPSCLRFVOTRISRLLOQETSEQLVALEPW
ITRONFSRCLELQCQPDSSTLPPPWSPRPLEATAP

24

Flt3L Signal Sequence

MIVLAPAWSPTTYLLLLLLLSSGLSG

hFLT3L.P168 5aa hinge higGlI NG PVA#

TODCSFOHSPISADEAVEIRELSDY LLODYPVIVASNLOD
EELCGGLWRLVLAGR WMERLETVAGSKMOGLLERVNT
EIHFVTKCAFQPPPSCLREF VOTNISRLLOETSEQLVALKPW
FTRONFSRCLELQCOPDSSTLPPPDK THTCPPCPAPPVAGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFNW
YVDGVEVHNAKTKPREEQYGSTYRVVSVLTVLHODWLN
GEEYKCKVSNEALPAPIEK TISK AKGOPREPOVY TLPPSR
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTT

NHYTQRSLSLSPGK

26

WFLT3L P67 5aa hinge blgGI NG PVA#

TQDCSFOHSPISSDFAVRKIRELSDYLLODYPVTIVASNLOD

48
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Please confirm this sequence

EELCGGLWRLVLAQRWMERLETVAGSKMQGLLERVNT
EIHFVTKCAFQPPPSCLEFVOTNISRLLOETSEQLVALKPW
ITRONFSRCLELQCQPDSSTLPPDKTHTCPPCPAPPVAGPS
VFLFPPKPKDTLMISRTPEVICVVVDVSHEDRPEVERENWY
VDGVEVHNAKTKPREEQYGSTYRVVSVLTVLHODWLNG
KEYRCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPSRE
EMTEKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTP
PVLDSDGSFFLYSKLTVDKSRWOOQGNVFSCSVMHEALHN
HYTOKSLSLSPGK

7

hFLT3L.P167 5aa hinge higGl

TQODCSFCHSPISSPFAVKIRELSDYLLODYPVTIVASNLOD
EELCOGLWRLVLAQRWMERLKTVAGSKMOQGLLERYNT
EIHFVTEKCAFQPPPSCLRFVOTNISRLLOETSEQLVALKPW
ITRONFSRCLELOQCQOPDSSTLFPDKTHTCPPCPAPELLGGR
SVFLFPPKPEKDTLMISRTPEVTCVVVERVSHEDPEVKFNW
YVEGVEVHNAKTKPREEGYNSTYRVVSVLTVLHOQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLFPSR
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTT
PPVLDSDGSFFLYSKLTVDESRWQOGNVFSCSVMHEALH
NHYTOKSLSLSPGK

8

KFLT3L.P167 5aa. hinge KigGLNG

TODCSFOHSPISSRFAVKIRELSDYLLQDYPVTVASNLOD
EELCGGLWRLVLAGRWMERLETVAGSEMQGLLERVNT
EIHFVTKCAFQPPPSCLEFVOTNISRLLOETSEQLVALKPW
ITRONFSRCLELQCQPDSSTLPPDKTHTCPPCPAPELLGGP
SYFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFNW
YVDGVEVHNAKTKPREEQYGSTYRVVSVLTVLHODWLN
GEEYKCKVSNEALPAPIFKTISKAKGOPREPQVYTLPPSR
EEMTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTT
PPVLDSDGSFFLY SKLTVDEKSRWOQGNVFSCSVMHEALH
NHYTQRKSLSLSPGK

29

BELT3L P167 Saahinge higGl PVA#

TODCSFOHSPISSDFAVKIRELSDYLLODYPVTVASNLOD
EELCGGLWRLVLAQRWMERLKTVAGSKMQGLLERYNT
EHPVTEKCAFOQPPPSCLRTVOTNISRLLOETSEQLVALKPW
ITRONFSRCLELQCOPDSSTLPPDKTHTCPPCPAPPVAGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVEHEDPEVEKFNWY
VDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHGDWLNG
KEYKCKVSNEALPAPIEK TISKAKGOPREPOQVYTLPPSRE
EMTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYETTP
PVLDRDGSFFLYSKLTVDKSRWOQOGNVERCSVMHEALHN
HYTOKSLSLSPOK

