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ENGINEERED PROGENITOR CELLS AND METHODS OF USE

CROSS-REFERENCED APPLICATION
[0001] This application claims the benefit of priority to European Patent Application No.
EP22176819, filed on June 1, 2022, the entire contents of each of which is incorporated herein by

reference.

INCORPORATION BY REFERENCE OF
SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing, which has been submitted via Patent
Center. The Sequence Listing titled 212225.701601 PCT_SL xml, which was created on May 17,

2023, and is 51,207 bytes in size, is hereby incorporated by reference in its entirety.

FIELD
[0003] The present disclosure relates generally to engineered dendritic progenitor cells and methods of

using the same.

BACKGROUND

[0004] Immunotherapy can be employed for the treatment of various human diseases, such as
infections, degenerative conditions, and cancer. In cancer, immunotherapy sometimes involves
stimulating the patient’s own immune system to attack cancer cells or other cellular components of
the tumor.

[0005] Eliciting or enhancing cancer-specific T lymphocytes by vaccinating the patient against
tumor-associated antigens (TAAs) represents an attractive means of treating a subject by
immunotherapy. One type of cancer vaccine involves the use of dendritic cells (DCs). DCs are a
family of immune cells endowed with the ability to capture and present TAAs to T lymphocytes
through a variety of mechanisms, priming potent effector responses against the tumor. DCs are also
capable of migration between lymphoid and non-lymphoid tissues and modulating cytokine and
chemokine gradients to control inflammation and lymphocyte homing. However, improving the
efficacy of DCs for therapeutic use has been challenging.

[0006] Immune cell engineering as described herein provides a means to improve the efficacy of DC
vaccines. Autologous cell-based platform capable of producing and expanding ¢DC1 in vivo as
described herein efficiently uptake and present tumor-associated antigens (TAAs) and induce strong
and broad T-cell responses against multiple TAAs, making them attractive therapeutics against a

broad range of cancers. Accordingly, the present disclosure provides methodology for the generation
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of a DC progenitor that efficiently generates cDC1 in vivo and that does not require antigen loading

ex vivo, therefore providing the means for a tumor agnostic DC vaccine.

SUMMARY
[0007] Disclosed herein are in vitro cell compositions that comprises a synthetically partially-
differentiated dendritic cell progenitor, wherein the synthetically partially-differentiated dendritic cell
progenitor has a phenotype of: CD115", CD1Ic, and Clec9A™ as determined by flow cytometry. In
some embodiments, the phenotype of the synthetically partially differentiated dendritic progenitor
cell further comprises one or more phenotypes selected from CD11b", MHCII", CD45R/B220", and
cKIT" as determined by flow cytometry.

[0008] Also disclosed herein are differentiated cDC1 or ¢cDC2 dendritic cells differentiated from a
synthetically partially-differentiated dendritic cell progenitor described herein. In some
embodiments, the synthetically-differentiated ¢DC1 or ¢DC2 is an engineered dendritic cell
expressing an interleukin or an effector. In some embodiments, the engineered dendritic cell expresses
the interleukin, wherein the interleukin is IL12. In some embodiments, the engineered dendritic cell
expresses the effector, wherein the effector is selected from the group consisting of: extracellular
vesicle-internalizing receptor (EVIR), FMS-like tyrosine kinase 3 ligand (FLT3L), IL-12, TNF-q, IL-
1, IL-2, IL-6, CXCL3, interferon (IFN), GM-CSF, and G-CSF.

[0009] Also disclosed herein are in vitro cell compositions that comprises a synthetically partially-
differentiated dendritic cell progenitor, wherein the synthetically partially-differentiated dendritic cell
progenitor comprises one or more phenotypes selected from CD1157, CD34", CD3", CD19", CD335"
, CD66b", CD107, and CD14" as determined by flow cytometry.

[0010] Also disclosed herein are antigen-presenting cells (APCs) differentiated from synthetically
partially-differentiated dendritic cell progenitors described herein. In some embodiments, the APC is
an engineered dendritic cell expressing an interleukin or an effector. In some embodiments, the
engineered dendritic cell expresses the interleukin, wherein the interleukin is IL12. In some
embodiments, the engineered dendritic cell expresses the effector, wherein the effector is selected
from the group consisting of: extracellular vesicle-internalizing receptor (EVIR), FMS-like tyrosine
kinase 3 ligand (FLT3L), GM-CSF, IL-6, IL-12, IFNa2B, IFNy, SCF, and TNF-a.

[0011] Also disclosed herein are methods of making a synthetically partially differentiated dendritic
cell progenitor, the method comprising: (a) obtaining a shortly-expanded hematopoietic
stem/progenitor cell (HSPC), and (b) contacting the shortly-expanded HSPC with a synthetic medium
comprising FMS-like tyrosine kinase 3 ligand (FLT3L) and GM-CSF, with or without IL-1, IL-2, IL-
4, 1IL-6, IL-12, CXCL8, G-CSF, TNF-a, IFNa, PGE2, or retronectin, in an amount sufficient to
differentiate the HSPC cell into a synthetically partially-differentiated dendritic cell progenitor
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having a phenotype of: CD115", CD11¢’, and Clec9A", as determined by flow cytometry. In some

embodiments, the method further comprises contacting the HSPC in a medium comprising: FBS, L-
glutamine, SCF, TPO, FLT3L, IL-3, IL-6, and IL-1b, thereby making the shortly-expanded HSPC
prior to the contacting of (b).

[0012] Also disclosed herein are methods of making a synthetically partially differentiated dendritic
cell progenitor, the method comprising: (a) obtaining a shortly-expanded CD34" human
hematopoietic stem progenitor cell (human HSPC); and (b) contacting the shortly-expanded human
HSPC with a synthetic medium comprising FMS-like tyrosine kinase 3 ligand (FLT3L), IL-3, IL-6,
TPO, and SCF, with or without IFNy, IL-12, retronectin, TNF-a, or UM729, in an amount sufficient
to differentiate the HSPC cell into a synthetically partially-differentiated dendritic cell progenitor
having one or more phenotypes selected from CD115", CD34", CD3", CD19", CD335", CD66b",
CD10, and CD14" as determined by flow cytometry.

[0013] Also disclosed herein are pharmaceutical compositions for use in treatment of a condition,
comprising: (a) an in vitro cell composition as described herein, and (b) a pharmaceutically-
acceptable excipient, diluent, or carrier. Also disclosed herein are methods of treating a condition in
a subject in need thereof, the method comprising administering to the subject a pharmaceutical
composition that comprises: (a) an in vitro cell composition as described herein, and (b) a
pharmaceutically-acceptable excipient, diluent, or carrier._In some embodiments, the condition is a
cancer. In some embodiments, the pharmaceutical composition further comprises an interleukin or an
effector. In some embodiments, the differentiated cDC1 or ¢cDC2 dendritic cell is an engineered
dendritic cell that expresses an interleukin or an effector. In some embodiments, the APC is an
engineered dendritic cell that expresses an interleukin or an effector. In some embodiments, the
interleukin is IL-12. In some embodiments, the effector is selected from the group consisting of:
extracellular vesicle-internalizing receptor (EVIR), FMS-like tyrosine kinase 3 ligand (FLT3L), IL-
12, TNF-a, IL-1, IL-2, IL-6, CXCLS, interferon (IFN), GM-CSF, and G-CSF. In some embodiments,

the effector is not expressed on a cell of the cancer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Novel features of exemplary embodiments are set forth with particularity in the appended
claims. A better understanding of the features and advantages will be obtained by reference to the
following detailed description that sets forth illustrative embodiments, in which the principles of the
disclosed systems and methods are utilized, and the accompanying drawings of which:
[0015] FIGS. 1A-1C depict partial differentiation of host hematopoietic stem/progenitor cells into
dendritic cell progenitors (DCPs) described herein. FIG. 1A outlines a protocol for preparation of
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the DCPs. FIG. 1B shows the purity of the isolated DCPs. FIG. 1C shows the phenotype of the

isolated DCPs.

[0016] FIGS. 2A-2K depict the ability of various dendritic cells, including monocyte-derived
dendritic cells (moDCs), conventional type I dendritic cells (¢cDC1), and DCPs of the present
disclosure, to produce mature ¢cDCI in a tumor-free animal. FIG. 2A outlines a protocol for the
adoptive transfer of the dendritic cells. FIGS. 2B-2D, and 2K show the phenotype of the moDC
(FIGS. 2B and 2K), cDC1 (FIG. 2C) and DCPs of the present disclosure (FIG. 2D). FIGS. 2B and
2K each show FACS analysis of the same data for determining % of cells with moDC phenotype
utilizing different inclusion criteria. FIGS. 2E-2F show the differentiation of the dendritic cells into
splenic ¢cDC1 (FIG. 2E) and cDC2 (FIG. 2F) after infusion. FIG. 2G shows the engraftment of
donor-derived cells after infusion. FIGS. 2H-2J show the differentiation of donor-derived cells into
various dendritic cell types in the spleen after infusion of moDC (FIG. 2H), cDC1 (FIG. 2I) or DCPs
of the present disclosure (FIG. 2J).

[0017] FIGS. 3A-31 depict differentiation of DCPs of the present disclosure after systemic
administration to a tumor-bearing animal. FIG. 3A shows a workflow of the administration. FIGS.
3B shows the gating strategy for the identification of intratumoral donor-derived ¢cDC1 and ¢cDC2.
FIG. 3C shows flow cytometry analysis of tumor-derived cells and splenocytes. FIGS. 3D-3E and
3H-3I show that donor-derived DCPs efficiently differentiate into cDCs. FIGS. 3D and 3H, each
shows a pie chart derived from the same data showing relative proportion of differentiated cDCs and
other type of cells, with the data in each figure processed with different inclusion criteria. Similarly,
FIGS. 3E and 31, each shows a pie chart derived from the same data showing relative proportion of
differentiated cDCs and other type of cells, with the data in each figure processed with different
inclusion criteria. FIGS. 3F-3G show the amount of donor-derived cDCs in the tumor (FIG. 3F) and
spleen (FIG. 3G).

[0018] FIGS. 4A-4F depict identification of interleukins (ILs) that promote T cell activation by
cDCl1-like cells. FIG. 4A depicts a workflow of the experiment. FIG. 4B-4C show the effect of ILs
on DCP differentiation into cDC1. FIGS. 4D-4F show that IL-12 enables cDC1-like cells to promote
robust IFNy production by both OT-I and OT-II T cells.

[0019] FIGS. SA-5H show differentiation of DCPs expressing IL-12 or IL-2 in a tumor-free animal.
FIG. 5A shows flow cytometry analysis of cDCl-like cells transduced with lentiviral vectors
expressing either IL-12 or IL-2 together with GFP. FIGS. 5B and SH shows that transduced cells
secreted IL-12 and IL-2 by ELISA. FIG. SH is an alternate representation of the same data shown in
FIG. 5B, but with different curve fitting criteria. FIG. SC shows a workflow of the administration

of transduced DCPs. FIGS. 5SD-5E illustrate flow cytometry analysis of splenocytes, showing
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transduced (GFP+) donor-derived cells. FIGS. 5F-5G show that transduced, donor-derived DCPs

efficiently differentiate into cDCs.

[0020] FIGS. 6A-6C depict activation of antigen-specific T cells from DCPs expressing IL-12 and a
tumor antigen (OVA). FIG. 6A is a schematic of the experiment. FIGS. 6B-6C show flow cytometry
of splenocytes, indicating robust expansion of OVA-reactive T cells.

[0021] FIGS. 7A-7G show that DCPs expressing IL-12 and a tumor antigen block tumor initiation.
FIG. 7A is a workflow of the experiment. FIGS. 7B-7C show flow cytometry of blood collected
from mice 4 days after tumor challenge, indicating proportions of activated CD4" and CD8" T cells.
FIG. 7D shows the amount of OVA-reactive T cells in the same blood samples. FIG. 7E depicts the
change in tumor volume over time following tumor challenge. FIGS. 7F-7G show robust expansion
of OVA-reactive effector T cells in the spleen.

[0022] FIGS. 8A-8F show that DCPs expressing IL-12 and a tumor antigen inhibit tumor growth.
FIG. 8A is a workflow of the experiment. FIG. 8B shows that DCPs of the present disclosure
inhibited tumor growth. FIGS. 8 C-8F show the presence of OVA-reactive T cells in blood (FIG. 8C),
spleen (FIG. 8D), tumor-draining lymph node (tdLN) (FIG. 8E) and tumor (FIG. 8F).

[0023] FIGS. 9A-9M depict vaccination using DCPs engineered to express [L-12 and EVIR. FIGS.
9A-9M show that DCPs expressing IL-12 and an EVIR inhibit tumor growth. FIG. 9A is a workflow
of the experiment. FIG. 9B outlines tumor growth as a function of time after infusion of DCPs
expressing IL-12 and EVIR. FIGS. 9C-9F show flow cytometry analysis of the tumor
microenvironment. FIG. 9G shows a workflow of a mixed administration of melanoma cells. FIG.
9H outlines tumor growth as a function of time based after infusion of DCPs expressing IL-12 and
EVIR. FIGS. 9I-9M depict flow cytometry of spleen and tdLN, showing the presence of OVA and
non-OVA reactive T cells.

[0024] FIGS. 10A-10J depict vaccination with DCPs engineered to express IL-12 and FLT3L. FIG.
10A shows flow cytometry of transduced, cDCl-like cells. FIG. 10B shows that FLT3L was
produced by the transduced cells, as determined by ELISA. FIG. 10J is an alternate representation
of the same data shown in FIG. 10B, but with different curve fitting criteria. FIG. 10C is a workflow
for the DCP infusion study. FIG. 10D outlines tumor growth as a function of time after DCP infusion.
FIG. 10E shows the serum level of transgenic cytokines at different timepoints after the last DCP
infusion FIGS. 10F-10G illustrates flow cytometry analysis of intra-tumoral T cells, showing robust
expansion of CD8" and CD4" T cells. FIGS. 10H-101I show flow cytometry analysis of T cells in
tdLNs.

[0025] FIGS. 11A-11Lillustrates a comparison between DCPs of the present disclosure with moDCs
and cDC1, each expressing IL-12 and FLT3L. FIG. 11A is a workflow of the experiment. FIG. 11B
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outlines tumor growth as a function of time after dendritic cell infusion. FIGS. 11C and 11D show

flow cytometry analysis of tumors in treated mice. FIG. 11E shows flow cytometry analysis of tdLNs
of treated mice. FIGS. 11F-11H illustrates analysis of tumor-derived T cells stimulated ex vivo,
showing robust T cells activation. FIGS. 111I-11L show massive infiltration of T cells into the tumor
microenvironment of mice that received DCPs engineered to express IL-12 and FLT3L.

[0026] FIGS. 12A-12H depict vaccination using DCPs of the present disclosure against another
cancer type. FIG. 12A is a workflow of the experiment. FIG. 12B outlines tumor growth as a
function of time after DCP infusion. FIGS. 12C-12D show flow cytometry of tumors, indicating
robust activation of T cells. FIGS. 12E-12F show flow cytometry of tdLNs, indicating robust
infiltration by T cells. FIG. 12G shows reprogramming of the tumor microenvironment and massive
expansion of CD8" T cells in tumors of mice that received DCPs engineered to express IL-12 and
FLT3L. FIG. 12H shows pie chart based on the same data showed in FIG. 12G, but the data was
processed with different inclusion criteria for macrophages.

[0027] FIGS. 13A-13H depict differentiation of CD34" human hematopoietic stem progenitor cells
into dendritic cell progenitors (DCPs) described herein. FIG. 13A outlines a cell expansion protocol
for preparation of the DCPs. FIG. 13B shows the gating strategy for enrichment of DCPs, defined as
CD3-, CD19, CD335", CD66b", CD107, CD147, CD34" and CD115". FIG. 13C shows % of DCPs
present with or without enrichment treatment. FIG. 13D outlines a cell expansion protocol for
preparation of the DCPs with or without a stem cell expansion enhancer UM729. FIG. 13E shows
effect of addition of UM729 on CD34" human hematopoietic stem progenitor cells obtained from two
different donors. FIG. 13F outlines a protocol for in vitro preparation of the DCPs. FIG. 13G shows
fluorescence-activated cell sorting (FACS) as CD34" and CD115 cells after cell expansion treatment
for 7 days. FIG. 13H shows % of DCPs observed in APCs and other cells, respectively, that were

allowed to differentiate for 7 days following cell expansion treatment for 7 days.

[0028] FIGS. 14A-14B show two antigen-presentation pathways that were examined for the
presence of increased IFNy and TNFa-producing CMV-specific CD8" T cells. FIG. 14A shows
presentation of pp6549s.504 peptide-loaded HLA-A2, which mimics direct presentation. FIG. 14B
shows cross-presentation of the pp6549s.504 peptide endogenously processed from the native pp65
protein.

[0029] FIGS. 15A-15L depict differentiation of CD34" human hematopoietic stem progenitor cells
into dendritic cell progenitors (DCPs) described herein. FIG. 15A outlines a cell expansion protocol
for lentiviral vector transduced CD34" human hematopoietic stem progenitor cells. FIG. 15B shows
flow cytometry of transduced DCPs for determining transgene-expression. FIG. 15C outlines a

protocol for preparing DCPs from CD34™ human hematopoietic stem progenitor cells transduced with
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lentiviral vector encoding aGD2-EVIR. FIG. 15D outlines a protocol for assessing the functionality

of GD2-EVIR-DCPs by assessing the capacity of DCPs transduced with GD2-EVIR, compared with
CTRL dLNGFR, to uptake GD2" or GD2" tumor EVs. FIG. 15E shows uptake of GD2" tumor EVs
by GD2-EVIR-transduced DCP-progeny compared to CTRL-transduced DCP-progeny, wherein the
uptake was determined by flow cytometry. FIG. 15F outlines a protocol for preparing DCPs from
CD34" human hematopoietic stem progenitor cells transduced with lentiviral vector encoding FLT3L
or FLT3L/IL-12. FIG. 15G shows flow cytometry of DCPs identified as CD34" and CD115" cells
that were transduced with FLT3L-GFP LV. FIG. 15H shows ELISA analysis of day 14 culture
supernatants for FLT3L production by FLT3L-transduced cells or a mixture of FLT3L" and IL12-
transduced DCPs (2:1 ratio). FIG. 151 outlines a protocol for preparing DCPs from CD34" human
hematopoietic stem progenitor cells transduced with lentiviral vector encoding IL12 or FLT3L/IL12.
FIG. 15J shows flow cytometry of DCPs identified as CD34" and CD115 cells that were transduced
with IL12-dLNGFR LV. FIG. 15K shows ELISA analysis of day 14 culture supernatants for IL12
production by IL12-transduced DCP-progeny cells or a mixture of FLT3L/IL12-transduced (2:1 ratio)
DCP-progeny cells. FIG. 15L shows antigen-independent IFNy production by CMV-specific T cells
cocultured with DCP-progeny cells, wherein the DCP-progeny cells were either IL12-transduced
DCP-progeny cells or a mixture of FLT3L/IL12-transduced (2:1 ratio) DCP-progeny cells.

DETAILED DESCRIPTION

Overview

[0030] Disclosed herein are synthetically-differentiated dendritic cell progenitors (or DCPs). A
synthetically-differentiated dendritic cell progenitor as described herein can be partially
differentiated from a host progenitor cell. As such, a synthetically-differentiated dendritic cell
progenitor as described herein is a partially differentiated cell. In some embodiments, a synthetically-
differentiated dendritic cell progenitor as described herein is not full differentiated.

