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FIELD

[0003] In some aspects, the present tnvention relates to anti-FLT3 humanized antibodies or antigen

binding fragments thereof, chimeric antigen receptors (CARs) comprising such antibodies or
& E g . )

fragments, immune cells expressing such CARs, and uses of such antibodies, CARs and cells.

BACKGROUND

FLT3

[0004] FLT3 is Frus Related Receptor Tyrosine Kinase 3. FLT3 is also known as fetal liver
kinase 2 (FLKZ). FLT3, a member of the class 1l tvrosine kinase recepior family, is expressed
in normal hematopoietic progenitors as well as in leukemic blasts, and it plays an important role
in cell proliferation, differentiation, and survival. Activation of the FL'T3 receptor by the FLT3
ligand leads to receptor dimerization and phosphorylation, and activation of downstream
sigualing pathways, including the Janus kinase (JAK) 2 signal transducer (JAK?2), signal
transducer and activator of transcription (STAT) 5, and mitogen-activated protein kinase
{(MAPK) pathways. Mutations in the FLT3 gene, found in approximately 40% of patients with
AML, are believed to promote its autophosphorylation and constitutive activation, leading to
higand-independent proliferation (Frankturt O et al., Current Opinion in Oncology (2007} 19(6):
635-649).

[0005] Normal FL'T3 expression is mostly restricted to CI234+ hematopeietic stem cells (HSCs),

early hematopoietic progenitors (HPs), and dendritic cells (DCs). Activation of FLT3, through
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binding of FILT3 ligand (FL'T3L), promotes normal differentiation of downstream blood
lineages.

[0006] FLT3 expression is high in a variety of hematologic malignancies, including in most of
AML patients. AML blasts in a majority of patients having AML express FLT3 and this
expression is thought to promote survival and proliferation. Tyrosine kinase tnhibitors (TKIs)
have been developed to specifically target FLT3; however, secondary mutations leading to

resistance against FLT3 remain a major obstacle.

Hematopoietic Stem Cells

{00071 The hematopoietic stem cell is the common ancestor of all blood cells. As multipotent
cells, they can differentiate into multiple cell lineages, but not all the lineages derived from the
three germ layers. Hematopoietic stem cell differentiation gives rise to the lymphoid and royeloid
cell lineages, the two major branches of hematopoiesis. (Kondo, M. "Lymphoid and myeloid
Hneage comnmitment in multipotent hematopoietic progenitors,” Imrounol. Rev. 2010 Nov;
238(1}. 37-46}. Lymphoid lineage cells include T, B, and natural killer (NX} cells. The myeloid
lineage includes megakaryocytes and erythrocytes (MegE) as well as different subsets of
granulocytes {neutrophils, ecsinophils and basophils ), monocytes, macrophages, and mast cells
(GM), which belong to the myeloid lineage (1d. citing Kondo M, et al. Biology of hematopoietic
stem celis and progeuttors: implications for chinical apphication. Ann. Rev Immunol.
2003:21.759-806., Weissman 1L. Translating stem and progenitor cell biology to the clinic:
barriers and opportunities. Science (New York, NY. 2000 Feb 25;287(54571:1442-0); see also
Iwaskaki, H. and Akashi, K. "Myeloid lineage commitment from the hematopoietic stem cell,”
Imnuonity 26(6) June 2007, 726-40}.

[O00B] HSCs present self-renewal potential and differentiation capacity into blood lineages; e,
when stem cells divide, 50% of the daughter cells, on average, are committed with a cell lineage,
cells by asymmetric cell division, so that each dividing stem cell originates one new stem ceil
and one differentiated cell. In coutrast, in symmetric division, the stem cells origivate 100% of
identical stem cells. {(Gordon, M. Stem cells and haemopoiesis. In: Hoffbrand, V., Catovsky, D,
Tuddenham, E.G., 5th ed. Blackwell Publishing, (2005} Differential niche and Wnt

requirements during acute myeloid leukemia, pp. 1-12. New York.}.

]
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(00091 The lymphoid and myeloid lineages are separable at the progenitor level. Common
tymphoid progenttors ({CLPs) can differentiate into all types of lyrmphocytes without noticeable
myeloid potential under physiological conditions (Kondo M, Scherer DC, Mivamoto T, King
AG, Akashi K, Sugamura K. et al. Cell-fate conversion of lymphoid committed progenitors by

i
i

instructive actions of cytokines. Nature. 2000 Sep 21,407(6802):383-6), although some myeloid
related genes might be detected in CLPs, depending on the experimental conditions (Delogu A,
Schebesia A, Sun Q, Aschenbrenner K, Perlot T, Busslinger M. Gene repression by Pax5 in B
cells is essential for blood cell homeostiasis and is reversed in plasma cells. Immunity. 2006
Mar;24(3):269-81).

[0010] Similarly, common myeloid progenitors (CMPs) can give rise to all classes of myeloid
cells with no or extensively low levels of B-cell potential (Akashi K, Traver D, Miyamoto T,
Weissman IL. A clonogenic common royeloid progenitor that gives rise to all myeloid liveages.
Nature. 2000 Mar 9;404(6774): 193-7}. Anocther cell type, dendritic cells (DCs), is not clearly
grouped either in lvmphotd or myeloid lineage, because DC can arise from either CLPs or CMPs
{(Manz MG, Traver B}, Mivamoto T, Weissman I, Akashi K. Dendritic cell potentials of early
lymphoid and myeloid progenitors. Blood. 2001 Jun 1;97(11):3333-41, Traver D, Akashi K,
Manz M, Merad M, Miyamoto T, Engleman FG, et al. Development of CD8alpha-positive
dendritic celis from a common myeloid progenitor. Science (New York, NY. 2000 Dec
15:290{5499).2152-4313. CMPs can proliferate and differentiate into megakaryocyte-erythrocyte
{MegE) progenitors and granulocyte-monocyte (GM) progenitors, which further give rise to
megakaryocyies, erythrocytes, granulocytes, monocytes and others. {(Twasaki H, Akashi K.
Myeloid lineage commitment from the hematopotetic stem cell. Immunity. 2007,26:726-740).
(00117 It is hikely that differences in the expression levels of transcription factors determine the
lineage affiliation of a differentiating cell. The transcription factors PU.1 and GATA-1 have been
implicated in myeloid and erythroid/megakaryocyte lineage differentiation, respectively
{Gordon, M. Stem cells and haemopoiesis. o Hotfbrand, V., Catovsky, D., Tuddenbam, E.G,
5th ed. Blackwell Publishing, (2005); Differential niche and Wnt requirements during acute

myeloid leukemia, pp. 1-12. New York ).

Characterization of HSCs

s
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{00121 HSCs are undifferentiated and resemble small lymphocytes. A farge fraction of HSCs s
quiescent, in the GO phase of the cell cycle, which protects them from the action of cell cycle-
dependent drugs. The quiescent state of stem cells is maintained by transforming growth factor-§
(TGF-B). The activity of TGF-p is mediated by p53, a tumor suppressor gene that regulates cell
protiferation and targets the cyclin-dependent kinase inhibitor p21 (Gordon, M. Stem cells and
haemopoiesis. In: Hoffbrand, V., Catovsky, D, Tuddenham, E.G., 5th ed. Blackwell Publishing,
(2005): Differential niche and Wnt requirements during acute myeloid leukemia, pp. 1-12. New
York ). Quiescence of HSCs is critical not only for protecting the stem cell compartment and
sustatning stem cell pools during long pertods of time, but also for minimizing the accumulation
of replication associated mutations. Many of the inirinsic transcriptional factors that mainiain
HSCs quiescence are found to be associated with leukemias. For example, chromosomal
translocations resulting in the fusion of FoxOs and myeloid/lyrophoid or mixed lineage leukemia
have been reported in acute myeloid leukemias (See, e.g., Sergio Paulo Bydlowski and Felipe de
Lara Janz (2012). Hematopotetic Stem Cell in Acute Myelotd Leukemia Development,
Advances in Hematopoietic Stem Cell Research, Dr. Rosana Pelayo (Ed ), ISBN: 978-953-307-
930-1).

[0013] The majority of normal HSCs are present among the C34+/CD38-/CH90+

bone marrow cell fractions with some HS8Cs also observed among CD34-/Lin- cells.
CD344+/CD38+ cell fractions contain some HSUs endowed with short-term repopulating
activity. Other recognized markers include the tyrosine kinase receptor ¢-kit (CD117)

coupled with a lack of terminal differentiation markers such as CD4 and CD8 (Rossi et al
Methods in Molecular Biology (2011) 750(2) 47-59).

Classification of HSCs

[0014] The hematopoietic stem cell pool can be subdivided into three main groups: (1) short-
term HSCs, capable of generating clones of ditferentiating cells for only 4-0 weeks; (2}
intermediate-term HSCs, capable of sustaining a differentiating cell progeny for 6-8 months
before becoming extinet; and (3) fong-term HSCs, capable of maintaining hematopoiesis

indefinitely. {(Testa . Annals of Hematology {(2011) 90(3): 245-271).
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Hematopoiesis

[0015] Hematopoiesis is a highly coordinated process wherein HSCs differentiate into mature
blood cells supported by a specialized regulatory microenvironment, consisting of components
which control the fate specification of stem and progenitor cells, as weil as maintaining their
development by supplying the requisite factors ("niche"). The term "bone marrow (BM) niche”
as used herein refers to a well-organized architecture composed of elements {e g , osteoblasts,
osteoclasts, bone marrow endothelial cells, stromal cells, adipocytes and extracellular matrix
proteins (ECM)) that play an essential role in the survival, growth and differentiation of diverse
lineages of blood cells. The bone marrow niche is an important post-natal microenvironment in
which H8Cs proliferate, mature and give rise to myeloid and ivmphoid progenitors.

[0016] Bone marrow {BM)} is present in the medullary cavities of all animal bones. It consists of
a variety of precursor and mature cell types, including bematopoietic cells {the precursors of
mature blood cells) and stromal cells (the precursors of a broad spectrum of connective tissue
cells), both of which appear to be capable of differentiating into other cell types. The
mononuciear fraction of bone marrow contains stromal cells, hematopoietic precursors, and
endothelial precursors.

[0017] Unlike secondary lymphoid organs such as spleen with distinct gross structures including
red and white pulp, BM has no clear structural features, except for the endosteurn that contains
ostecblasts. The endosteum region comes in contact with calcified bard bones and provides a
special microenvironment which is necessary for the maintenance of HSC activity (Kondo M,
Immunoiogy Reviews (2010) 238(1): 37-46; Bydlowski and de Lara Janz (2012)).
Hematopoietic Stem Cell in Acute Myeloid Leukemia Development, Advances in Hematopoietic
Stem Cell Research, Dr. Rosana Pelayo (Ed.), ISBN: 978-053-307-930-1).

(00181 Within the niche, HSCs are believed to receive support and growth signals originating
from several sources, including: fibroblasts, endothelial and reticular cells, adipocytes,
osteoblasts and mesenchymal stem cells (MSCs). The main function of the niche is 1o integrate
local changes in nutrients, oxygen, paracrine and autocrine signals and to change HSCs
quiescence, trafficking, and/ or expansion in response to signals from the systemic circulation
{Broner, ¥. & Carson, MC. Topics in bone biology. Springer. 2009; 4: pp. 2-4. New York,

USAL).

W
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[0019] Although the nature of true MSCs remains misunderstood, UXC chemokine ligand 12
{CXCL12)-expressing CD146 MSCs were recently reported to be self-renewing progenitors that
reside on the sinusoidal surfaces and contribute to organization of the sinusoidal wall structure,
produce angiopotetin-1 {Ang-1}, and are capable of generating osteoblasts that form the
endosteal niche (Konopleva, MY, & Jordan, CT, Biology and Therapeutic Targeting (2011) 9(5):
591-599). These CXCL12 reticular cells may serve as a transit pathway for shuttling HSCs
between the osteoblastic and vascular niches where essential but different maintenance signals
are provided.

[0020] Cytokines and chemokines produced by bone marrow MSCs concentrate in

particular niches secondary to varying local production and through the effects of cytokine
binding glycosaminoglycans. Of these, CXCL12/stromal cell-derived factor-1 alpha positively
regulates HSCs homing, while transforming growth factors FMS-like tyrosine kivase 3 (FIt3)
ligand and Ang-1 act as quiescence factors (See, e.g., Sergio Paulo Bydiowski and Felipe de
Lara Janz (2012). Hematopotetic Stem Cell in Acute Myelotd Leukemia Development,
Advances in Hematopoietic Stem Cell Research, Dr. Rosana Pelayo (Ed ), ISBN: 978-953-307-
930-1). CXCL12-CXCR4 signaling is involved in homing of HSCs into BM during ontogeny as
well as survival and profiferation of colony-forming progenitor cells. The CXCR4-selective
antagonist-induced mobilization of HSCs into the peripheral blood further indicates a role for
CXCL12 in retaining HSCs in hematopoietic organs. BM engrafiment involves subsequent celi-
to-cell interactions through the BMSC-produced complex extracellular matrix. Thus, vascular
cell adhesion molecule~-1 (VCAM-1} or fibronectin is critical for adhesion to the BM derived
MSCs. In this way, the control of hematopoietic stem cell proliferation kinetics is critically
inaportant for the regulation of correct hematopoietic cell production. These control mechanisms
could be classified as intrinsic or extrinsic to the stem cells, or a combination of both (See, e g,
Sergio Paulo Bydiowsk: and Felipe de Lara Janz (2012). Hematopoietic Stem Cell in Acute
Myveloid Leukemia Development, Advances in Hematopoietic Stem Cell Research, Dir. Rosana
Pelayo (Ed.), ISBN: 978-953-307-930-1).

(002171 HSC self-renewal and differentiation can be controtled by external factors

{extrinsic control), such as celi-cell interactions in the hematopoietic microenvironment or
cytokines, such as SCF (stem cell factor) and its receptor c-kit, Flt-3 ligand, TGF-8, TNF-a

and others. Cytokines regulate a variety of hematopoietic cell functions through the
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activation of multiple signal transduction pathways. The major pathways relevant to cell
proliferation and differentiation are the Janus kinase (Jak)/signal transducers and activators

of transcription (§TATs}, the mitogen-activated protein (MAP) kinase and the
phosphatidylinositol (P} 3-kinase pathways (Sergic Paulo Bydiowski and Felipe de Lara

Janz (2012). Hematopotetic Stem Cell in Acute Myeloid Leukemia Development, Advances

in Hematopotetic Stem Cell Research, Dr. Rosana Pelayo (Ed), ISBN: 978-9533-307-930-1}.
[0022] Iu addition, expression of other transcription factors, such as, stem ceil leukemia (SCL)
hematopoietic transcription factor; GATA-2; and gene products involved in cell cycle control,
such as the cyclin dependent kinase inhubitors (CKIs) pl6, p21 and p27 have been shown to be
essential for hematopoietic cell development from the earliest stages (intrinsic control}, (Sergio
Paulo Bydlowsk: and Felipe de Lara Janz (2012). Hematopoietic Stem Cell in Acute Myeloid
Leukemia Development, Advances in Hematopoietic Stem Cell Research, Dr. Rosana Pelayo
(Ed.), ISBN: 978-953-307-930-1).

{00237 Notch-1-Jagged pathway may serve to wtegrate extracellular signals with

intracellular signaling and cell cycle control. Notch-1 is a surface receptor on hematopoietic
stemn cell membranes that binds to its ligand. Jagged, on stromal cells. This results in cleavage of
the cytoplasmic portion of Notch-1, which can then act as a transcription factor {Gordon, M.
Stem cells and haemopoiesis. In: Hoffbrand, V| Catovsky, D, Tuddenharm, E.G., 5th ed.
Blackwell Publishing, (2005} Differential niche and Wni requirements during acute myeloid

teukenua, pp. 1-12. New York ).

Diserders that are treated using BM/HSC transplantation

{00247 Disorders that are treated using Bone Marrow (BMyHematopoietic Stem Cell
{HSC) transplantation include, without limitation, Acute Myeloid Leukemia (AML), Acute
Lymphoblastic Leukemia (ALL), Chronic Lymphocytic Leukemia (CLL), Chronic Myeloid
Leukemia (CML), Blastic plasmacytotd dendritic cell neoplasm (BPDUN}, peripheral T cell
lymphoma, follicular lymphoma, diffuse large B cell

lymphoma, Hodgkin lymphoma, nou-Hodgkin lymphoma, neuroblastoma, non-malignant
inherited and acquired marrow disorders {e.g. sickle cell anemia, beta-thalassemia major,
refractory Diamond-Blackfan anemia, myelodysplastic syndrome, idiopathic severe aplastic

anemia, paroxysmal nocturnal hemoglobinuria, pure red cell aplasia, Fanceni anemia,
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amegakaryocytosis, or congenital thrombocytopenia), multiple myeloma, and Severe

Combined Immunodeficiency (SCID).

Hematopeietic Malignancies

{00251 Most hematopoietic malignaucies coroprise functionally heterogeneous cells, with only a
subset, known as cancer stem cells, responsible for tumor maintenance. Cancer stem cells are so
named because they possess qualities reminiscent of normal tissue stem cells including self-
repewal, prolonged survival, and the ability to give rise to cells with more differentiated
characteristics (Jones RJ and Armstrong SA, Biol Blood Marrow Transplant. 2008 Jan; 14
{Supplement 1} 12-16}.

[0026] A transforming event in hematopoietic stem cells can produce several different
malignancies, including, without Hmitation, chronic myeloid leukemia, myelodysplastic
syndrome, acute myeloid leukemia, and probably even acute lymphocytic leukemia, depending
on the degree of differentiation associated with the oncogenic hit (Jones R and Armstrong S4,
Biol Blood Marrow Transplant. 2008 Jan; 14 (Supplement 1) 12-16).

{00271 The cancer stem cell concept 18 based on the idea that tumors of a specific tissue often
appear 10 "attempt” to recapitulate the cellular heterogeneity found in the tissues of origin, and
thus there are cells in the tumor that are stem-cell like giving rise to the varied cell types. A
fundamental test for this hypothesis is whether tumor cells can be separated into those that have
the ability to regenerate the tumor, and those that do not possess this ability. This cellular
hierarchy has been most clearly demonstrated n acute myelogenous leukemias where some
AMULs possess cells with a unique immunophenotype that are able to initiate leukemias in
immunodeficient mice whereas most cells are unable to initiate leukemia development.
Furthermore, the cells that initiate leukemias also give tise to cells that have lost tumor-initiating
activity and thus recapitulate the cellular heterogeneity found in the original tumor (Lapidot T et

al., Nature. 1994; 367: 645-64&; Bonnet I» et al, Nat Med. 1997, 3. 730-737}.