BRFLT3L.P167 Saahinge hgGl LALAPG

TODCSFQHSPISSDFAVKIRELSDYLLOQDYPVTVASNLOD
EELCGGLWRLVLAQRWMERLKTVAGSKMQGLLERVNT
EHFVTKCAFQPPPSCLRFVOTRNISRLLOETSEQLVALEPW
ITRONFSRCLELQCQPDSSTLPPDKTHTCPPCPAPEAAGGP
SVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLEHOQDWLN
CEBYKCEVSNEALGAPERTISKAKGQPREPOQVYTLPPSR
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTT
PPVEDSDGSFFLY SKLTVDESRWQOQGNVFSCSVMHEALH
NHYTQESLSLSPGK

31

BFLTIL P167 7aa hinge higG4

TQDCSFQHSPISSDFAVKIRELSDYLLODYPVTVASNLOD
EELCGGLWRLVLAGRWMERLKTVAGSKMQGLLERVNT
EIHFVTECAFQPPPSCLRFVOTNISRLLOETSEOLVALKPW
ITRONFSRCLELQCQOPDSSTLPPESKYGPPCPSCPAPEFLG
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVOFEN
WY VDGVEVHNAKTKPREEQENSTYRVVSVLTVLHODW
LNGKEYKCKVSENKGLPSSIEK TISKAKGOPREPQVYTLRP
SQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLY SRLTVDKSRWOQEGNVFSCSVMBEA
LHNHYTOKSLSLSLGK

[ %)
S

BELT3L.P166.53a hinge higGI NG PYVA#

TODCSFOHSPISSDFAVKIRELSDYLLODYPVTVASNLOD

49




WO 2022/031876

PCT/US2021/044586

EELCGGLWRLVLAQRWMERLETVAGSKMQGLLERVNT
EIHFVTKCAFQPPPSCLEFVOTNISRLLOETSEQLVALKPW
ITRONFSRCLELQUQPDSSTLPDKTHTCPPCPAPPVAGPRV
FLFPPEPKDTLMISRTPEVTICVVVDVSHEDPEVKENWYV
DGVEVHNAKTKPREEQYGSTYRVVSVLTVLHODWLNGE
EYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREE
MTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPP
VLDSBGSFFLY SKLTVDKSRWOQOQGNVFSCSVMHEALHN
HYTOKSLSLSPGK

RFLT3L.L165.5aa hinge bigG L NG PVA#

TQDCSFCHSPISSDFAVKIRELSDYLLODYRPVTIVASNLOD
EELCOGLWRLVLAQRWMERLKTVAGSKMOQGLLERYNT
EIHFVTEKCAFQPPPSCLRFVOTNISRLLOETSEQLVALKPW
ITRONFSRCLELOQCOPDSSTLDKTHTCPPCPAPPVAGPSVE
LFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVEFNWY VD
GVEVHNAKTKPREEQYGSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALPAPIEK TISK AKGUPREPQVYTLPPSREEM
TEKNQVSLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPY
LDSDGSFFLY SKLTVDKSRWOQQGNVESCSVMHEALHNH
YTQESLSLSPGK

BELT3L.L164 5aa hinge KigGL NG PVASH

TODRCIFOHSPISSDFAVKIRELSDYLLOQDYPVTVASNLOD
EELCGGLWRLVLAGRWMERLETVAGSEMQGLLERVNT
EIHFVTKCAFQPPPSCLEFVOTNISRLLOETSEQLVALKPW
ITRONFSRCLELQCQPDSSTDKTHTCPPCPAPPYVAGPSVEL
FPPEPKDTLMISRTPEVTCVVVDVSHEDPEVKENWY VDG
VEVHNAKTKPEEEQYGSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPHEK TISKAKGOPREPOQVY TLPPSREEMT
ENQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVL
DSDGSFFLY SKLTVDESRWOQUGNVFSCSVMHEALENHY
TOKSLSLSPGK