[0031] A synthetically-differentiated dendritic cell progenitor as described herein, upon
administration to a host, can naturally differentiate into dendritic cells such as ¢cDC1, ¢DC2, or
immature dendritic cells. As disclosed herein, synthetically-differentiated dendritic cell progenitors
of the present disclosure efficiently differentiate into such dendritic cells to a greater extent when
administered to a subject, as compared to administration of otherwise comparable dendritic cells such
as monocyte-derived dendritic cells (moDCs) or conventional type 1 DC (cDC1) cells. Further,
synthetically-differentiated dendritic cell progenitor of the present disclosure are capable of
differentiation into dendritic cells in the presence of a tumor, and are thus are capable of
differentiation in the presence of inflammation and immune-suppressive cytokines associated with

the presence of a tumor.
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[0032] A synthetically-differentiated dendritic cell progenitor as described herein can be

differentiated from a host progenitor cell, e.g., a CD34™ human hematopoietic stem progenitor cell.
In some embodiments, a synthetically-differentiated dendritic cell progenitor as described herein is a
partially differentiated cell. In some embodiments, a synthetically-differentiated dendritic cell
progenitor as described herein is not full differentiated. In some embodiments, a synthetically-
differentiated dendritic cell progenitor as described herein is capable of differentiating in vitro into
an antigen-presenting cells (APCs), cDC2s, monocytes, immature dendritic cells, or combinations
thereof. Further, in some embodiments, a synthetically-differentiated dendritic cell progenitor of the
present disclosure are capable of differentiation into APCs, cDC2s, monocytes, immature dendritic
cells, or combinations thereof in the presence of a tumor, and are thus are capable of differentiation
in the presence of inflammation and immune-suppressive cytokines associated with the presence of
a tumor.

[0033] A synthetically-differentiated dendritic cell progenitor can be engineered to express an
interleukin and/or an effector in order to stimulate production of tumor-specific T cells. In some
instances, co-expression of an effector such as extracellular vesicle-internalizing receptor (EVIR) or
FMS-like tyrosine kinase 3 ligand (FLT3L) along with an interleukin such as IL-12 produces
differentiated dendritic cells (e.g., cDC1, cDC2, APCs, monocytes, or immature dendritic cells) that
produce tumor-specific T cells that reduce tumor growth, inhibit tumor initiation, or both.
Furthermore, the presence of the effector and/or interleukin (whether co-expressed by the
differentiated dendritic cell or added exogenously) result in the production of tumor-specific T cells
without the need to supply a tumor antigen (e.g., whether exogenously or through expression by the
dendritic cell).

[0034] Thus, synthetically-differentiated dendritic cell progenitors can be used as a therapeutic to
target cancer agnostic to specific tumor antigens. As a result, administration of such synthetically-
differentiated dendritic cell progenitors as part of a pharmaceutical composition to a subject having
cancer can be used to treat the cancer without any knowledge of antigens expressed on the cancer

cell.

Definitions

[0035] The terminology used herein is for the purpose of describing particular cases only and is not
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intended to be limiting. As used herein, the singular forms “a”, “an” and “the” are intended to include

the plural forms as well, unless the context clearly indicates otherwise. Furthermore, to the extent
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that the terms “including”, “includes”, “having
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has”, “with”, or variants thereof are used in either
the detailed description and/or the claims, such terms are intended to be inclusive in a manner similar

to the term “comprising”.
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[0036] The term “about” or “approximately” means within an acceptable error range for the

particular value as determined by one of ordinary skill in the art, such as plus or minus 10%. Where
ranges and/or subranges of values are provided, the ranges and/or subranges include the endpoints of
the ranges and/or subranges.

[0037] The term “substantially” as used herein refers to a value approaching 100% of a given value.
For example, an expression system described herein that does not “substantially” express a transgene
in the absence of an inducer can indicate that less than 10% of the transgene (e.g., less than 5%, less
than 1%, less than 0.1%, or less than 0.01%) is expressed, relative to an amount of transgene
expressed in the presence of the inducer.

[0038] The terms “subject,” “individual,” or “patient” can be used interchangeably herein. A
“subject” refers to a plant, animal, or microorganism, including, for example, bacteria, viruses, fungi,
and protozoa. The subject can be a mammal. A mammal can be any member of the Mammalian class,
including but not limited to a human, a non-human primate such as a chimpanzee, an ape or other
monkey species; a farm animal such as cattle, a horse, a sheep, a goat, a swine; a domestic animal
such as a rabbit, a dog (or a canine), and a cat (or a feline); a laboratory animal including a rodent,
such as a rat, a mouse and a guinea pig, and the like.

[0039] The term “host” and “donor” are used interchangeably herein to refer to an organism in which
a progenitor cell is isolated from. A host can be a mammal as described herein. Where a progenitor
cell is isolated from a “host” and differentiated into a therapeutic for administration to a “subject,”
the host and subject do not have to be same class, genus, or species of animal.

[0040] The term “in vivo” refers to an event that takes place in a subject’s body.

[0041] The term “in vitro” refers to an event that takes place outside of a subject’s body. In vitro
assays can encompass cell-based assays in which living or dead cells can be employed. /n vifro assays

can also encompass a cell-free assay in which no intact cells can be employed.

Dendritic cell progenitors

[0042] Disclosed herein are dendritic cell progenitors that are synthetically partially differentiated
from a host progenitor cell. As disclosed herein, a host progenitor cell includes a progenitor cell from
a host that is capable of partial or full differentiation. In some instances, a host progenitor cell can be
isolated from a host such as a mammal. In some embodiments, a progenitor cell can be a progenitor
cell isolated from bone marrow or blood, such as a hematopoietic stem or progenitor cell. Examples
of hematopoietic progenitor cells include hematopoietic stem cells, multipotent progenitors, and
myeloid progenitor cells and lymphoid progenitor cells. In some embodiments, a progenitor cell can

be a dedifferentiated cell such as an induced pluripotent stem cell or a neural progenitor cell.
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[0043] As disclosed herein, a synthetically partially differentiated dendritic cell progenitor can be

prepared from a host progenitor cell by contacting the host progenitor cell with a synthetic medium
to induce partial differentiation. In some embodiments, the resulting synthetically partially
differentiated dendritic cell progenitor is capable of additional differentiation into a dendritic cell
(i.e., the dendritic progenitor cell is not fully differentiated).

[0044] Also disclosed herein is a host progenitor cell comprising a human progenitor cell. In some
embodiments, the human progenitor cell can be isolated from bone marrow or blood, such as cord-
blood CD34" progenitor cell. In some embodiments, the human progenitor cell is capable of
undergoing partial differentiation into a dendritic cell progenitor. Accordingly, in some embodiments,
the dendritic cell progenitor can be prepared by contacting the human progenitor cell (e.g., CD34"
progenitor cell) with a synthetic medium, as described herein, to induce partial differentiation. In
some embodiments, the dendritic cell progenitor derived from the human progenitor cell is capable
of undergoing in vitro differentiation into antigen-presenting cells (APCs), ¢cDC2s, monocytes,
immature dendritic cells, or combinations thereof.

[0045] A synthetic medium for differentiation can include an effective amount of an effector
sufficient to induce partial differentiation of the host progenitor cell. In some embodiments, the
synthetic medium comprises at least about 1 ng/mL, 2 ng/mL, 3 ng/mL, 4 ng/mL, 5 ng/mL, 6 ng/mL,
7 ng/mL, 8 ng/mL, 9 ng/mL, 10 ng/mL, 11 ng/mL, 12 ng/mL, 13 ng/mL, 14 ng/mL, 15 ng/mL, 16
ng/mL, 17 ng/mL, 18 ng/mL, 19 ng/mL, 20 ng/mL, 21 ng/mL, 22 ng/mL, 23 ng/mL, 24 ng/mL, 25
ng/mL, 26 ng/mL, 27 ng/mL, 28 ng/mL, 29 ng/mL, 30 ng/mL, 31 ng/mL, 32 ng/mL, 33 ng/mL, 34
ng/mL, 35 ng/mL, 36 ng/mL, 37 ng/mL, 38 ng/mL, 39 ng/mL, 40 ng/mL, 41 ng/mL, 42 ng/mL, 43
ng/mL, 44 ng/mL, 45 ng/mL, 46 ng/mL, 47 ng/mL, 48 ng/mL, 49 ng/mL, 50 ng/mL, 51 ng/mL, 52
ng/mL, 53 ng/mL, 54 ng/mL, 55 ng/mL, 56 ng/mL, 57 ng/mL, 58 ng/mL, 59 ng/mL, 60 ng/mL, 61
ng/mL, 62 ng/mL, 63 ng/mL, 64 ng/mL, 65 ng/mL, 66 ng/mL, 67 ng/mL, 68 ng/mL, 69 ng/mL, 70
ng/mL, 71 ng/mL, 72 ng/mL, 73 ng/mL, 74 ng/mL, 75 ng/mL, 76 ng/mL, 77 ng/mL, 78 ng/mL, 79
ng/mL, 80 ng/mL, 81 ng/mL, 82 ng/mL, 83 ng/mL, 84 ng/mL, 85 ng/mL, 86 ng/mL, 87 ng/mL, 88
ng/mL, 89 ng/mL, 90 ng/mL, 91 ng/mL, 92 ng/mL, 93 ng/mL, 94 ng/mL, 95 ng/mL, 96 ng/mL, 97
ng/mL, 98 ng/mL, 99 ng/mL, 100 ng/mL, 101 ng/mL, 102 ng/mL, 103 ng/mL, 104 ng/mL, 105
ng/mL, 106 ng/mL, 107 ng/mL, 108 ng/mL, 109 ng/mL, 110 ng/mL, 111 ng/mL, 112 ng/mL, 113
ng/mL, 114 ng/mL, 115 ng/mL, 116 ng/mL, 117 ng/mL, 118 ng/mL, 119 ng/mL, 120 ng/mL, 121
ng/mL, 122 ng/mL, 123 ng/mL, 124 ng/mL, 125 ng/mL, 126 ng/mL, 127 ng/mL, 128 ng/mL, 129
ng/mL, 130 ng/mL, 131 ng/mL, 132 ng/mL, 133 ng/mL, 134 ng/mL, 135 ng/mL, 136 ng/mL, 137
ng/mL, 138 ng/mL, 139 ng/mL, 140 ng/mL, 141 ng/mL, 142 ng/mL, 143 ng/mL, 144 ng/mL, 145
ng/mL, 146 ng/mL, 147 ng/mL, 148 ng/mL, 149 ng/mL, 150 ng/mL, 151 ng/mL, 152 ng/mL, 153
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ng/mL, 154 ng/mL, 155 ng/mL, 156 ng/mL, 157 ng/mL, 158 ng/mL, 159 ng/mL, 160 ng/mL, 161

ng/mL, 162 ng/mL, 163 ng/mL, 164 ng/mL, 165 ng/mL, 166 ng/mL, 167 ng/mL, 168 ng/mL, 169
ng/mL, 170 ng/mL, 171 ng/mL, 172 ng/mL, 173 ng/mL, 174 ng/mL, 175 ng/mL, 176 ng/mL, 177
ng/mL, 178 ng/mL, 179 ng/mL, 180 ng/mL, 181 ng/mL, 182 ng/mL, 183 ng/mL, 184 ng/mL, 185
ng/mL, 186 ng/mL, 187 ng/mL, 188 ng/mL, 189 ng/mL, 190 ng/mL, 191 ng/mL, 192 ng/mL, 193
ng/mL, 194 ng/mL, 195 ng/mL, 196 ng/mL, 197 ng/mL, 198 ng/mL, 199 ng/mL, 200 ng/mL, 205
ng/mL, 210 ng/mL, 215 ng/mL, 220 ng/mL, 225 ng/mL, 230 ng/mL, 235 ng/mL, 240 ng/mL, 245
ng/mL, 250 ng/mL, 255 ng/mL, 260 ng/mL, 265 ng/mL, 270 ng/mL, 275 ng/mL, 280 ng/mL, 285
ng/mL, 290 ng/mL, 295 ng/mL, 300 ng/mL, 305 ng/mL, 310 ng/mL, 315 ng/mL, 320 ng/mL, 325
ng/mL, 330 ng/mL, 335 ng/mL, 340 ng/mL, 345 ng/mL, 350 ng/mL, 355 ng/mL, 360 ng/mL, 365
ng/mL, 370 ng/mL, 375 ng/mL, 380 ng/mL, 385 ng/mL, 390 ng/mL, 395 ng/mL, 400 ng/mL, 405
ng/mL, 410 ng/mL, 415 ng/mL, 420 ng/mL, 425 ng/mL, 430 ng/mL, 435 ng/mL, 440 ng/mL, 445
ng/mL, 450 ng/mL, 455 ng/mL, 460 ng/mL, 465 ng/mL, 470 ng/mL, 475 ng/mL, 480 ng/mL, 485
ng/mL, 490 ng/mL, 495 ng/mL, 500 ng/mL, 505 ng/mL, 510 ng/mL, 515 ng/mL, 520 ng/mL, 525
ng/mL, 530 ng/mL, 535 ng/mL, 540 ng/mL, 545 ng/mL, 550 ng/mL, 555 ng/mL, 560 ng/mL, 565
ng/mL, 570 ng/mL, 575 ng/mL, 580 ng/mL, 585 ng/mL, 590 ng/mL, 595 ng/mL, 600 ng/mL, 605
ng/mL, 610 ng/mL, 615 ng/mL, 620 ng/mL, 625 ng/mL, 630 ng/mL, 635 ng/mL, 640 ng/mL, 645
ng/mL, 650 ng/mL, 655 ng/mL, 660 ng/mL, 665 ng/mL, 670 ng/mL, 675 ng/mL, 680 ng/mL, 685
ng/mL, 690 ng/mL, 695 ng/mL, 700 ng/mL, 705 ng/mL, 710 ng/mL, 715 ng/mL, 720 ng/mL, 725
ng/mL, 730 ng/mL, 735 ng/mL, 740 ng/mL, 745 ng/mL, 750 ng/mL, 755 ng/mL, 760 ng/mL, 765
ng/mL, 770 ng/mL, 775 ng/mL, 780 ng/mL, 785 ng/mL, 790 ng/mL, 795 ng/mL, 800 ng/mL, 805
ng/mL, 810 ng/mL, 815 ng/mL, 820 ng/mL, 825 ng/mL, 830 ng/mL, 835 ng/mL, 840 ng/mL, 845
ng/mL, 850 ng/mL, 855 ng/mL, 860 ng/mL, 865 ng/mL, 870 ng/mL, 875 ng/mL, 880 ng/mL, 885
ng/mL, 890 ng/mL, 895 ng/mL, 900 ng/mL, 905 ng/mL, 910 ng/mL, 915 ng/mL, 920 ng/mL, 925
ng/mL, 930 ng/mL, 935 ng/mL, 940 ng/mL, 945 ng/mL, 950 ng/mL, 955 ng/mL, 960 ng/mL, 965
ng/mL, 970 ng/mL, 975 ng/mL, 980 ng/mL, 985 ng/mL, 990 ng/mL, 995 ng/mL, or 1000 ng/mL of
an effector.

[0046] In some embodiments, the synthetic medium can comprise a mixture of effectors. For
example, a synthetic medium can comprise at least 2, 3, 4, 5, 6, 7, 8, 9, or more than 10 effectors. In
some instances, an effector can be a cytokine. Examples of cytokines include IL-1, TNF-o, TPO,
SCF, IL-3, IL-6, IL-12, IL-4, CXCL8, FLT3L, GM-CSF, IFNa, PGE2, retronectin, UM729, and G-
CSF. In some embodiments, the synthetic medium comprises a mixture of GM-CSF and FLT3L. In

some embodiments, the IFNa is IFNa2b. In some embodiments, the synthetic medium comprises a
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mixture of GM-CSF, FLT3L, SCF, and IFNa2b. In some embodiments, the synthetic medium does

not comprise UM729.

[0047] A synthetically partially differentiated dendritic cell progenitor differentiated from a host
progenitor cell using synthetic medium as described herein differs from naturally-occurring dendritic
progenitor cells or mature dendritic cells. For example, a synthetically partially differentiated
dendritic cell progenitor is capable of differentiation into mature dendritic cells (e.g., cDC1 or ¢cDC2)
or immature dendritic cells under conditions in which naturally-occurring dendritic cells are unable
to be differentiated. For example, a synthetically partially differentiated dendritic cell progenitor is
capable of differentiation into a mature dendritic cell in the presence of inflammatory or immune
suppressive cytokines, such as those secreted by a tumor. For example, a synthetically partially
differentiated dendritic cell progenitor that is derived from human progenitor cell is capable of
differentiating into antigen-presenting cell (APC), cDC2, monocyte, immature dendritic cell, or a
combination thereof. Accordingly, in some embodiments, a synthetically partially differentiated
dendritic cell progenitor is capable of undergoing differentiation into APCs, ¢cDC2s, monocytes,
immature dendritic cells, or combinations thereof in the presence of inflammatory or immune
suppressive cytokines, such as those secreted by a tumor.

[0048] A synthetically partially differentiated dendritic cell progenitor as disclosed herein can present
with a particular phenotype that differs from a naturally-occurring dendritic cell progenitor. For
example, a synthetically partially differentiated dendritic cell progenitor can have a flow cytometry
phenotype that is one or more of: CD1157, CD11b-neg, CD11c-neg, MHCII-neg, CD45R/B220-neg,
cKIT-neg/low, and Clec9A-neg. Alternatively, in some embodiments, a synthetically partially
differentiated dendritic cell progenitor can have a flow cytometry phenotype that is one or more of’
CD3, CD19, CD335°, CD66b", CD107, CD147, CD34", and CD115™.

[0049] In some embodiments, a synthetically partially differentiated dendritic cell progenitor can be
an engineered dendritic cell progenitor. For example, a synthetically partially differentiated dendritic
cell progenitor can be engineered to co-express a transgene that, when expressed, works in concert
with a dendritic cell differentiated from the synthetically partially differentiated dendritic cell
progenitor to activate a subject’s immune system. For example, an engineered dendritic cell
progenitor as described herein can be engineered to co-express an interleukin, an effector, or both.
An interleukin that can be co-expressed in an engineered dendritic cell progenitor can include IL-1,
IL-2, IL-3, IL-4, IL-5, 1L-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, TL-16, IL-17,
TL-18, IL-19, TL-20, TL-21, IL-22, TL-23, TL-24, IL-25, TL-26, IL-27, IL-28, TL-29, IL-30, IL-31, TL-
32, 1L-33, IL-34, IL-35, 1L-36, IL-37, IL-38, IL.-39, or IL-40. In some embodiments, the interleukins

described herein comprises interleukins derived from the same species as the host. For example, the
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interleukins described herein can comprise human interleukins where the dendritic cell progenitor is

derived from a human cell. An effector that can be co-expressed in an engineered dendritic progenitor
cell can include an internalizing receptor such as extracellular vesicle-internalizing receptor (EVIR);
or a cytokine such as IL-1, TNF-q, IL-6, IL-12, IL-2, CXCLS8, FLT3L, GM-CSF, IFNa, PGE2,
retronectin, and G-CSF. In some embodiments, the effectors comprise effectors from the same species
as the dendritic cell progenitor. For example, the effectors described herein comprises human
effectors where the dendritic cell progenitor is derived from a human cell.

[0050] A synthetically partially differentiated dendritic cell progenitor can be included in an in vitro
cell composition. In some instances, the iz vitro cell composition can be used to prepare functional
mature dendritic cells (e.g., antigen-presenting cell (APC), monocyte, immature dendritic cell, cDC1
or cDC2) in vitro for use as a therapeutic. In some instances, the in vifro cell composition can be
included in a pharmaceutical composition further comprising a pharmaceutically-acceptable
excipient, diluent, or carrier. In some embodiments, a pharmaceutical formulation can comprise an
excipient. An excipient includes an excipient described in the Handbook of Pharmaceutical
Excipients, American Pharmaceutical Association (1986). In some embodiments, an excipient can
include a buffering agent, a preservative, a stabilizer, a binder, a compaction agent, a lubricant, a
chelator, a dispersion enhancer, a disintegration agent, a flavoring agent, a sweetener, a coloring
agent. A diluent can include water; glycerol; methanol; ethanol; an aqueous acid such as acetic acid,
citric acid, maleic acid, hydrochloric acid, phosphoric acid, nitric acid, sulfuric acid, or similar; an
alkaline metal phosphates such as calcium phosphate; an alkaline metal sulphates such as calcium
sulphate; an alkaline metal carbonates such as calcium carbonate; a cellulose derivative such as
cellulose, microcrystalline cellulose, cellulose acetate, mannitol, fructose, dextrose, magnesium
oxide, dextrin, glyceryl palmitostearate, caoline, lactose, maltose, simethicone, sorbitol, starch,
pregelatinized starch, talc, lactitol, xylitol; and/or anhydrates, hydrates and/or pharmaceutically
acceptable derivatives thereof or combinations thereof.