Acute Myeloid Levkemia
(00281 Acute myeloid leukemia (AML) is a clonal disorder characterized by arrest of
differentiation in the myeloid lineage coupled with an accumulation of immature progeuitors

in the bone marrow, resulting in hematopoietic failure (Poll yea DA et al, British Journal of
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Haematology (2011) 152{5): 523-542). There is wide patient-to-patient heterogeneity in the
appearance of the leukemic blasts. The discovery of leukemia-initiating cells in acute myeloid
leukemias {AMLas) started with the discovery that the large majority of AML blasts do not
proliferate and only a small minority is capable of forming new colonies {(Testa U, Annals of
Hematology (2011) 90(3): 245-271). A common feature to all AML cases is the arrested aberrant
differentiation leading to an accumuiation of more than 20% blast cells in the bone marrow
{(Gillland, DG and Tallman MS, Cancer Cell (2002) 1(5): 417-420).

[0629] More than 80% of myeloid leukemias are associated with at least one chromosomal
rearrangerent (Pandolfi PP, Oncogene (2001) 20(40): 5§726-3735), and over 100 different
chromosomal translocations have been cloned (Gilliland, DG and Taliman MS, Cancer Cell
(2002} 1 (5): 417-420). These translocations frequently involve genes encoding transcription
factors that have been shown to play an important role in hematopoietic lineage development,
Thus, alteration of the transcriptional machinery appears to be a common mechanism leading to
arrested differentiation (Pandolfi PP, Oncogene (2001) 20{40). $726-573S; Tenen DG, Nature
Reviews of Cancer {2003) 3(2): 89-101).

100307 Clinical investigation and experirnental animal models suggest that at least two genetic
alterations are required for the clinical manifestation of acute leukemia. According to the model
proposed by Gilliland & Tallman {Cancer Cell (2002) 1(S): 417-420), cooperation between class
{ activating mutations and class Il mutations that induce termination of differentiation give rise 10
AML. The class I mutations, such as mutations in the receptor tyrosine kinase genes FLT3 and
KIT, RAS faruily members, and loss of function of neurofibromin 1, confer proliferative and/or
survival advantage to hematopoietic progenitors, typically as a consequence of aberrant
activation of signal transduction pathways. The class IF mutations lead to a halt in differentiation
via interference with transcription factors or co-activators (Frankfurt G et al., Current Opinion in
Oncology (2007} 19(6): 635-649). While the leukemia stem cell (LSC) appears to share many of
the cell surface markers previously identified for HSC such as CD34, CD38, HLA-DR, and
CD71, several groups have reported surface markers that are differentially expressed in the two
populations. For example, {1390 or Thy-1 has been described as potentially specific of the LSC
compartment. Thy-1 is downregulated in normal hematopoiesis as the most primitive stem cells
progress toward the progenitor stage. (Hope K1 et al., Archives of Medical Research (2003)

34(6): 507-514).
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{003 1] The interaction between CXCL12 (stromal cell-derived factor-1 alpha) and its receptor
CXCR4 on leukemic progenitor cells contributes to their homing to the bone marrow
microenvironment. CXCR4 levels are significantly elevated in leukemic cells from patients with
AML, and CXCR4 expression is associated with poor outcome (Konopleva MY and Jordan CT,
Biology and Therapeutic Targeting (2011) 29(5): 591-599).

[0032] Constitutive activation of the nuclear factor kappa £3 (NF-kB) pathway I primary human
AMIL stem cells provided evidence that NF-Kf plays a significant role in the overall survival of
L8Cs as well as AML cell types in general. (Konopleva MY and Jordan CT, Biology and
Therapeutic Targeting (2011) 29(5): 591-599}.

{00331 AML patients have poor clinical prognosis and limited therapeutic options, with
myeloablation followed by hematopoietic stem cell transplantation (HSCT) as the only curative
treatment. The commonly used conditioning regimens indiscriminately kill all highly
proliferative cell types, leading to life threatening side effects, and are also potentially ineffective

against quiescent AML subpopulations.

Lymphoid Malignancies

[0034] Self-renewal capacity in most tissues is lost as cells progress through their

normal stages of differentiation; for example, myeloid lineage blood cells beyond the level

of hematopotetic stern cells no longer possess self-renewal capacity. A notable exception to
differentiation-associated loss of self-renewal is the lymphoid system, where self-renewal
capacity is preserved until the muemory lymphocyie stage tn order to maintain life-long
immune memory (Fearon DT et al,, Science. 2001; 293: 248-250; Luckey Cl et al, Proc

Natl Acad Sct US AL 2006; 103: 3304-3309). Somatic hypermutation serves as a marker for
the stage of differentiation at which B cell malignancies arise. In general, the presence of
somatic hypermutation identifies a tumor as having arisen in germinal center or post-germinal
center B cells, while the absence of mutation identifies pre-germinal center B cells,

in contrast to myeloid malignancies but conscnant with the lineage's preserved self-renewal
capacity, irnmunoglobulin (1g) rautation patierns suggest that B cell malignancies can arise
from cells throughout the stages of B cell differentiation (Lapidot T et al, Nature. 1994; 367:
645-648; Bonnet B3 and Dick JE, Nat Med. 1997, 3: 730-737; Joves RJ et al., J Natl Cancer Inst.
2004; 96: 583-585).
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Muitiple myeloma

[0035] Multiple myeloma (MM) has generally been considered a disease of malignant plasma
cells with many of the clinical consequences of the disease resulting from the plasma cell bulk
However, normal plasma cells are terminally differentiated and lack self-renewal capacity and it
has been clear for over 30 years that only a minority of cells from mouse and human MM were
clonogenic. These rare clonogenic cells have been termed "tumor stem celis" (Park CH et al | J
Natl Cancer Inst. 1971; 46: 411-422; Hamburger AW and Salmon SE, Science. 1977, 197: 461-
463). MM plasma cells arise from a small population of self-renewing cancer stem cells that
resemble memory B cells. Not only do these clonotypic B cells circulate in most patients but
they also are resistant to many standard anti-MM agents, and thus appear to be responsible for
most disease relapses (Matsui WH et al, Blood. 2004, 103 2332-2336; Kukreja A etal, J Exp
Med. 2006; 203 1859-1865; Jones RJ and Armstrong SA, Biol Blood Marrow Transplant. 2008
Jan; 14 (Supplement 1) 12-16).

Hodglin's lymphoma

[0030] Reed-Sternberg (RS) cells, the hallmark of Hodgkin's lymphoma (HL}, are the only blood
cells other than plasma cells to occasionally express CD138 (Carbone A et al., Blood. 1998; 92:
2220-2228). It has been shown that HL cell lines include a small population of cells that lack the
RS markers CD15 and CD30 present on the rest of the cells, while expressing markers consistent
with a memory B cell phenotype (Newcors SR et al, It J Cell Cloning. 1988; 6: 417-431; Jones
R et al, Blood. 2006; 108: 470). This small subpopulation of phenotypic memory B cells
possessed all of the clonogenic capacity within the HL cell lines. Most HL patients, including
those with early stage disease, harbor circulating memory B cells with the same clonal Ig gene
rearrangement as the patients' RS cells (Jones RJ et al., Blood. 2006; 108: 470; Jones RJ and
Armstrong SA, Biol Blood Marrow Transplant. 2008 Jan, 14 (Supplement 1) 12-16). These data
suggest that these clonotypic memory B cells likely represent the HL stem cells.

Treatment of hematological malignancies

[0037] Hematopoietic stem cells (HSCs) are used in bove marrow trausplantation for treatment

of hematological malignancies as well as nonmalignant disorders {Warner et al, Oncogene

11
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{2004} 23(43): 7164-7177). Until researchers discovered which cellular components were
responsible for the engraftment of the donor hematopoietic and immune systems in marrow-
ablated patients, bone marrow {BM) had been transplanted as an unfractionated cell pool for
many vears (See, e.g., Sergio Paulo Bydiowski and Felipe de Lara Janz (2012). Hematopoietic
Stem Cell in Acute Myeloid Leukemia Development, Advances in Hematopoietic Stem Cell
Research, Dr. Rosana Pelayoe (Ed.), ISBN: 978-953- 307-930-1 }. Preparation or conditioning of a
patient for bone marrow/hematopoietic stem cell (BM/HSC) transplant is a critical element of the
procedure. It serves two main purposes: {1) it provides adequate immuncsuppression of the
patient and clears sufficient niche space in the bone marrow for the transplanted HSC, which
allows transplanted cells to engraft in the recipient; and (2) it often helps to eradicate the source
of the malignaney.

[0038] Conditioning of patients has traditionally beeu achieved by administering waximally
tolerated doses of a cocktail of chemotherapeutic agents with or without radiation. Components
of the cocktail are often chosen to bave non-overlapping toxicities. All preparative regimens
currently in use are toxic and have severe side effects that can be life threatening. Among these
side effects are mucosiiis, nausea and vomiting, alopecia, diarrhea, rash, peripheral neuropathies,
infertility, pulmonary toxiciiies and hepatic toxicities. Many of these side effects are especially
dangerous for older and sick patients, and often become a decisive component in deciding
whether a patient will recetve a transplant.

[0039] Thus, a need exists to prepare or condition patients eligible for bone
martow/hematopotetic stern cell (BM/HSC) transplant without these toxicities.

[0040] A need also exists to treat hematologic malignancies, such as AML, without these

toxictties.

SUMMARY OF THE INVENTION

[0041] In some aspects, the disclosure provides a humanized antibody or antigen binding
fragment thereof that binds (such as specifically binds} to human and rhesus monkey FLT3. In
some aspecis, the disclosure provides a humanized antibody or antigen binding fragment thereof
that binds (such as specifically binds) to human FLT3.

[0042] In some embodiments, the disclosure provides an anti-FLT3 humanized antibody or
antigen binding fragment thereof, wherein the antibody or fragment comprises a light chain

variable region (VL) coroprising an amino acid sequence with at teast 95% tdentity to avy one of

12
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the sequences selected from the group consisting of SEQ ID NG, SEQ 1D NG:2, SEQ ID
NO:29, SEQ ID NO:30, SEQ ID NO-31, SEGQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ
1D NO3S, SEQ D NO36, SEQ 1D NO:37, and SEQ 1D NG:38,
[0043] In some embodiments, the disclosure provides an anti-FLT3 humanized antibody or
antigen binding fragment thereof, wherein the antibody or fragment comprises a heavy chain
variable region {VH} comprising an amino acid sequence with at least 95% identity to any one of
the sequences selected from the group consisting of. SEQ 1D NG:3, SEQ ID NG 18, SEQ ID
NOL19, SEQ 1D NO:20, SEQ ID NO:21, SEQ 1D NO:22, SEQ ID NO:23, SEQ ID NO;24, SEQ
1D NOG:25, SEQ ID NG:26, and SEQ ID NO:27.
[0044] In some embodiments, the disclosure provides an anti-FLT3 humanized antibody or
antigen binding fragment thereof, wherein the antibody or fragment comprises:
(i) a light chain variable region (VL) coroprising an amivo acid sequence with at least
95% identity to any one of the sequences selected from the group consisting of. SEQ ID
NO: 1, SEQ ID NOG2, SEQ IDNO:29, SEQ ID NG:306, SEGQ ID NO3 L, SEQ 1D NG:32,
SEQ ID NO:33, SEQ D NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NG:37, and
SEQ ID NO:38; and/or
(i1} a heavy chain variable region {VH) comprising an aming acid sequence with at least
95% identity to any one of the sequences selected from the group consisting of: SEQ ID
WO:3, SEQ ID NGB, SEQ D NG9, SEG 1D NO:20, SEQ D NO:2L, SEQ D
NOG:22, SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, and SEGQ ID
NO:2T.
[0045] In any of the foregoing or related aspects and embodiments, the VL comprises the amino
actd sequence of SEQ ID NG, and the VH comprises the amino acid sequence of SEQ ID
NO:3. In any of the foregoing or related aspects and embaodiments, the VL comprises the amino
acid sequence of SEQ ID NO:2, and the VH comprises the amino acid sequence of SEQ ID
N3,
[0046] In any of the foregoing or related aspects and embodiments, the disclosure provides anti-
FLT3 humanized antibodies or fragments thereof, wherein the VL comprises complementarity
determining regions (CDRs) having at least 97%, 98%, 99% or 100% identity to the amino acid
sequences of CDR-L1 of SEQ ID NO:86, CDR-L2 of SEQ ID NG: 87, and CDR-L3 of SEQ ID

NO: 88, In some of these embodiments, the CDRs are as determined by Kabat.
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{00471 In any of the foregoing or refated aspects and embodiments, the disciosure provides anti-
FLT3 humanized antibodies or fragments thereof, wherein the VH comprises CDRs having at
feast 97%, 98%, 99% or 100% identity to the amino acid sequences of CDR-HI of SEQ 1D NG:
89, CDR-H2 of SEQ ID NG: 90, and CDR-L3 of SEQ ID NO:91. In some of these
embodiments, the CDRs are as determined by Kabat.

[0048] In any of the foregoing or related aspects and embodiments, the disclosure provides anti-
FLT3 humanized antibodies or fragments thereof, wherein (1) the VL comprises complementarity
determining regions (CDRs) having at least 97%, 98%, 99% or 100% identity to the amino acid
sequences of CDR-L1 of SEQ ID NO:86, CDR-L2 of SEQ ID NO: 87, and CDR-L3 of SEQ ID
NO: 88, and (ii) the VH comprises CDRs having at feast 97%, 98%, 99% or 100% identity to the
amino acid sequences of CDR-H1 of SEQ ID NO: 89, CDR-H2 of SEQ ID NO: 90, and CDR-L3
of SEQ ID NG9t In some of these embodiments, the CDRg are as determined by Kabat,

[0049] In any of the foregoing or related aspects and embodiments, the antigen binding fragment
of the humanized anti-FL'T3 antibodies described herein is a stugle chain variable domain (scFv)
{(such as scFv comprising any VH and any VL described herein or referenced in the foregoing
aspects and embodiments). In some embodiments, the scFv comprises (or substantially consists
or consists of} the amino acid sequence selected from the group comprising: SEQ ID NG:4, SEQ
1D NO:5, SEQ ID NO:44, SEG ID NO:45, SEQ ID NO-46, SEQ ID NO:47, and SEQ ID NO:49.
in some embodiments, the scFv comprises {or substantially consists of or consists of} the amino
actd sequence selected from the group consisting of SEQ ID NO:4, SEQ ID NO:5, SEQ ID

N 44, SEQ 1D NG:45, SEQ 1D NO:46, SEQ 1D NO:47, and SEQ ID N(3:49. Insome
embodiments, the scFv comprises the amino acid sequence of SEQ ID NGO 4. In some
erobodiments, the scFv comprises the amino acid sequence of SEG 1D NG5, In some
embodiments, the scFv comprises a linker between the VL and the VH, wherein the linker has
the formula (Glys.s-Ser4. In some embodiments, the scFv comprises a linker between the VL
and the VH, wherein the linker is GGGGSGGGGSGGGSGGGES (SEQ D NG:S3).

[0050] In any of the foregoing or related aspects and embodiments, the anti-FLT3 antibodies and
fragments thereof described herein (e.g., seFv} do not compete (or do not substantially compete)
with FLT3 ligand for binding to FLT3.

[0051] Iu sorue aspects, the disclosure provides nucleic acids encoding any of the anti-FL T3

antibodies and antigen binding fragments described herein {e.g., scFv). In some aspects, the
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disclosure provides a vector comprising a muclieic acid encoding any of the anti-FLT3 antibodies
and antigen binding fragments described herein {e.g., scFv). In some aspects, the disclosure
provides a recombinant receptor (e.g., a chimeric antigen receptor) comprising any of the anti-
FL T3 antigen binding fragments described herein {e.g., scFv). In some aspects, the disclosure
provides nucleic acids encoding recombinant receptors {e.g., chimeric antigen recepiors)
comprising any of the anti-FL.T3 antigen binding fragments described herein (e.g., scFv). In
some aspects, the disclosure provides a vector comprising a nucleic acid encoding a recombinant
receptor comprising any of the anti-FLT3 antigen binding fragments described herein {e.g.,
scFv).

(00527 In some aspects, the disclosure provides a chimeric antigen receptor {CAR), wherein the
CAR comprises: {1) an extracellular domain comprising {a) an antibody or fragment of any of the
foregoing or related aspects, or (b) an anti-FLT3 scFv of any of the foregoing or related aspects
and embodiments; (ii} a transmembrane domain; and (it} an intracellular domain.

{00537 In any of the foregoing or related aspects and embodiments of the CAR, the
transmembrane domain is a CD3 transmembrane domain, a CD4 transmembrane domain, a CDS8
transmembrane domain, or a CD28 transmembrane domain.  In some embodiments of the CAR,
the transmembrane domain is a CD8 transmembrane domain {e.g., CD8 alpha transmembrane
domain).

[0054] In any of the foregoing or refated aspects and embodiments of the CAR, the intraceliular
domain comprises an activation domain {e.g., wherein, when the CAR is expressed ina T cell,
the activation domain transmits an activation signal after the extracellular domain binds FLT3).
In some embodiments, the disclosure provides a CARs wherein the activation domain (in the
intracellular domain) comprises an intracetluiar signaling domain of CD3zeta, CD3epsiion, or
FcRgamma. In some embodiments, the disclosure provides a CAR comprising CD3zeta
activation domain/intracellular signaling domain. In some embodiments of the CAR, the
intracellular domain further comprises one or more co-stimulatory domains. In some
embodiments, the one or more co-stimulatory domains are from one or more of: CD28, 4-1BB,
CD27, OX40 or ICOS. In some embodiments, the one or more co-stimulatory domains are from
CD28 and/or 4-1BB.

[0055] In any of the foregoing or related aspects and embodiments of the CAR, the CAR

comprises a spacer or hinge region between the extracellular domain and the transmembrane

Ju—
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domain. In some embodiments, the spacer or hinge region is from the extracellular domain of
CDS {e.g., CD8 alpha).

[0056] In any of the foregoing or related aspects and embodiments of the CAR, the extracellular
domain further comprises a cleavable signal peptide.