RELT3L.C158 Saa hings hlgGl NG PVA#

TODCSFOHSPISSDFAVKIRELSDYLLODYPVTVASNLOD
EELCGGLWRLVLAQRWMERLKTVAGSKMQGLLERYNT
EHPVTEKCAFOQPPPSCLRTVOTNISRLLOETSEQLVALKPW
ITRONFSRCLELQCDKTHTCPPCPAPPVAGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVEKFNWY VDGVEVHN
AKTKPREEQYGSTYRVVSVLTVLHODWLNGKEYKCKVS
NKALPAPIEKTISKAKGOPREPQVYTLEPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSE
FLYSKLTVDKSRWQOQGNVFSCSVMBEALHNHYTQKSLS
LSPCK

hFLT3L P179.higG1.N297G

TODCSFOHSPISSDFAVKIRELSDYLLQDYPVITVASNLOD
EELCGGLWRLVLAQRWMERLKTVAGSKMQGLLERVNT
EHFVTKCAFQPPPSCLRFVOTRNISRLLOETSEQLVALEPW
ITRONFSRCLELQCQPDSSTLPPPWSPRPLEATAPGGGSVT
DKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKENWY VDGVEVHNAKTKPREEQYGST
YRVVSVLTVLHODWLNGKEYKCK VENKALPAPIEKTISK
AKGQPREPOVYTLPPSREEMTRENQVSLTCLVKGFYPEDIA
VEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW
QOQONVFSCSVMHEALENHYTOKSLSLSPGCK

37

BFLT3L.Q1390igGI.N297G

TOQDCSFOHSPISSDFAVKIRELSDYLLODYPVTVASNLOD
EELCGGLWRLVLAGRWMERLKTVAGSKMQGLLERVNT
EIHFVTECAFQPPPSCLRFVOTNISRLLOETSEOLVALKPW
FTRONFSRCLELOQCQGGGSVIDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTCVYVDVEHEDPEVKFNWY
VDGVEVHNAKTEPREEQYGSTYRVVSVLTVLHODWLNG
KEYKCKVSNKALPARPIEK TISKARKGOPREPOQVYTLPPSRE
EMTENQVSLTCLVKGFYPSDIAVEWESNGQPENNYETTP
PVLDSDGSFFLYSKLTVDKSRWQOGNVERSCSVMHEALHN
HYTOKSLSLSPGK

BETL3L.C158.3aa hinge hIgGI NG PVA#

TODCSFOHSPISSDFAVKIRELSDYLLODYPVTVASNLOD

30
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EELCGGLWRLVLAQRWMERLETVAGSKMQGLLERVNT
EIHFVTKCAFQPPPSCLEFVOTNISRLLOETSEQLVALKPW
ITRONFSRCLELQUTHTCPPCPAPPVAGPSVFLFPPRPKDT
LMISRTPEVTCVVVDVSHEDPEVEFNWY VDGVEVHNAK
TKPREEGYGSTYRVVSVLTVLHODWILNGEKEYKCK VSNK
ALPAPIEKTISKAKGOPREPOVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFRL
YSKLTVEKSRWCOQGNVESCSVMHEALHENHYTOKSLSLS
PGK

39

RFTL3L.C158.00. hinge higGl. NG PVA#

TQDCSFOQHSPISSDFAVKIRELSDYLLODYPVTIVASNLOD
EELCOGLWRLVLAQRWMERLKTVAGSKMOQGLLERYNT
EIHFVTEKCAFQPPPSCLRFVOTNISRLLOETSEQLVALKPW
ITRONFSRCLELQCPPCPAPPVAGPSVFLFPPKPKDTLMIS
RTPEVICVVVDVSHEDPEVEKENWY VDGVEVHNAKTKEPR
EEQYGSTYRVVSVLTVLHODWLNGEEYKCKVSNEALPA
PIEKTISKAKGQFREPQVYTLPPSREEMTKNQVSLTCLVE
GEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKL
TVDESRWOOQGNVESCSVMHEALENHYTOQESLSLSPGK