[0051] A pharmaceutical composition containing an in vitro cell composition as described herein can
be administered to a subject to treat a condition described herein. In some embodiments, a
pharmaceutical composition can further comprise an interleukin, an effector or both. An interleukin
that can be included in a pharmaceutical composition can include IL-1, IL-2, IL-3, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9, IL-10, TL-11, TL-12, TL-13, IL-14, IL-15, TL-16, IL-17, TL-18, TL-19, IL-20, TL-21,
1L-22, 1L-23, IL-24, IL-25, IL-26, IL-27, IL-28, IL-29, IL-30, IL-31, IL-32, IL-33, IL-34, IL-35, IL-
36, 1L-37, IL-38, IL-39, or IL.-40. In some embodiments, the interleukins described herein comprises
interleukins derived from the same species as the host. For example, the interleukins described herein

can comprise human interleukins where the dendritic cell progenitor is derived from a human cell.
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An effector that can be included in a pharmaceutical composition can include an internalizing

receptor such as extracellular vesicle-internalizing receptor (EVIR); or a cytokine such as IL-1, TNF-
a, IL-6, IL-12, IL-2, CXCLS, FLT3L, IFNa, and GM-CSF. In some embodiments, the effectors
comprise effectors from the same species as the dendritic cell progenitor. For example, the effectors
described herein comprises human effectors where the dendritic cell progenitor is derived from a

human cell.

Methods of making a dendritic progenitor cell

[0052] Also disclosed herein are methods of making a synthetically partially-differentiated dendritic
cell progenitor. As disclosed herein, a synthetically partially-differentiated dendritic cell progenitor
can be prepared by contacting a host progenitor cell with a synthetic medium as described herein. In
some embodiments, a host progenitor cell can be expanded prior to contacting with the synthetic
medium. Expansion can include culturing host progenitor cells isolated from a sample from the host
(e.g., bone marrow or blood) in an expansion medium. Such an expansion medium can include 10%
FBS, 1% L-glutamine, 100 ng/ml SCF, 40 ng/ml TPO, 50 ng/ml FLT3L, 30 ng/ml IL-3, 30 ng/ml IL-
6, and 30 ng/ml IL-1b. Similarly, expansion of human progenitor cells that were isolated from a
sample from the human (e.g., cord-blood CD34" progenitors) may include culturing the human
progenitor cells in an expansion medium comprising FLT3L, SCF, IL3, IL6 and TPO.

[0053] Partial differentiation of the host progenitor cells (e.g., expanded hematopoietic
stem/progenitor cells) into synthetically partially-differentiated dendritic cell progenitors can be
performed by culturing the host progenitor cells with synthetic medium as described herein (e.g.,
medium with cytokines or effectors). In some instances, the partial differentiation can be performed
for a time period of at least 12 hours, 24 hours, 36 hours, 48 hours, 60 hours, 72 hours, 84 hours, 96
hours, 108 hours, at least 120 hours, at least 144 hours, at least 168 hours, at least 192 hours, at least
216 hours, or at least 240 hours. After differentiation, the cells can be selected based on phenotype
and isolated to produce purified synthetically partially-differentiated dendritic cell progenitors.

Methods of treatment

[0054] Also disclosed herein are methods of treating a condition in a subject in need thereof and
pharmaceutical compositions for use in treatment of a condition. In some embodiments, a method of
treatment can comprise administering to a subject a synthetically partially-differentiated dendritic
cell progenitor as described herein, an in vifro cell composition containing a synthetically partially-
differentiated dendritic progenitor cells as described herein, or a pharmaceutical composition
containing synthetically partially-differentiated dendritic cell progenitors described herein. In some

embodiments, a method of treatment can comprise administering to a subject a mature dendritic cell
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differentiated from a synthetically partially-differentiated dendritic cell progenitor as described

herein (e.g., differentiated in vitro), or in vitro cell compositions or pharmaceutical compositions
comprising a mature dendritic cell differentiated from a synthetically partially-differentiated

dendritic cell progenitor as described herein.

[0055] Administering to a subject can include administration by inhalation, otic, buccal,
conjunctival, dental, endocervical, endosinusial, endotracheal, enteral, epidural, extra-amniotic,
extracorporeal, hemodialysis, infiltration, interstitial, intraabdominal, intraamniotic, intraarterial,
intraarticular, intrabiliary, intrabronchial, intrabursal, intracardiac, intracartilaginous, intracaudal,
intracavernous, intracavitary, intracerebroventricular, intracisternal, intracorneal, intracoronal,
intracoronary, intracorpous cavernaosum, intradermal, intradiscal, intraductal, intraduodenal,
intradural, intraepidermal, intraesophageal, intragastric, intragingival, intrahippocampal, intraileal,
intralesional, intraluminal, intralymphatic, intramedullary, intrameningeal, intramuscular,
intraocular, intraovarian, intrapericardial, intraperitoneal, intrapleural, intraprostatic,
intrapulmonary, intrasinal, intraspinal, intrasynovial, intratendinous, intratesticular, intrathoracic,
intratubular, intratumor, intratympanic, intrauterine, intravascular, intravenous, intravenous bolus,
intravenous drip, intravesical, intravitreal, iontophoresis, irrigation, laryngeal, nasal, nasogastric,
ophthalmic, oral, oropharyngeal, parenteral, percutaneous, periarticular, peridural, perineural,
periodontal, rectal, retrobulbar, subarachnoid, subconjunctival, subcutaneous, sublingual,
submucosal, topical, transdermal, transmucosal, transplacental, transtracheal, transtympanic,
ureteral, urethral, vaginal, infraorbital, intraparenchymal, intrathecal, intraventricular, stereotactic,

or any combination thereof.

[0056] In some embodiments, a method of treatment can include treatment of a cancer in a subject.
Examples of cancer can include acute lymphoblastic leukemia, acute myeloid leukemia,
adrenocortical carcinoma, basal-cell carcinoma, bile duct cancer, bladder cancer, bone tumor,
osteosarcoma/malignant fibrous histiocytoma, brainstem glioma, brain tumor, cerebellar
astrocytoma, cerebral astrocytoma/malignant glioma, ependymoma, medulloblastoma,
supratentorial primitive neuroectodermal tumors, breast cancer, bronchial adenomas/carcinoids,
Burkitt's lymphoma, carcinoid tumor, cervical cancer, chronic lymphocytic leukemia, chronic
myelogenous leukemia, chronic myeloproliferative disorders, colon cancer, cutaneous T-cell
lymphoma, endometrial cancer, ependymoma, esophageal cancer, Ewing's sarcoma, intraocular
melanoma, retinoblastoma, gallbladder cancer, gastric cancer, gastrointestinal carcinoid tumor,
gastrointestinal stromal tumor, germ cell tumor, glioma, childhood visual pathway and
hypothalamic, Hodgkin lymphoma, melanoma, islet cell carcinoma, Kaposi sarcoma, renal cell

cancer, laryngeal cancer, leukemia, lymphomas, mesothelioma, neuroblastoma, non-Hodgkin
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lymphoma, oropharyngeal cancer, osteosarcoma, ovarian cancer, pancreatic cancer, parathyroid

cancer, pharyngeal cancer, pituitary adenoma, plasma cell neoplasia, prostate cancer, renal cell

carcinoma, retinoblastoma, sarcoma, testicular cancer, thyroid cancer, and uterine cancer.

[0057] In some embodiments, administration is sufficient to reduce the number and/or size of cancer
cells. For example, where the cancer is a solid tumor cancer, the administration can result in a

reduction in tumor size and/or inhibition of tumor initiation.

[0058] A method of treating cancer need not require knowledge of tumor antigens. In some
embodiments, administration of a composition containing synthetically-partially differentiated
dendritic cells or mature dendritic cells differentiated therefrom does not require administration of,
or co-expression of, an antigen expressed on a cell of the cancer. Rather, administration of a
composition containing synthetically-partially differentiated dendritic cells or mature dendritic cells
differentiated therefrom results in target agnostic treatment of the cancer. In some embodiments, the

effector is not expressed on a cell of the cancer.

EXAMPLES

[0059] For a better understanding of the present disclosure and of its many advantages, the
following examples are given by way of illustration and without limiting the scope of this disclosure.

Example 1: Generation of dendritic cell progenitors (DCPs) from mouse hematopoietic cells

[0060] Dendritic progenitor cells (DCPs) were prepared from mouse hematopoietic stem/progenitor

cells (FIG. 1A) using a two-step protocol.

Step 1: Expansion of hematopoietic stem/progenitor cells

[0061] The expansion step uses medium that supports hematopoietic stem/progenitor cell (HSPC)
maintenance and expansion. This medium contains RPMI 1640 medium with 10% FBS, 1% L-
glutamine, 1% Penstrep (called complete RPMI medium) supplemented with 100 ng/ml SCF, 40
ng/ml TPO, 50 ng/ml FLT3L, 30 ng/ml IL-3, 30 ng/ml IL-6, and 30 ng/ml IL-1b.

[0062] Total mouse bone marrow (BM) cells were isolated from long bones of C57BL/6 mice and
red blood cells (RBCs) were depleted by incubation in 5-10 ml of RBC lysis buffer (Cat No. R7767-
100ML) for 5 minutes. The BM cells were then passed through a 70 um cell strainer (Cat No.
352350), washed in complete RPMI medium, and resuspended and plated (1-3 x 10° cells/ml) in the
HSPC medium described above. The cells were cultured in HSPC medium for 2 days. The floating
cells were then harvested and replated at the same density in HSPC medium for 1 additional day to

further remove the remaining adherent cells.
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Step 2: Differentiation of HSCPs to DCPs

[0063] The floating HSPCs (end of day 3 of step 1) were harvested and washed once in complete
RPMI medium. The harvested cells were then cultured in medium that supports cDCI
differentiation. This medium contains complete RPMI medium supplemented with 200 ng/ml
FLT3L and 5 ng/ml GM-CSF. The cells were plated at a density of 1-3 x 10° cells/ml. After 3 days of
differentiation in cDC1 medium, an equal volume of ¢cDC1 medium was added to each well. After
2 additional days (end of day 5 of step 2), the cell culture contained 20-50% of cells, which are
called DCPs. The DCPs could then be further enriched by depleting the main lineage-positive cells
(CD57, CD45R/B2207, CD11b*, CD19%, Ly6C/G", TER1197) through negative selection. The final
purity of DCPs after negative selection at the end of the protocol (end of day 8 of steps 1 and 2
combined) was 60-90% (FIG. 1B).

[0064] After enrichment, the DCPs present the following phenotype by flow cytometry analysis:
CD115%, CD11b-neg, CD11c-neg, MHCII-neg, CD45R/B220-neg, cKIT-neg/low, and Clec9A-neg
(FIG. 1C). These DCPs differ from common dendritic cell progenitors (CDPs) as the latter express
Clec9A, and differ from pre-cDC1 as the latter express Clec9A and CDl1lc.

[0065] This example thus demonstrates a facile protocol for the efficient generation and enrichment

of DCPs from mouse BM.

Example 2: Superior in vivo differentiation of DCPs into conventional type I and II DCs (¢cDC1
and cDC2)

[0066] The ability of different types of DCs to form ¢DC1 in tumor-free mice was next investigated
(FIGS. 2A-2K).

[0067] BM cells were isolated from CD45.1 mice to enable the tracking of donor-derived cells in
congenic CD45.2 C57BL/6 mice. Different types of DCs were generated by differentiating mouse
BM cells in different differentiation media (FIG. 2A). 3 types of DCs were compared:

(i)  Monocyte-derived dendritic cells (moDCs) were generated using an established
protocol involving incubating BM cells in complete RPMI medium supplemented
with 100 ng/ml GM-CSF and 40 ng/ml IL4 (referred to as moDC medium). BM cells
were cultured at a density of 2-3x10° cell/ml for 2 days in moDC medium. The non-
adherent and loosely adherent cells were then harvested, replated at a density of 2-
3x10%ml, and cultured in moDC medium for 6 additional days (fresh moDC medium
was added once). FIGS. 2B and 2K show the phenotype of the moDC culture at the
end of the differentiation protocol (end of day 8; note that moDC cultures may

contain some macrophages) and before injection into recipient CD45.2 mice. FIGS.
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2B and 2K illustrate two gating strategies; FIG 2K identifies MHCII-high moDCs,

whereas FIG 2B shows MHCII+ moDCs with MHCII levels ranging from low to
high.

(ii))  Conventional type I DCs (cDC1) are professional antigen-presenting cells, whose
important roles in anti-tumor immunity have been recently demonstrated. cDC1
cells may thus serve as a novel DC type for vaccination applications. cDC1 cells
were generated. Briefly, BM cells were directly plated at a density of 2x10° cells/ml
in cDC1 medium. The cells were cultured for a total of 16 days, by adding 1 ml of
fresh cDC1 medium every 3-4 days. FIG. 2C shows the phenotype of cDC1 cells
at the end of the differentiation protocol (end of day 16) and before injection into
recipient CD45.2 mice.

(iii)) DCPs were generated as shown in Example 1. FIG. 2D shows the phenotype of

DCPs at the end of the protocol (end of day 8) and before injection into recipient
CD45.2 mice.

[0068] Each type of DC, prepared as described above, was infused systemically (via the tail vein)
in syngeneic CD45.2 mice, without any prior conditioning of the mouse. Two DC doses of 2x10°
cells (in 200 ul of PBS) were administered 3 days apart, and the recipient mice (4 mice per
condition) were sacrificed 4 days after the second DC injection to analyze the phenotype of donor-
derived CD45.1" cells (FIG. 2A). Control mice (3 mice) received PBS. Spleens were smashed
thoroughly on a 70 um cell strainer and RBCs were depleted using an RBS lysis buffer; the cells
were then washed in PBS with 10% FBS and 2 mM EDTA before analysis. The data showed
substantial chimerism among c¢DCs (both ¢cDC1 and cDC2; more than 15% of donor-derived cells
were cDC1) in mice that received DCPs, while there were negligible amounts of donor-derived
¢DCs in mice infused with moDCs or ¢cDC1 cells (FIGS. 2E-2F). In addition to substantial cDC
chimerism following DCP injection, DCP-treated mice had higher frequency of donor-derived cells
(FIG. 2G), which indicates superior longevity of injected DCPs compared to other types of DCs.
[0069] The analysis of CD45.1" splenocytes revealed that moDC-derived cells did not contain ¢cDCs
or double-negative (DN; CD11b-neg, CD11¢", MHC-II", CD8a-neg) immature DCs (FIG. 2H).
Also, only a minority of the ¢cDC1-derived cells were either cDC1, cDC2 or DN DCs (FIG. 2I).
Importantly, the vast majority of the DCP-derived cells derived were cDC1, cDC2 or DN DCs (FIG.
2J).
[0070] Statistical analysis: e-g) One-way ANOVA with Tukey’s multiple comparison test. P
values are coded as *: P <0.05; **: P <0.01; ***: P <0.001; and ****: P <0.0001.
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[0071] This example thus demonstrates that DCPs efficiently generate cDC1, ¢cDC2 and immature

DCs in mice, whereas traditional moDCs or mature ¢cDC1 fail to do so.

Example 3: DCPs differentiate into intratumoral ¢cDC1 and ¢DC2 after systemic injection
[0072] Example 2 showed that DCPs, unlike moDCs and mature ¢cDC1, efficiently differentiate into
c¢DC1 and cDC2 after systemic injection in tumor-free mice. The ability of DCPs to differentiate in
the presence of inflammation and upregulation of immune-suppressive cytokines in tumor-bearing
mice. DCPs were then infused in tumor-bearing mice to study migration and phenotype of donor-
derived cells in both spleen and tumor.

[0073] MC38 cancer cells (5 x 10° cells) were injected into the right flank of CD45.2 mice (8 mice
per condition). The tumor-bearing mice were then infused with DCPs generated and enriched
according to the two-step protocol shown in Example 1. Enriched DCPs (2x10° cells in 200 ul of
PBS) were injected systemically through tail vein at both day 5 and day 8 post-tumor injection.
Control mice (8 mice) received PBS. The mice were sacrificed 4 days after the second DCP
injection. The spleen and tumor of each mouse were analyzed for the presence of donor-derived
(CD45.17) cells. FIG. 3A shows the workflow of the experiment. At the end of the experiment,
spleens were smashed thoroughly on a 70 um cell strainer and RBCs were depleted using an RBS
lysis buffer; the cells were then washed in PBS with 10% FBS and 2mM EDTA before analysis.
Single cells from tumors were isolated using conventional enzymatic digestion.

[0074] FIG. 3B shows the gating strategy for the identification of intratumoral donor-derived cDC1
and c¢cDC2. Flow cytometry analysis of tumor-derived cells and splenocytes revealed that donor
CD45.17 cells infiltrate the tumor and spleen after systemic injection (FIG. 3C) and efficiently
differentiate into cDCs (FIGS. 3D-3E and 3H-3I). Almost half of all cDC1 were donor-derived
(CD45.1%) in both tumor and spleen (FIGS. 3F-3G), which shows substantial chimerism of the
most professional antigen-presenting cells after DCP infusion in non-conditioned mice. Chimerism of
cDC2 was lower but well detectable in all mice.

[0075] Thus, this example demonstrates that DCPs efficiently generate cDC1 and ¢DC2 in tumor

and spleen of tumor-bearing mice without prior conditioning of the mouse.

Example 4: Identification of cytokines that enable DCP differentiation into ¢DC1 with co-
stimulatory capacity

[0076] Cytokines were screened in an in vifro screening study for the ability to retain the
differentiation potential of DCPs into cDC1 while enabling the T-cell co-stimulatory capacity of the

resulting ¢cDC1 in co-culture with T cells.
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[0077] To study differentiation, DCPs were cultured in cDC1 medium supplemented with selected

interleukins (ILs) at different concentrations. To study T cell co-stimulation, the same cytokines
were used in co-cultures of antigen-loaded cDC1-like cells and antigen-specific T cells.

[0078] DCPs were generated as explained in Example 1. Enriched DCPs were cultured in ¢cDC1
medium supplemented with various ILs (IL-2, IL-12, IL-15, IL-18, IL-21, IL.-23, or IL-27) at the
indicated concentrations, ranging 2-20 ng/ml. One ml of IL-supplemented cDC1 medium was
added to DCPs every 3-4 days for 15 days (FIG. 4A). The cells were analyzed for the presence of
¢DC1 (identified as CD11¢” CD103™) after 15 days and were compared with DCPs cultured in ¢cDC1
medium without ILs. Flow cytometry analysis demonstrated that whereas IL-18 and IL-21 induced
premature activation of DCPs (indicated by increased proportion of CD86" CD103-neg cells) and
compromised the differentiation of DCPs to ¢cDC1 (indicated by decreased proportion of CD103"
CD86-neg cells), other ILs (IL-2, IL-12, IL-15, IL-23 and IL-27) did not impair differentiation
of DCPs to ¢cDC1 (FIGS. 4B-4C).

[0079] To study the effects of the abovementioned ILs on the polarization of T cells, OVA-loaded
cDC1-like cells were then cocultured with OVA-specific CD8 (OT-I) or CD4" (OT-II) T cells, in
the presence of the selected ILs (3 independent replicates per condition). Briefly, 50,000 cDC1 were
seeded on U-bottom 96 wells with 0.5 mg OVA protein (vac-stova) or the OVA peptide SIINFEKL
for 4h. The cDC1 were washed and then co-cultured with OT-I cells for 3 days or OT-II cells for 5
days. T cell activation was measured by intracellular staining with antibodies against interferon-
gamma (IFNy) using BD Golgi Stop kit (Cat No. 554715), according to the manufacturer’s protocol.
Results indicated that IL-12 could induce robust IFNy production by both OT-I and OT-II T cells
(FIGS. 4D-4F).

[0080] Statistical analysis: d-e¢) One-way ANOVA with Tukey’s multiple comparison test. All
samples are compared to “untreated” sample. P values are coded as *: P <0.05; **: P <0.01; ***:
P <0.001; and ****: P <0.0001.

[0081] This example thus demonstrates that IL-12 does not impair differentiation of DCPs into

¢DC1 and enhances the co-stimulatory capacity of the cDC1 progeny in vitro.