{00571 In any of the foregoing or related aspects and embodiments of the CAR, the extraceflular
domain comprises an scFv comprising the amino acid sequence of SEG 1D NO:4; the
transmembrane domain comprises a CD transmembrave domaio; and the intraceliular domain
comprises an intracellular signaling domain of CD3zeta and a co-stimulatory domain of CD28
and/or 4-1BB.

(00581 In some embodiments, the CAR described herein comprises (or substantially consists of
or consists of) the amino acid sequence selected from the group comprising: SEQ ID NG:6, SEQ
ID NG9, SEQ ID NO:10, SEQ ID NO-11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO-14, and
SEG ID NO:15. In some embodiments, the CAR described herein comprises (or substantially
consists of or consists of ) the amino acid sequence of SEQ 1D NO:6. In some embodiments, the
CAR described herein comprises {(or substantially consists of or consists of} the amino acid
sequence of SEQ ID NO:9. In some embodiments, the CAR described herein comprises {(or
substantially consists of or consists of} the amino acid sequence of SEQ ID NG:10. In some
embodiments, the CAR described herein comprises (or substantially consists of or consists of)
the amino acid sequence of SEQ 3 NG:11. In some embodiments, the CAR described herein
comprises (or substantially consists of or consists of} the amino acid sequence of SEGQ 1D NG:12.
In some embodiments, the CAR described herein comprises {or substantially consists of or
consists of) the amino acid sequence of SEQ ID NO:13. In some embodiments, the CAR
described herein comprises (or substantially consists of or consists of) the amino acid sequence
of SEQ 1D NG 14, In some embodiments, the CAR described herein comprises {or substantially
consists of or consists of) the amino actd sequence of SEQ ID NOG: LS.

[0059] In any of the foregoing or related aspects and embodiments of the CAR, the CAR fusther
comprises a safety switch polypeptide {e.g , wherein the safety switch polypeptide is bound to
the CAR by a selt-cleaving peptide). In some embodiments, the safety switch polypeptide is
iCasp9 or EGFRt. In some embodiments, the self-cleaving peptide is T2A, PZA, E2A F2A or

IRES. In some embodiments, the self-cleaving peptide is T2A.
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(00607 In any of the foregoing or refated aspects and embodiments of the CAR, an immune cell
{e.g., aT cell) expressing the CAR is activated or stimulated to proliferate when the extracellular
domain binds to FLT3 {e.g., on the surface of a cancer cell, hematopoietic stem cell,
hematopoietic progenitor cell or dendritic cell). In some embodiments, the CAR, when
expressed on the surface of an immune cells {e.g., a T cell), directs the immune cell to kill a cell
expressing FLT3.

[0061] In some aspects, the disclosure provides an immune cell {e.g., a T cell) or a population of
immune cells {e.g., T cells) expressing a CAR of any of the foregoing or related aspects and
embodiments. In some aspects, the disclosure provides an immune cell {e. g, a T cell)} a population
of immune cells {e.g., T cells) comprising a nucleic acid encoding a CAR of any of the foregoing
or related aspects and embodiments. In any of the foregoing or related aspects and embodiments,
the immune cell is a T cell, a NK cell, a macrophage or a movnocyte. In some embodiments, the
immune cell isa T cell.

{00621 In any of the foregoing or related aspects and embodiments, the immune cell {eg., T
cell) comprises a nucleic acid, wherein the nucleic acid comprises a sequence selected from the
group comprising: SEQ ID NG:60, SEQ ID NO:63, SEQ ID NG:64, SEQ ID NG:6S, SEQ ID
NO-66, SEQ 1D NO:67, SEQ ID NO:68, and SEQ ID NO:69.

[0063] In any of the foregoing or related aspects and embodiments, the immune cell (e.g., a T cell)
has been derived from a subject (e.g., a2 human) before introducing the CAR or the nucleic acid.
In some embodiments, the immune cell expressing the CAR or comprising the nucleic acid is
further expanded to generate a population of immune celis.

[0064] In some embodiments, any of the anti-FL'T3 CARs described herein are cytotoxic against
AML cells in vitro.

[0065] In some embodiments, any of the immune cells described herein are characterized by stable
expression of any of the anti-FLT3 CARs described herein.

[0060] In some embodiments, any of the immune cells expressing an anti-FLT3 CAR described
herein are characterized by high proliferative potential.

(00671 In some aspects, the disclosure provides a pharmaceutical composition comprising (i) a
humanized anti-FL'T3 antibody or fragment of any one of the foregoing or related aspects and

embodiments, and (ii) a pharmaceutically acceptable carrier. In some embodiments, the
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disclosure provides a pharmaceutical composition comprising {1} an scFv of any one of the
foregoing or related aspects and embodiments, and (i} a pharmaceutically acceptable carrier.
[0068] In some aspects, the disclosure provides a pharmaceutical composition comprising (i) an
tmmune cell {e.g, a T cell) of any one of the foregoing or related aspects and embodiments, and
(i) a pharmaceutically acceptable carrier.

[0069] In some aspects, the disclosure provides a pharmaceutical composition comprising (i) a
population of immune cells (e.g., T cells) of any one of the foregoing or related aspects and
embodiments, and (i1} a pharmaceutically acceptable carrier.

[0070] In some aspects, the disclosure provides a method of treating a hematologic cancer in a
subject in need thereof, wherein the method comprises administering to the subject {(e.g., a
therapeutically effective amount of}; (1) a humanized anti-FLT3 antibody or fragment {e.g., scFv)
of any one of the foregoing or related aspects and erobodiruents, or (1i) a pharmaceutical
composition comprising such humanized antu-FLT3 antibody or fragment {e.g., scFv}).

[0G71] In some aspects, the disclosure provides a method of treating a hematologic cancer o a
subject in need thereof, wherein the method comprises administering to the subject (e.g., a
therapeutically effective amount of): (1) an immune cell (e.g., a T cell) of any of the foregoing or
related aspecis and embodiments (such as the cell expressing any of the CARs described herein),
(i) a population of immune cells {e.g., T cells) of any of the foregoing or related aspects and
embodiments (such as the celis expressing any of the CARs described herein), or (i} a
pharmaceutical composition of such immune cells or population of immune cells.

[0072] In some aspects, the disclosure provides methods for preparing or conditioning a subject
in need thereof for hematopoietic cell transplantation, wherein the method comprises
administering to the subject {e.g., a therapeutically effective amount of): (1) a bumanized anti-
FLT3 antibody or fragment {e.g., scFv) of any one of the foregoing or related aspects and
embodiments, or (i) a pharmaceutical composition comprising such humanized anti-FLT3
antibody or fragment {e.g., scFv).

[0073] In some aspects, the disclosure provides methods for preparing or conditioning a subject
in need thereof for hematopoietic cell transplantation, wherein the method comprises
administering to the subject (e.g., a therapeutically effective amount of}: (i} an immune cell {e.g.
a T cell) of any of the foregoing or related aspects and embodiments {such as the cell expressing

any of the CARSs described herein), (i1} a population of immune cells of any of the foregoing or
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related aspects and embodiments {such as the cell expressing any of the CARs described herein),
or {ii} a pharmaceutical composition of such immune cells or population of immune cells.

[0074] In any of the foregoing or related aspects and embodiments of the conditioning method,
the method further comprises performing hematopoietic cell transplantation to the subject after
the adminisiering. Iu some embodiments, the hervatopoietic cell transplantation comprises
transplantation to the subject of hematopoietic stem cells and/or hematopoietic progenitor cells.
In some embodiments, the performing of the hematopoietic cell transplantation occurs 5 days to
6 weeks after the administering. In some embodiments, the performing of the hematopoietic cell
transplantation occurs about 2 to 3 weeks after the administering.

[0075] In any of the foregoing or related aspects and embodiments, the hemaiologic cancer is
acute myeloid leukemia {AML), acute lymphoblastic leukemia (ALL), chronic myeloid leukemia
{(CML), chronic lymphocytic leukemia (CLL), blastic plasmacytoid dendritic cell neoplasm
(BPDCN), peripheral T cell lymphoma, follicular lymphoma, diffuse farge B cell lymiphoma,
Hodgkin lymphoma, non-Hodgkin lymphoma, neuroblastoma, a non-malignant inherited or
acquired marrow disorder, multiple myeloma, or a dendritic cell neoplasm. In some
embodiments, the hematologic cancer is AML. In some embodiments, the hematologic cancer 18
ALL. In some embodiments, the hematclogic cancer is a dendritic cell neoplasm. In some
embodiments, the hematologic cancer is blastic plasmacytord dendritic cell neoplasm (BPDCN}.
in some embodiments, the hematologic cancer is a B-lineage leukemia.

[0076] In any of the foregoing or related aspects and embodiments, the subject in need thereof
has a hersatologic cancer {such as any cancer described herein).

[0077] In some embodiments, the administering described herein (e.g., in a therapeutically
effective amount} reduces the cell population expressing FLT3 by at feast 60% {e.g, at least
70%, or at least by 75%) in the subject. In some embodiments, the administering described
herein (e.g., in a therapeutically effective amount) reduces the cell population expressing FLT3
by at least B0% {e.g., at least by 90%, at least by 95%) in the subject. The reductions canbe in
any one or more of blood, bone marrow cells and/or cancer cells of the subject relative to
baseline.

[0G78] In some embodiments, the administering described herein {e.g., in a therapeutically
effective amount) reduces HSCs and/or HSPCs {e.g., HSCs and early progenitors) by at least

60% {e.g., at least by 70%, at least by 75%) in the subject. In some embodiments, the
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administering described herein {e.g., in a therapeutically effective amount) reduces HSCs and/or
HSPCs {e.g., HSCs and early progenitors) by at least 80% {e.g., at feast by 90%, at least by 93%)
in the subject. The reduction can be in blood and/or bone marrow cells of the subject relative to
baseline.

[0079] In any of the foregoing or related aspects and embodiments, the administering
specifically targets human CD347 hematopotietic stem cells and/or hematopoietic progenitor
cells. In some embodiments, the administering described herein (e.g., in a therapeutically
effective amount) reduces 34+ HSPCs (e.g, HSCs and early progenitors) by at least 60%
{e.g., at least by 70%, at least by 75%) in the subject. In some embodiments, the administering
described herein (e.g., in a therapeutically effective amount) reduces CD34+ HSPCs (e.g., HSCs
and early progenitors) by at least 80% (e g., at least by 90%, at least by 95%) in the subject. The
reduction can be in blood and/or bone marrow cells of the subject relative to baseline.

[0080] In some embodiments, the administering described herein (e.g., in a therapeutically
effective amount) reduces dendritic cells by at least 60% (e.g., at least by 70%, at least by 75%)
in the subject. In some embodiments, the administering described herein {(e.g,, ina
therapeutically effective amount) reduces dendritic cells by at least 80% (e.g., at least by 90%, at
least by 95%]) in the subject. The reduction can be in blood and/or bone marrow cells of the
subject relative to baseline.

{00811 In some embodiments, the administering reduces bone marrow lineage frequencies and
numbers in the subject (e.g., reduces bone marrow frequencies and/or numbers by at least 50%,
at least 55%, at least 60%, at least 65%6, at feast 70%, at least 75%, at least 80%6 or at least 85%
relative to baseline levels). In some embodiments, the administering described herein reduces
circulating myeloid lineages in the subject (e.g., reduces circulating myeloid lineages by at least
60%, at least 65%, at least 70%, at least 75%, at least 80% or at least 85% relative to baseline
fevels).

[0082] In some embodiments, the administering reduces human CD347CD38 cell population in
bone marrow mononuclear cells of the subject {e.g., by at least 50%, at least 55%, at least 60%
or at least 05% relative to baseling levels), and/or reduces human CD347CD38" cell population in
bone marrow mononuclear cells of the subject {e.g., by at least 60%, at least 65%, at ieast 70%,

at feast 75%, at least 80% or at least 85% relative to baseline levels).
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{00831 In some embodiments of the methods described herein, the methods described herein are
effective to treat the cancers described herein (e g, AML) and/or condition the patient for HSCT.
in some embodiments of the methods described herein, the methods described herein are
effective to slow progression of the cancers described herein (e.g., AML}. In some embodiments
of the methods described berein, the methods described herein are effective to reduce tumor
burden of the cancers described herein (e.g., AML). In some embodiments of the methods
described herein, the methods described herein are effective to increase survival of a subject
having a cancer described herein {e.g., AML).
[0084] In any of the foregoing or related aspects and embodiments, the therapeutically effective
amount of the anti-FLT3 CAR-expressing immune cells or the population of immune celisis a
dose from about 50,000,000 to 10,000,000,000 cells. In some embodiments, the therapeutically
effective amount of the anti-FLT3 CAR-expressing immune cells or the population of immune
cells 1s @ dose from about 100,000,000 to 2,000,000,000 cells. In some embodiments, the
therapeutically effective amount of the anti-FLT3 CAR-expressing imomune cells or the
population of immune cells is a dose from about 200,600,000 to 1,000,000,000 cells. In some
embodiments, the therapeutically effective amount of the anti-FLT3 CAR-expressing immune
cells or the population of immune cells is a dose from about 300,600,000 to 700,000,000 cells.
[0085] In any of the foregoing or related aspects and embodiments of the methods described
herein, the administration is intravenous. In some embodiments, the intravencus administration
is by infusion into the subject. In some embodiments, the intravenous administrationisbv a
bolus injection into the subject.
[0080] In some embodiments of the methods described herein, the administering occurs once. In
soe embodirents of the methods described herein, the administering is every 3-7 days for 2 to
3 weeks.
[0087] In any of the foregoing or related aspects and embodiments of the methods described
herein, the method further comprises the following steps prior to the administering step:

) collecting of blood from the subject;

(i} isolating immune cells (e g, T cells) from the blood;

(i}  introducing a nucleic acid encoding a CAR of any of the foregoing or related aspects

and embodiments into the isolated imnmune cells; and
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(iv)  expanding the isolated immune cells obtained in step (iii), wherein the expanding
vields the immune cells or the population of immune cells administered during the
administering step.

[0088] In any of the foregoing or related aspects and embodiments, the pharmaceutical
compositions described herein further comprise a checkpoint inhibitor. In any of the foregoing
or related aspects and embodiments, the methods described herein further comprise
administering a checkpoint inhibitor. In some embodiments, the checkpoint inhibitor 1s an
antagonist of PD, PD-LT or CTLA4 (e.g., any such antagonist known in the art, e.g., an
antagonistic antibody such as an antagonistic anti-PD1 antibody).

(00897 In any of the foregoing or related aspects and embodiments, the subject is a human (for

example, the subject being treated using any of the methods described herein).

Definitions

{00907 As used herein, the term "about,” when used to modify a numeric value, indicate that
deviations of up to 10% above and below the numeric value remain within the intended meaning
of the recited value.

[0091] As used herein, the term “VL” refers to the light chain variable region of an antibody.
(00927 As used herein, the term “VH refers to the heavy chain variable region of an antibody.
00937 As used herein, the term "percent (%) amino acid sequence identity™ or "percent sequence
identity” with respect to a reference polypeptide sequence is defined as the percentage of amino
acid residues in a candidate sequence that are identical with the amino acid residues in the reference
polypeptide sequence. Percent sequence identity is determined after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum percent sequence identity. Alignment for
purposes of determining percent amine acid sequence tdentity can be achieved tn varicus ways
that are known in the art. Example alignment tools include but are not limited to BLASTp, BLAST-
2, ALIGN {e.g., ALIGN-2} or Megalign (DNASTAR) software.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A shows binding competition of chimeric antibody 1-18BA {(comprising mouse VL (SEQ
iD NO: 25) and mouse VH {(SEQ 1D NO:27) and human 1gG) with and without FLT3 ligand in
REH cells.

Figs. 1B and 1C show binding affinities of buranized avti-FLT3 1gG (having a VL of SEQ 1D
NO: 1 and VH of SEQ ID NO: 3} and humanized anti-FLT3 scFv (SEQ ID NO: 4 further
comprising a His Tag on the C terminus) to REH cells, respectively.

Figs. 2A-2C: Fig. 2A is a schematic showing the production of autologous CAR-T ceils and its
use as an autologous CAR T therapy. Fig, 2B is a schematic showing the CAR structure of an anti-
FLT3 scFV CAR which targets FLT3 expressing cells {(e.g. HSPCs, Dendritic cells, and acute
myeloid leukemia (AML)Y). Fig. 2C is a schematic demonstrating the mechanism of cell killing of
target FLT3 cells by anti-FLT3 CAR T cells; activation of the CAR by FLT3 on a target cell
induces expression of cell perforin and granzyme to induce apoptosis in the target cell.

Figs. 3A-3D: Fig. 3A is an outline of the methods for generating anti-FLT3 CAR T cells and
assessing transduction efficiency and cell cytotoxicity. Fig. 3B is a bar graph showing transduction
efficiency, reported as % GFP™ T cells, of different viral MOIs over time in T-cells transduced
with anti-FLT3 CAR comprising anti-FLT3 scFv (CAR encoded by SEQ ID NO: 16 {encoding
domains in the following orientation: signal peptide-linker-scFV of SEQ 1D NO: 4 — linker- CD8a
hinge~- CD8a transmembrane domain- CD28- 41BB-CD3L-T2A-GFP)). Fig. 3C 1s a plot showing
fold-expansion of the CAR T cells{from Fig. 2A) transduced at MOI 10. Fig. 3D are flow plots
displaying percent (%) GFP expression at different MOIs on day 10 of the CAR T cell culture
(top) and anti-FLT3 scFv expression with an anti-Fab APC antibody (Jackson ImmunoResearch,
no. 109-607-003) versus GFP expression (bottom), using the CAR T cells from Fig. 2A.

Figs. 4A-4C show that anti-FLT3-CAR T cells {as described in Fig. 3B) are cytotoxic against
MOLM-13 AML cells., Fig. 4A shows representative experimental methods. Fig. 4B shows
representative flow plots showing frequencies of dead MOLM13 target cells (7-AAD™ CellTrace™)
at E:T ratios of 1:1 at 24 (top) and 48 hours (bottom} of co-culture with untransduced or anti-FLT3
CAR-T cells. Fig. 4C shows bar graphs representing mean and s.e.m. of target cell (MOLM13)
killing at indicated E: T ratio at 24 (top}) and 48 hours {(bottom).