BFTL3L.D161.no. hinge higGI. NG PV A#

TODCSFOHSPISSDFAVEIRELSDYLLODYPVTVASNLOD
EELCGGLWRLVLAQRWMERLETVAGSKMQGLLERVNT
EMFVTKCAFQPPPSCLRFVQTNISRLLOETSEGQGLVALEPW
ITRONFSRCLELOQCQPDCPPCPAPPVAGPSVELFPPEPKDT
EMISRTPEVTCVVVDVSHEDPEVEKINWY VDG VEVHNAK
TKPREEQYGSTYRVVIVLTVLHODWILNGKEYKCKVSNE
ALPAPIEK TISKAKGQOPREPQVYTLFPSREEMTKNQVSLT
CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWOQGNVESCSVMHEALENHYTQKSLSLS
PGK

41

RFTL3L.8163. 00 hinge higGL. NG PVA#

TQDCSFOHSPISSDFAVKIRELSDYLLGDYPVTIVASNLOD
EELCGGLWRLVLAQRWMERLKTVAGSKMQGLLERVYNT
EIHFVTECAFQPPPSCLREVOQTNISRLLOETSEQLVALKPW
ITRONFSRCLELOQCQPDSSCPPCPAPPVAGPSVEFLFPPKPE.
DTLMISRTPEVTCVVVDVSHEDPEVEKFNWYVDGYEVHN
AKTKPREEQYGSTYRVVEVLTVLHODWLNGKEYKCKVS
NKALPAPIEKTISKAKGQPREPQVYTLEPSREEMTKNQOVS
LTCLVKGFYPSEHAVEWESNGOPENNYKTTPPVLDSDGSE
FLYSKLTVDESRWOQOQGNVFSCSVMHEALHNHYTORSLS
LSPCK

Hs FLTILGMI-4165.W144D.O pRE-~
Saa higG] NGILH

TODCSFOHSPISSDFAVKIRELSDYLLODYPVTVASNLOD
EELCGGLWRLVLAQRWMERLKTVAGSKMOQGLLERVNT
EHFVIKCAFQPPPSCLRFVQTNISRLLOETSEQLVALKPDH
TRONFSRCLELQCQPDSSTLDKTHTCPPCPAFPPVAGPSVF
LFPPKPKDTLMISRTPEVTICVVYVDVSHEDPEVEFNWYVD
GVEVHNAKTKPREEQYGSTYRVVSVLTVLHODWLNGKE
YRCKVSENKALPAPIEKTISKAKGOPREPQVYTLPPSREEM
TKNOVSLTCLVKGFYPSDIAVEWESNGOQPENNYKTTFPYV
LBSDGSEFFLY SELTVDKSEWQQGNVESCSVMHEALHNH
YTQKSLSLSPGK

Hs FLT3LGMI-L165.8151D.0.pRK-
SaahgGINGILH

TQDCSFQHSPISSDFAVKIRELSDYLLODYPVTVASNLOD
EELCGGLWRLVLAQRWMERLKTVAGSKMQGLLERVNT
EIHFVTRCAFQPPPSCLRFVQTNISRLLOETSEOLVALKPW
ITRONFDRCLELQCQPDSSTLDK THTCPPCPAPPVAGPSVE
LFPPKPEDTLMISRTPEVTCVVVDVESHEDPEVKFNWY VD
GVEVHNAKTKPREEQYGSTYRVVSVLTVLHQDWLNGKE
YKCKVSNEKALPAPIEKTISK AKGOPREPQVYTLPPSREEM
TENQVSLTCLVKGEFYPSDHAVEWESNGQPENNYKTTPPY
LDSDGSFFLYSKUTVDESRWQOQGNVEFSCSVMHEALHNH
YTOKSLSLSPGK