Example 5: DCPs engineered to express IL-12 and IL-2 differentiate into ¢cDCs in mice

[0082] As shown in example 4, exogenous IL-12 and IL-2 did not interfere with the differentiation
of DCPs into cDC1 in vitro; moreover, IL-12 enhanced the co-stimulatory capacity of cDC1-like
cells. Accordingly, transgenic expression of either IL-12 or IL-2 was investigated for the ability to
support DCP differentiation into cDC1 and ¢cDC2 in vivo. To this aim, lentiviral vectors (LVs) were
generated expressing either IL-12 or IL-2 together with the marker gene, green fluorescent protein
(GFP, SEQ ID NO; 1), termed IL12-P2A-GFP (SEQ ID NO: 5) and IL2-P2A-GFP (SEQ ID NO: 3)
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LV, respectively. Monocistronic LV were also generated only expressing GFP, termed GFP LV. Flow

cytometry analysis of mouse BM cells transduced in HSPC medium with LVs at a multiplicity of
infection (MOI) of 350 and then differentiated in cDC1 medium showed robust expression of GFP
at 5 days post-transduction (FIG. 5A; differences in GFP expression between LVs can be attributed
to their different infectivity, which is influenced by the size of the transgenes), a time point when
transduced cells mainly comprise DCPs. Furthermore, cells transduced with IL12-P2A-GFP and
1L2-P2A-GFP LVs secreted IL-12 and IL-2, respectively, in the cell culture medium, as assessed by
ELISA at 2 weeks post-transduction (FIGS. 5B and SH; “C” indicates concentration), a time point
when transduced cells mainly comprise ¢cDCI1. Thus, LVs enable robust transduction of DC
precursors and sustained expression of either IL-12 or IL-2 in the cDC progeny.

[0083] The in vivo differentiation potential of untransduced DCPs (UT) and DCPs transduced
with _IL12-P2A-GFP, and IL2-P2A-GFP or GFP LVs were next investigated. DCPs were generated
from the BM of CD45.1 mice as described in Example 1. Enriched DCPs were transferred to cDC1
medium at a concentration of 1.5x10° cells/ml and concurrently transduced with LVs at the MOI of
350. The transduced DCPs were harvested 12h after transduction and infused into recipient mice (5
mice per condition). Each mouse received 2x10° DCPs; the recipient mice were sacrificed 4 days
after the infusion of DCPs and splenocytes (isolated by smashing the spleen, as explained in
Example 2) were analyzed for the presence of donor-derived (CD45.17) cells (FIG. 5C).

[0084] Flow cytometry analysis of splenocytes revealed that the majority of CD45.17 cells
expressed GFP (FIGS. SD-5E), indicative of efficient LV transduction, transgene expression, and
lack of counterselection of transduced cells in vivo (differences in GFP expression between LVs can
be attributed to their different infectivity, which is influenced by the size of the transgenes).
Importantly, transduction of DCPs with IL-12 or IL-2 did not prevent their differentiation into cDC1
and cDC2 (FIGS. SF-5G), consistent with the in vifro studies shown in Example 4. However,
whereas IL-2 slightly enhanced cDC1 production, IL-12 slightly enhanced ¢cDC2 production.
[0085] Statistical analysis: f) One-way ANOVA with Tukey’s multiple comparison test. P values
are coded as *: P <0.05; **: P <0.01; ***: P<0.001; and ****: P <0.0001.

[0086] This example thus demonstrates that transgenic expression of IL-12 does not impair

differentiation of DCPs into ¢cDC1 in vivo.

Example 6: DCPs engineered to express IL-12 and a tumor antigen boost the expansion of
tumor antigen-specific T cells in mice

[0087] As shown in Examples 4 and 5, IL-2 and IL-12 do not prevent the differentiation of DCPs
into cDC1 in vitro and in vivo. In vitro data in Example 4 also demonstrated that IL-12 can activate

both CD4™ and CD8™ T cells. To investigate whether IL-12 and IL-2 can activate antigen-specific T
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cells in vivo, either cytokine were co-expressed together with a truncated intracellular OVA (dOVA,

SEQ ID NO: 7) sequence in DCPs by LV transduction. For transduction, enriched DCPs were
transferred to cDC1 medium at a concentration of 1.5x10° cells/ml and concurrently transduced with
LVs coding for GFP, dOVA, IL2-P2A-dOVA (SEQ ID NO: 9) or IL12-P2A-dOVA (SEQ ID NO: 11),
at MOI of 350. The cells were harvested 12h after transduction and 0.7x10° transduced DCPs were
injected into tumor-free mice. FIG. 6A shows the schematic of the experiment.

[0088] Transduced DCPs were infused in tumor-free mice (5 mice per condition). The recipient
mice were sacrificed 10 days after vaccination and splenocytes (isolated by smashing the spleen as
explained in Example 2) were stained with OVA2s7264-bound dextramer according to manufacturer’s
protocol (Immunex) to identify OVA-reactive T cells. Flow cytometry data demonstrated that
expression of IL-12 could dramatically boost OVA-reactive T cells, with ~12.8% of all T cells in the
spleen being OVA-reactive following a single DCP vaccination (FIG. 6B). Of note, DCPs
expressing dOVA alone and DCPs expressing dOVA together with IL-2 induced a much weaker
OVA-specific response. To study the phenotype of the OVA-reactive T cells in vaccinated mice,
splenocytes were also stained with anti-CD44 and anti-CD62L antibodies. Flow cytometry analysis
revealed that IL12 strongly enhanced the expansion of effector (CD44™ CD62L-neg) OVA-reactive
T cells (FIG. 6C).

[0089] Statistical analysis: b-c) One-way ANOVA with Tukey’s multiple comparison test. P
values are coded as *: P <0.05; **: P <0.01; ***: P <0.001; and ****: P <0.0001.

[0090] This example thus demonstrates that DCPs co-expressing IL.-12 and a tumor antigen boost

tumor antigen-specific T cells in vivo.

Example 7: DCPs engineered to express IL-12 together with a tumor antigen block tumor
initiation in mice

[0091] A prophylactic vaccination study was performed to study the anti-tumor potential of
DCP _IL2-P2A-dOVA and DCP_IL12-P2A-dOVA cells.

[0092] Transduced DCPs were produced as described in Example 6 above. Both transduced and
untransduced DCPs were then intravenously injected in tumor free mice (0.7x10° cells per mouse; 6
mice per condition). The mice were then inoculated subcutaneously with B16-OVA cancer cells
(5x10° cells) one week after vaccination (FIG. 7A).

[0093] A blood sample was taken from the mice 4 days after tumor challenge and circulating T cells
were analyzed by flow cytometry. Co-expression of IL-12 and dOVA increased effector T cells
(CD44" CD62L-neg) within both CD4" and CD8™ T cells (FIGS. 7B-7C). Staining of T cells with
OVAss7.264.bound dextramer indicated that almost a third of all circulating CD8" T cells were QVA-
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reactive following vaccination with DCP_IL12-P2A-dOVA (FIG. 7D). Conversely, IL-2 stimulated

weaker immune responses against OVA.

[0094] Vaccination of the mice with DCP_IL12-P2A-dOVA cells fully prevented tumor growth
(FIG. 7E). Conversely, DCP_IL2-P2A-dOVA cells did not fully prevent tumor growth. The spleen of
the mice was isolated and purified 26 days after vaccination (19 days post-tumor challenge). Flow
cytometry analysis indicated robust expansion of OVA-reactive effector T cells (FIGS. 7F-7G) in
mice vaccinated with DCP_IL12-P2A-dOVA cells, consistent with results obtained in tumor-free
mice (see Example 6 above). Conversely, IL-2 stimulated weaker immune responses against OVA.
[0095] Statistical analysis: B-D, F-G) One-way ANOVA with Tukey’s multiple comparison test.
The # symbol in f-g indicates comparison between two groups of interest using unpaired Student’s t
test. P values are coded as *: P <0.05; **: P <0.01; ***: P <0.001; and ****: P<0.0001.

[0096] This example thus demonstrates that DCPs co-expressing IL-12 and a tumor antigen boost

tumor antigen-specific T cells and protect mice from tumor challenge.

Example 8: DCPs engineered to express IL-12 together with a tumor antigen inhibit tumor
growth

[0097] Owing to their superior efficacy, DCP cells expressing IL12 were prepared and tested as a
DCP vaccination in a therapeutic setting involving vaccination of tumor-bearing mice.

[0098] The mice were inoculated subcutaneously with B16-OVA cancer cells (5x10° cells) and
intravenously infused with transduced or untransduced DCPs (0.7x10° cells; 6 mice per condition)
one week post-tumor challenge (FIG. 8A).

[0099] DCP_IL12-P2A-dOVA cells markedly inhibited tumor growth (FIG. 8B). Furthermore,
DCP_IL12-P2A-dOVA cells boosted OVA-reactive T cells in blood, spleen, tumor-draining lymph
node (tdLN) and tumor of vaccinated mice (FIGS. 8C-8F), as shown by staining of immune cells
with OVAjs7.26s.bound dextramer. Remarkably, about half of all CD8" T cells were, on average,
OVA-reactive in the tumors of mice vaccinated with DCP_IL12-P2A-dOVA cells, which is
consistent with the magnitude of anti-tumoral response observed.

[0100] Statistical analysis: b) Two-way ANOVA with Sidak multiple comparison test. c-f) unpaired
Student’s t test. P values are coded as *: P <0.05; **: P <0.01; ***: P <0.001; and ****; P<0.0001.
[0101] This example thus demonstrates that DCPs co-expressing IL.-12 and a tumor antigen boost

tumor antigen-specific T cells and inhibit tumor growth.

Example 9: DCPs engineered to express IL-12 together with EVIR enable tumor-antigen

agnostic vaccination and inhibit tumor growth
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[0102] The studies shown in Examples 7-8 above used DCPs transduced with IL-12 together with

a defined surrogate tumor antigen (dOVA) to vaccinate mice with OVA-expressing tumors. The
ability of DCPs transduced with IL-12 to elicit anti-tumor immunity in a tumor antigen agnostic
manner, i.e., without enforcing the expression of amy tumor antigen by the DCPs, was next
investigated.

[0103] Extracellular vesicle (EV)-internalizing receptor (EVIR) was used with an extracellular
scFv domain directed against GD2, a disialogangloside expressed on the plasma membrane of
both mouse and human melanomas and their secreted EVs. Unlike conventional DC vaccination
against defined tumor antigen(s), which involves in vitro antigen loading of the DCs and elicits a T
cell response only against the targeted (loaded) antigen(s), vaccination with EVIR-expressing DCs
can elicit a T cells response potentially targeting any EV-associated tumor antigen. Notably,
vaccination with EVIR-expressing DCs does not require a priori knowledge of tumor antigens, with
the exception of the molecule (e.g., GD2) used to capture tumor EVs in vivo.

[0104] Bicistronic IL12-P2A-EVIR (SEQ ID NO: 17) LV was generated to express both IL-12 and
the EVIR in the DCPs. IL12-P2A-dLNGFR (SEQ ID NO: 15) LV was also generated, which
expresses IL-12 together with a control non-signaling receptor (truncated low-affinity nerve growth
factor receptor, dLNGFR, SEQ ID NO: 13) lacking the extracellular scFv domain of the EVIR.
Vaccination studies were then performed in tumor-bearing mice (FIG. 9A). For the generation
and transduction of DCPs (DCP_IL12-P2A-EVIR or DCP_IL12-P2A-dLNGFR), the same
procedure as shown in Examples 5-8 above were used. The mice (8 mice per condition) were
inoculated subcutaneously with B16-OVA-GD2 cancer cells (5x10° cells) and intravenously
infused with transduced DCPs (1x10° cells on day 7 and 9 post-tumor challenge) or PBS (as mock
treatment). The mice were also treated with an anti-PD1 antibody to unleash the effector functions
of T cells at the time points indicated in FIG. 9A.

[0105] Vaccination with DCP_IL12-P2A-EVIR cells led to significantly better tumor control than
vaccination with DCP_IL12-P2A-dLNGFR cells lacking the functional EVIR (FIG. 9B); of note,
this result was achieved without OVA vaccination. The mice were then sacrificed, and the tumors
analyzed by flow cytometry. Flow cytometry analysis revealed that vaccination with DCP_IL12-
P2A-EVIR cells led to increased tumor infiltration by activated CD4* and CD8" T cells in the tumor
microenvironment, as compared to vaccination with DCP _IL12-P2A-dLNGFR lacking the
functional EVIR (FIGS. 9C-9F).

[0106] The mice were inoculated subcutaneously with a mixture of B16 (1x10° cells) and B16-
OVA-GD2 (3x10° cells) melanoma cells and vaccinated with DCP_IL12-P2A-EVIR (8 mice) or
DCP_IL12-P2A-dOVA cells (1x10° cells on day 3 and 6 post-tumor challenge; 9 mice), or mock-
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treated (PBS; 5 mice). All mice were also treated with an anti-PD1 antibody to unleash the effector

functions of T cells (FIG. 9G).

[0107] Vaccination with DCP IL12-P2A-EVIR cells produced greater tumor control than
vaccination with DCP_IL12-P2A-dOVA cells (FIG. 9H), showing that the EVIR could also elicit
anti-tumoral immunity against B16 melanoma cells lacking OVA or GD2. Accordingly, DCP_IL12-
P2A-EVIR vaccination elicited increased effector T cells in the tdLNs (FIG. 9I). Moreover,
DCP_IL12-P2A-EVIR vaccination induced OVA-specific T cells in tdLN and spleen (see
comparison with PBS-treated mice), although their frequency was expectedly lower than in mice
vaccinated with DCP_IL12-P2A-dOVA cells (FIGS. 9J-9K). Of note, analysis of tdLN and spleen
of mice vaccinated with DCP_IL12-P2A-EVIR cells demonstrated expansion of non-OVA-reactive
effector T cells, compared with mice vaccinated with DCP_IL12-P2A-dOVA cells (FIGS. 9L-9M),
which may explain the more marked tumor control against B16 tumors containing OVA-negative
clones.

[0108] Statistical analysis: b, h) Two-way ANOVA with Tukey’s multiple comparison test. c-f, i-
m) One-way ANOVA with Tukey’s multiple comparison test. The # symbol in j-k indicates
comparison between two groups of interest by unpaired Student t test. P values are coded as *: P <
0.05; **: P <0.01; **: P<0.001; and ****: P < 0.0001.

[0109] This example thus shows that DCPs co-expressing IL-12 and EVIR inhibit tumor growth in

a tumor-antigen agnostic fashion and are superior to vaccination against a defined tumor antigen.

Example 10: DCPs engineered to express IL-12 and FLT3L enable highly effective tumor-
antigen agnostic vaccination

[0110] DCPs either expressing IL-12 or FLT3L were generated by LV transduction and vaccination
studies were performed in mice by mixing the two DCP populations. In order to track transduced
DCPs and their progeny, IL-12 was coupled to dLNGFR, whereas FLT3L was coupled to GFP (both
dLNGFR and GFP are neutral marker proteins).

[0111] To express FLT3L in DCPs, a FLT3L-P2A-GFP (SEQ ID NO: 19) LV was constructed
and was validated as performed for the IL-12 and IL-2 encoding LVs (see Example Sa-b above).
Briefly, flow cytometry analysis of mouse BM cells transduced in HSPC medium with LVs at a
multiplicity of infection (MOI) of 350 and then differentiated without exogenous FLT3L showed
robust expression of GFP at 5 days post-transduction (FIG. 10A), a time point when transduced
cells mainly comprise DCPs. Furthermore, cells transduced with FLT3L-P2A-GFP LV secreted
FLT3L in the cell culture medium, as assessed by ELISA at 2 weeks post-transduction (FIGS. 10B
and 10J), a time point when transduced cells mainly comprise ¢cDC1. Thus, LV enable robust

transduction of DC precursors and sustained expression of FLT3L in the cDC progeny.

-25-



WO 2023/232777 PCT/EP2023/064391
[0112] Vaccination studies were then performed in tumor-bearing mice (FIG. 10C). The mice (10

mice per condition) were inoculated subcutaneously with B16-OVA melanoma cells (5x10° cells)
and infused intravenously twice (on day 3 and 5 post-tumor challenge) with a mixture of 1x10°
DCP _IL12-P2A-dLNGEFR cells and 2x10° DCP_FLT3L-P2A-GFP cells. To study DCPs expressing
only one cytokine (i.e., either IL-12 or FLT3L), the cells were mixed with the appropriate number
of control DCPs either expressing GFP or dALNGFR. Control mice received DCPs only expressing
GFP and dLNGFR.

[0113] As shown in FIG. 10D, the combination of DCP_FLT3L-P2A-GFP and DCP_IL12-P2A-
LNGFR cells achieved better tumor control than DCP_IL12-P2A-dLNGFR (plus control
DCP_GFP) cells. Of note, DCP_FLT3L-P2A-GFP (plus control DCP_dLNGFR) cells was not
effective, indicating synergistic activity of the combination of DCP_FLT3L-P2A-GFP and
DCP_IL12-P2A-dLNGFR cells. To measure systemic levels of transgenic cytokine in vaccinated
mice, serum samples were collected from the tail vein at day 1 and 8 after the last DCP infusion.
ELISA of serum IL-12 (BD 555256, BD Biosciences) and FLT3L (EMFLT3L, Invitrogen) showed
an early and transient increase of transgenic cytokines in mice that received DCP_FLT3L-P2A-GFP
and DCP_IL12-P2A-dLNGFR, which was followed by rapid decrease to quasi-baseline levels on
day 8 post-vaccination (FIG. 10E). Interestingly, flow cytometry analysis of intra-tumoral T cells
revealed greater CD8" and CD4™ T cell infiltrates after the combined vaccination (FIGS. 10F-10G).
Moreover, the combination of DCP_FLT3L-P2A-GFP and DCP IL12-P2A-LNGFR induced
expansion of effector CD8" T cells and CD4™ T cells in tdLNs, compared to all other vaccination
groups (FIGS. 10H-10I).

[0114] Statistical analysis: d) Two-way ANOVA with Tukey’s multiple comparison test. e-h) One-
way ANOVA with Tukey’s multiple comparison test. The # symbol in d indicates comparison
between two groups of interest by two-way ANOVA with Sidak multiple comparison test. The #
symbol in e-findicates comparison between two groups of interest by unpaired Student t test. P values
are coded as *: P <0.05; **: P<0.01; ***. P<0.001; and ****: P <0.0001.

[0115] This example thus demonstrates that DCPs expressing IL-12 and FL3TL inhibit tumor

growth in a tumor-antigen agnostic fashion.

Example 11: DCPs engineered to express 1L-12 and FLT3L are superior to moDCs and ¢DC1
[0116] The ability of transgenically expressed FLT3L and IL12 to endow other populations of DCs,
namely moDCs or mature cDC1 (see Example 2 above), with the ability to expand T cells and control
tumor growth was next investigated.

[0117] DCPs, moDCs and ¢cDC1 were generated from the BM of CD45.1 mice as explained in
Example 2 and transduced with LVs encoding FLT3L, IL-12 and/or marker genes, as explained in
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Example 10 above. Briefly, DCPs and moDCs were transduced at the end of day 8 of the

differentiation protocol, whereas cDC1 were transduced at the end of day 16 of the differentiation
protocol.

[0118] moDCs were seeded at a concentration of 1.5x10° cells/ml in moDC medium and transduced
for 12-14h with the FLT3L-P2A-GFP or IL12-P2A-dLNGFR LVs at MOI of 100. ¢cDC1 and
DCPs were seeded at a concentration of 1.5x10° cell/ml in ¢DC1 medium and transduced for
12-14h with the FLT3L-P2A-GFP or IL12-P2A-dLNGFR LVs at MOI of 350.

[0119] Vaccination studies were then performed in tumor-bearing mice (FIG. 11A). The mice (7-8
mice per condition) were inoculated subcutaneously with B16-OVA melanoma cells (5x10°) and
infused intravenously twice (on day 3 and 5 post-tumor challenge) with a mixture of 1x10° cells
transduced with the IL12-P2A-dLNGFR LV and 2x10° cells transduced with the FLT3L-P2A-
GFP LV. Control mice only received PBS.

[0120] Expression of IL12-P2A-dLNGFR and FLT3L-P2A-GFP inhibited tumor growth (compared
to mock-treatment) regardless of the DC type used. However, vaccination with DCPs achieved
better tumor control than vaccination with either cDC1 or moDCs. (FIG. 11B). moDCs did not
inhibit tumor growth as well as cDC1 or DCPs.