Figs. SA-5E show in vivo efficacy of anti-FLT3 CAR T against MOLM-13 AML cells: Fig. 54

shows a timeline of engraftment of anti-FLT3 CAR3a T cells (as described in Fig. 38) in mice
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harboring MOLM-13 cells {(an AML cell line). Fig. 58 is a survival curve of mice treated with
control T cells or the anti-FLT3 CAR-T celis 73 d. Fig. 8C shows overall frequency of human
CD45+ MOLM-13 cells in in peripheral blood mononuclear fraction before and after treatment
with control or CAR-T cells shown for individual mice. Fig. 5D shows frequency of total T celis
and the GFP+ anti-FLT3 CAR3a-T cells in peripheral blood mononuclear fraction afier ireatment
with control or GFP+ CAR T cells. Fig. SE shows frequency of MOLM-13 cells after treatment
with control T cells or the anti-FLT3 CAR3a-T cells in peripheral blood mononuclear fraction. 1o
Figs. 5C and 5D, “X” indicates no mice were measured in the control group as all mice were dead
by day 28

Figs, 6A-6D show successful conditioning with autologous CAR T cells {of mice “humanized” by
engrafting with the human bank cells): Fig. 6A shows a timeline of mice transplanted with CD123
(CD34+) cells and administered either control T cells or anti-FLT3 CAR T cells (as described in
Fig. 3B). Fig, 6B shows overall frequency of human CD45 cells in MNC fraction before and after
treatment with control T cells or the anti-FLT3 CAR-T cells shown for individual mice in the two
cohorts. ¥Fig. 6C shows lineage frequencies (T cells (CD3%), B cells (CD197), and myeloid cells
{(CD33)) before and after treatment with control T cells or the anti-FLT3 CAR-T cells shown as
averages of all mice in the two cohorts. Fig, 61 shows fold change in lingage frequencies relative
to pre-treatment frequencies shown for individual mice in control T celis and the anti-FLT3 CAR
T cohorts. Myeloid compartment shows significant decline in the anti-FLT3 CAR-T cell treated
mice compared to those treated with control T cells.

Figs. 7A-TD: Fig. 7A shows fersurs and tibias from mice transplanted with anti-FLT3-CAR T
cells {as described in Fig. 3B ) and control T cells (no gross anatomical differences were cbserved).
Fig. 7B shows total cell count and flow cytometry analysis of MNCs from BM (BM-MNCs) and
frequency of human CD45+ cells in control T cell and the anti-FLT3-CAR T cell transplants. ¥Fig.
7C shows lineage frequencies (T cells (CD37), B cells {CD197), and myeloid cells (CD337)) in the
BM-MNCs shown as an average of all mice in the two cohorts. Fig. 71 shows Hueage cell counis
(T cells (CD37), B cells (CD197), and myeloid cells (CD337)) in BM before and after treatment
with control or the anti-FLT3 CAR-T cells shown for individual mice in the two cohorts,

Fig. 8A-8B: Fig. 8A shows representative contour plots gated on mCD45-hCD45+Lin- in control
T cells and anti-FLT3 CAR T {(as described in Fig. 3B) treated mice (showing significant depletion

of HSPC CD38+CD34+ and CD38-CD34+ populations in the anti-FLT3 CAR T treated mice
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compared 1o controls), and shows summary graphs of CD38+{134+ and CD38-CD34+ HSPCs
as a percentage of total bone marrow mononuclear cells (BM-MNCs) shown for individual mice
in control T cell and the anti-FLT3 CAR T treated mice. Anti-FLT3 CAR T cell treated mice have
significantly fewer progenitors in the bone marrow compared to control mice. Fig. 8B shows
frequencies of hematopoietic stem cells (HSC, CD90+CD4SRA-) and multi-potent progenitors
{MPP, CDS0-CD45RA-) cells as a percentage of total BM-MNCs shown for individual mice
treated with control T cells or the anti-FLT3 CAR T cells. Anti-FLT3 CAR T cell treated mice
have significantly fewer progenitors in the bone marrow compared to control mice.

Figs. 9A-9D: Fig. 9A shows flow cytometry plots measuring transduction efficiency of suicide
CAR vectors based on surface expression of anti-FLT3 scFv in bhuman T cells, showing
frequencies of anti-FLT3 CAR3a-T cells, anti-FLT3-CAR3a-EGFR1 {the resulting CAR has an
amino acid sequence of SEQ 1D NO: 7 and encodes domaius in the following orfentation: signal
peptide-linker- scFV of SEQ ID NO: 4 -linker- CD8¢ hinge- CD8a transmembrane domain-
CD28- 41BB-CD3L-T2A-EGFR), and anti-FLT3-CAR-icasp9 {the resulting CAR has amino acid
sequence of SEQ I3 NO: 8 and encodes domains in the following orientation: signal peptide-
linker- scFV of SEQ ID NO: 4 -linker- CD8a hinge- CD8a transmembrane domain- CD28- 41BB-
CD3C-T2A-1Casp9) cells (35.3%, 27.5% and 16.9%, respectively). Fig. 9B is a schematic of the
in vitro cytotoxicity test of anti-CAR T cells with suicide switches CAR3a-EGFRt or CAR3a-
icasp9 compared to the original construct CAR3a against target AML NOMO-1 cells {expressing
FLT3) at various effectortarget {(E:T) cell ratios (10:1, 5.1, 2.1, 111, 12 and 1:5). Fig, 9C shows
representative dot plots showing the flow data after excluding debris after 24 hours of co-culture
of effector and target cells. Target cells were identified as Cell TraceVieolet+ and etfector cells as
CellTraceViolet-. The figure shows frequencies of dead (7AAD+) target cells after gating on the
CeliTraceViolet+ cells. Fig, 99 15 a bar graph demonstrating the frequency of dead (TAAD+)
cells at various T cell effector : NOMO-1 target cell ratios for the anti-FLT3 CARs co-cultured
with NOMO-1 cells for 24 hours. Al FL'T3 CAR T celis show significantly more cytotoxic effect
against FLT3+ NOMO-1 cells compared to control T cells. There is no significant difference in
cytotoxic effect between either of the two suicide CAR T cells and the original CAR construct.
Figs. 10A-18C: Fig. 10A shows flow plots demonstrating surface expression of the anti-FLT3
CAR3a (detecting scFv) and EGFRi (using cetuximab) in T cells transduced with the CAR3a-

T2A-EGFR? lentiviral vector (as described in Fig, 9A). Fig. 10B is a schematic of the in vitro
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antibody dependent cellular cytotoxicity (ADCC) test for CAR3a-TZA-EGFRt T cells. Fig. 16C
is a graph demonstrating the percent (%) remaining anti-FLT3 CAR T cells after treatment with
vartous doses of cetuximab, where T cells were cultured alone, with total aliogenic MNC cells or
with allogenic MNCs depleted of T cells. Transduced T cells cultured alone show no significant
decrease in CAR3a expressing cells after treatment with cetuximab, whereas transduced cells
cultured with total allogenic MINCs or such MNCs depleted of T cells show dose dependent
depletion of CAR3a expressing cells with cetuximab. Results support function of ADCC against
EGFRt expressing anti-FLT CAR T cells in vitro.

Figs. 11A-11D: Fig. 11A shows a timeline of an in vivo experiment measuring survival and
frequency of CAR-T cells in peripheral blood of mice harboring EGFP-MOLM-13 cells after
treatment with CAR3a-T2A-EGFR+T (as described in Fig. 8A) cells or control T cells. Fig. 118
shows a survival curve of mice treated with control T cells or anti-FLT3 CAR3a EFGR-T cells
(with and without cetuximab), generated up to 65 days post AML injection. Fig, 11C shows
frequency of MOLM-13 (mCD45-hCD45+EGEP+) cells and T cells (mCD45-hCB45+CD3+) in
peripheral blood (PB)at 2, 4, and 6 weeks post treatment with control T cells or anti-FLT3 CAR3a-
T cells {with or without cetieamab). Fig, 11D shows relative amount of circulating anti-FLT3
CAR3a EFGRE-T cells {(with and without cetuximab) at 4 and 6 weeks post administration of the
CAR T-cells as measured by CAR DNA levels (normalized to human actin DNA).

Figs. 12A4-12K show plasmid constructs for CARs. Fig. 124 shows plasmid expressing the CAR
of SEQ ID NO: 16. Fig. 12B shows the plasmid expressing the CAR of SEQ ID NO: 7. Fig. 12C
shows the plasmid expressing the CAR of SEQ ID NO: 8 Fig. 12D shows the plasmid expressing
the CAR of SEQ ID NO: 6. Fig. 12K shows the plasmid expressing the CAR of SEQ ID NO: 12.
Fig. 12F shows the plasmid expressing the CAR of SEQ 1D NO: 11, Fig. 126G shows the plasmid
expressing the CAR of SEQ D NO: 10. Fig. 12H shows the plasmid expressing the CAR of SEQ
1D NO: 9. Fig. 121 shows the plasmid expressing the CAR of SEQ ID NO: 13, Fig. 12J shows the
plasmid expressing the CAR of SEQ ID N 14, Fig. 12K shows the plasmid expressing the CAR
of SEQ I NG: 15

DETAILED DESCRIPTION
[0094] In certain aspects, and without being bound to any specific mechanism of action, to

address the challenges of efficacy and resistance in targeting cancers, described herein are
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antibodies, antigen-binding fragments and CAR T cells which can specifically and efficaciously
target and kill Fms-like Tyrosine Kinase 3 (FLT3) expressing cells. The antibodies, fragments
and CAR T cells described herein can target FLT3 expressed on the surface of cancer cells {e.g.,
leukemic cells, such as AML blasts), as well as HSCs/HSPCs, and specifically eliminate such
cells, allowing for subsequent cancer therapy and/or hematopoietic stem cell transplantation. The
antibodies and antigen-binding fragments {e.g., scFvs) described herein can bind an extracellular,
membrane proximal FLT3 doroain, outside the regions commonly mutated in cancer, and do not
compete for binding to FL'T3 with FLT3 ligand. Unlike other known therapies, the antibodies,
fragments, CAR T cells, compositions and methods described herein can target FLT3-expressing
cells regardless of commonly known mutations in the FL'T3 receptor.

{00957 In one aspect, provided herein are humanized antibodies specifically binding FLT3, or
antigen binding fragments thereof (such as heavy chaiu variable regions {(VH), light chain variable
regions { VL) and single chain fragments (such as scFVs}). In certain embodiments, the humanized
anti-FL'T3 antibodies and antigen binding fragroents thereof provided herein specifically bind
human and monkey (e.g. Rhesus macaque) FLT3. In certain embodiments, the humanized anti-
FLT3 antibodies and antigen binding fragments provided herein specifically bind human FLT3.
[009¢0] In another aspect, provided herein are nucleic acids encoding the humanized anti-FLT3
antibodies and antigen binding fragments provided herein.  Also provided herein are vectors
comprising nucleic acids encoding the humanized anti-FLT3 antibodies and antigen binding
fragruents provided herein.  Also provided are cells expressing such nucleic acids for producing
such antibodies and fragments, and methods of making such antibodies and fragmeuts.

[0097] In one aspect, provided herein are chimeric antibodies specifically binding FLT3. In
certain embodiments, the chimeric anti-FLT3 antibodies provided herein specifically bind human
and monkey (e.¢. Rhesus macagque} FLT3. In certain embodiments, the chimeric anti-FLT3
antibodies provided herein specifically bind human FLT3 . Also provided herein are nucletc acids
encoding the chimeric anti-FLT3 antibodies provided herein.  Also provided herein are vectors
comprising nucleic acids encoding the chimeric anti-FLT3 antibodies provided herein.  Also
provided are cells expressing such nucleic acids for producing such antibodies, and methods of
making such antibodies and fragments.

[0098] Iu another aspect, provided herein are recombinant receptors comprising the anti-FLT3

antibodies or antigen binding fragments thereof described herein. In certain embodiment, provided
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herein are chimeric antigen receptors ({CARSs) comprising the anti-FLT3 antibodies or antigen
binding fragments thereof described herein.

[0099] In another aspect, provided herein are immune cells comprising the CARs described herein
(e.g., CAR T cells).

{01007 In yet another aspect, provided herein are methods of use of the humanized anti-FLT3
antibodies, antigen binding fragments thereof, recombinant receptors such as CARs, and immune
cells {e.g., CAR T cells) described herein. In certain embodiment, provided herein are methods of
treatment of hematological malignancies (e.g., AML) using anti-FLT3 CAR immune cells (e.g,,
by administering anti-FLT3 CAR T cells to a human). In certain embodiment, provided herein are
methods of HSC transplant conditioning using anti-FLT3 CAR T cells (e.g., by administering anti-
FLT3 CAR T cells to a human).  In some embodiments, the methods of HSC transplant
conditioning can be followed by hematopoietic cell transplantation.  In certain embodiment,
provided herein are methods of treatment of hematological malignancies (e.g., AML} using anti-
FLT3 antibodies or antigen binding fragments thereof (e.g., by adroivistering anti-FLT3 antibody
or fragment to a human). In certain embodiment, provided herein are methods of HSC transplant
conditioning using anti-FLT3 antibodies or antigen binding fragments thereof (e.g., by
administering anti-FLT3 antibody or fragment to a human}. In some embodiments, the methods

of HSC transplant conditioning can be followed by hematopoietic cell transplantation.

Apti-FLT3 Antibodies

[0101] Provided heretn are antibodies and antigen-binding fragments thereof that bind to FLT3.
References to antibody fragments made herein refer to antigen-binding fragments of the described
antibodies. In certain embodiments, provided herein are antibodies and fragments thereof that
specifically bind human and rhesus monkey FLT3. In certain embodiments, provided herein are
antibodies and fragments thereof that specifically bind human FLT3. The antibodies and
fragments described herein may display cross-reactivity with a FL'T3 from one or more other
species (in addition to human and rhesus monkey). In some embodiments, also conternplated are
antibodies and fragments thereof that specifically bind human and/or monkey {e.g., rhesus
monkey) FLT3, and do not display cross-reactivity with FLT3 from other species. In certain

embodiments, provided herein are humanized antibodies and antigen-binding fragments thereof
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that bind to FLT3. In certain embodiments, provided herein are chimeric antibodies and antigen-
binding fragments thereof that bind to FLT3.

[0102] In some embodiments, the contemplated anti-FLT3 antibodies and fragments comprise any
CDRs described herein. In some embodiments, provided herein are single-chain variable
fragments {(5cFV) comprising any CDRs described herein.  In some embodiments, the
contemplated anti-FLT3 antibodies and fragments comprise any light chain variable region
described herein and/or any heavy chain variable region described herein. In some embodiments,
provided herein are single-chain variable fragments (scFV} comprising any light chain variable
region described herein and/or any heavy chain variable region described herein.

[0103] In some embodiments, the contemplated humanized anti-FLT3 antibodies and fragments
comprise any CDRs described herein. In some embodiments, the contemplated humanized anti-
F1.T3 antibodies and fragments comprise any Hght chain variable region described herein and/or
any heavy chain variable region described herein.

[0104] In some embodiments, the described anti-FLT3 antibodies and fragments comprise a light
chain variable region having a sequence with at least 95% identity to any light chain variable
region described herein and/or a heavy chain variable region having a sequence with at least 95%
identity to any heavy chain variable region described herein. In some embodiments, provided
herein are single~-chain variable fragments (scFv) comprising a sequence with at least 95% identity
to any light chain variable region described herein and/or a heavy chain variable region having a
sequence with at least 95% identity to any heavy chain variable region described herein,

[0105] In some emwbodiments, the described anti-FLT3 antibodies and fragments comprise a light
chain variable region having a sequence with at least 95% identity to any light chain variable
region described herein (with at least 97% identity v the CDR region) and/or a heavy chain
variable region having a sequence with at least 95% identity to any heavy chain variable region
described herein (with at least 97% identity in the CDR region). In some embodiments, provided
herein are single-chain variable fragments (scF V) comprising a sequence with at least 95% identity
to any light chain vartable region described herein (with at feast 97% identity in the CDR region}
and/or a heavy chain variable region having a sequence with at least 95% identity to any heavy

chain variable region described herein (with at least 97% identity in the CDR region}.
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Complementarity-determining Regions

[0106] Complementarity-determining regions (CDRs) are defined in various ways in the art,
including the Kabat, Chothia, AbM, Contact, and IMGT. In some embodiments, the CDRs of an
antibody are defined accerding to the Kabat system. The Kabat system is based on sequence
variability (see, e.g., Kabat EA efa/, (1991} Sequences of Proteins of romuunological Interest, Fifth
Hdition, 1.8, Department of Health and Human Services, NIH Publication No. 91~ 3242; Kabat
EA & Wu TT (1971) Ann NY Acad Sci 190: 382-391). In some embodiments, the CDRs of the
antibodies described herein are determined using the Kabat system.

[0107] In some embodiments, the CDRs of an antibody are defined according to the Chothia
System. The Chothia system is based on the location of immunoglobulin structural loop regions
(see, e.g., Tramontano A ef o/, (1990} J Mol Biol 215(1); 175-82; Chothia C & Lesk AM, (1987),
I Mol Biol 196: 901-917; U 5. Patent No. 7,709,226, Al-Lazikant B e al, (1997} ] Mol Biol 273:
927-948; and Chothia C ef af, (1992} § Mol Biol 227 799-817}. The term "Chothia CDRs," and
hike terms are recognized i the art and refer to antibody CDR sequences as determined according
to the method of Chothia and Lesk, 1987, 1 . Mgl. Biol,, 196:901-017 {(see also, e.g, U.S. Patent
No. 7,709,226 and Martin, A, "Protein Sequence and Structure Analysis of Antibody Variable

il

Domains,” in Antibody Engineering, Kontermann and Ditbel, eds., Chapter 31, pp. 422-439,
Springer- Verlag, Berlin (2001)). In some embodiments, the CDRs of the antibodies described
herein are determined using the Chothia system.

[0108] In some embodiments, the CDRs of an antibody are defined according to the AbM
System. The AbM system is based on hypervariable regions that represent a compromise between
the Kabat CDRs and Chothia structural loops, and where CDRs are determined using Oxford
Molecular's AbM antibody modeling software (Oxford Molecular Group, luc). In some
embodiments, the CDRs of the antibodies described herein are determined using the ABM
numbering system.