44

Hs FLT3LG.MI-L165.8151 0.0 pRK-
Saa blgGLNGZLH

TODCSFOHSPISSDFAVKIRELSDYLLOQDYPVTVASNLQD
EELCGGLWRLYLAQRWMERLKTYVAGSKMOQGLLERVNT
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EIHFVTKCAFQPPPSCLRFVGTNISRLLQETSEQLVALEPW
ITRONFDRCLELQCOPDSSTLDKTHTCPPCPAPPYVAGPSVE
LFPPKPKDTLMISRTPEVTCVYVDVSHEDPEVKFNWY VD
GVEVHNAKTKPREEQYGSTYRVVSVLTVLHGDWLNGKE
YECKVSNK ALPAPIEK TISK AK GOPREPQVY TLPPSREEM
TKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK TTPRY
LDSDGSFFLY SKLTVDKSEWOQGNVFSCSYMHEALHNH
YTQKSLSLSPGK

45 WFET3L.P167 5aa hinge higGl NG PVA#
with ative signal sequence

MTVLEAPAWSPTTYLLLLLLLSSGLSGTODCSFQHSRPISSDE
AVKIRELSDYLLQDYPVTVASNLODEELCGGLWRLVLAQ
RWMERLETVAGSKMOGLLERVNTEIHEFVTRCAFQPPPSC
LREVOTNISRLLOETSEQLVALKPWITRONFSRCLELQCQP
DESTLPPDKTHTCPPCPAPPVAGPSVEFLFPPKPKDTEMISR.

TPEVTCVVVDVSHEDPEVEFNWYVDGVEVHNAKTEPRE
EQYGSTYRVYSYLTVLHODWLNGKEYKCKVSNKALPAP
IEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKG

FYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLT

VDESRWOOQOGNVFSCSVMHEALHBNHYTOK SLSLSPGK

6 FIBLFe(lgGa)

TODCSFOHSPISSDFAVEIRELSDYLLODYPVTVASNLOD
EELCGGLWRLVLAQRWMERLETVAGSKMQGLLERVNT
EMFVTKCAFQPPPSCLRFVQTNISRLLOETSEGQGLVALEPW
ITRONFSRCLELOQCQPDSSTLPPPW SPRPLEATAPTAPQPP
REPPCPRCPAPEFLGGPSVELFPPKPKDTLMISRTPEVTCV
VVDVSQEDPEVOFNWYVDGVEVHNAKTEPREEQENSTY
RVVSVLTVLHODWLNGEEYKCKVSKNEGLPSSIEKTISKA
KGOPREPQVYTLPPSQEEMTKNQVSLTCLVEGEFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLY SRUTVDKSRW
QEGNVESCSVMHEALHNHYTOKSLSLSPGK

47 MAb4DS-8

DIOMTQSPISSLSASVGDRVTITCRASQDYNTAVAWYQOK
POGRAPKLLIYSASFLYSGVPSRFSGSRSGTRFTLTISSLOPE
DFATYYCQOHYTTPPTFGOGTKVEIK

Although the foregoing invention has been described in some detail by way of

dlustration and exampie for purposes of clarity of understanding, the descriptions and

examples should not be construed as limiting the scope of the invention. The disclosures of all

patent and scientific literature cited herein are expressly incorporated in their entirety by

reference.
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WHAT IS CLAIMED IS:

1. A Fc fusion protein comprising an effectoriess Fe protein which comprises a Fit3 ligand
{FIt3L) protein and the effectorless Fe protein, wherein the effectorless Fe protein is at least
95%, 96%, 97%, 98%, or 99% identical to residues SEQ ID NG:13, and wherein residues 13-
17 of SEG ID NO:13 comprise the amino acid sequence PVAGP (SEQ ID NO:20) and residue
76 of SEQ ID NO:13 is a glycine.