[0121] Flow cytometry analysis of tumors and lymph nodes of treated mice revealed that tumors
treated with DCP-IL12-P2A-dLNGFR plus DCP-FLT3L-P2A-GFP cells were massively infiltrated
by T cells, with the vast majority of them having an activated phenotype (FIGS. 11C-11D); the
magnitude of such effects was much greater for DCPs than ¢cDC1 and moDCs. tdLNs showed
similar results (FIG. 11E). Single cell suspensions from tumors stimulated ex vivo with puromycin
and ionomycin showed markedly greater production of IFNy, GZMB and TNFA in samples from
DCP-vaccinated mice, compared with the other groups (FIGS. 11F-11H). Overall, tumors of mice
vaccinated with DCP-IL12-P2A-dLNGFR plus DCP-FLT3L-P2A-GFP cells displayed a broadly
reprogrammed tumor microenvironment, characterized by a residual epithelial (cancer cell)
component and markedly abundant T cell infiltrates (FIGS. 111-11L).

[0122] Statistical analysis: b) Two-way ANOVA with Tukey’s multiple comparison test. c-h) One-
way ANOVA with Tukey’s multiple comparison test. The # symbol in b indicates comparison
between two groups of interest by two-way ANOVA with Sidak multiple comparison test. P values
are coded as *: P <0.05; **: P <0.01; ***: P<0.001; and ****: P <(.0001.

[0123] This example thus demonstrates that DCPs expressing IL-12 and FL3TL are superior to
moDCs and mature cDC1 and broadly reprogram the tumor microenvironment to a form dominated

by activated T cells.
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Example 12: DCPs engineered to express IL-12 and FLT3L are effective in different cancer

types

[0124] The main advantage of the DCP vaccination platform described herein is that this strategy
does not rely on known tumor antigens. Accordingly, DCPs have the potential to function as a
universal DC vaccine. In order to test the efficacy of DCP vaccination in a different tumor model,
MC38 cancer cells of colorectal cancer origin were used.

[0125] Mice (10 per condition) were inoculated subcutaneously with MC38 cancer cells (5x10°
cells) and were infused intravenously twice (on day 3 and 5 post-tumor challenge) with a mixture
of 1x10° DCP-IL12-P2A-dLNGFR cells and 2x10° DCP-FLT3L-P2A-GFP cells. Control mice
received equal numbers of DCPs transduced with control LVs (expressing only dLNGFR or GFP)
(FIG. 12A).

[0126] DCP-IL12-P2A-dLNGFR plus DCP-FLT3L-P2A-GFP vaccination may potentially represent
a highly effective tumor-agnostic or achieved robust MC38 tumor control (FIG. 12B). Consistent
with results in the B16-OVA melanoma model, the engineered DCPs markedly enhanced infiltration
of the tumors by CD8” T cells and, to a lesser extent, CD4" T cells (FIGS. 12C-12D). Moreover,
the proportion of effector CD4" and CD8" T cells was markedly increased in the tDLNs (FIGS.
12E-12F). Overall, MC38 tumors of mice vaccinated with DCP-IL12-P2A-dLNGFR plus DCP-
FLT3L-P2A-GFP cells displayed a broadly reprogrammed immune microenvironment,
characterized by reduction of myeloid cells encompassing immunosuppressive macrophages and
markedly enhanced CD8" T cells (FIGS. 12G-12H).

[0127] Statistical analysis: b) Two-way ANOVA with Tukey’s multiple comparison test. c-f)
Unpaired Student t test. P values are coded as *: P < 0.05; **: P < 0.01; ***. P <0.001; and ****; P <
0.0001.

[0128] This example thus demonstrates that DCPs expressing IL.-12 and FL3TL broadly reprogram
the tumor microenvironment to a form dominated by activated T cells in both melanoma and

colorectal cancer models.

Example 13: Generation of human DCPs from CD34" progenitors

[0129] Based at least in part on the pre-clinical efficacy of cytokine-armed mouse DCPs a
corresponding protocol for generation of human DCPs was developed. Cord-blood CD34"
progenitors were cultured at an initial concentration of 5x10* cell/mL in U-bottom 96 w/plates in
StemSpan SFEMII medium (Stem Cell Technologies; 09605) supplemented with StemSpan CD34"
Expansion Supplement (Stem Cell Technologies; 02691), which contains FLT3L, SCF, IL3, IL6 and
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TPO (FIG. 13A). The maximum enrichment of human DCPs, defined as CD3", CD19, CD335,

CD66b", CD10, CD14", CD34" and CD115" (FIG. 13B), was obtained at day 7 (FIG. 13C).
Surprisingly, addition of the stem cell expansion enhancer UM729 (Stem Cell Technologies; 72332)
to the media was detrimental to the yield of human DCPs (FIG. 13D-13E). As there are no mouse
models that can sustain human DCPs differentiation into bona fide cDC1 and cDC2, the ability of
human DCPs to differentiate into antigen-presenting cells (APCs) (including cDC1, ¢cDC2 and
moDCs) was tested in vitro. To this aim, day-7 DCPs were sorted by fluorescence-activated cell
sorting (FACS) as CD34" and CD115" cells (FIG. 13F-13G) and allowed to differentiate for
additional 7 days in StemSpam SFEMII medium (Stem Cell Technologies; 09605) supplemented
with 50 units/ml penicillin (Gibco), 50 pg/ml streptomycin (Gibco), 20 ng/ml GM-CSF (Peproteh;
300-03), 100 ng/mL FLT3L (Peprotech; 300-19,), 20 ng/mL SCF (Peprotech; 300-07), and 10
ng/mL (1000 IU/mL) IFNa2b (Invivogen; rcyc-hifna2b). Human DCPs gave rise mainly to APCs
(cDCls: CD66b-, CD3~, CD19~, CD14-, CD141%, and CLEC9A*; ¢cDC2s: CD66b-, CD3~, CD19",
CD147, CD1417, CLEC9A™, and CDIlc"; monocytes: CD66b™, CD3~, CD197, and CD14"; and
immature DCs: CD66b™, CD3~, CD19~, CD14~, CD1417, and CLEC9A™), whereas mock-sorted
cells differentiated into a broader range of cell types (including granulocytes: CD66b™ ; T cells:
CD66b™ and CD3™; B cells: CD66b~, CD3~ and CD19"; and other cells: CD66b~, CD3~, CD19,
CD147, CD1417, CLEC9A™, and CDI1¢") (FIG. 13H), demonstrating that CD34" and CD115"
human DCPs are indeed dendritic cell progenitors.

[0130] Statistical analysis: h) Two-way ANOVA with Sidak’s multiple comparison test. P values
are coded as ****: P <(.0001.

[0131] This example thus demonstrates that human DCPs with the ability to differentiate into bona
fide antigen-presenting cells comprising ¢cDC1 and ¢DC2 can be generated from CD34" human

hematopoietic stem progenitor cells.

Example 14: DCP-derived DCs outperform moDCs in antigen presentation capacity

[0132] To further demonstrate that human DCPs are a source of professional APCs, the antigen-
presenting capacity of their progeny (DCP-progeny), obtained as shown in example 13 (FIG. 13F),
was assessed and compared to traditional moDCs. To generate human moDCs, blood from healthy
human donors was obtained from the Blood Transfusion Center (Lausanne, Switzerland) and
peripheral blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation on
Lymphoprep (Stem Cell Technologies; 07801). CD14™ monocytes were subsequently isolated with
magnetic beads (Miltenyi; 130-050-201) following the manufacturer’s instructions and cultured in

10% FBS (Gibco; 10270106), 100 U/MI penicilin, 100 ug/mL streptomycin (Gibco; 15140-122), 2
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mM glutamine (Gibco; 25030-024), 50 ng/mL. GM-CSF (Peprotech; 300-03), 50 ng/mL IL4

(Peprotech; 200-04) in RPMI 1640 (Gibco; 21875-034) at a concentration of 10° cell/mL.

[0133] Cytomegalovirus (CMYV) protein pp65 (or its HLA-A2-restricted peptide, pp65495.504) and
HLA-A2-restricted, CMV-specific T cells were used to assess antigen presentation. Two antigen-
presentation pathways were examined: (i) presentation of pp65495-504 peptide-loaded HLA-A2,
which mimics direct presentation and (ii) cross-presentation of the pp6549s.504 peptide endogenously
processed from the native pp65 protein. T cells were co-cultured in the presence of DCP-progeny
or moDCs that were previously exposed to pp6549s.504 (at 1 pg/mL for 1h at 37°C) or pp65 protein
(ab43041 Abcam, at 10 pg/mL for 2h at 37°C), to respectively assay direct presentation and cross-
presentation. Pulsed DCP-progeny and moDCs were washed with 10% FBS (Gibco; 10270106),
100 U/MI penicilin, 100 pg/mL streptomycin (15140-122, Gibco) in RPMI 1640 (Gibco; 21875-
034) before culturing them with A2/CMV/pp6549s.s04-specific CD8™ T cells at 1:1 ratio. Co-cultures
were kept overnight at 37°C and 4h in the presence of Brefeldin A (1:1000; BD Biosciences,
GolgiPlug, 51-2301KZ), before staining for flow cytometry analysis. In each instance, DCP-
progeny were superior to moDCs, as shown by the presence of increased IFNy and TNFa-producing
CMV-specific CD8™ T cells after co-culture (FIGS. 14A-14B). Of note, moDCs lacked cross-
presentation capacity. Thus, these data indicate that human DCPs have the ability to produce
progeny with antigen-presentation capacity superior to that of traditional moDCs.

[0134] Statistical analysis: a) Unpaired t-test. P value is coded as ***: P <0.001.

[0135] This example thus demonstrates that antigen-presenting cells derived from enriched human
DCPs have antigen presentation capacity that is superior to that of traditional human monocyte-
derived DCs.

Example 15: Efficient generation of transduced human DCPs

[0136] Human DCP transduction was performed at day 1 using concentrated lentiviral vectors (LVs)
(FIG. 15A). Before transduction, cells were transferred to retronectin (Takara; T100A) coated wells
and dmPGE2 (Stem Cell Technologies; 72372) was added to a final concentration of 10 uM. After
2h, the cells were transduced with the control dLNGFR-encoding LV at 300 MOI. This protocol
generated >80% transgene-expressing DCPs, assessed by flow cytometry (FIG. 15B). DCPs were
then transduced with the functional anti-GD2 EVIR. The functionality of GD2-EVIR-DCPs was
analyzed by assessing the capacity of DCPs transduced with GD2-EVIR, compared with CTRL
dLNGFR, to uptake GD2" or GD2 tumor EVs. Tumor EVs (tEVs) were isolated from human
melanoma cell lines expanded in 10% FBS (Gibco; 10270106), 1.1 uM arginine (Sigma Aldrich),
0.48 uM asparagine (Sigma Aldrich), 11.25 uM glutamine (Gibco, 25030-024), 10 mM Hepes
(Gibco; 15630-056), 100 U/MI penicilin, and 100 pg/mL sptreptomycin (Gibco; 15140-122) in
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RPMI 1640 (Gibco; 21875-034). For EV isolation, medium of cells at 20% confluency was replaced

with the aforementioned medium modified to contain 5% EV-depleted FBS (obtained by
ultracentrifugation of standard FBS at 134,000 g for 16 h at 4 °C followed by filtration through a
0.1 um vacuum filtration bottle). After 4 days in culture, medium was harvested for EV isolation by
sequential ultracentrifugation: medium was centrifuged at 500 x g for 5 min, 200 x g for 10 min,
and 10000 x g for 30 min, at 4°C to remove dead cells and debris. The medium was then
ultracentrifuged at 134000 x g for 70 min at 4°C using a Hitachi CP8ONX ultracentrifuge. The pellet
was washed with 35 mL of PBS and ultracentrifuged again at 134000 x g for 70 min at 4°C to finally
resuspend them in PBS. GD2" or GD2" EVs were labelled with the membrane dye PKH26 (1:200,
MIDI26-1KT, Sigma, PE) for 10min at RT and washed them twice with 0.1%BSA in PBS and once
with PBS on Vivaspin 500 (300,000 MWCO PES, VS0152 Sartorius) before adding them at 5
ug/mL concentration to CTRL (dLNGFR)-transduced or GD2-EVIR-transduced DCP-progeny
(FIG. 15C-15D). The mean fluorescence intensity of PKH26 in transduced DCPs, measured the
following day by flow cytometry, indicated enhanced uptake of GD2" tumor EVs by GD2-EVIR-
transduced DCP-progeny compared to CTRL-transduced DCP-progeny, indicating that EVIR
expression in human DCPs specifically enhances the uptake and internalization of GD2-positive
tEVs (FIG. 15E).

[0137] DCPs were then transduced with LVs encoding FLT3L and IL-12. DCPs were transduced
with FLT3L-GFP, IL12-dLNGFR or dLNGFR coding LVs on day 1, and sorted on day 7 for
subsequent culture in FLT3L-deprived StemSpam SFEMII medium (Stem Cell Technologies;
09605) supplemented with 50 units/ml penicillin (Gibco), 50 pg/ml streptomycin (Gibco), 20 ng/ml
GM-CSF (Peproteh; 300-03), 20 ng/mL. SCF (Peprotech; 300-07), and 10 ng/mL (1000 IU/mL)
IFNa2b (Invivogen; rcyc-hifna2b) for 7 additional days (FIG. 15F). Day 7 DCPs identified as
CD34" and CDI115" cells robustly expressed GFP from the FLT3L-GFP LV (FIG. 15G). Also,
ELISA analysis (EHFL3LG, Thermo Fisher) of day 14 culture supernatants revealed efficient
FLT3L production by FLT3L-transduced cells or a mixture of FLT3L™ and IL12-transduced DCPs
(2:1 ratio) (FIG. 15H).

[0138] The capacity of IL12 to enhance T cell stimulation capacity of human DCPs was assessed
(FIG. 15I). dLNGFR analysis by flow cytometry revealed efficient transduction with 1L12-
dLNGFR LVs on day 7 (FIG. 15J). Moreover, IL12 was detected by ELISA (431701, Biolegend)
in the culture supernatants of IL12-transduced DCP-progeny after 7 days of differentiation in
StemSpam SFEMII medium (Stem Cell Technologies; 09605) supplemented with 50 units/ml
penicillin (Gibco), 50 pg/ml streptomycin (Gibco), 20 ng/ml GM-CSF (Peproteh; 300-03), 100
ng/mL FLT3L (Peprotech; 300-19,), 20 ng/mL. SCF (Peprotech; 300-07), and 10 ng/mL (1000
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IU/mL) IFNa2b (Invivogen; rcyc-hifna2b) (FIG. 15K). Notably, IL12-transduced DCP-progeny or

a mixture of FLT3L/IL12-transduced (2:1 ratio) DCP-progeny induced antigen-independent IFNy
production by CM V-specific T cells cocultured with DCP-progeny (FIG. 15L).

[0139] In summary, the present disclosure demonstrates that human DCPs, like the mouse DCPs of
the previous examples, can be armed with effectors (such as EVIR, FLT3L or IL12) to produce a
DCP progeny, and these human DCP progeny may recapitulate the anti-tumoral immune functions

of mouse DCPs.
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List of sequences

GFP
[0140] ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGA

GCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGA
TGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTG
CCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCC
CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAG
GAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGT
TCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGA
CGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCA
TGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGA
GGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGC
CCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACC
CCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCAC
TCTCGGCATGGACGAGCTGTACAAGTAA (SEQID NO: 1)

[0141] MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATY GKLTLKFICTTGKLPVP
WPTLVTTLTY GVQCFSRYPDHMK QHDFFK SAMPEGYVQERTIFFKDDGNYK TRAEVKFEG
DTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIK VNFKIRHNIEDGSVQ
LADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELY
K (SEQ ID NO: 2)

mlIL2-P2A-GFP

[0142] ATGTACAGCATGCAGCTCGCATCCTGTGTCACATTGACACTTGTGCTCCTTGTCA
ACAGCGCACCCACTTCAAGCTCCACTTCAAGCTCTACAGCGGAAGCACAGCAGCAGCA
GCAGCAGCAGCAGCAGCAGCAGCAGCACCTGGAGCAGCTGTTGATGGACCTACAGGA

GCTCCTGAGCAGGATGGAGAATTACAGGAACCTGAAACTCCCCAGGATGCTCACCTTCA
AATTTTACTTGCCCAAGCAGGCCACAGAATTGAAAGATCTTCAGTGCCTAGAAGATGAA
CTTGGACCTCTGCGGCATGTTCTGGATTTGACTCAAAGCAAAAGCTTTCAATTGGAAGA
TGCTGAGAATTTCATCAGCAATATCAGAGTAACTGTTGTAAAACTAAAGGGCTCTGACA

ACACATTTGAGTGCCAATTCGATGATGAGTCAGCAACTGTGGTGGACTTTCTGAGGAGA
TGGATAGCCTTCTGTCAAAGCATCATCTCAACAAGCCCTCAAACCGGTTCCGGAGCCAC
GAACTTCTCTCTGTTAAAGCAAGCAGGAGACGTGGAAGAAAACCCCGGTCCTATGGTG
AGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGC
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GACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACG

GCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCAC
CCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGA
AGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCAT
CTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGA
CACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATC
CTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAA
GCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGC
GTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGC
TGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGA
AGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATG
GACGAGCTGTACAAGTAAGTCGAC (SEQ ID NO: 3)

[0143] MYSMQLASCVTLTLVLLVNSAPTSSSTSSSTAEAQQQQQQQQQQQQHLEQLLMDL
QELLSRMENYRNLKLPRMLTFKFYLPKQATELKDLQCLEDELGPLRHVLDLTQSKSFQLED
AENFISNIRVTVVKLKGSDNTFECQFDDESATVVDFLRRWIAFCQSIISTSPQTGSGATNFSLL
KQAGDVEENPGPMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATY GKLTLKFIC
TTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGY VQERTIFFKDDGNYKT
RAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADK QKNGIK VNFKIRH
NIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGI
TLGMDELYK* (SEQ ID NO: 4)

mlIL12-P2A-GFP

[0144] ATGTGTCCTCAGAAGCTAACCATCTCCTGGTTTGCCATCGTTTTGCTGGTGTCTC

CACTCATGGCCATGTGGGAGCTGGAGAAAGACGTTTATGTTGTAGAGGTGGACTGGAC

TCCCGATGCCCCTGGAGAAACAGTGAACCTCACCTGTGACACGCCTGAAGAAGATGAC
ATCACCTGGACCTCAGACCAGAGACATGGAGTCATAGGCTCTGGAAAGACCCTGACCA
TCACTGTCAAAGAGTTTCTAGATGCTGGCCAGTACACCTGCCACAAAGGAGGCGAGAC
TCTGAGCCACTCACATCTGCTGCTCCACAAGAAGGAAAATGGAATTTGGTCCACTGAA

ATTTTAAAAAATTTCAAAAACAAGACTTTCCTGAAGTGTGAAGCACCAAATTACTCCGG
ACGGTTCACGTGCTCATGGCTGGTGCAAAGAAACATGGACTTGAAGTTCAACATCAAG
AGCAGTAGCAGTTCCCCTGACTCTCGGGCAGTGACATGTGGAATGGCGTCTCTGTCTGC
AGAGAAGGTCACACTGGACCAAAGGGACTATGAGAAGTATTCAGTGTCCTGCCAGGAG
GATGTCACCTGCCCAACTGCCGAGGAGACCCTGCCCATTGAACTGGCGTTGGAAGCAC
GGCAGCAGAATAAATATGAGAACTACAGCACCAGCTTCTTCATCAGGGACATCATCAAA
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CCAGACCCGCCCAAGAACTTGCAGATGAAGCCTTTGAAGAACTCACAGGTGGAGGTCA