[0109] in some embodiments, the CDRs of an antibody are defined according to the IMGT system
(see "IMGT®, the international ImMunoGeneTics information system® website imgtorg,
founder and director: Marie-Paule Lefranc, Montpellier, France; see, e.g, Lefranc, M.-P. et al,
1999, Nucleic Acids Res,, 27:209-212 and Lefranc, M.-P., 1999, The Immunclogist, 7:132-136
and Lefranc, M.-P. et al., 1999, Nucleic Acids Res., 27:209-212}). In some embodiments, the CDRs

of the antibodies described herein are determined using the IMGT system.
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[0110] In some embodiments, the CDRs of an antibody are defined according to the Contact
system. The Contact definition is based on an analysis of the available complex crystal structures
{(bioinf.org.ul/abs) (see e.g., Martin A. "Protein Sequence and Structure Analysis of Antibody
Variable Domains," in Anfibody Engineering, Kontermann and Diibel, eds., Chapter 31, pp. 422-
439, Springer-Verlag, Berlin (2001), and MacCallum RM et al., (1996} J Mol Biol 5 : 732-745).
In some embodiments, the CDRs of the antibodies described herein are determined using the
Contact system,

[0111] The Kabat, Chothia, AbM, IMGT and/or Contact CBR positions may vary depending on
the antibody, and may be determined according to methods known in the art.

[0112] In some embodiments, provided herein are anti-FLT3 antibodies or fragments thereof
having a light chain variable region comprising a complementarity determining region | (CDR-
1.1} baving the amino acid sequence of SEQ ID NO: 86. In some embodiments, provided herein
are humanized anti-FLT3 antibodies or fragments thereof having a light chain variable region
comprising a complementarity detenmining region 2 (CDR-L2) having the amino acid sequence of
SEQ ID NO: 87, In some embodiments, provided herein are anti-FLT3 antibodies or fragments
thereot having a light chain variable region comprising a complementarity determining region 3
(CDR-L3) comprising the amino acid sequence of SEQ ID NO: 88, In some embodiments,
provided herein are anti-FLT3 antibodies or fragments thereof having a light chain variable region
comprising COR-L1, COR-L2 and CDR-L3 having SEQ 3 NOs: 86, &7, and 88, respectively. In
certain embodiments, the anti-FLT3 antibodies or fragments are humanized.

[0113] In some embodiments, provided herein are anti-FLT3 antibodies or fragments thereof
having a heavy chain variable region comprising a complementarity determining region 1 {CDR-
H1) baving the amino acid sequence of SEQ ID NO: 89, In some embodiments, provided herein
are anti-FL T3 antibodies or fragments thereof having a heavy chain variable region comprising a
complementarity determining region 2 {CDR-H2) having the amino acid sequence of SEQ ID NO:
90. In some embodiments, provided herein are anti-FLT3 antthodies or fragments thereof having
a heavy chain variable region comprising a complementarity determining region 3 (CDR-H3)
having the amino acid sequence of SEQ I3 NO: 91, In some embodiments, provided herein are
anti-FL'T3 antibodies or fragments thereof having a heavy chain variable region comprising CDR-
H1, CDR-H2 and CDR-H3 having SEQ ID NOs: 89, 90, and 91, respectively. In certain

embodiments, the anti-FL'T3 antibodies or fragments are humanized.
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[0114] In some embodiments, provided herein are anti-FLT3 antibodies or fragments thereof (e g,
scFv) comprising (i} a light chain variable region comprising CDR-L1 of SE( ID NG:86, CDR-
L2 of SEQ DB NO: 87, and/or CDR-L3 of SEQ I NO: 88, and/or (ii} a heavy chain variable region
comprising CDR-H1 of SEQ 1D NO: 89, CDR-H2 of SEQ 1D NO: 90, and/or CDR-L3 of SEQ ID
NGO:91. In certain embodiments, the anti-FLT3 antibodies or fragments are humanized.

[0115] In some embodiments, provided herein are anti-FL'T3 antibodies or fragments thereof {(e.g.,
scFv) comprising (1) a light chain variable region comprising CDR-L1 of SE(} ID NO:86, CDR-
L2 of SEQ 1D NO: 87, and CDR-L3 of SEQ 1D NO: 88, and {i1) a heavy chain variable region
comprising CDR-H1 of SEQ ID NO: 89, CDR-H2 of SEQ ID NO: 90, and CDR-L3 of SEQ ID
NO:91. In certain embodiments, the anti-FLT3 antibodies or fragmenis are humanized.

[0116] In certain embodiments, the CDRs of the antibodies described herein are determined using
the Kabat systerm.

[0117] In some embodiments, provided herein are anti-FL'T3 antibodies or fragments thereof (e.g.,
scFv) comprising CDRs of any of the antibodies described herein, which are defined according to
any of the above-described CDR defining systems {e.g., Kabat}. In certain embodiments, the anti-
FLT3 antibodies or fragments are humanized.

[0118] In some embodiments, provided herein are anti-FL'T3 antibodies or fragments thereof (e.g.,
scFv) comprising () one, two or all three CDRs of the variable region of SEQ ID NO: 28, and/or
{ii} one, two or all three CDRs of the variable region of SEQ [D NO: 17, In some embodiments,
provided herein are anti-FLT3 antibodies or fragments thereof (e g., scFv) comprising three CDRs
of the variable region of SEQ 1D NG: 28 and three CDRs of the variable region of SEQ 1D NO:
17. In certain embodiments, the anti-FLT3 antibodies or fragments are humanized (e.g., a
humanized antibody or fragment of an anti-FLT3 antibody baving a heavy chain variable region
comprising SEQ 1D NO:17 and/or a light chain variable region comprising SEQ 1D NO:28). In
specific embodiments, the CDRs are as determined by Kabat.

[0119] In some embodiments, provided herein are anti-FL'T3 antibodies or fragments thereof (e g,
scEv} comprising one, two, three, four, five or all six CDRs of any mouse anti-FLT3 antibody
described in US Patent Pub. No. 20190127464, In some embodiments, provided herein are anti-
FLT3 antibodies or fragments thereof {(e.g., scFv} comprising one, two, three, four, five or all six
CDRs as of a mouse anti-FL T3 antibody described 1o US Patent Pub. No. 20190389955 as baving

a VL of SEQ 1D NO:25 and a VH of SEQ D NO:27 (based on SEQ 1D NOs in US Patent Pub.
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No. 20190389955). In some embodiments, provided herein are anti-FL'T3 antibodies or fragments
thereof {e.g., scFv) comprising all six CDRs of any mouse anti-FLT3 antibody described in US
Patent Pub. No. 20190127464 {e.g., an antibody described in US Patent Pub. No. 20190127464a
as having a VL of SEQ D NO:5 and a VH of SEQ 1D NO:7). In certain embodiments, the anti-
FLT3 antibodies or fragments are humanized. In specific embodiments, the CDRs are as
determined by Kabat.

[0120] Also contemplated herein are anti-FLT3 antibodies or fragments thereof (e.g., scFv) with
a substitution, deletion or insertion in the CDR sequences described above. In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof (e.g., scFv}) having
at least 97% CDR sequence identity to the CDRs described herein. In some embodiments, provided
herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv) having at least 98% CDR
sequence identity to the CDRs described herein. o some embodiments, provided herein are anti-
FLT3 antibodies or fragments thereof (e.g., scFv} having at least 99% CDR sequence identity to
the CDRs described herein. In some embodiments, provided herein are anti-FLT3 antibodies or
fragments thereof {e.g., scFv) having one, two or up to three substitutions, deletions or insertions
in the CDR sequences described herein. In some embodiments, provided herein are anti-FLT3
antibodies or fragments thereof (e.g., scFv) having one, two or up to two substitutions, deletions
or insertions in any one CDR sequence described herein. In some embodiments, provided herein
are anti-FLT3 antibodies or fragments thereof {e.g., scFv) having one, two, three, four, five, six,
seven, eight, nine or up to ten total number of substitutions, deletions or insertions in the six CDRs
of the antibodies and fragments described herein. In some embodiments, provided herein are anti-
FLT3 antibodies or fragments thereof {e.g., scFv) having one, two or up to three total number of
substitutions, deletions or insertions o the six CDRs of the antibodies and fragrients described
herein. In certain embodiments, the anti-FLT3 antibodies or fragments are humanized.

[0121] As is known in the art, the CDRs are surrounded by framework regions. In certain
embodiments, the anti-FLT3 antibodies or fragments described herein have human or buman
derived framework regions. In some embodiments of the anti-FLT3 antibodies and fragments
described herein, the framework regions are human framework regions. In some embodiments of
the anti-FLT3 antibodies and fragments described herein, the framework regions are human-

derived framework regions.
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101221 Human framework regions that may be used and are known in the art include, without
fimitation: (1) human germline framework regions, (i} human mature (somatically mutated)
framework regions, (ili) framework regions selected using the “best-fit” method, {(iv) framework
regions derived from the consensus sequence of human antibodies of a particular subgroup of light
and heavy chaiu variable regions, and (v} framework regions derived from screening FR libraries.
See, ep., Baca et al, 1 Biol Chem. 272 10678-10684 {1997}, Chothia et al, J Mol Biob
2TR45T-479 (1998, Carter et al. Proc Natl, Acad. Sci. USA, 89:4285 (1992); Presta et al. 1
fmmunel, 1512623 (1993 NMims etal I Imumunol 151 :2296 (1993}, Rosok et al, § Biol. Chem.
27226 1-22618 (1996); and Almagro and Fransson, Front Bioscr, 13:1619-1633 (2008).

{01231 Any CDRs described herein can be inserted into any framework regions described herein

using known DNA recombinant techniques.

Exemplary anti-FLT3 amibodies: VL and VH

[0124] In certain embodiments, provided herein are anti-FLT3 antibodies or fragments thereof
{e.g., scFv) comprising a heavy chain variable region comprising an amino acid sequence selected
from any one of SEQ ID NQOs: 3 and 17-27. In some embodiments, provided herein are anti-FLT3
antibodies or fragments thereof {e.g., scFv) comprising a heavy chain variable region comprising
an amino acid sequence having at least 80%, at least 83%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at {east 99%
identity to an amino acid sequence selected from any one of SEQ ID NOs: 3 and 17-27. In some
embodiments, provided herein are anti-FLT3 aotibodies or fragments thereof {e.g., scFv)
comprising a heavy chain variable region comprising an amino acid sequence having at least 95%,
at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid sequence selected
from any one of SEQ D NOs: 3 and 17-27. In certain embodiments, substitutions, insertions or
deletions in these sequences occur in regions outside the CDRs (i.e., in the framework regions).
In certain embodiments, provided herein are anti-FL'T3 antibodies or fragments thereof {e.g., scFv)
comprising a heavy chain variable region comprising an amino acid sequence having at least 95%
at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid sequence selected
from any one of SEQ ID NOs: 3 and 17-27, with at least 95% (or at least 96%, 97%, 98%, 99% or
100%) 1dentity in the framework regions and at least 97% (or at least 98%, 99% or 100% identity)

in the CDR regions.
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(01257 In certain embodiments, provided herein are anti-FLT3 antibodies or fragments thereof
{e.g., scFv) comprising a light chain variable region comprising an amino acid sequence selected
from any one of SEQ I NOs: 1, 2 and 28-38. In some embodiments, provided herein are anti-

FLT2 antibodies or fragments thereof {e.g., scFv} comprising a light chain variable region

comprising an amino acid sequence having at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to an amino acid sequence selected from any ove of SEQ ID NOs: 1, 2 and
28-38. I some embodiments, provided herein are anti-FL'T3 antibodies or fragments thereof (e.g.,
scFv} comprising a light chain variable region comprising an amino acid sequence having at least
95%, at feast 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid sequence
selected from any one of SEQ ID NOs: 1, 2 and 28-38. In certain embodiments, substitutions,
tnsertions or deletions o these sequences occut in regions outside the CDRs (e, in the framework
regions). In certain embodiments, provided herein are anti-FL'T3 antibodies or fragments thereof
{e.g., scFv) comprising a light chain variable region comprising an amino acid sequence having at
feast 05%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid
sequence selected from any one of SEQ ID NOs: 1, 2 and 28-38, with at least 95% (or at least
96%, 97%, 98%, 99% or 100%) identity in the framework regions and at least 97% (or at least
98%, 99%% or 100% identity) in the CDR regions.

[0126] In certain embodiments, provided herein are anti-FL'T3 antibodies or fragments thereof
{e.g., scFv) comprising (i} a heavy chain variable region comprising an amino acid sequence
selected from awny oune of SEQ ID NQs: 3 and 17-27, and (i1) a light chain vanable region
comprising an amino acid sequence selected trom any one of SEQ 1D NQOs: 1, 2 and 28-38. In
some embodiments, provided berein are anti-FLT3 antibodies or fragments thereof {e.g., scFv)
comprising a heavy chain variable region comprising (i} an amino acid sequence having at least
80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at teast 96%, at least 97%, at least 98%, or at least 99% identity to an amine acid sequence selected
from any one of SEQ ID NOs: 3 and 17-27, and (i1} a light chain variable region comprising an
aming acid sequence having at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at
feast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to an amino acid sequevnce selected from any one of SEQ ID NQOs: 1, 2 and 28-38. Insome

embodiments, provided herein are anti-FLT3 antibodies or fragments thereof {eg., scFv)
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comprising (i} a heavy chain variable region comprising an amino acid sequence having at least
O5%, at feast 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid sequence
selected from any one of SEQ ID NOs: 3 and 17-27, and (it} a light chain variable region
comprising an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%,
or at least 99% identity to an amino acid sequence selected from any one of SEQ ID NGs: 1, 2 and
28-38. In certain embodiments, substitutions, insertions or deletions in these sequences occur in
regions outside the CDRs (ie, in the framework regions). [n certain embodiments, provided
herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv) comprising (i} a heavy chain
vartable region comprising an amino acid sequence having at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99% identity to an amino acid sequence selected from any one of SEQ 1D
NOs: 3 and 17-27, with at least 95% {or at least 96%, 97%, 98%, 99% or 100%) identity in the
framework regious and at east 97% (or at least 98%, 99% or 100% identity) in the CDR regions,
and (i1} a light chain variable region comprising an amino acid sequence having at least 95%, at
feast 96%, at least 97%, at least 98%, or at least 99% identity 1o an amwino acid sequence selected
from any one of SEQ ID NOs: 1, 2 and 28-38, with at least 95% (or at least 96%, 97%, 98%, 99%
or 100%;) identity in the framework regions and at least 97% {or at least 98%, 99% or 100%
identity) in the CDR regions.

[0127] In some embodiments, contemplated herein are anti-FLT3 antibodies or fragments thereof
{e.g., scFv} comprising any of the described light chain variable regions and any of the above
described heavy chain variable regions.

[0128] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof {e.g., scFv) comprising (i} a heavy chain variable region (VH) comprising an amino acid
sequence of SEQ ID NO: 3, and/or (ii) a light chain variable region (VL) comprising an amino
acid sequence of SEQ ID NO: 1. Insome embodiments, provided herein are anti-FLT3 antibodies
or fragments thereof (e.g, scFv) comprising (i) a VH comprising an amino acid sequence having
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid sequence of SEQ
1 NO: 3, and/or (i) a VL comprising an amino acid sequence having at least 85%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%:, at least 97%, at
feast 98%, or at least 99% identity to an amino acid sequence of SEQ ID NO: 1. In certain

embodiments, substitutions, insertions or deletions in these sequences occur in regions cutside the
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CDRs {i.e, in the framework regions). In certain embodiments, provided herein are anti-FLT3
antibodies or fragments thereof {e.g., scFv) comprising (i) a VH comprising an amino acid
sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to
an amino acid sequence of SEQ 2 NO: 3, with at least 95% {or at least 96%, 97%, 98%, 99% or
100%) identity in the framework regions and at least 97% (or at least 98%, 99% or 100% identity)
in the CDR regions, and/or {il} a VL comprising an amino acid sequence having at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid sequence of SEQ
1D NG T, with at least 95% (or at least 96%, 97%, 98%, 99% or 100%) identity in the framework
regions and at feast 97% (or at least 98%%, 99% or 100% identity) in the CDR regions. In some
embodiments, provided herein are humanized anti-FLT3 antibodies or fragments thereof {(e.g.,
scFv) comprising both the VH and the VL comprising the sequences specitied in this paragraph.

[0129] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof (e.g., scFv) comprising (i} a VH comprising an amino acid sequence of SEQ ID NQO: 3,
and/or (i1} a VL comprising an amino acid sequence of SEQ ID NO: 2. In some embodiments,
provided herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv) comprising (i) a VH
comprising an amino acid sequence having at least 85%%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or ai least 99%
identity to an amino acid sequence of SEQ ID NO: 3, and/or (i1} a VL comprising an amino acid
sequence having at feast 85%, at least 90%, at least 91%, at least 92%, at least 93%, at ieast 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid
sequence of SEQ ID NG 2. In certain embodiments, substitutions, insertions or deletions in these
sequences cccur in regions outside the CDRs (ie, in the framework regions). In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof {eg, scFv)
comprising (i} a VH comprising an amino acid sequence having at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% 1dentity to an amino acid sequence of SEQ 1D NG: 3, with at
feast 95% (or at least 96%, 97%, 98%, 99% or 100%) identity in the framework regions and at
teast 97% {or at least 98%, 99% or 100% 1dentity) in the CDR regions, and/or (i1} a VL comprising
an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an aminc acid sequence of SEQ ID NG: 2, with at least 95% (or at least 96%, 97%,
98%, 99% or 100%) 1dentity iv the framework regions and at feast 97% (or at least 98%, 99% ot

100% identity) in the CDR regions. In some embediments, provided herein are humanized anti-

37



WO 2023/023491 PCT/US2022/074984

FLT3 antibodies or fragments thereof {e.g., scFv) comprising both the VH and the VL comprising
the sequences specified in this paragraph.

[0130] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof {e.g., scFv} comprising (i} a VH comprising an aming acid sequence of SEQ 1D NO: 18,
and/or (31} a VL comprising an amino acid sequence of SEQ 1D NG: 29, In some embodiments,
provided herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv) comprising (i} a VH
comprising an amino acid sequence having at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or ai least 99%
identity to an amino acid sequence of SEQ ID NO: 18, and/or (it) a VL comprising an amino acid
sequence having at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at feast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid
sequence of SEQ 1D NO: 29, In certain embodiments, substitutions, insertions or deletions in
these sequences occur in regions outside the CDRs (i.e, in the framework regions). In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof (eg., scFv)
comprising (i} a VH comprising an amino acid sequence having at least 95%, at feast 96%, at least
97%, at least 98%, or at least 99% identity to an amino acid sequence of SEQ ID NO: 18, with at
least 95% (or at least 96%, 97%, 98%, 99% or 100%}) identity in the framework regions and at
teast 97% (or at least 98%, 99% or 100% identity ) in the CDR regions, and/or (i1} a VL comprising
an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an amino acid sequence of SEQ 1D NO: 29, with at least 95% (or at least 96%,
7%, 98%, 99% or 100%) identity in the framewaork regions and at least 97% {or at least 98%,
99% or 100% identity) in the CDR regions. In some embodiments, provided herein are humanized
anti-FLT3 antibodies or {ragmenis thereof (e.g, scFv) comprising both the VH and the VL
comprising the sequences specified in this paragraph.