2. The Fe fusion protein of claim 1, wherein the FI3L protein does not comprise the
amino acid sequence of PWSPRPLEATAPTAPQPP (SEQ 1D NO:48),
WSPRPLEATAPTAPQPP (SEQ 1D NO:49), SPRPLEATAPTAPQPP (SEQ 1D NO:503,
PRPLEATAPTAPQPP (SEQ ID NO:51), RPLEATAPTAPQPP (SEQ ID NG:S2), or
PLEATAPTAPQPP (SEQ 1D NO:53).

3. The Fc fusion protein of claim 1 or 2, wherein the FIt3L comprises a protein comprising
an amine acid sequence which is at least 95%, 96%, 97%, 98% or 99% 1dentical to SEQ ID
NO:22.

4. The Fc fusion protein of any one of claims 1 to 3, wherein the FIt3L comprises a
protein comprising the amino acid sequence of SEG 1D NO:22.

5. The Fe fusion protein of any one of claims 1 to 4, wherein the FIi3L comprises a
protein which is at least about 90% identical to a protein comprising amino acids 27-167, 27-
168, 27-169, 27-170, 27-171, 27-172, 27-173, 27-174, 27-175, 27-176, 27-177, 27-178, 27-
179, 27-180, 27-181, 27-182, 27-183, 27-184, or 27-1835 of SEQ ID NG:21.

6. The Fe fusion protein of any one of claims 1 to S, wherein the N-terminus of the
effectorless Fo protein is linked to the C-terminus of the FIt3L protein via a peptide bond.

7. The Fe fusion protein of any one of claims 1 to 6, wherein the fusion protein comprises
an amino acid sequence which is at least 95%, 96%, 97%, 98%, 99%, or 100% identical to
SEQ 1D NO:26 and wherein the fusion protein comprises an aming acid sequence identical to
SEQ NG 13.

8. The Fe fusion protein of any one of claims 1 to 7, wherein the Fc fusion protein has an
Fe effector function which is attenuated relative to the Fe effector function of a wildtype IgGl
Fe¢ region which comprises SEQ ID NO:12,

9. The Fe fusion protein of any one of claims 1 to 8, wherein the the Fe-effectoriess Fit3L-
Fe fusion protein activates antibody-dependent cellular phagocytosis (ADCP) in an in vitro
assay at an activity level which is nor more than 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 63%, T0%, 75%, 80%, 85%, 90%, 95%, or 99% of the activity level by a FIt3L-Fc fusion

33
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protein comprising wildtype FIt3L fused to wildtype 1gG1 Fe (SEG ID NG:12) in the in vitro

assay.
10, Anisolated nucleic acid encoding the Fe fusion protein of any one of claims T to 9.
11, The isolated nucleic acid according to claim 10, wherein the isolated nucleic acid

further encodes a signal sequence at the N-terminal end of the Fc fusion protein.
2. An isolated nucleic acid encoding the FI3L-Fc fusion protein, wherein the FIt3L-Fc

fusion protein comprises SEQ 1D NG:45.

13, A host cell comprising the nucleic acid according to any one of claims 10-12.

i4. A method of producing the Fc fusion protein comprising culturing the host cell of
claim 13.

15, The method of claim 14, wherein the host cell is a eukaryotic cell or a prokaryotic cell.
16. The method of claim 14 or 15, wherein the host cell is £ cofi.

17 The method of claim 14 or 15, wherein the host cell 1s a CHO cell.

18 A pharmaceutical formulation comprising the Fc fusion protein of any one of claims I-
8 and a pharmaceutically acceptable carrier.

19, The pharmaceutical formulation of claim 18, further comprising a second therapeutic
agent.

20.  The pharmaceutical formulation of claim 18 or 15, wherein the second therapeutic
agent is an adjuvant, a dendritic maturation factor, and/or a checkpoint inhibitor,

21 A method for expanding the number of dendritic cells (DCs) 1n a subject, comprising
administering to the subject the Fit31-Fc fusion protein of any one of claims 1-9.

22 The method of claim 21, comprising administering to the subject a dose of about 0.1
mg/kg to 30 mg/kg of the Fit3L-Fc fusion protein.