GCTGGGAGTACCCTGACTCCTGGAGCACTCCCCATTCCTACTTCTCCCTCAAGTTCTTTG
TTCGAATCCAGCGCAAGAAAGAAAAGATGAAGGAGACAGAGGAGGGGTGTAACCAGA
AAGGTGCGTTCCTCGTAGAGAAGACATCTACCGAAGTCCAATGCAAAGGCGGGAATGT
CTGCGTGCAAGCTCAGGATCGCTATTACAATTCCTCATGCAGCAAGTGGGCATGTGTTC
CCTGCAGGGTCCGATCCGGCGGCGGCGGGAGTGGCGGCGGGGGTTCTGGCGGAGGCC
TCGCTAGCGGTGGCTCCATGGTCAGCGTTCCAACAGCCTCACCCTCGGCATCCAGCAGC
TCCTCTCAGTGCCGGTCCAGCATGTGTCAATCACGCTACCTCCTCTTTTTGGCCACCCTT
GCCCTCCTAAACCACCTCAGTTTGGCCAGGGTCATTCCAGTCTCTGGACCTGCCAGGTG
TCTTAGCCAGTCCCGAAACCTGCTGAAGACCACAGATGACATGGTGAAGACGGCCAGA
GAAAAACTGAAACATTATTCCTGCACTGCTGAAGACATCGATCATGAAGACATCACACG
GGACCAAACCAGCACATTGAAGACCTGTTTACCACTGGAACTACACAAGAACGAGAGT
TGCCTGGCTACTAGAGAGACTTCTTCCACAACAAGAGGGAGCTGCCTGCCCCCACAGA
AGACGTCTTTGATGATGACCCTGTGCCTTGGTAGCATCTATGAGGACTTGAAGATGTACC
AGACAGAGTTCCAGGCCATCAACGCAGCACTTCAGAATCACAACCATCAGCAGATCAT
TCTAGACAAGGGCATGCTGGTGGCCATCGATGAGCTGATGCAGTCTCTGAATCATAATGG
CGAGACTCTGCGCCAGAAACCTCCTGTGGGAGAAGCAGACCCTTACAGAGTGAAAATG
AAGCTCTGCATCCTGCTTCACGCCTTCAGCACCCGCGTCGTGACCATCAACAGGGTGAT
GGGCTATCTGAGCTCCGCCACCGGTTCCGGAGCCACGAACTTCTCTCTGTTAAAGCAAG
CAGGAGACGTGGAAGAAAACCCCGGTCCTATGGTGAGCAAGGGCGAGGAGCTGTTCA
CCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAG
CGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATC
TGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACG
GCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTC
CGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAAC
TACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAG
CTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTAC
AACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGG
TGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTA
CCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTG
AGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGC
TGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA
(SEQ ID NO: 5)
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[0145] MCPQKLTISWFAIVLLVSPLMAMWELEKDVYVVEVDWTPDAPGETVNLTCDTPEE

DDITWTSDQRHGVIGSGK TLTITVKEFLDAGQYTCHKGGETLSHSHLLLHKKENGIWSTEI
LKNFKNKTFLKCEAPNY SGRFTCSWLVQRNMDLKFNIK SSSSSPDSRAVTCGMASLSAEK
VTLDQRDYEKYSVSCQEDVTCPTAEETLPIELALEARQQNK YENY STSFFIRDIIKPDPPKN
LQMKPLKNSQVEVSWEYPDSWSTPHSYFSLKFFVRIQRKKEKMKETEEGCNQK GAFLVE
KTSTEVQCKGGNVCVQAQDRY YNSSCSKWACVPCRVRSGGGGSGGGGSGGGLASGGSM
VSVPTASPSASSSSSQCRSSMCQSRYLLFLATLALLNHLSLARVIPVSGPARCLSQSRNLLKT
TDDMVKTAREKLKHYSCTAEDIDHEDITRDQTSTLK TCLPLELHKNESCLATRETSSTTRGS
CLPPQKTSLMMTLCLGSIYEDLKMYQTEFQAINAALQNHNHQQIILDK GMLVAIDELMQS
LNHNGETLRQKPPVGEADPYRVKMKLCILLHAFSTRVVTINRVMGYLSSATGSGATNFSLL
KQAGDVEENPGPMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFI
CTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYK
TRAEVKFEGDTLVNRIELK GIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIK VNFKIR
HNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAA
GITLGMDELYK* (SEQ ID NO: 6)

dOVA

[0146] ATGGACAGCACCAGGACACAAATAAATAAGGTTGTTCGCTTTGATAAACTTCCA
GGATTCGGAGACAGTATTGAAGCTCAGTGTGGCACATCTGTAAACGTTCACTCTTCACT
TAGAGACATCCTCAACCAAATCACCAAACCAAATGATGTTTATTCGTTCAGCCTTGCCAG
TAGACTTTATGCTGAAGAGAGATACCCAATCCTGCCAGAATACTTGCAGTGTGTGAAGGA
ACTGTATAGAGGAGGCTTGGAACCTATCAACTTTCAAACAGCTGCAGATCAAGCCAGAG
AGCTCATCAATTCCTGGGTAGAAAGTCAGACAAATGGAATTATCAGAAATGTCCTTCAG
CCAAGCTCCGTGGATTCTCAAACTGCAATGGTTCTGGTTAATGCCATTGTCTTCAAAGG
ACTGTGGGAGAAAGCATTTAAGGATGAAGACACACAAGCAATGCCTTTCAGAGTGACT
GAGCAAGAAAGCAAACCTGTGCAGATGATGTACCAGATTGGTTTATTTAGAGTGGCATC
AATGGCTTCTGAGAAAATGAAGATCCTGGAGCTTCCATTTGCCAGTGGGACAATGAGCA
TGTTGGTGCTGTTGCCTGATGAAGTCTCAGGCCTTGAGCAGCTTGAGAGTATAATCAACT
TTGAAAAACTGACTGAATGGACCAGTTCTAATGTTATGGAAGAGAGGAAGATCAAAGTG
TACTTACCTCGCATGAAGATGGAGGAAAAATACAACCTCACATCTGTCTTAATGGCTATGG
GCATTACTGACGTGTTTAGCTCTTCAGCCAATCTGTCTGGCATCTCCTCAGCAGAGAGCC
TGAAGATATCTCAAGCTGTCCATGCAGCACATGCAGAAATCAATGAAGCAGGCAGAGA
GGTGGTAGGGTCAGCAGAGGCTGGAGTGGATGCTGCAAGCGTCTCTGAAGAATTTAGG
GCTGACCATCCATTCCTCTTCTGTATCAAGCACATCGCAACCAACGCCGTTCTCTTCTTT
GGCAGATGTGTTTCCCCTGGCGGCGGCTGA (SEQ ID NO: 7)
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[0147] MDSTRTQINKVVRFDKLPGFGDSIEAQCGTSVNVHSSLRDILNQITKPNDVY SFSLA

SRLYAEERYPILPEYLQCVKELYRGGLEPINFQTAADQARELINSWVESQTNGIIRNVLQPSS

VDSQTAMVLVNAIVFKGLWEKAFKDEDTQAMPFRVTEQESKPVQMMY QIGLFRVASMAS

EKMKILELPFASGTMSMLVLLPDEVSGLEQLESIINFEKLTEWTSSNVMEERKIKVYLPRMK
MEEKYNLTSVLMAMGITDVFSSSANLSGISSAESLKISQAVHAAHAEINEAGREVVGSAEA
GVDAASVSEEFRADHPFLFCIKHIATNAVLFFGRCVSPGGG* (SEQ ID NO: 8)

mlIL2-P2A-dOVA

[0148] ATGTACAGCATGCAGCTCGCATCCTGTGTCACATTGACACTTGTGCTCCTTGTCA
ACAGCGCACCCACTTCAAGCTCCACTTCAAGCTCTACAGCGGAAGCACAGCAGCAGCA
GCAGCAGCAGCAGCAGCAGCAGCAGCACCTGGAGCAGCTGTTGATGGACCTACAGGA
GCTCCTGAGCAGGATGGAGAATTACAGGAACCTGAAACTCCCCAGGATGCTCACCTTC
AAATTTTACTTGCCCAAGCAGGCCACAGAATTGAAAGATCTTCAGTGCCTAGAAGATGA
ACTTGGACCTCTGCGGCATGTTCTGGATTTGACTCAAAGCAAAAGCTTTCAATTGGAAG
ATGCTGAGAATTTCATCAGCAATATCAGAGTAACTGTTGTAAAACTAAAGGGCTCTGAC
AACACATTTGAGTGCCAATTCGATGATGAGTCAGCAACTGTGGTGGACTTTCTGAGGAG
ATGGATAGCCTTCTGTCAAAGCATCATCTCAACAAGCCCTCAAACCGGTTCCGGAGCCA
CGAACTTCTCTCTGTTAAAGCAAGCAGGAGACGTGGAAGAAAACCCCGGTCCTACGCG
TATGGACAGCACCAGGACACAAATAAATAAGGTTGTTCGCTTTGATAAACTTCCAGGAT
TCGGAGACAGTATTGAAGCTCAGTGTGGCACATCTGTAAACGTTCACTCTTCACTTAGA
GACATCCTCAACCAAATCACCAAACCAAATGATGTTTATTCGTTCAGCCTTGCCAGTAG
ACTTTATGCTGAAGAGAGATACCCAATCCTGCCAGAATACTTGCAGTGTGTGAAGGAAC
TGTATAGAGGAGGCTTGGAACCTATCAACTTTCAAACAGCTGCAGATCAAGCCAGAGAG
CTCATCAATTCCTGGGTAGAAAGTCAGACAAATGGAATTATCAGAAATGTCCTTCAGCC
AAGCTCCGTGGATTCTCAAACTGCAATGGTTCTGGTTAATGCCATTGTCTTCAAAGGAC
TGTGGGAGAAAGCATTTAAGGATGAAGACACACAAGCAATGCCTTTCAGAGTGACTGA
GCAAGAAAGCAAACCTGTGCAGATGATGTACCAGATTGGTTTATTTAGAGTGGCATCAA
TGGCTTCTGAGAAAATGAAGATCCTGGAGCTTCCATTTGCCAGTGGGACAATGAGCATG
TTGGTGCTGTTGCCTGATGAAGTCTCAGGCCTTGAGCAGCTTGAGAGTATAATCAACTT
TGAAAAACTGACTGAATGGACCAGTTCTAATGTTATGGAAGAGAGGAAGATCAAAGTGT
ACTTACCTCGCATGAAGATGGAGGAAAAATACAACCTCACATCTGTCTTAATGGCTATGG
GCATTACTGACGTGTTTAGCTCTTCAGCCAATCTGTCTGGCATCTCCTCAGCAGAGAGCC
TGAAGATATCTCAAGCTGTCCATGCAGCACATGCAGAAATCAATGAAGCAGGCAGAGAG
GTGGTAGGGTCAGCAGAGGCTGGAGTGGATGCTGCAAGCGTCTCTGAAGAATTTAGGG
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CTGACCATCCATTCCTCTTCTGTATCAAGCACATCGCAACCAACGCCGTTCTCTTCTTTG

GCAGATGTGTTTCCCCTGGCGGCGGCTGA (SEQ ID NO: 9)

[0149] MYSMQLASCVTLTLVLLVNSAPTSSSTSSSTAEAQQQQQQQQQQQQHLEQLLMDL
QELLSRMENYRNLKLPRMLTFKFYLPKQATELKDLQCLEDELGPLRHVLDLTQSKSFQLED
AENFISNIRVTVVKLKGSDNTFECQFDDESATVVDFLRRWIAFCQSIISTSPQTGSGATNFSLL
KQAGDVEENPGPTRMDSTRTQINKVVRFDKLPGFGDSIEAQCGTSVNVHSSLRDILNQITK
PNDVYSFSLASRLYAEERYPILPEYLQCVKELYRGGLEPINFQTAADQARELINSWVESQTN
GIIRNVLQPSSVDSQTAMVLVNAIVFKGLWEK AFKDEDTQAMPFRVTEQESKPVQMMYQI
GLFRVASMASEKMKILELPFASGTMSMLVLLPDEVSGLEQLESIINFEKLTEWTSSNVMEER
KIKVYLPRMKMEEK YNLTSVLMAMGITDVFSSSANLSGISSAESLKISQAVHA AHAEINEA
GREVVGSAEAGVDAASVSEEFRADHPFLFCIKHIATNAVLFFGRCVSPGGG* (SEQ ID NO:
10)

mIL12-P2A-dOVA

[0150] ATGTGTCCTCAGAAGCTAACCATCTCCTGGTTTGCCATCGTTTTGCTGGTGTCTC

CACTCATGGCCATGTGGGAGCTGGAGAAAGACGTTTATGTTGTAGAGGTGGACTGGAC

TCCCGATGCCCCTGGAGAAACAGTGAACCTCACCTGTGACACGCCTGAAGAAGATGAC
ATCACCTGGACCTCAGACCAGAGACATGGAGTCATAGGCTCTGGAAAGACCCTGACCA
TCACTGTCAAAGAGTTTCTAGATGCTGGCCAGTACACCTGCCACAAAGGAGGCGAGAC
TCTGAGCCACTCACATCTGCTGCTCCACAAGAAGGAAAATGGAATTTGGTCCACTGAA

ATTTTAAAAAATTTCAAAAACAAGACTTTCCTGAAGTGTGAAGCACCAAATTACTCCGG
ACGGTTCACGTGCTCATGGCTGGTGCAAAGAAACATGGACTTGAAGTTCAACATCAAG
AGCAGTAGCAGTTCCCCTGACTCTCGGGCAGTGACATGTGGAATGGCGTCTCTGTCTGC
AGAGAAGGTCACACTGGACCAAAGGGACTATGAGAAGTATTCAGTGTCCTGCCAGGAG
GATGTCACCTGCCCAACTGCCGAGGAGACCCTGCCCATTGAACTGGCGTTGGAAGCAC
GGCAGCAGAATAAATATGAGAACTACAGCACCAGCTTCTTCATCAGGGACATCATCAAA
CCAGACCCGCCCAAGAACTTGCAGATGAAGCCTTTGAAGAACTCACAGGTGGAGGTC

AGCTGGGAGTACCCTGACTCCTGGAGCACTCCCCATTCCTACTTCTCCCTCAAGTTCTTT
GTTCGAATCCAGCGCAAGAAAGAAAAGATGAAGGAGACAGAGGAGGGGTGTAACCAG
AAAGGTGCGTTCCTCGTAGAGAAGACATCTACCGAAGTCCAATGCAAAGGCGGGAATG
TCTGCGTGCAAGCTCAGGATCGCTATTACAATTCCTCATGCAGCAAGTGGGCATGTGTTC
CCTGCAGGGTCCGATCCGGCGGCGGCGGGAGTGGCGGCGGGGGTTCTGGCGGAGGCC

TCGCTAGCGGTGGCTCCATGGTCAGCGTTCCAACAGCCTCACCCTCGGCATCCAGCAGC
TCCTCTCAGTGCCGGTCCAGCATGTGTCAATCACGCTACCTCCTCTTTTTGGCCACCCTT

-38-



WO 2023/232777 PCT/EP2023/064391
GCCCTCCTAAACCACCTCAGTTTGGCCAGGGTCATTCCAGTCTCTGGACCTGCCAGGTG

TCTTAGCCAGTCCCGAAACCTGCTGAAGACCACAGATGACATGGTGAAGACGGCCAGA
GAAAAACTGAAACATTATTCCTGCACTGCTGAAGACATCGATCATGAAGACATCACACG
GGACCAAACCAGCACATTGAAGACCTGTTTACCACTGGAACTACACAAGAACGAGAGT
TGCCTGGCTACTAGAGAGACTTCTTCCACAACAAGAGGGAGCTGCCTGCCCCCACAGA
AGACGTCTTTGATGATGACCCTGTGCCTTGGTAGCATCTATGAGGACTTGAAGATGTACC
AGACAGAGTTCCAGGCCATCAACGCAGCACTTCAGAATCACAACCATCAGCAGATCAT
TCTAGACAAGGGCATGCTGGTGGCCATCGATGAGCTGATGCAGTCTCTGAATCATAATGG
CGAGACTCTGCGCCAGAAACCTCCTGTGGGAGAAGCAGACCCTTACAGAGTGAAAATG
AAGCTCTGCATCCTGCTTCACGCCTTCAGCACCCGCGTCGTGACCATCAACAGGGTGAT
GGGCTATCTGAGCTCCGCCACCGGTTCCGGAGCCACGAACTTCTCTCTGTTAAAGCAAG
CAGGAGACGTGGAAGAAAACCCCGGTCCTACGCGTATGGACAGCACCAGGACACAAAT
AAATAAGGTTGTTCGCTTTGATAAACTTCCAGGATTCGGAGACAGTATTGAAGCTCAGT
GTGGCACATCTGTAAACGTTCACTCTTCACTTAGAGACATCCTCAACCAAATCACCAAA
CCAAATGATGTTTATTCGTTCAGCCTTGCCAGTAGACTTTATGCTGAAGAGAGATACCCA
ATCCTGCCAGAATACTTGCAGTGTGTGAAGGAACTGTATAGAGGAGGCTTGGAACCTAT
CAACTTTCAAACAGCTGCAGATCAAGCCAGAGAGCTCATCAATTCCTGGGTAGAAAGT
CAGACAAATGGAATTATCAGAAATGTCCTTCAGCCAAGCTCCGTGGATTCTCAAACTGCA
ATGGTTCTGGTTAATGCCATTGTCTTCAAAGGACTGTGGGAGAAAGCATTTAAGGATGAA
GACACACAAGCAATGCCTTTCAGAGTGACTGAGCAAGAAAGCAAACCTGTGCAGATGA
TGTACCAGATTGGTTTATTTAGAGTGGCATCAATGGCTTCTGAGAAAATGAAGATCCTGG
AGCTTCCATTTGCCAGTGGGACAATGAGCATGTTGGTGCTGTTGCCTGATGAAGTCTCA
GGCCTTGAGCAGCTTGAGAGTATAATCAACTTTGAAAAACTGACTGAATGGACCAGTTC
TAATGTTATGGAAGAGAGGAAGATCAAAGTGTACTTACCTCGCATGAAGATGGAGGAAA
AATACAACCTCACATCTGTCTTAATGGCTATGGGCATTACTGACGTGTTTAGCTCTTCAGC
CAATCTGTCTGGCATCTCCTCAGCAGAGAGCCTGAAGATATCTCAAGCTGTCCATGCAG
CACATGCAGAAATCAATGAAGCAGGCAGAGAGGTGGTAGGGTCAGCAGAGGCTGGAG
TGGATGCTGCAAGCGTCTCTGAAGAATTTAGGGCTGACCATCCATTCCTCTTCTGTATCA
AGCACATCGCAACCAACGCCGTTCTCTTCTTTGGCAGATGTGTTTCCCCTGGCGGCGGC
TGA (SEQ ID NO: 11)

[0151] MCPQKLTISWFAIVLLV SPLMAMWELEKDVYVVEVDWTPDAPGETVNLTCDTPEE
DDITWTSDQRHGVIGSGKTLTITVKEFLDAGQYTCHKGGETLSHSHLLLHKKENGIWSTEI
LKNFKNKTFLKCEAPNY SGRFTCSWLVQRNMDLKFNIKSSSSSPDSRAVTCGMASLSAEKYV
TLDQRDYEKYSVSCQEDVTCPTAEETLPIELALEARQQNKYENYSTSFFIRDIIKPDPPKNLQ
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MKPLKNSQVEVSWEYPDSW STPHS YFSLKFFVRIQRKKEKMKETEEGCNQKGAFLVEKTS