[0131] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof {e.g., scFv) comprising (i} a VH comprising an aminc acid sequence of SEQ 1D NO: 19,
and/or (i1} a VL comprising an amino acid sequence of SEQ ID NG: 30. In some embodiments,
provided herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv) comprising (i} a VH
comprising an amino acid sequence having at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or ai Isast 99%%

identity to an amino acid sequence of SEG ID NQO: 19, and/or (i1} a VL comprising an amino acid
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sequence having at feast 85%, at least 90%, at least 91%, at least 92%, at least 93%, at ieast 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid
sequence of SEQ I NO: 30, In certain embodiments, substitutions, insertions or deletions in
these sequences occur in regions outside the CDRs (i.e, in the framework regions). In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof (eg, scFv)
comprising (i) a VH comprising an amino acid sequence having at least 95%, at least 96%, at least
7%, at least 98%, or at least 99% identity to an aming acid sequence of SEQ 1D NO: 19, with at
feast 95% (or at least 96%, 97%, 98%, 99% or 100%) identity in the framework regions and at
teast 97% {or at least 98%, 99% or 100% identity) in the CDR regions, and/or (i1} a VL comprising
an aming acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an amino acid sequence of SEQ ID NG: 30, with at least 95% (or at least 96%,
97%, 98%, 99% or 100%) identity in the framework regions and at least 97% {or at least 98%,
99% or 100% identity) in the CDR regions. In some embodiments, provided herein are humanized
anti-FL'T3 antibodies or fragments thereof (e.g, scFv) comprising both the VH and the VL
comprising the sequences specified in this paragraph.

[0132] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof {e.g., schv) compsising (i} a VH comprising an amino acid sequence of SEQ D NO: 20,
and/or (i1} a VL comprising an amino acid sequence of SEQ ID NG: 31, In some embodiments,
provided herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv} comprising (i} a VH
comprising an amino acid sequence having at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or af least 99%
identity to an amino acid sequence of SEQ ID NO: 20, and/or (i1} a VL comprising an amino acid
sequence having at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at feast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an aming acid
sequence of SEQ ID NG: 31, In certain embodiments, substitutions, insertions or deletions in
these sequences occur in regions outside the CDRs (i.e, in the framework regions). In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof (eg, scEFv)
comprising (i} a VH comprising an amino acid sequence having at least 95%, at least 96%, at least
7%, at least 98%, or at feast 99% identity to an amino acid sequence of SEQ 1D NO: 20, with at
feast 95% (or at least 90%, 97%, 98%, 99% or 100%;) identity in the framework regions and at

least 97% (or at least 98%, 99% or 100% identity) in the CDR regions, and/or (i) a VL comprising
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an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an amino acid sequence of SEQ 1D NG: 31, with at least 95% (or at least 96%,
7%, 98%, 99% or 100%) identity in the framework regions and at least 97% {or at least 98%,
99% or 100% identity) in the CDR regions. In some embodiments, provided herein are humanized
anti-FLT3 autibodies or fragments thereof (e.g, scFv) comprising both the VH and the VL
comprising the sequences specified in this paragraph.

[0133] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof {e.g., scFv) compsising (i} a VH comprising an amino acid sequence of SEQ D NO: 21,
and/or (11} a VL comprising an amino acid sequence of SEQ ID NO: 32, In some embodiments,
provided herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv) comprising (i} a VH
comprising an amino acid sequence having at least 85%%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at lsast 99%%
identity to an amino acid sequence of SEQ ID NO: 21, and/or (ii) a VL comprising an amino acid
sequence haviog at feast 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at feast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid
sequence of SEQ ID NO: 32, In certain embodiments, substitutions, insertions or deletions in
these sequences occur in regions outside the CDRs (i.e, in the framework regions). In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof {eg., scFv)
comprising (iya YH comprising an amino acid sequence having at least 95%, at least 96%, at least
7%, at least 98%, or at least 99% identity to an amino acid sequence of SEQ ID NOG: 21, with at
feast 95% (or at least 96%, 97%, 98%, 99% or 100%:) identity n the framework regions and at
least 97% {or at least 98%, 99% or 100% identity) in the CDR regions, and/or (i1} a VL comprising
an amino acid sequence baving at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an amine acid sequence of SEQ ID NG: 32, with at least 95% (or at least 96%,
97%, 98%, 99% or 100%) identity in the framework regions and at least 97% (or at least 98%,
99% or 100% identity) in the CDR regions. In some embodiments, provided herein are humanized
anti-FLT3 antibodies or fragments thereof (e.g, scFv) comprising both the VH and the VL
comprising the sequences specified in this paragraph.

[0134] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof {e.g., scFv) comprising {i} a VH comprising an amino acid sequence of SEQ ID NO: 22,

and/or (i) a VL comprising an amino acid sequence of SEQ ID NO: 33, In some embodiments,



WO 2023/023491 PCT/US2022/074984

provided herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv} comprising {1} a VH
comprising an amino acid sequence having at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or ai least 99%
identity to an amino acid sequence of SEG ID NO: 22, and/or (11} a VL comprising an amino acid
sequence having at least 85%, at least 90%, at least 1%, at least 92%, at least 93%, at least 94%,
at feast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an aming acid
sequence of SEQ 1D NO: 33, In certain embodiments, substitutions, insertions or deletions in
these sequences occur in regions outside the CDRs (i.e, in the framework regions). In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof (eg., scFv)
comprising (i} a VH comprising an amino acid sequence having at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identity to an amino acid sequence of SEQ 1D NO: 22, with at
feast 95% (or at least 90%, 97%, 98%%, 99% or 100%) identity in the framework regions and at
feast 97% {(or at least 98%, 99% or 100% identity) in the CDR regions, and/or (i1} a VL comprising
an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an amino acid sequence of SEQ ID NO: 33, with at least 95% (or at least 96%,
97%, 98%, 99% or 100%) identity in the framework regions and at least 97% {or at least 98%,
99% or 100% identity) in the CDR regions. In some embodiments, provided herein are humanized
anti-FLT3 antibodies or fragments thereof (e.g, scFvy comprising both the VH and the VL
comprising the sequences specified in this paragraph.

[0135] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof {e.g., scFv) comprising (i} a VH comprising an amino acid sequence of SEQ 1D NO: 23,
and/or (i1} a VL comprising an amino acid sequence of SEQ ID NG: 34, In some embodiments,
provided berein are anti-FLT3 antibodies ot fragments thereof {e.g., scFv) comprising (i) a VH
comprising an amino acid sequence having at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to an amino acid sequence of SEG ID NG: 23, and/or (1} a VL comprising an amino acid
sequence having at feast 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at feast 95%, at least 90%, at least 97%, at least 98%, or at least 99% identity {0 an aming acid
sequence of SEQ ID NO: 34, In certain embodiments, substitutions, insertions or deletions in
these sequences occur in regions outside the CDRs {(i.e, in the framework regions). In cerfain

embodiments, provided herein are anti-FLT3 antibodies or fragments thereof {eg., scFv)
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comprising (i} a VH comprising an amino acid sequence having at least 95%, at least 96%, at least
7%, at least 98%, or at least 99% identity to an amino acid sequence of SEQ ID NO: 23, with at
feast 95% (or at least 96%, 97%, 98%, 99% or 100%) identity in the framework regions and at
least 97% (or at least 98%, 99% or 100% identity) in the CDR regions, and/or (i1) a VL comprising
an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an amino acid sequence of SEQ ID NO: 34, with at least 95% {or at least 96%,
97%, 98%, 99% or 100%) identity in the framework regions and at least 97% {or at least 98%,
99% or 100% identity) in the CDR regions. In some embodiments, provided herein are humanized
anti-FLT3 antibodies or fragments thereof {e.g, scFv) comprising both the VH and the VL
comprising the sequences specified in this paragraph.

[0136] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof {e.g., scFv) comprising (i} a VH comprising an amino acid sequence of SEQ ID NO: 24,
and/or (i} a VL comprising an amino acid sequence of SEQ ID NO: 35, In some embodiments,
provided berein are anti-FLT3 antibodies or fragments thereof {e.g., scFv) comprising (i) a VH
comprising an amino acid sequence having at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 24%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to an amino acid sequence of SEQ ID NO: 24, and/or (i1} a VL comprising an aming acid
sequence having at feast 85%, at least 90%, at least 1%, at least 92%, at least 93%, at least 94%,
at feast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid
sequence of SEQ ID NG: 33, In certain embodiments, substitutions, insertions or deletions in
these sequences occur in regions outside the CDRs (i.e, in the framework regions). In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof {eg., scFv)
comprising (1) a VH comprising an amino acid sequence having at least 95%, at least 96%, at least
7%, at least 98%, or at feast 99% identity to an amino acid sequence of SEQ 1D NO: 24, with at
teast 95% {or at least 96%, 97%, 98%, 99% or 100%;) identity in the framework regions and at
feast 97% (or at least 98%, 99% or 100% identity) in the CDR regions, and/or (i) a VL comprising
an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an amino acid sequence of SEQ ID NG: 35, with at least 95% {or at least 96%,
7%, 98%, 99% or 100%;) identity in the framework regions and at least 97% (or at least 98%,

Q9% or 100% identity) in the CDR regions. In some embodiments, provided herein are humanized
g ¢

42



WO 2023/023491 PCT/US2022/074984

anti-FL'T3 antibodies or fragments thereof {e.g, sckFv) comprising both the VH and the VL
comprising the sequences specified in this paragraph.

[0137] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof {e.g., scFv} comprising (i} a VH comprising an aming acid sequence of SEQ 1D NO: 25,
and/or (i1} a VL comprising an amino acid sequence of SEQ 1D NO: 36, In some embodiments,
provided herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv) comprising (i) a VH
comprising an amino acid sequence having at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or ai least 99%
identity to an amino acid sequence of SEQ ID NO: 25, and/or (it) a VL comprising an amino acid
sequence having at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at feast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid
sequence of SEQ 1D NO: 36, In certain embodiments, substitutions, insertions or deletions in
these sequences occur in regions outside the CDRs (i.e, in the framework regions). In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof (eg., scFv)
comprising (i} a VH comprising an amino acid sequence having at least 95%, at feast 96%, at least
97%, at least 98%, or at least 99% identity to an amino acid sequence of SEQ ID NO: 25, with at
least 95% (or at least 96%, 97%, 98%, 99% or 100%}) identity in the framework regions and at
teast 97% (or at least 98%, 99% or 100% identity ) in the CDR regions, and/or (i1} a VL comprising
an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an amino acid sequence of SEQ 1D NO: 36, with at least 95% (or at least 96%,
7%, 98%, 99% or 100%) identity in the framewaork regions and at least 97% {or at least 98%,
99% or 100% identity) in the CDR regions. In some embodiments, provided herein are humanized
anti-FLT3 antibodies or {ragmenis thereof (e.g, scFv) comprising both the VH and the VL
comprising the sequences specified in this paragraph.

[0138] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof {e.g., scFv) comprising (i} a VH comprising an aminc acid sequence of SEQ 1D NO: 26,
and/or (i1} a VL comprising an amino acid sequence of SEQ ID NG: 37, In some embodiments,
provided herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv) comprising (i} a VH
comprising an amino acid sequence having at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or ai Isast 99%%

identity to an amino acid sequence of SEG ID NQO: 26, and/or (i1} a VL comprising an amino acid
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sequence having at feast 85%, at least 90%, at least 91%, at least 92%, at least 93%, at ieast 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid
sequence of SEQ I NOG: 37, In certain embodiments, substitutions, insertions or deletions in
these sequences occur in regions outside the CDRs (i.e, in the framework regions). In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof (eg, scFv)
comprising (i) a VH comprising an amino acid sequence having at least 95%, at least 96%, at least
7%, at least 98%, or at least 99% identity to an aming acid sequence of SEQ ID NO: 26, with at
feast 95% (or at least 96%, 97%, 98%, 99% or 100%) identity in the framework regions and at
teast 97% {or at least 98%, 99% or 100% identity) in the CDR regions, and/or (i1} a VL comprising
an aming acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an amino acid sequence of SEQ ID NG: 37, with at least 95% (or at least 96%,
97%, 98%, 99% or 100%) identity in the framework regions and at least 97% {or at least 98%,
99% or 100% identity) in the CDR regions. In some embodiments, provided herein are humanized
anti-FL'T3 antibodies or fragments thereof (e.g, scFv) comprising both the VH and the VL
comprising the sequences specified in this paragraph.

[0139] In certain embodiments, provided herein are humanized anti-FLT3 antibodies or fragments
thereof {e.g., sckv) compsising (i} a VH comprising an amino acid sequence of SEQ D NOG: 27,
and/or (i1} a VL comprising an amino acid sequence of SEQ ID NG: 38, In some embodiments,
provided herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv} comprising (i} a VH
comprising an amino acid sequence having at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or af least 99%
identity to an amino acid sequence of SEQ ID NO: 27, and/or (i1} a VL comprising an amino acid
sequence having at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at feast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an aming acid
sequence of SEQ ID NG: 38, In certain embodiments, substitutions, insertions or deletions in
these sequences occur in regions outside the CDRs (i.e, in the framework regions). In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof (eg, scEFv)
comprising (i} a VH comprising an amino acid sequence having at least 95%, at least 96%, at least
7%, at least 98%, or at feast 99% identity to an amino acid sequence of SEQ 1D NO: 27, with at
feast 95% (or at least 90%, 97%, 98%, 99% or 100%;) identity in the framework regions and at

least 97% (or at least 98%, 99% or 100% identity) in the CDR regions, and/or (i) a VL comprising
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an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an amino acid sequence of SEQ 1D NG: 38, with at least 95% (or at least 96%,
7%, 98%, 99% or 100%) identity in the framework regions and at least 97% {or at least 98%,
99% or 100% identity) in the CDR regions. In some embodiments, provided herein are humanized
anti-FLT3 autibodies or fragments thereof (e.g, scFv) comprising both the VH and the VL
comprising the sequences specified in this paragraph.

[0140] In certain embodiments, provided herein are chimeric anti-FLT3 antibodies or fragments
thereof {e.g., scFv) comprising (i} a VH comprising an amino acid sequence of SEQ ID NG: 17,
and/or (i1} a VL comprising an amino acid sequence of SEQ ID NO: 28, In some embodiments,
provided herein are anti-FLT3 antibodies or fragments thereof {e.g., scFv) comprising (i} a VH
comprising an amino acid sequence having at least 85%%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at lsast 99%%
identity to an amino acid sequence of SEQ ID NO: 17, and/or (i) a VL comprising an amino acid
sequence haviog at feast 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at feast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid
sequence of SEQ ID NO: 28, In certain embodiments, substitutions, insertions or deletions in
these sequences occur in regions outside the CDRs (i.e, in the framework regions). In certain
embodiments, provided herein are anti-FLT3 antibodies or fragments thereof {eg., scFv)
comprising (iya YH comprising an amino acid sequence having at least 95%, at least 96%, at least
7%, at least 98%, or at least 99% identity to an amino acid sequence of SEQ ID NOG: 17, with at
feast 95% (or at least 96%, 97%, 98%, 99% or 100%:) identity n the framework regions and at
least 97% {or at least 98%, 99% or 100% identity) in the CDR regions, and/or (i1} a VL comprising
an amino acid sequence baving at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identity to an amine acid sequence of SEQ ID NG: 28, with at least 95% (or at least 96%,
97%, 98%, 99% or 100%) identity in the framework regions and at least 97% (or at least 98%,
99% or 100% identity) in the CDR regions. lun some embodiments, provided herein are chimeric
anti-FLT3 antibodies or fragments thereof (e.g, scFv) comprising both the VH and the VL

comprising the sequences specified in this paragraph.
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(01417 In certain embodiments, provided herein are sckFv fragments of the humanized anti-FLT3
antibodies described herein. In centain embodiments, provided herein are scFv fragments
comprising any VH and/or VL described herein, including any VH and VL pairs described herein.
Methods of making single chain variable fragment antibodies are known in the art. For example,
an scFv antibody can be made by fusing a heavy chain variable region (VH) with a light chain
variable region via a short peptide linker. Suitable short peptide linkers are known in the art, and
exemplary linkers are described herein.

[0142] In certain embodiments, provided herein is an anti-FLT3 scFv fragment comprising an
aminoe acid sequence selected from any one of SEQ ID NOs: 4, 5, and 40-49. In some
embodiments, provided herein are anti-FL'T3 scFv fragments comprising an amino acid sequence
having at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
Q5%, at feast 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid sequence
selected from any one of SEQ 1D NGs: 4, 5, and 40-49. In certain embodiments, substitutions,
insertions or deletions in these sequences occur in regions outside the CDRs (e, in the framework
regions}. In certain embodiments, provided herein are anti-FLT3 scFv fragments comprising an
amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to an amino acid sequence selected from any one of SEQ D NOs: 4, 5, and 40-49, with at
least 95% (or at least 96%, 97%, 98%, 99% or 100%) identity in the framework regions and at
feast 97% {or at least 98%, 99% or 100% identity} in the CDR regions.