23 A method for treating a cancer, comprising administering to a subject in need thereof
the Flt31L-Fe fusion protein of any one of claims 1 to 9 or the pharmaceutical formulation of
any one of claims 18 to 20.

24, The method of claim 23, comprising administering to the subject a dose of about 0.1
ng'kg to 50 mg/kg of the FU3L-Fc fusion protein.

25. The method of clats 23 or 24, further comprising administering to the subject a second
therapeutic agent.

26. The method of claim 25, wherein the second therapeutic agent is an adjuvant, a
dendritic maturation factor, and/or a checkpotnt tnhibitor.

27 The method of any one of claims 21 to 26, wherein the method comprises administering

a DC maturation factor.
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28. The method of claim 27, wherein the DC maturation factor is selected from polyIC,
polylCLC, BC40, radiation therapy, and chemotherapy.

29, The method of any one of claims 21 to 28, comprising administering an immune
checkpoint inhibitor.

30, The method of claim 29, wherein the checkpoint inhibitor is administered before,
simultaneously with, or after administration of the Fe-effectoriess FIt3L-Fe fusion protein.

31, The method of claim 29 or 30, wherein the immune checkpoint inhibitor is selected
from the group consisting of pembrolizumab, nivelumab, pidilizumab, BMS 936559,
atezolizumab, and avelumab.

32, The method of any one of claims 21 to 31, wherein the cancer is selected from the
group consisting of non small cell lung cancer (NSCLC), small cell lung cancer (SCLC),
melanoma, Pancreatic ductal adenocarcinoma, (PDAC), triple negative breast cancer (TNBC),
non-Hodgkin lymphoma (NHL), colorectal cancer (CRC), breast cancer, bladder cancer, kidney
cancer, or a combination thereof.

33 The method of any one of claims 21-32, wherein the subject was previously treated
with a checkpoint inhibitor.

34, The method of claim 33, wherein the subject did not respond to the checkpoint inhibitor
therapy and/or did not respond to the checkpoint inhibitor therapy for longer than 3 months, 4
months, § months, 6 months, 7 months, 8 months, 9 months, 10 months, 1 year, 1.5 years, or 2
years after receiving a last dose of checkpoint immunotherapy.

35, The method of any one of claims 21-34, wherein the cancer in the subject has been
characterized as comprising an iramune desert tumor.

36.  Aneffectoriess Fo protein, comprising an aminc acid sequence which is at least 953%,
6%, 97%, 98%, or 99% identical to residues SEQ ID NO: 13, wherein residues 13-17 of SEQ
ID NO:13 comprise the amino acid sequence PYAGP (SEQ 1D NO:20) or residue 76 of SEQ
I3 NO:13 is a glycine.

37, The effectorless Fe protein of claim 36, wherein residues 13-17 of SEQ 1D NO:13
comprise the amino acid sequence PVAGP (SEQ 1D NO:20) and residue 76 of SEQ ID NG:13
15 a glycine.

38 The effectoriess Fe protein of claim 36 or 37, which comprises an amino acid sequence
identical to SEQ ID NOG:13.

39 Aneffectorless Fc protein which comprises an amino acid sequence identical to SEQ

D NO: 2, 4,5, 6,13, or 15.

th
(o



10

WO 2022/031876 PCT/US2021/044586

40.  The effectorless Fe protein according to any oue of claim 36t0 39, wherein the Fe

protein is attenuated relative to a wildtype IgG1 Fe region which comprises SEQ ID NG:12.

41, Anantibody which comprises the effectoriess Fe protein of any one of claims 1-9.
42, The antibody of claim 40, which comprises a heavy chain variable domain and a light

chain variable domain.

43. The antibody of claim 41 or 42, wherein the antibody 1s a monoclonal antibody.

44, The antibody of claim 41 or 42, wherein the antibody is a human antibody, a humanized
antibody, or a chimeric antibody.

45, The antibody of claim 41 or 42, wherein the antibody is a bispecific or multispecific

antibody.