TEVQCKGGNVCVQAQDRYYNSSCSKWACVPCRVRSGGGGSGGGGSGGGLASGGSMVSV
PTASPSASSSSSQCRSSMCQSRYLLFLATLALLNHLSLARVIPVSGPARCLSQSRNLLKTTDD
MVKTAREKLKHYSCTAEDIDHEDITRDQTSTLK TCLPLELHKNESCLATRETSSTTRGSCLP
PQKTSLMMTLCLGSIYEDLKMYQTEFQAINAALQNHNHQQIILDK GMLVAIDELMQSLNH
NGETLRQKPPVGEADPYRVKMKLCILLHAFSTRVVTINRVMGYLSSATGSGATNFSLLKQA
GDVEENPGPTRMDSTRTQINKVVRFDKLPGFGDSIEAQCGTSVNVHSSLRDILNQITKPND
VYSFSLASRLYAEERYPILPEYLQCVKELYRGGLEPINFQTAADQARELINSWVESQTNGIIR
NVLQPSSVDSQTAMVLVNAIVFKGLWEKAFKDEDTQAMPFRVTEQESKPVQMMYQIGLF
RVASMASEKMKILELPFASGTMSMLVLLPDEVSGLEQLESIINFEKLTEWTSSNVMEERKIK
VYLPRMKMEEK YNLTSVLMAMGITDVFSSSANLSGISSAESLKISQAVHAAHAEINEAGRE
VVGSAEAGVDAASVSEEFRADHPFLFCIKHIATNAVLFFGRCVSPGGG* (SEQ ID NO: 12)

dLNGFR

[0152] ATGGACGGGCCGCGCCTGCTGCTGTTGCTGCTTCTGGGGGTGTCCCTTGGAGGT
GCCAAGGAGGCATGCCCCACAGGCCTGTACACACACAGCGGTGAGTGCTGCAAAGCC
TGCAACCTGGGCGAGGGTGTGGCCCAGCCTTGTGGAGCCAACCAGACCGTGTGTGAG
CCCTGCCTGGACAGCGTGACGTTCTCCGACGTGGTGAGCGCGACCGAGCCGTGCAAGC
CGTGCACCGAGTGCGTGGGGCTCCAGAGCATGTCGGCGCCGTGCGTGGAGGCCGACG
ACGCCGTGTGCCGCTGCGCCTACGGCTACTACCAGGATGAGACGACTGGGCGCTGCGA
GGCGTGCCGCGTGTGCGAGGCGGGCTCGGGCCTCGTGTTCTCCTGCCAGGACAAGCAG
AACACCGTGTGCGAGGAGTGCCCCGACGGCACGTATTCCGACGAGGCCAACCACGTG
GACCCGTGCCTGCCCTGCACCGTGTGCGAGGACACCGAGCGCCAGCTCCGCGAGTGC
ACACGCTGGGCCGACGCCGAGTGCGAGGAGATCCCTGGCCGTTGGATTACACGGTCCA
CACCCCCAGAGGGCTCGGACAGCACAGCCCCCAGCACCCAGGAGCCTGAGGCACCTC
CAGAACAAGACCTCATAGCCAGCACGGTGGCAGGTGTGGTGACCACAGTGATGGGCA
GCTCCCAGCCCGTGGTGACCCGAGGCACCACCGACAACCTCATCCCTGTCTATTGCTCC
ATCCTGGCTGCTGTGGTTGTGGGCCTTGTGGCCTACATAGCCTTCAAGAGGTGGAACA
GGGGGATCCTCTAG (SEQ ID NO: 13)

[0153] MDGPRLLLLLLLGVSLGGAKEACPTGLYTHSGECCKACNLGEGVAQPCGANQTVC
EPCLDSVTFSDVVSATEPCKPCTECVGLQSMSAPCVEADDAVCRCAYGYYQDETTGRCEA
CRVCEAGSGLVFSCQDKQNTVCEECPDGTYSDEANHVDPCLPCTVCEDTERQLRECTRWA
DAECEEIPGRWITRSTPPEGSDSTAPSTQEPEAPPEQDLIASTVAGVVTTVMGSSQPVVTRG

TTDNLIPVYCSILAAVVVGLVAYIAFKRWNRGIL* (SEQ ID NO: 14)
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mIL12-P2A-dLNGFR

[0154] ATGTGCCCTCAGAAGCTCACTATCTCCTGGTTTGCTATTGTCCTCCTGGTCAGCCC
CCTCATGGCTATGTGGGAACTGGAAAAAGACGTGTACGTGGTCGAGGTGGACTGGACA
CCCGATGCCCCTGGCGAGACAGTGAACCTGACATGTGACACCCCCGAGGAGGACGATA
TCACCTGGACATCCGATCAGAGGCACGGAGTGATCGGATCTGGCAAGACCCTGACAATC
ACCGTGAAGGAGTTCCTGGACGCTGGCCAGTACACATGCCACAAGGGCGGAGAGACA
CTGTCTCACAGCCACCTGCTGCTGCACAAGAAGGAGAACGGAATCTGGTCCACAGAGA
TCCTGAAGAACTTCAAGAACAAGACCTTTCTGAAGTGTGAGGCCCCCAACTACTCTGG
CCGGTTCACCTGCAGCTGGCTGGTGCAGCGCAACATGGACCTGAAGTTTAACATCAAG
AGCTCCTCTAGCTCCCCTGATAGCAGGGCTGTGACATGTGGCATGGCCTCCCTGTCTGCT
GAGAAGGTGACCCTGGACCAGAGAGATTACGAGAAGTACAGCGTGTCCTGTCAGGAG
GACGTGACATGCCCAACCGCCGAGGAGACACTGCCAATCGAGCTGGCCCTGGAGGCTC
GGCAGCAGAACAAGTACGAGAACTACTCTACCAGCTTCTTTATCCGCGACATCATCAAG
CCTGATCCCCCTAAGAACCTGCAGATGAAGCCACTGAAGAACTCCCAGGTGGAGGTGT
CTTGGGAGTACCCCGACTCCTGGTCTACACCTCACTCTTACTTCAGCCTGAAGTTCTTTG
TGCGGATCCAGCGCAAGAAGGAGAAGATGAAGGAGACAGAGGAGGGATGTAACCAGA
AGGGCGCCTTTCTGGTGGAGAAGACAAGCACCGAGGTGCAGTGTAAGGGCGGAAACG
TGTGCGTGCAGGCCCAGGATCGGTACTACAACTCTAGCTGCTCCAAGTGGGCTTGCGTG
CCTTGTAGGGTGAGAAGCGGAGGAGGAGGATCCGGAGGAGGAGGATCTGGAGGAGGC
CTGGCTTCCGGAGGATCTATGGTGAGCGTGCCAACAGCTAGCCCTTCCGCTTCCTCTAG
CTCCTCTCAGTGTCGGAGCTCCATGTGCCAGTCCCGCTACCTGCTGTTCCTGGCCACCC
TGGCTCTGCTGAACCACCTGAGCCTGGCTCGCGTGATCCCAGTGTCCGGACCAGCTAG
GTGTCTGTCTCAGAGCCGCAACCTGCTGAAGACCACAGACGATATGGTGAAGACAGCC
CGGGAGAAGCTGAAGCACTACAGCTGCACCGCTGAGGACATCGATCACGAGGACATCA
CACGCGATCAGACATCTACCCTGAAGACCTGTCTGCCTCTGGAGCTGCACAAGAACGA
GAGCTGCCTGGCCACAAGGGAGACAAGCAGCACCACAAGAGGATCTTGTCTGCCACC
CCAGAAGACAAGCCTGATGATGACCCTGTGCCTGGGCTCCATCTACGAGGACCTGAAG
ATGTACCAGACCGAGTTTCAGGCCATCAACGCCGCTCTGCAGAACCACAACCACCAGC
AGATCATCCTGGACAAGGGCATGCTGGTGGCTATCGATGAGCTGATGCAGTCCCTGAAC
CACAACGGAGAGACACTGAGGCAGAAGCCTCCAGTGGGCGAGGCCGATCCATACAGA
GTGAAGATGAAGCTGTGCATCCTGCTGCACGCTTTCTCTACAAGGGTGGTGACCATCAA
CAGAGTGATGGGATACCTGTCCTCTGCCACAGGATCCGGCGCTACCAACTTTTCTCTGC
TGAAGCAGGCTGGCGACGTGGAGGAGAACCCTGGACCAATGGATGGACCTAGGCTCCT
CCTGCTGCTGCTGCTGGGCGTGTCCCTGGGAGGAGCTAAGGAGGCTTGCCCAACAGGA
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CTGTACACCCACTCTGGCGAGTGCTGTAAGGCCTGTAACCTGGGAGAGGGAGTGGCTC

AGCCATGCGGAGCTAACCAGACAGTGTGCGAGCCTTGTCTGGACTCCGTGACCTTCTCT
GACGTGGTGAGCGCCACAGAGCCATGCAAGCCCTGTACCGAGTGCGTGGGCCTGCAGT
CCATGTCTGCCCCATGCGTGGAGGCTGACGATGCCGTGTGCAGATGTGCTTACGGATAC
TACCAGGACGAGACAACAGGCAGGTGTGAGGCTTGCAGGGTGTGCGAGGCTGGAAGC
GGCCTGGTGTTTTCCTGCCAGGATAAGCAGAACACAGTGTGCGAGGAGTGTCCAGACG
GAACCTACAGCGATGAGGCCAACCACGTGGACCCTTGCCTGCCATGTACAGTGTGCGA
GGATACCGAGAGGCAGCTGAGAGAGTGTACCAGATGGGCTGACGCTGAGTGCGAGGA
GATCCCAGGACGGTGGATCACACGCAGCACCCCACCTGAGGGAAGCGACTCCACAGCT
CCTTCCACCCAGGAGCCAGAGGCTCCACCAGAGCAGGATCTGATCGCCTCTACAGTGG
CTGGAGTGGTGACCACAGTGATGGGCAGCTCCCAGCCAGTGGTGACCAGAGGCACCA
CAGACAACCTGATCCCCGTGTACTGCAGCATCCTGGCCGCTGTGGTGGTGGGGCTGGTG
GCATACATTGCTTTCAAGAGATGGAATAGGGGAATCCTGTGA (SEQ ID NO: 15)

[0155] MCPQKLTISWFAIVLLVSPLMAMWELEKDVYVVEVDWTPDAPGETVNLTCDTPEE
DDITWTSDQRHGVIGSGKTLTITVKEFLDAGQY TCHK GGETLSHSHLLLHKKENGIWSTEI
LKNFKNKTFLKCEAPNYSGRFTCSWLVQRNMDLKFNIK SSSSSPDSRAVTCGMASLSAEK
VTLDQRDYEKYSVSCQEDVTCPTAEETLPIELALEARQQNK YENY STSFFIRDIIKPDPPKN
LQMKPLKNSQVEVSWEYPDSWSTPHSYFSLKFFVRIQRKKEKMKETEEGCNQK GAFLVE
KTSTEVQCKGGNVCVQAQDRYYNSSCSKWACVPCRVRSGGGGSGGGGSGGGLASGGSM
VSVPTASPSASSSSSQCRSSMCQSRYLLFLATLALLNHLSLARVIPYVSGPARCLSQSRNLLKT
TDDMVKTAREKLKHYSCTAEDIDHEDITRDQTSTLK TCLPLELHKNESCLATRETSSTTRGS
CLPPQKTSLMMTLCLGSIYEDLKMYQTEFQAINAALQNHNHQQIILDKGMLVAIDELMQSL
NHNGETLRQKPPVGEADPYRVKMKLCILLHAFSTRVVTINRVMGYLSSATGSGATNFSLLK
QAGDVEENPGPMDGPRLLLLLLLGVSLGGAKEACPTGLY THSGECCKACNLGEGVAQPC
GANQTVCEPCLDSVTFSDVVSATEPCKPCTECVGLQSMSAPCVEADDAVCRCAYGYYQDE
TTGRCEACRVCEAGSGLVFSCQDKQNTVCEECPDGTYSDEANHVDPCLPCTVCEDTERQL
RECTRWADAECEEIPGRWITRSTPPEGSDSTAPSTQEPEAPPEQDLIASTVAGVVTTVMGSSQ
PVVTRGTTDNLIPVYCSILAAVVVGLVAYIAFKRWNRGIL* (SEQ ID NO: 16)

mIL12-P2A-EVIR (anti-GD2)

[0156] ATGTGCCCTCAGAAACTGACTATCTCCTGGTTTGCTATTGTCCTCCTCGTGTCCC
CTCTCATGGCTATGTGGGAACTGGAAAAAGACGTGTACGTGGTCGAGGTGGACTGGAC
CCCAGATGCTCCAGGAGAGACAGTGAACCTGACATGTGACACCCCTGAGGAGGACGAT
ATCACCTGGACATCTGATCAGAGACACGGCGTGATCGGAAGCGGCAAGACCCTGACAA
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TCACCGTGAAGGAGTTCCTGGACGCCGGACAGTACACCTGCCACAAGGGCGGAGAGA

CACTGTCTCACAGCCACCTGCTGCTGCACAAGAAGGAGAACGGCATCTGGAGCACCG
AGATCCTGAAGAACTTCAAGAACAAGACATTTCTGAAGTGTGAGGCCCCCAACTACAG
CGGACGGTTCACCTGCTCCTGGCTGGTGCAGCGCAACATGGACCTGAAGTTTAACATC
AAGAGCTCCTCTAGCTCCCCTGATTCCAGGGCTGTGACCTGTGGCATGGCCTCCCTGTC
TGCTGAGAAGGTGACACTGGACCAGAGAGATTACGAGAAGTACAGCGTGTCCTGTCA
GGAGGACGTGACATGCCCTACCGCCGAGGAGACACTGCCAATCGAGCTGGCCCTGGA
GGCTCGGCAGCAGAACAAGTACGAGAACTACTCTACAAGCTTCTTTATCCGCGACATC
ATCAAGCCCGATCCCCCTAAGAACCTGCAGATGAAGCCTCTGAAGAACTCTCAGGTGG
AGGTGAGCTGGGAGTACCCAGACTCCTGGTCTACCCCCCACTCTTACTTCAGCCTGAA
GTTCTTTGTGCGGATCCAGCGCAAGAAGGAGAAGATGAAGGAGACAGAGGAGGGCTG
TAACCAGAAGGGAGCCTTTCTGGTGGAGAAGACAAGCACCGAGGTGCAGTGTAAGGG
CGGAAACGTGTGCGTGCAGGCCCAGGATAGGTACTACAACTCTAGCTGCTCCAAGTGG
GCTTGCGTGCCATGTAGGGTGAGATCCGGAGGAGGAGGATCTGGAGGAGGAGGAAGC
GGAGGAGGCCTGGCTTCCGGAGGCTCTATGGTGAGCGTGCCAACCGCTAGCCCATCCG
CTTCCTCTAGCTCCTCTCAGTGTCGGAGCTCCATGTGCCAGAGCCGCTACCTGCTGTTC
CTGGCCACACTGGCTCTGCTGAACCACCTGTCCCTGGCTAGAGTGATCCCCGTGAGCG
GACCAGCTAGGTGTCTGTCTCAGAGCCGCAACCTGCTGAAGACCACAGACGATATGGT
GAAGACCGCCCGGGAGAAGCTGAAGCACTACTCCTGCACAGCTGAGGACATCGATCA
CGAGGACATCACCCGCGATCAGACATCCACCCTGAAGACATGTCTGCCCCTGGAGCTG
CACAAGAACGAGTCTTGCCTGGCCACAAGGGAGACAAGCAGCACCACAAGAGGCAG
CTGTCTGCCACCCCAGAAGACATCCCTGATGATGACCCTGTGCCTGGGAAGCATCTACG
AGGACCTGAAGATGTACCAGACCGAGTTCCAGGCCATCAACGCCGCTCTGCAGAACCA
CAACCACCAGCAGATCATCCTGGACAAGGGCATGCTGGTGGCTATCGATGAGCTGATGC
AGAGCCTGAACCACAACGGCGAGACACTGAGGCAGAAGCCTCCAGTGGGAGAGGCCG
ATCCTTACAGAGTGAAGATGAAGCTGTGCATCCTGCTGCACGCTTTTTCCACAAGGGTG
GTGACCATCAACAGAGTGATGGGCTACCTGTCCTCTGCCACAGGATCTGGCGCTACCA
ACTTCAGCCTGCTGAAGCAGGCTGGCGACGTGGAGGAGAACCCAGGACCTATGGATTT
TCAGGTGCAGATCTTCTCCTTTCTGCTGATCTCCGCTTCTGTGATCATGTCCAGGGGAG
AGGTGCAGCTGCTGCAGTCTGGCCCTGAGCTGGAGAAGCCAGGAGCCTCCGTGATGAT
CTCTTGCAAGGCTAGCGGCAGCTCCTTCACCGGATACAACATGAACTGGGTGAGGCAG
AACATCGGCAAGAGCCTGGAGTGGATCGGAGCCATCGACCCATACTACGGAGGCACCT
CCTACAACCAGAAGTTTAAGGGCAGAGCCACACTGACCGTGGACAAGTCTAGCTCCAC
CGCTTACATGCACCTGAAGTCCCTGACATCTGAGGATAGCGCCGTGTACTACTGCGTGA
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GCGGAATGGAGTACTGGGGACAGGGCACATCCGTGACCGTGTCTAGCGGCGGAGGAG

GCTCTGGCGGCGGCGGCTCCGGCGGAGGAGGAAGCGACGTGGTCATGACACAGACCC
CACTGTCCCTGCCCGTGAGCCTGGGCGATCAGGCCAGCATCTCCTGCAGGTCCTCTCA
GTCCCTGGTGCACAGAAACGGCAACACCTACCTGCACTGGTACCTGCAGAAGCCAGG
ACAGTCTCCCAAGCTGCTGATCCACAAGGTGAGCAACCGGTTCTCCGGCGTGCCTGAC
CGCTTTTCTGGAAGCGGCTCCGGAACAGATTTCACCCTGAAGATCAGCAGGGTGGAGG
CTGAGGACCTGGGAGTGTACTTCTGTTCTCAGAGCACCCACGTGCCCCCTCTGACATTT
GGCGCTGGAACCAAGCTGGAGCTGACAGGCCTGCTGGGAGTGTCTCTGGGAGGAGCT
AAGGAGGCTTGCCCAACAGGCCTGTACACCCACAGCGGAGAGTGCTGTAAGGCCTGT
AACCTGGGAGAGGGAGTGGCTCAGCCATGCGGAGCTAACCAGACCGTGTGCGAGCCC
TGTCTGGACTCTGTGACATTCAGCGATGTGGTGTCCGCTACCGAGCCTTGCAAGCCATG
TACAGAGTGCGTGGGCCTGCAGTCCATGTCTGCCCCATGCGTGGAGGCTGACGATGCC
GTGTGCAGGTGTGCTTACGGCTACTACCAGGACGAGACAACAGGAAGGTGTGAGGCTT
GCAGGGTGTGCGAGGCTGGATCCGGACTGGTGTTTTCTTGCCAGGATAAGCAGAACAC
CGTGTGCGAGGAGTGTCCAGACGGCACATACAGCGATGAGGCCAACCACGTGGACCC
CTGCCTGCCTTGTACCGTGTGCGAGGATACAGAGAGGCAGCTGAGAGAGTGTACCAGA
TGGGCTGACGCTGAGTGCGAGGAGATCCCAGGCCGGTGGATCACACGCTCTACCCCAC
CAGAGGGAAGCGACTCCACAGCTCCCAGCACCCAGGAGCCTGAGGCTCCTCCAGAGC
AGGATCTGATCGCCTCTACCGTGGCTGGCGTGGTGACCACAGTGATGGGAAGCTCCCA
GCCTGTGGTGACACGCGGCACCACAGATAACCTGATCCCAGTGTACTGCTCCATCCTGG
CCGCTGTGGTGGTGGGACTCGTGGCATACATTGCTTTCAAACGGTGGAATAGGGGAAT
CCTGTGA (SEQ ID NO: 17)

[0157] MCPQKLTISWFAIVLLVSPLMAMWELEKDVYVVEVDWTPDAPGETVNLTCDTPEE
DDITWTSDQRHGVIGSGK TLTITVKEFLDAGQYTCHKGGETLSHSHLLLHKKENGIWSTEIL
KNFKNKTFLKCEAPNY SGRFTCSWLVQRNMDLKFNIK SSSSSPDSRAVTCGMASLSAEKVT
LDQRDYEKYSVSCQEDVTCPTAEETLPIELALEARQQNK YENYSTSFFIRDIIKPDPPKNLQ
MKPLKNSQVEVSWEYPDSWSTPHS YFSLKFFVRIQRKKEKMKETEEGCNQK GAFLVEKTS
TEVQCKGGNVCVQAQDRYYNSSCSKWACVPCRVRSGGGGSGGGGSGGGLASGGSMVSV
PTASPSASSSSSQCRSSMCQSRYLLFLATLALLNHLSLARVIPVSGPARCLSQSRNLLKTTDD
MVKTAREKLKHYSCTAEDIDHEDITRDQTSTLK TCLPLELHKNESCLATRETSSTTRGSCLP
PQKTSLMMTLCLGSIYEDLKMYQTEFQAINAALQNHNHQQILDKGMLVAIDELMQSLNH
NGETLRQKPPVGEADPYRVKMKLCILLHAFSTRVVTINRVMGYLSSATGSGATNFSLLKQA
GDVEENPGPMDFQVQIFSFLLISASVIMSRGEVQLLQSGPELEKPGASVMISCKASGSSFTG
YNMNW VRQNIGKSLEWIGAIDPYYGGTSYNQKFKGRATLTVDK SSSTAYMHLK SLTSEDS
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AVYYCVSGMEYWGQGTSVTVSSGGGGSGGGGSGGGGSDVVMTQTPLSLPVSLGDQASIS