[0143] In certain embodiments, provided herein is an anti-FLT3 scFv fragment comprising an
amino acid sequence selected from any one of SEQ 1D NQOs: 4, §, 44-47 and 49 In some
embodiments, provided herein are anti-FLT3 scFv fragments comprising an amino acid sequence
having at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
5%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an amino acid sequence
selected from any one of SEQ ID NOs: 4, 5, 44-47 and 49, In certain embodiments, substitutions,
insertions or defetions in these sequences occur in regions outside the CDRs (1.e., in the framework
regions). In certain embodiments, provided herein are anti-FLT3 scFv fragments comprising an
amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to an amino acid sequence selected from any one of SEQ ID NQOs: 4, 5, 44-47 and 49, with
at least 95% {or at least 96%, 97%, 98%, 99% or 100%) identity in the framework regions and at

least 97% {or at least 98%%, 99% or 100% identity) in the CDR regions.
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[0144] In certain embodiments, provided herein is an anti-FLT3 scFv fragment comprising the
amino acid sequence of SEQ ID NO: 4. In some embodiments, provided herein are anti-FLT3
scFv fragments comprising an amino acid sequence having at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 9%, at least 97%, at least 98%, or
at least 99% identity to an amino acid sequence of SEQ ID NG 4. In certain embodiments,
substitutions, insertions or deletions in these sequences occur in regions outside the CDRs (i.e., in
the framework regions). In certain embodiments, provided herein are anti-FL.T3 scFv fragments
comprising an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%,
or at least 99% identity to an amino acid sequence of SEQ 1D NO: 4, with at least 95% (or at least
96%, 97%, 98%, 99% or 100%) identity in the framework regions and at feast 97% {or at least
98%, 99% or 100% identity) in the CDR regions.

[0145] Iu certain embodiments, provided herein is an anti-FLT3 scFv fragment comprising the
amino acid sequence of SEQ ID NG: 5. In some embodiments, provided herein are anti-FLT3
scFv fragments comprising an aroino acid sequence having at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to an amino acid sequence of SEQ ID NG: S, In certain embodiments,
substitutions, insertions or deletions in these sequences occur in regions cutside the CDRs (je, in
the framework regions). In certain embodiments, provided herein are anti-FLT3 scFv fragments
comprising an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 38%,
or at least 99% identity to an amino acid sequence of SEQ ID NO: 5, with at least 95% (or at least
6%, 97%, 98%, 99% or 100%) identity in the framework regions and at least 97% {or at least
98%, 99% ar 100% identity) in the CDR regions.

[0146] In certain embodiments, provided herein is an anti-FLT3 scFv fragment comprising the
amino acid sequence of SEQ ID NO: 44, In some embediments, provided herein are anti-FLT3
scFv fragments comprising an amino acid sequence having at least 85%, at least 90%, atleast 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to an amino acid sequence of SEQ ID NO: 44, In certain embodiments,
substitutions, insertions or deleticns in these sequences occur in regions outside the CDRs (i.e, in
the framework regions). In certain embodiments, provided herein are anti-FLT3 scFv fragments
comprising an amivo acid sequence having at least 95%, at least 96%, at least 97%, at least 98%,

or at least 99% identity to an amino acid sequence of SEQ 1D NO: 44, with at least 95% (or at least
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96%, 97%, 98%, 99% or 100%;) identity in the framework regions and at feast 97% {or at least
98%, 99% or 100% identity) in the CDR regions.

[0147] In certain embodiments, provided herein is an anti-FLT3 scFv fragment comprising the
amino acid sequence of SEQ ID NO: 45, In some embodiments, provided herein are anti-FLT3
scFv fragments comprising an armino acid sequence having at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to an amino acid sequence of SEQ 1D NG: 45, In certain embodiments,
substitutions, insertions or deletions in these sequences occur in regions cutside the CDRs (je, in
the framework regions). In certain embodiments, provided herein are anti-FLT3 scFv fragments
comprising an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%,
or at least 99% identity to an amino acid sequence of SEQ ID NO: 45, with at least 95% (or at least
6%, 97%, 98%, 99% or 100%) identity in the framework regions and at least 97% (or at least
98%, 99% or 100% identity) in the CDR regions.

[0148] In certain embodiments, provided herein is an anti-FLT3 scFv fragment comprising the
amino acid sequence of SEQ 1D NO: 46, In some embodiments, provided herein are anti-FLT3
scFv fragments comprising an amino acid sequence having at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to an amino acid sequence of SEQ ID NO: 46, In certain embodiments,
substitutions, insertions or deletions o these sequences occur in regions outside the CDRs (e, in
the framework regions). In certain embodiments, provided herein are anti-FLT3 scFv fragments
comprising an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%,
or at least 99% identity to an amino acid sequence of SEQ 1D NO: 46, with at least 95% (or at least
96%, 97%, 98%, 99% or 100%) tdentity iv the framework regions and at least 97% (or at least
98%, 99% or 100% identity) in the CDR regions.

[0149] In certain embodiments, provided herein i an anti-FLT3 scFv fragment comprising the
amino acid sequence of SEQ ID NG: 47, In some embodiments, provided herein are anti-FLT3
scFv fragments comprising an amino acid sequence having at least 85%, at least 90%, at least 1%,
at least 92%, at least 93%, at least 94%, at leasi 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to an amino acid sequence of SEQ 1D NO: 47, In certain embodiments,
substitutions, insertions or deletions in these sequences occur in regions outside the CDRs (j.e., in

the framework regions). In certain embodiments, provided herein are anti-FLT3 scFv fragments
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comprising an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%,
or at least 99% identity to an amino acid sequence of SEQ 1D NO: 47, with at least 95% (or at least
6%, 97%, 98%, 99% or 100%) identity in the framework regions and at least 97% (or at least
98%, 99% or 100% identity) in the CDR regions.

[0150] In certain embodiments, provided herein is an anti-FLT3 scFv fragment comprising the
amino acid sequence of SEQ ID NO: 49, In some embodiments, provided herein are anti-FLT3
scFv fragments comprising an amino acid sequence having at least 85%, at least 90%, at feast 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to an amino acid sequence of SEQ ID NO: 49, In certain embodiments,
substitutions, insertions or deleticns in these sequences occur in regions outside the CDRs (i.e, in
the framework regions). In certain embodiments, provided herein are anti-FLT3 scFv fragments
comprising an amivo acid sequence having at least 95%, at least 96%, at least 97%, at least 98%,
or at least 99% identity to an amino acid sequence of SEQ 1D NO: 49, with at least 95% (or at least
96%, 97%, 98%, 99% or 100%) 1dentity o the framework regions and at feast 97% (or at least
98%, 99% or 100% identity} in the CDR regions.

{01517 In certain embodiments, provided herein 18 an anti-FLT3 scFv fragrent comprising the
amino acid sequence of SEQ ID NO: 39. In some embodiments, provided herein are anti-FLT3
scFv fragments comprising an amino acid sequence having at least 85%, at least 90%, at least 1%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity to an amino acid sequence of SEQ ID NO: 39, In certain embodiments,
substitutions, insertions or deletions in these sequences occur in regions outside the CDRs (e, in
the framework regions). In certain embodiments, provided herein are anti-FLT3 scFv fragments
comprising an amino acid sequence having at least 95%, at least 96%, at least 97%, at least 98%,
or at least 99% identity to an amino acid sequence of SEQ ID NO: 39, with at least 95% {or at least
6%, 97%, 98%, 99% or 100%) identity in the framework regions and at least 97% (or at least

98%, 99% or 100% identity) in the CDR regions.

Linkers that can be used in scFvs

{scFv) comprising one or more linkers linking a VH and a VL. A “linker” is 3 functional grou
g g

which covalently attaches two or more polypeptides or nucleic acids so that they are connected to
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one another. The linker can be anv linker known in the art. In some embodiments, the linker
comprises hydrophilic amino acids. In some embodiments, the linker comprises glvcine and serine.
[0153] In some embodiments, the linker has the formula (Glys4-Ser}ia. In some embodiments, the
linker is a GlysSer linker, repeated from 1 to 4 times. In some embodiments, the linker is a GlyaSer
linker, repeated from 1 to 4 times. In some embodiments, the linker comprises GlyaSer and
GlysSer, each repeated from 1 to 4 times.

[0154] In certain embodiments, the linkeris 4 t0 25 amino acids inlength. In certain embodiments,
the linker is 4 to 21 amino acids in length. In some embodiments, the linkeris 4, 5, 6,7, 8, 9, 10,
TH 12,13, 14, 15,16, 17, 18, 19, 20, or 21 anmuno acids in length. In some embodiments, the linker
is 5 amino acids in length. In some embodiments, the linker is 10 amino acids in length. In some
embodiments, the linker is 15 amino acids in length. In some embodiments, the linker is 19 amino
acids in length. In some embodiments, the linker is 20 amino acids inlength.

[0155] In some embodiments, the linker comprises the amino acid sequence of SEQ ID NO:50.
In some embodiments, the linker comprises the arnno acid sequence of SEQ ID NG: 51. In some
embodiments, the linker comprises the amino acid sequence of SEQ ID NO: 52, In some
embodiments, the linker comprises the amino acid sequence of SEQ ID NGO: 53 In some
embodiments, the linker comprises the amino acid sequence of SEQ ID NO: 54

[0156] In some embodiments, the linker comprises the nucleotide sequence of SEQ ID NG: 55,
in some embodiments, the linker comprises the nucleotide sequence of SEQ 1D NO: 56, In some
embodiments, the linker comprises the nuclectide sequence of SEQ ID NO: 57, In some
embodiments, the linker comprises the nucleotide sequence of SEQ ID NGO 538, In some
embodiments, the linker comprises the nucleotide sequence of SEQ 1D NG: 59

{01571 In some emboduments, provided herein are anti-FLT3 scFv fragments comprising any
linker described herein linking any light chain variable region (VL) described herein to any heavy
chain variable region (VH) described herein {or any VL/VH pair described hereiny. In some
embodiments, provided herein are anti-FLT3 scHv fragments comprising any linker described
herein linking a VL comprising an amino acid sequence selected from the group consisting of SEQ
NG 1, SEG ID NG 2, SEG D NGO: 29, SEQ D NG 30, SEQ 1D NO: 31, SEQ 1D NG: 32,
SEQ ID NO: 33, SEQ ID NOG: 34, SEQ 1D NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, and SEQ

|98}

ID NQO: 38 to a VH comprising an amino acid sequence selected from the group consisting of SEQ

A
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NG 3, SEQ ID NO: 18, SEQ ID NG 19, S5EQ 1D NG: 20, SEQ ID NG: 21, SEQ 1D NO: 22,
SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ ID NO: 27.

[0158] In some embodiments, provided herein are anti-FL'T3 scFv fragments comprising a linker
of SEQ ID NO:50 linking a VL comprising an amine acid sequence selected from the group
consisting of SEQ 1D NO: 1, SEQ ID NO: 2, SEQ 1D NO: 29, SEQ ID NO: 30, SEQ ID NO: 31,
SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID
NG: 37, and SEQ ID NO: 38 to a VH comprising an amino acid sequence selected from the group
consisting of SEQ 1D NO: 3, SEQ 1D NO: 18, SEQ [D NO: 19, SEQ 1D NO: 20, SEQ [D NO: 21,
SEQ ID NO- 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ 1D NO: 25, SEQ ID NO- 26, and SEQ
D NG 27.

[0159] In some embodiments, provided herein are anti-FLT3 scFv fragments comprising a linker
of SEQ ID NG:51 linking a VL. comprising an amino acid sequence selected from the group
consisting of SEQ 1D NO: 1, SEQ D NO: 2, SEQ ID NO: 29, SEQ 1D NO: 30, SEGQ ID NO: 31,
SEQ ID NO: 32, SEQ ID NO: 33, SEQ 1D NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID
WNQO: 37, and SEQ ID NO: 38 to 2 VH comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 3, SEG ID NO: 18, SEGQ ID NOG: 19, SEQ ID NO: 20, SEQ ID NO: 21,
SEQ D NO: 22, SEQ 1D NG 23, SEQ 1D NO: 24, SEQ ID NG: 25, SEQ ID NGO 26, and SEQ
D NO: 27.

[0160] In some embodiments, provided herein are anti-FL'T3 scFv fragments comprising a linker
of SEQ 1D NO:52 linking a VL comprising an aminoe acid sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NG: 2, SEQ ID NG 29, SEQ 1D NO: 30, SEQ ID NG: 31,
SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID
NG: 37, and SEQ ID NO: 38 to a VH comprising an amino acid sequence selected from the group
consisting of SEG ID NO: 3, SEG ID NO: 18, SEG ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21,
SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, and SEQ
1D NG 27

[0161] In some embodiments, provided herein are anti-FLT3 scFv fragments comprising a linker
of SEQ 1D NO:53 linking a VL comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ [D NO: 29, SEQ ID NO: 30, SEQ ID NO: 31,
SEQ D NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ 1D NO- 35, SEQ ID NO: 36, SEQ ID

NO: 37, and SEQ ID NO: 38 to 2 VH comprising an amino acid sequence selected from the group
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conststing of SEQ 1D NO: 3, SEQ ID NO: 18, SEQ ID NO: 19, SEQ 1D NO: 20, SEQ ID NO: 21,
SEQ ID NO: 22, SEQ 1D NO: 23, SEGQ ID NO: 24, SEQ ID NO: 25, SEQ 1D NO: 26, and SEQ
iDNO: 27

[0162] In some embodiments, provided herein are anti-FL'T3 scFv fragments comprising a linker
of SEQ 1D NO:54 linking a VL coroprising an amino acid sequence selected from the group
consisting of SEQ 1D NO: 1, SEQ ID NO: 2, SEQ D NG: 26, SEQ ID NO: 30, SEQ ID NO: 31,
SEQ I NG 32, SEQ D NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID
NG 37, and SEQ ID NO: 38 to a VH comprising an amino acid sequence selected from the group
consisting of SEQ ID NG: 3, SEQ ID NG: 18, SEQ ID NOG: 19, SEQ 1D NO: 20, SEQ ID NO: 21,
SEQ ID NQO: 22, SEQ 1D NO: 23, SEG 1D NO: 24, SEQ 1D NO: 25, SEQ 1D NO: 26, and SEQ
D NG:27.

Additional anti-F113 antibodies, fragmens and characteristics

[0163] In some embodiments, described herein are anti-FLT3 astibodies, wherein the antibody is
an immunogiobulin comprising any VH and VL regions described herein. The immunoglobulin
molecules that can be used are of any type {eg, IgG, IgE IgM, IgDh, Ig¥, IgA) The
immunoglobulin molecules that can be used are of any ¢lass {e.g., IgG1, 12, 1g(G3, 1e(4, IgAl,
1gA2).  The immunoglobulin molecules that can be used are of any subclass. In some
embodiments, the immunoglobulin is 1gG.

[0164] In some embodiments, described herein are single domain anti-FLT3 antibodies, having
only the heavy chain or only the light chain {comprising any VH or VL described herein). Is some
embodiments, described herein are single domain anti-FLT3 antibodies having only the heavy
chain {comprising any VH described herein).

[0165] In some embodiments, described herein are antigen-binding fragments of ant-FLT3
antibodies, which include, without limitation, an Fv fragment, a Fab fragment, a F(ab’) fragment,
a F{ab’y: fragment or a disulfide-linked Fv (sdFv).

[0166] In some embodiments, described herein are chimeric anti-FLT3 antibodies or antigen-
binding fragments thereof, where the chimeric antibody has murine variable region and a constant
region of another species (e.g., human}.

[0167] In some embodiments, described herein are multi-specific anti-FLT3 antibodies and

fragments (e.g., bi-specific antibodies and fragments), which in addition to specifically binding
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FLT3 {using the antigen-binding fragments described herein} specifically bind one or more
additional antigens {e.g., a second additional antigen). The one or several additional antigens can
be antigens exposed on a surface of target cells (e.g., AML celis).

[0168] In some embodiments, described herein are anti-FLT3 antibodies and fragments thereof
which have a binding affinity for a FLT3 protein with an ECS0 from about 0.1 nM {0 100 oM, 0.5
nM to 50 oM or 1 oM to 10 nM. In some embodiments, described herein are anti-FL'T3 antibodies
and fragments thereof which have a binding affinity for a FLT3 protein with an EC50 that is less
than about 100 nM, less than about 75 oM, less than about 50 nM, less than about 25 nM, less than
about 10 nM, less than about 5 nM, less than about 3 nM, less than about 2nM, or less than about
1 nM. In some embodiments, described herein are anti-FLT3 antibodies and {fragments thereof
which have a binding affinity for a FLT3 protein with an EC50 that is less than15 oM, less than
10 oM, less than 8 nM or less than 2.5 nM.

[0169] In some embodiments, described herein are anti-FLT3 antibodies and fragments thereof
which mediate antibody-dependent cell-mediated cytotoxicity {ADCC). As known 1o the art, the
ADCC is triggered when antibody bound to the surface of a cell interacts with Fc receptors on a
natural killer (NK) cells; NK cells express the receptor Fe garmama RIIL{CD16), which recognizes
the IgG1 and [g(G3 subclasses. The ADCC killing mechanism involves the release of cytoplasmic
granules containing perforin and granzymes.

[0170] In some embodiments, the anti-FLT3 antibodies and fragments thereof described herein
{e.g. scFv) do not compete with FLT3 ligand for binding to FLT3. In some embodiments, the anti-
FLT3 antibodies and fragments described herein bind to FLT3 in the presence of FLT3 ligaund {or
after pre-treatment of cells with FL'T3 ligand) approximately the same as in the absence of FLT3
ligand {or without pre-treatment of cells with FLT3 ligand), e.g., in vitro (using any methodology
to assess competitive binding known in the art or described herein, see, e.g., Example 1} In some
embodiments, the binding of anti-FLT3 antibodies and fragments described herein to FLT3 is
reduced by less than 25%, less than 20%, less than 15%, tess than 10%, less than 5%, less than 3%
or less than 1% in the presence of FLT3 ligand (or after pre-treatment of cells with FLT3 ligand),
relative to in the absence of FL'T3 ligand (or without pre-treatment of cells with FLT3 ligand), e g.,
in vitrro {using any methodology to assess competitive binding known in the art or described herein,
see, e.g., Example 1}, In somwe ervbodinents, the binding of anti-FLT3 antibodies and fragments

described herein to FL'T3 is reduced by less than 5%, less than 3% or less than 19 in the presence
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of FL'T3 ligand (or after pre-treatment of cells with FL'T3 ligand), relative to in the absence of
FLT3 ligand {or without pre-treatment of cells with FLT3 ligand), eg., s vitro (using any
methodology to assess competitive binding known in the art or described herein, see, e.g., Example
1)

[0171] Provided hereiv are anti-FLT3 antibodies and fragments thereof described herein (e.g.,
scFvs) that can target and eliminate or kill FLT3-expressing cells. Provided herein are anti-FLT3
antibodies and fragments thereof {e.g., scFvs) that can target FLT3 expressed on the surface of
cells. For example, provided herein are the anti-FLT3 antibodies and fragments thereof described
herein that can target FLT3 expressed on the surface of cancer cells (e.g., leukemic cells, such as
AML blasts). Also provided herein are the anti-FL'T3 antibodies and fragments thereof described
herein that can target FLT3 expressed on the surface of HSCs and/or HSPCs. Also provided herein
are the anti-FLT3 antibodies and fragroents thereof described herein that can target FLT3
expressed on the surface of any hematopoietic cell lineages expressing FLT3 described herein or
known in the art. Without betng bound by any theory or mechanism of action, the anti-FLT3
antibodies and fragments thereof described herein {e.g, scFvs) can bind an extracellular,
membrane proximal FLT3 domain.