CRSSQSLVHRNGNTYLHWYLQKPGQSPKLLIHKVSNRFSGVPDRFSGSGSGTDFTLKISRVE
AEDLGVYFCSQSTHVPPLTFGAGTKLELTGLLGVSLGGAKEACPTGLYTHSGECCKACNLG
EGVAQPCGANQTVCEPCLDSVTFSDVVSATEPCKPCTECVGLQSMSAPCVEADDAVCRCA

YGYYQDETTGRCEACRVCEAGSGLVFSCQDKQNTVCEECPDGTYSDEANHVDPCLPCTVC
EDTERQLRECTRWADAECEEIPGRWITRSTPPEGSDSTAPSTQEPEAPPEQDLIASTVAGVVT
TVMGSSQPVVTRGTTDNLIPVYCSILAAVVVGLVAYIAFKRWNRGIL* (SEQ ID NO: 18)

mFLT3L-P2A-GFP

[0158] ATGGATTTTCAGGTCCAGATTTTCTCCTTCCTCCTCATTTCAGCCAGCGTCATTAT
GTCTCGGGGGACACCTGACTGTTACTTCAGCCACAGTCCCATCTCCTCCAACTTCAAAG
TGAAGTTTAGAGAGTTGACTGACCACCTGCTTAAAGATTACCCAGTCACTGTGGCCGTC
AATCTTCAGGACGAGAAGCACTGCAAGGCCTTGTGGAGCCTCTTCCTAGCCCAGCGCT
GGATAGAGCAACTGAAGACTGTGGCAGGGTCTAAGATGCAAACGCTTCTGGAGGACGT
CAACACCGAGATACATTTTGTCACCTCATGTACCTTCCAGCCCCTACCAGAATGTCTGCG
ATTCGTCCAGACCAACATCTCCCACCTCCTGAAGGACACCTGCACACAGCTGCTTGCTC
TGAAGCCCTGTATCGGGAAGGCCTGCCAGAATTTCTCTCGGTGCCTGGAGGTGCAGTGC
CAGCCGGACTCCTCCACCCTGCTGCCCCCAAGGAGTCCCATAGCCCTAGAAGCCACGG
AGCTCCCAGAGCCTCGGCCCAGGCAGACCGGTTCCGGAGCCACGAACTTCTCTCTGTT
AAAGCAAGCAGGAGACGTGGAAGAAAACCCCGGTCCTATGGTGAGCAAGGGCGAGGA
GCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCAC
AAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGA
AGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTG
ACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTT
CAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGAC
GGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGC
ATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGG
AGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCAT
CAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGAC
CACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACT
ACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGT
CCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG
TAAG (SEQ ID NO: 19)
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[0159] MDFQVQIFSFLLISASVIMSRGTPDCYFSHSPISSNFKVKFRELTDHLLKDYPVTVAV

NLQDEKHCKALWSLFLAQRWIEQLKTVAGSKMQTLLEDVNTEIHFVTSCTFQPLPECLRFV
QTNISHLLKDTCTQLLALKPCIGKACQNFSRCLEVQCQPDSSTLLPPRSPIALEATELPEPRP

RQTGSGATNFSLLKQAGDVEENPGPMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGE

GDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQ
ERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMAD
KQKNGIKVNFKIRHNIEDGSVQLADHYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKR

DHMVLLEFVTAAGITLGMDELYK* (SEQ ID NO: 20)

hFLT3L-P2A-GFP

[0160] ATGGATTTTCAGGTCCAGATCTTCTCCTTTCTGCTGATTTCCGCCTCTGTGATCAT
GTCCAGAGGCACCCAGGACTGCTCTTTCCAGCACAGCCCTATCAGCTCCGATTTTGCCG
TGAAGATCAGGGAGCTGTCTGACTACCTGCTGCAGGATTATCCAGTGACCGTGGCCAGC
AATCTGCAGGACGAGGAGCTGTGCGGAGGCCTGTGGAGGCTGGTGCTGGCACAGCGGT
GGATGGAGAGACTGAAGACAGTGGCCGGCTCTAAGATGCAGGGCCTGCTGGAGCGGGT
GAACACCGAGATCCACTTCGTGACAAAGTGCGCCTTTCAGCCCCCTCCAAGCTGTCTGC
GGTTTGTGCAGACCAATATCAGCAGACTGCTGCAGGAGACATCCGAGCAGCTGGTGGC
CCTGAAGCCATGGATCACCAGGCAGAACTTCAGCAGGTGCCTGGAGCTGCAGTGTCAG
CCAGACTCTAGCACACTGCCCCCTCCATGGTCCCCCCGCCCTCTGGAGGCAACCGCACC
AACAGCCGGCTCCGGCGCCACCAACTTTTCTCTGCTGAAGCAGGCCGGCGATGTGGAG
GAGAATCCAGGCCCCATGGTGAGCAAGGGCGAGGAGCTGTTCACAGGCGTGGTGCCCA
TCCTGGTGGAGCTGGACGGCGATGTGAATGGCCACAAGTTTAGCGTGTCCGGAGAGGG
AGAGGGCGATGCAACCTACGGCAAGCTGACACTGAAGTTCATCTGCACCACAGGCAAG
CTGCCTGTGCCATGGCCCACCCTGGTGACCACACTGACATACGGCGTGCAGTGTTTCTC
CCGGTATCCCGACCACATGAAGCAGCACGATTTCTTTAAGTCTGCCATGCCTGAGGGCT
ACGTGCAGGAGAGGACCATCTTCTTTAAGGACGATGGCAACTATAAGACCCGCGCCGA
GGTGAAGTTCGAGGGCGACACACTGGTGAACCGGATCGAGCTGAAGGGCATCGACTTT
AAGGAGGATGGCAATATCCTGGGCCACAAGCTGGAGTACAACTATAATTCCCACAACGT
GTATATCATGGCCGATAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCAGACACA
ATATCGAGGACGGCTCTGTGCAGCTGGCCGATCACTACCAGCAGAACACCCCAATCGGC
GACGGACCTGTGCTGCTGCCAGATAATCACTATCTGTCTACACAGAGCGCCCTGTCCAA
GGACCCTAACGAGAAGAGGGATCACATGGTGCTGCTGGAGTTTGTCACTGCCGCTGGG
ATTACCCTGGGAATGGATGAGCTGTATAAATAA (SEQ ID NO: 21)
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hFLT3L-P2A-GFP

[0161] MDFQVQIFSFLLISASVIMSRGTQDCSFQHSPISSDFAVKIRELSDYLLQDYPVTVASN
LQDEELCGGLWRLVLAQRWMERLKTVAGSKMQGLLERVNTEIHFVTKCAFQPPPSCLRFV
QTNISRLLQETSEQLVALKPWITRQNFSRCLELQCQPDSSTLPPPW SPRPLEATAPTAGSGAT
NFSLLKQAGDVEENPGPMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKL
TLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGY VQERTIFFKDD
GNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKV
NFKIRHNIEDGSVQLADHYQOQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFV
TAAGITLGMDELYK* (SEQ ID NO: 22)

hIL-12-P2A-dLNGFR

[0162] ATGTGCCATCAGCAGCTGGTCATCTCTTGGTTTAGTCTGGTGTTTCTGGCTTCTCC
ACTGGTCGCAATCTGGGAACTGAAAAAGGACGTGTACGTGGTGGAGCTGGACTGGTAT
CCTGATGCCCCAGGCGAGATGGTGGTGCTGACCTGTGACACACCCGAGGAGGATGGCA
TCACCTGGACACTGGATCAGAGCTCCGAGGTGCTGGGAAGCGGCAAGACCCTGACAAT
CCAGGTGAAGGAGTTCGGCGACGCAGGACAGTACACCTGCCACAAGGGAGGCGAGGT
GCTGTCTCACAGCCTGCTGCTGCTGCACAAGAAGGAGGACGGCATCTGGTCCACAGAC
ATCCTGAAGGATCAGAAGGAGCCCAAGAACAAGACCTTCCTGAGGTGTGAGGCCAAG

AATTATTCTGGCCGCTTTACCTGCTGGTGGCTGACCACAATCTCCACCGATCTGACATTT

TCTGTGAAGTCTAGCAGGGGATCCTCTGACCCTCAGGGAGTGACATGCGGAGCAGCCA

CCCTGAGCGCCGAGCGGGTGAGAGGCGATAACAAGGAGTACGAGTATTCTGTGGAGTG
TCAGGAGGACAGCGCCTGCCCAGCAGCAGAGGAGTCCCTGCCCATCGAAGTGATGGTG
GATGCCGTGCACAAGCTGAAGTACGAGAATTATACCAGCTCCTTCTTTATCCGGGACATC
ATCAAGCCCGATCCCCCTAAGAACCTGCAGCTGAAGCCTCTGAAGAATAGCAGACAGG

TGGAGGTGTCCTGGGAGTACCCCGACACCTGGTCCACACCTCACAGCTATTTCTCCCTG
ACCTTTTGCGTGCAGGTGCAGGGCAAGTCCAAGAGGGAGAAGAAGGACCGCGTGTTC

ACCGATAAGACATCTGCCACCGTGATCTGCCGGAAGAACGCCTCCATCTCTGTGAGGGC
CCAGGATCGCTACTATTCTAGCTCCTGGTCTGAGTGGGCCAGCGTGCCTTGCTCCGGCG

GCGGCGGCTCTGGAGGAGGAGGAAGCGGAGGAGGAGGCTCCAGAAATCTGCCAGTGG
CAACCCCAGACCCTGGAATGTTCCCATGTCTGCACCACTCCCAGAACCTGCTGCGGGCC
GTGTCTAATATGCTGCAGAAGGCCAGACAGACACTGGAGTTTTACCCTTGCACCAGCGA
GGAGATCGACCACGAGGATATCACAAAGGATAAGACCTCCACAGTGGAGGCCTGTCTG

CCACTGGAGCTGACCAAGAACGAGTCTTGCCTGAATAGCAGGGAGACATCCTTCATCAC
CAACGGCTCTTGTCTGGCCAGCCGCAAGACATCCTTTATGATGGCCCTGTGCCTGTCTAG
CATCTACGAGGACCTGAAGATGTATCAGGTGGAGTTCAAGACCATGAACGCCAAGCTGC
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TGATGGACCCAAAGCGGCAGATCTTTCTGGATCAGAATATGCTGGCCGTGATCGACGAG

CTGATGCAGGCCCTGAACTTCAATAGCGAGACAGTGCCTCAGAAGTCCTCTCTGGAGG

AGCCAGATTTCTACAAGACCAAGATCAAGCTGTGCATCCTGCTGCACGCCTTTAGGATC

CGCGCCGTGACAATCGACAGAGTGATGTCTTATCTGAACGCAAGCGGATCCGGAGCAA

CCAACTTCAGCCTGCTGAAGCAGGCCGGCGATGTGGAGGAGAATCCAGGACCAATGGA
CGGACCAAGGTTATTACTGCTGCTGCTGCTGGGCGTGTCTCTGGGAGGAGCAAAGGAG

GCATGCCCAACAGGCCTGTACACCCACAGCGGAGAGTGCTGTAAGGCATGTAACCTGG

GAGAGGGAGTGGCACAGCCTTGCGGAGCCAATCAGACAGTGTGCGAGCCATGTCTGGA
CTCTGTGACCTTCAGCGATGTGGTGTCCGCCACAGAGCCCTGCAAGCCTTGTACCGAGT
GCGTGGGCCTGCAGTCTATGAGCGCCCCTTGCGTGGAGGCAGACGATGCCGTGTGCAG

ATGTGCCTACGGCTACTATCAGGATGAGACAACAGGCCGGTGTGAGGCATGCCGGGTGT
GCGAGGCAGGATCTGGCCTGGTGTTTAGCTGCCAGGACAAGCAGAACACAGTGTGCGA
GGAGTGTCCAGACGGCACCTATTCCGATGAGGCCAATCACGTGGATCCATGCCTGCCCT
GTACAGTGTGCGAGGACACCGAGCGGCAGCTGAGAGAGTGTACCAGATGGGCAGATGC
AGAGTGCGAGGAGATCCCAGGCCGGTGGATCACAAGAAGCACCCCACCCGAGGGCTC

CGATTCTACAGCACCTTCCACCCAGGAGCCAGAGGCACCTCCAGAGCAGGACCTGATC

GCCAGCACAGTGGCAGGAGTGGTGACCACAGTGATGGGAAGCTCCCAGCCAGTGGTG

ACCAGGGGCACCACAGACAACCTGATCCCCGTGTACTGCTCCATCCTGGCAGCAGTGGT
GGTGGGCCTGGTGGCCTATATCGCTTTCAAGAGGTGGAATCGGGGCATCCTGTAA  (SEQ
ID NO: 23)

hIL-12-P2A-dLNGFR

[0163] MCHQQLVISWFSLVFLASPLVAIWELKKDVYVVELDWYPDAPGEMVVLTCDTPEED
GITWTLDQSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDIL
KDQKEPKNKTFLRCEAKNYSGRFTCWWLTTISTDLTFSVKSSRGSSDPQGVTCGAATLSAE
RVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYENYTSSFFIRDIIKPDPPKN
LQLKPLKNSRQVEVSWEYPDTWSTPHSYFSLTFCVQVQGKSKREKKDRVFTDKTSATVICR
KNASISVRAQDRYYSSSWSEWASVPCSGGGGSGGGGSGGGGSRNLPVATPDPGMFPCLHH
SONLLRAVSNMLQKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRET
SFITNGSCLASRKTSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKRQIFLDQNMLAVI
DELMQALNFNSETVPQKSSLEEPDFYKTKIKLCILLHAFRIRAVTIDRVMSYLNASGSGATN
FSLLKQAGDVEENPGPMDGPRLLLLLLLGVSLGGAKEACPTGLYTHSGECCKACNLGEGV
AQPCGANQTVCEPCLDSVTFSDVVSATEPCKPCTECVGLQSMSAPCVEADDAVCRCAYGY
YQDETTGRCEACRVCEAGSGLVFSCQDKQNTVCEECPDGTYSDEANHVDPCLPCTVCEDT
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ERQLRECTRWADAECEEIPGRWITRSTPPEGSDSTAPSTQEPEAPPEQDLIASTVAGVVTTVM

GSSQPVVTRGTTDNLIPVYCSILAAVVVGLVAYIAFKRWNRGIL* (SEQ ID NO: 24)

[0164] While exemplary embodiments have been shown and described herein, it will be obvious to
those skilled in the art that such embodiments are provided by way of example only. Numerous
variations, changes, and substitutions will occur to those skilled in the art. It should be understood
that various alternatives to the embodiments described herein may be employed. It is intended that
the following claims define the scope of the disclosure and that methods and structures within the

scope of these claims and their equivalents be covered thereby.
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CLAIMS

What is claimed is:

1.

[9%)

10.

11.

An in vitro cell composition that comprises a synthetically partially-differentiated dendritic
cell progenitor, wherein the synthetically partially-differentiated dendritic cell progenitor
has a phenotype of: CD115", CD11c¢’, and Clec9A", as determined by flow cytometry.

The in vitro cell composition of claim 1, wherein the phenotype of the synthetically partially
differentiated dendritic progenitor cell further comprises one or more phenotypes selected
from CD11b", MHCII", CD45R/B220", and cKIT" as determined by flow cytometry.

A differentiated cDC1 or ¢cDC2 dendritic cell differentiated from the synthetically partially-
differentiated dendritic cell progenitor of claim 1 or 2.

The differentiated cDC1 or cDC2 dendritic cell of claim 3, wherein the synthetically-
differentiated cDC1 or ¢cDC2 is an engineered dendritic cell expressing an interleukin or an
effector.

The differentiated cDC1 or ¢cDC2 dendritic cell of claim 4, wherein the engineered dendritic
cell expresses the interleukin, wherein the interleukin is IL12.

The differentiated cDC1 or ¢cDC2 dendritic cell of claim 4, wherein the engineered dendritic
cell expresses the effector, wherein the effector is selected from the group consisting of
extracellular vesicle-internalizing receptor (EVIR), FMS-like tyrosine kinase 3 ligand
(FLT3L), IL-12, TNF-q, IL-1, IL-2, IL-6, CXCLS3, interferon (IFN), GM-CSF, and G-CSF.
An in vitro cell composition that comprises a synthetically partially-differentiated dendritic
cell progenitor, wherein the synthetically partially-differentiated dendritic cell progenitor
comprises one or more phenotypes selected from CD1157, CD34*, CD3", CD19", CD335",
CD66b", CD10" and CD14" as determined by flow cytometry.

An antigen-presenting cell (APC) differentiated from the synthetically partially-
differentiated dendritic cell progenitor of claim 7.

The APC of claim 8, wherein the APC is an engineered dendritic cell expressing an
interleukin or an effector.

The APC of claim 9, wherein the engineered dendritic cell expresses the interleukin,
wherein the interleukin is IL12.

The APC of claim 9, wherein the engineered dendritic cell expresses the effector, wherein
the effector is selected from the group consisting of: extracellular vesicle-internalizing
receptor (EVIR), FMS-like tyrosine kinase 3 ligand (FLT3L), GM-CSF, IL-6, IL-12,
IFNa2p, IFNy, SCF, and TNF-a.
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12.

13.

14.

15.

16.
17.

18.

A method of making a synthetically partially differentiated dendritic cell progenitor, the
method comprising:
(a) obtaining a shortly-expanded hematopoietic stem/progenitor cell (HSPC); and
(b) contacting the shortly-expanded HSPC with a synthetic medium comprising FMS-
like tyrosine kinase 3 ligand (FLT3L) and GM-CSF, with or without IL-1, IL-2, IL-
4, IL-6, IL-12, CXCL8, G-CSF, TNF-0, IFNa, PGE2, or retronectin, in an amount
sufficient to differentiate the HSPC cell into a synthetically partially-differentiated
dendritic cell progenitor having a phenotype of: CD115", CD1l1c, and Clec9A", as
determined by flow cytometry.
The method of claim 12, further comprising contacting the HSPC in a medium comprising:
FBS, L-glutamine, SCF, TPO, FLT3L, IL-3, IL-6, and IL-1b, thereby making the shortly-
expanded HSPC prior to the contacting of (b).
A method of making a synthetically partially differentiated dendritic cell progenitor, the
method comprising:
(a) obtaining a shortly-expanded CD34" human hematopoietic stem progenitor cell
(human HSPC); and
(b) contacting the shortly-expanded human HSPC with a synthetic medium comprising
FMS-like tyrosine kinase 3 ligand (FLT3L), IL-3, IL-6, TPO, and SCF, with or
without IFNy, IL-12, retronectin, TNF-a, or UM729, in an amount sufficient to
differentiate the HSPC cell into a synthetically partially-differentiated dendritic cell
progenitor having one or more phenotypes selected from CD115%, CD34", CD3",
CD19, CD3357, CD66b", CD107, and CD14" as determined by flow cytometry.
A pharmaceutical composition for use in treatment of a condition, comprising: (a) the in
vitro cell composition of any one of claims 1, 2, or 7; the differentiated cDC1 or cDC2
dendritic cell of any one of claims 3-6, or the APC of any one of claims 8-11, and (b) a
pharmaceutically-acceptable excipient, diluent, or carrier.
The pharmaceutical composition of claim 15, wherein the condition is a cancer.
The pharmaceutical composition of claim 15 or 16, further comprising an interleukin or an
effector.
The pharmaceutical composition of claim 15 or 16, wherein the pharmaceutical composition
comprises the differentiated cDC1 or ¢cDC2 dendritic cell, and wherein the differentiated
c¢DC1 or cDC2 dendritic cell is an engineered dendritic cell that expresses an interleukin or

an effector.
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19. The pharmaceutical composition of claim 15 or 16, wherein the pharmaceutical composition

comprises the APC, and wherein the APC is an engineered dendritic cell that expresses an
interleukin or an effector.

20. The pharmaceutical composition of any one of claims 17-19, wherein the interleukin is IL-
12.

21. The pharmaceutical composition of any one of claims 17-19, wherein the effector is selected
from the group consisting of: extracellular vesicle-internalizing receptor (EVIR), FMS-like
tyrosine kinase 3 ligand (FLT3L), IL-12, TNF-q, IL-1, IL-2, IL-6, CXCLS, interferon (IFN),
GM-CSF, and G-CSF.

22. The pharmaceutical composition of claim 17, wherein the effector is not expressed on a cell

of the cancer.
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