[0172] In some embodiments, the anti-FLT3 antibodies and fragments thereot described herein
bind both wild type and mutant FLT3 {e.g., FLT3 known or determined to be mutated in cancer,
such as the cancer treated using such antibodies/fragments). In some embodiments, the anti-FLET3
antibodies and fragments thereof described herein bind a region of FLT3 not mutated in cancer
{e.g., not known to be mutated 1n cancer or determined not to be mutated o cancer, such as the
cancer being treated using the described antibodies/fragments). In some embodiments, the anti-
FLT3 antibodies and fragments thereof described herein bind to or target (eg., killy FLT3-
expressing cells irrespective whether the cells express wild type or mutant FLT3. In some
embodiments, the anti-FLT3 antibodies and fragments thereof described herein bind to or target
{e.g., kill} FLT3-expressing cancer cells expressing wild type and mutant FLT3. In some
embodiments, the anti-FLT3 antibodies and fragments thereof described herein bind to or target
{e.g., kill) FL.T3-expressing cancer cells expressing mutant FLT3 {e.g., known to express mutant
FLT3 or determined to express mutant FLT3, such as having any mutation in FLT3 known in the

art).
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Making of Antibodies
[0173] The anti-FLT3 antibodies and antigen-binding fragments thereof described herein can be
made by any method known in the art and/or described herein.

[0174] Methods of making monoclonal antibodies are known in the art, e g, using hybridoma

technology. See e gx Harlow ¥ and Lane D, Antibodies: A Laboratory Manual (Cold Spring
Harbor Press, 2% ed. 1988y, Hammerling G et al | in: Monoclonal Antibodies and T-Cell

Hybridomas 563 (Elsevier, NY, 1981}, Kobler G and Milstein C, 1973, Nature 2536495, Goding
IW (Edy, Monocolonal Antibodies: Principles and Practice, pp. 59-103 {Acadenic Press, 1988}
In using hybridoma technology, a mouse or ancther appropriate host andmal can be immunized
with the target protein {e.g., FLT3} to elicit lymphooytes fo produce antibodies that will

specifteally bind to the target protein, and then the lymphooyies are fused with myeloma cells to
form a hybridoma. The hybridoma cells are then grown in a culture medivm and assayed for
production of antibodies. The binding specificity of antibodies produced by this method can be
determined by wethods known in the art, e g, enzyme-hnked immunosbsorbent assay (HLISA),

immunoprecipitation or radioimmunoassay (RIA} The monocolonal antibodies can be further

purified.
[0175] Monoclonal antibodies can also be made using recombinant and phags dispiay
technol ¢ ard using humanized mdce. See, e.g., Brinkman U et al, 1995, 1 Immunol.

Methods 132:41-50; Ames RS et al, 1995, I Immunol. Methods 184:177-188; Laffleur et al |
2012, Methods Mol Biol, 901:149-59; Persic L. et al., 1997, Gene 1RT:9-18,

{01761 Methods of making chimerie antibodies are known in the art. See, e.g., Morrison SL,
1983, Science 229:1202-7; Gillies SD et al | 1989, | Immunol. Methods 125191202, i VT &
Muorrison SL, 1936, Bi{ﬁeghnifgu@::; 4:214-221 When making a chiweric antibody, a vanable
region of one species {e.g., murine} 1§ joined with a constant region of another species {e.g.,
human).

{01771 Methods of making humanized antibodies are knowsn in the art, including withowt
Hrottation by CDR grafiing. See, e.g, Padlan EA (1991} Mol fromunol 28{4/5) 489444,
Studnicka GM et al, (1994} Prot EELngiﬂeering F{63 R05-B14; and Roguska MA et al, (1994)
PNAS QT - 069.973; Tan P et al, (20023 § Immunal 168 1119.235;

Eung. 13(3}) 353-60; Movea V et al, {2000}, Methods 2003} 267-79; Baca M et al, {1997} ] Bidl

Chem 272{16) 10678-84; Roguska MA et al, {1996) Protein Eng 9(10): 895 904; Couto IR et al,

Caldas € et al, (2000) Protein
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1995} Cancer Res. 55 (23 Suppy 5973s-3977s; Couto IR et al, (1995 Cancer Res 55(8) 1717-
} { PPl ) .

o Sandhu I8 {(1994) Gene 150(2): 409- 10; Pedersen 1T et al, (1994 § Mol Biol 235(3): 959-

o,

oy
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[0178] Methods of making human antibodies are known in the art and include phage display

methods using antibody Ubraries derdved from human immunoglobulin sequences. See, e.g.,
International Publication Nos. WO 88/406045, WO 98/30433, WO 98/24893, W 98/16634, WO
Q6/34006, WO 96/33735, and WO 91/10741

[0179] Methods of making antibody fragments, including single chain Fv {scFv), are also known
in the art. See, e.g., Ahmad et al, 2012, Clinical and Developmental mmunology, dot
FOTES5/2012/980250; Wang et al,, 2006, Apal. Chem. 78, 997-1004, Pansri et al, 2009, BMC
Bigtechnology 9:6. For example, scFvs can be constructed by fusing heavy and Light chain
variable regions via short polypeptide linkers {using recombinant expression technigues), and
seFv antibodies having desired antigen-binding properties can be selected by methods known in
the art. Further, Fab and F{ab™h fragments can be produced by proteolyiic cleavage of
immunoglobulin molecules using papain and pepsin, respectively.

{01807 Methods of making single domain antibodics {e.g.. without light chains) are alsoe known

o M

in the art. See, g, Riechmann L & Muyldermans 8, 1999 § Immunol, 231.25.38; Nuttall 8D et

al., 2000, Curr Pharm Biotechnol, {3y srmans 8, 2001, § Bioteonol 74
302,

(01817 Methods of making bispecific antibodies are well-known to the ant. See, e.g.,
Konterman, 2012, MAbs 4:182-197; Gramer et al., 2013, MAbs 5:962-97

[0182] Methods of making mouse anti-FLT3 antibodies are described in US Patent Pub. No.
20190137464 and US Patent Pub. No. 20190389955, each of which is incorporated by reference
herein in its entirety and specifically as describing the making of mouse anti-FLT3 antibodies.
Methods of making humanized anti-FLT3 antibodies and chimeric anti-FLT3 antibodies are
described in this application (see, e.g., the Examples}.

[0183] Methods of recombinant production of antibodies are also known in the art. In some
embodiments, for recombinant production of an anti~ FLT3 antibody {or an antigen binding
fragment thereof), a nucleic acid encoding the antibedy {or an antigen binding fragment thereot)
is isolated and inserted into one or more vectors for expression in a host cell. In some

embodiments, a method of making the anti- FLT3 antibody is provided, wherein the method
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comprises culturing a host cell comprising a nucleic acid encoding the antibody under conditions
suitable for expression of the antibody, and recovering the antibody from the host cell {or host cell
culture medium) and, optionally further purifying the antibody. In some embodiments, a method
of making an antigen binding fragment of the anti- FLT3 antibody is provided, wherein the method
comprises culturing a host cell comprising a nucleic acid encoding said fragment under conditions
suitable for expression of the fragment, and recovering the fragment from the host cell (or host cell

culture medium) and, optionally further purifying the fragment.

Recombinant Receptors such as Chimeric Antigen Receptors

[0184] In one aspect, provided herein are recombinant receptors comprising any anti-FLT3
antibody or antigen-binding fragment thereof described herein. In some embodiments, provided
herein are recombinant receptors comprising any antigen binding fragment of anv anti-FLT3
antibody described herein. In some embodiments, provided herein are recombinant receptors
comprising any anti-FLT3 VH and/or VL described herein. In some embodiments, provided
herein are recombinant receptors comprising any anti-FLT3 scFv described herein. Among the
contemplated recombinant receptors are functional non-TCR antigen receptors. In some
embodiments, provided herein is a chimera of a signaling domain of the T cell receptor (TCR)

complex and an FL'T3 antigen recognizing domain (e.g., an anti-FLT3 scFv, such as any one

described herein). In some embodiments, the recombinant receptors provided here are chimeric
antigen receptors (CARs). Also provided herein are cells (e.g., immune cells) expressing the
recombinant receptors {e.g., CARs) described herein. A T cell expressing a CAR is referred to
herein as a CAR T cell. Also provided herein are uses of cells {e.g., immune cells} expressing
the recombinant receptors (e.g., CARs) described herein in therapy, such as treatment of diseases
associated with FLT3 expression. In some embodiments, provided herein are uses of cells {e.g.,
immune cells) expressing the recombinant receptors {e.g., CARs) described herein in the
treatroent of cancer (e.g., AML, ALL or dendritic cell neoplasm). In some embodiments,
provided herein are uses of celis (e.g., immune cells} expressing the recombinant receptors (e.g.,
CARGs) described herein in condition a subject before hematopoietic cell transplantation.

[0185] Examples of antigen receptors, including CARs, are well known in the art. Methods of

their making are also well known in the art. See, e.g., Sadelain et al., Cancer Discov . 2013
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Aprit ;3 (4) 388-39%; Davilaetal,, 2013, PLOS ONE 8 (4} 61338, Turtle et al ., Curr. Opin.
Immunol., 20612, 24 (53:633-39; Wu et al, Cancer, 2012, 18(2). 160-75.

[0186] The CARs provided herein generally include an extracellular domain comprising any
anti-FLT3 antibody or fragment described herein (e.g., any anti-FLT3 antigen binding fragment
described herein). In certain embodiments, the CARs provided heretv further tnclude a
transmembrane domain (such as any transmembrane domain described herein) and an
intracellular domain (such as avy intracellular domain described herein). In some embodiments,
the CARs provided herein further include linkers between the extracellular domain and the
transmembrane domain, and/or between the transmembrane domain and the intracellular domain.
Exemplary linkers that can be used in the CARs provided herein are described herein. In some
embodiments, the linker comprises hydrophilic amino acids. In some embodiments, the linker
comprises glycine and serine.

[0187] Four generations of chimeric antigen receptors (CARs) are known in the art. First
generation CARS join an antibody-derived scFv to the CD3zeta (L or 2} intracellular signaling
domain of the T-cell receptor through hinge and transmembrane domains. Second generation
CARs incorporate an additional domain into the intracellular signaling domain, e.g., CD28, 4-
IBB (41BB)}, or ICOS, to supply a costimulatory signal. Third-generation CARs contain two
costimulatory domains (fused with the TCR CD3zeta chain). Third-generation costimulatory
domains may include, e.g., any combination of at least two oft CD27, CD2Z8, 4-1BB, ICOS, and
0X40. Fourth generation CARSs may comprise one or more stimulatory cvtokines. Exarmples of
CARs include CARs comprising an exiracellular antigen-binding domain {e. g, comprising an
antigen-binding scFv), a linker or hinge region, a transmembrane domain, and an intracellular
domain comprising one (first generation), two (second generation), or three (third generation)
signaling domains derived from CD3z and/or co-stimulatory molecules (Maude et al, Blood.
2015; 125(26):4017-4023; Kakarla and Gottschalk, Cancer J. 2014; 20(2); 151-1 55).
Functionally, the CD3z signaling domain of the T-cell receptor, when engaged, will activate and
induce proliferation of T-cells but can lead to anergy (a lack of reaction by the body's defense
mechanisms, resuliing in direct induction of peripheral lymphocyte tolerance}. Lymphocytes are
considered anergic when they fail to respond to a specific antigen. The addition of a
costimulatory domain in second-generation CARs may iwprove replicative capacity and

persistence of modified T-cells. Third generation CARs combine multiple signaling domains
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{costimulatory } which may augment potency. Fourth generation CARs express stimulatory
cytokines which may improve expansion and persistence after transplantation. Any such CARs
are provided herein, where the extracellular domain comprises an anti-FLT3 antigen-binding
fragment (e.g., any anti-FLT3 antigen binding fragment, e.g., scFv, described herein).

[0188] In some embodiments, provided herein is a first generation CAR. In some embodiments,
provided herein is a second generation CAR. In some embodiments, provided herein is a third
generation CAR. In some embodirents, provided herein is a fourth generation CAR.

[0189] In some embodiments, the CAR comprises an extracelluiar (ecto} domain comprising an
anti-FLT3 antigen binding domain {(e.g., scFv), a transmembrane domain, and an intracellular
{endc) domain. In some embodiments, the CAR comprises an extracellular {ecto} domain

comprising an anti-FLT3 antigen binding domain {e.g., scFv), a transmembrane domain, and an

intracellular {endo) domain comprising an activation domain and a co-stimulatory domain.

Fxtracellular Domuoin/Ectodomain

[0190] In certain embodiments, the extracellular domain comprises any anti-FLT3 antibody or
antigen-binding fragment thereof described herein {see, e.g, disclosure in the “Anti-FLT3
Antibodies” section above describing contermplated anti-FLT3 antibodies and fragments thereof]
including subsections describing anti-FLT3 VH and/or VL regions that can be used). In certain
embodiments, the extracellular domain comprises any anti-FLT3 single-chain variable fragment
{scFv) described herein (see, e.g, disclosure in the “Anti-FLT3 Autibodies” section above,
including subsections describing anti-FLT3 scFvs, VH and/or VL regions that can be used in the
scFvs, and linkers that can be used to join the described VH and VL regions). Because the anti-
FLT3 fragments, such as scFv fragments, that can be used in the extracellular domain of the anti-
FLT3 CARs are described elsewhere in this application, only specific, non-limiting examples of
anti-FLT3 scFvs are specifically discussed in this section. The scFv in the extracellular domain
of the CAR enables binding of the CAR to the target cell expressing FLT3 on its surface (i.e,
enabling the CAR to bind its target antigen).

[0191] In a specific embediment, an anti-FLT3 scFv comprises an amino acid sequence of SEQ
ID N4 {or an amino acid sequence that has at Teast 95% identity to SEQ 1D NG:4). 1o a specific
embodiment, an anti-FL'T3 scFv comprises an amino acid sequence of SEQ 1D NG5 (or an amino

acid sequence that has at least 95% 1dentity to SEQ ID NG:S). In a specific embodiment, an anti-
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FLT3 scFv comprises an amino actd sequence of SEQ 1D NO:44 {or an amino acid sequence that
has at least 95% identity to SEQ ID NO:44). In a specific embodiment, an anti-FLT3 scFv
comprises an amino acid sequence of SEQ 11 NO:45 (or an amino acid sequence that has at least
95% identity to SEQ ID NO:45). In a specific embodiment, an anti-FLT3 scFv comprises an
amivo acid sequence of SEQ 113 NO:46 (or an amino acid sequence that has at least 95% identity
to SEQ I NO:46). In a specific embodiment, an anti-FLT3 scFv comprises an amino acid
sequence of SEQ ID NO:47 (or an amino acid sequence that has at least 95% identity to SEQ ID
N(:47). In a specific embodiment, an anti-FLT3 scFv comprises an amino acid sequence of SEQ
1D NO:49 (or an amino acid sequence that has at least 95% identity to SEQ 1D NO:49).

(31927 In some embodiments, the extracellular domain of the CAR comprises a signal peptide or
a leader sequence. In some embodiments, the extraceliular domain of the CAR comprises a
cleavable signal peptide. In some embodinents, the extracellular domain of the CAR comprises
a signal peptide before the anti-FLT3 antigen-binding domain (e.g., N-terminal to the antigen-
binding dowain). Sigoal peptides are known in the art for use 1n CAR covstructs, Some signal
peptides help direct the nascent protein of the CAR 1o the endoplasmic reticulum. In some
embodiments, the signal peptide 15 a GM-CSF signal peptide or an Igk-chain signal peptide In
some embodiments, the signal peptide comprises the amino acid sequence of SEG ID NG 71 In
seine embodiments, the signal peptide comprises an amino acid sequence having at least 80%, at
feast 85%, at least 90%, at least 95%, or at least 99% identity to SEQ ID NO: 710 In some
embodiments, the signal peptide comprises the nucleotide sequence of SEG 1D NG 77, 1o some
embodiments, the signal peptide comprises an amino acid sequence having at least 80%, at least
[0193] In some embodiments, a linker connects a signal peptide to the anti-FLT3 antigen-binding
domain {(such as any anti-FL'T3 antigen binding fragment, e.g., scFv, described herein}. In some
embodiments, alinker connects a signal peptide to the anti-FLT3 light chain variable region {(such
as any anti-FT3 VL described herein}. In some embodiments, a linker connects a signal peptide
to the anti-FLT3 heavy chain variable region (such as any anti-FT3 VH described herein). In some
embodiments, the linker connecting a signal peptide to the antigen-binding domain comprises 1-
25 amino acids (e.g., 1, 2, 3, 4, or 5 amino acids), optionally comprising glycine and/or serine. In

some embodiments, the linker connecting a signal peptide to the antigen-binding domain is a two
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amino acid linker. In some embodiments, the linker connecting a signal peptide to the antigen-
binding domain is a glycine serine {e.g., GS) linker.

[0194] In some embodiments, a Hnker connects an extracellular domain to a spacer or hinge
region. In some embodiments, the linker connecting an extracellular domain to a spacer or hinge
region comprises 1-25 amino acids {e.g., 1, 2, 3, 4, or 5 amine acids), optionally comprising glycine
and/or serine. In some embodiments, the linker connecting an extracellular domain to a spacer or
hinge region is a two amino acid linker. In some embodiments, the linker connecting an

extracetlular domain to a spacer or hinge region is a glycine serine (e.g., GS) linker.

A spacer or hinge region

(01957 In some embodimernts, the extraceliular domain ts connected 1o the transmembrane domatn
by a hinge or spacer region. The binge region can be any binge region known tu the art. Examples
of hinge regions include, but are not bmitted 1o, those from CD8, CD28) or derived from 1gGl,

g2, or IgG4 1o some embodiments, the hinge region i3 from the COR extracellular doman. In

)
some embodiments, the hinge region is a CD8 {e ¢, CD8a} hinge. In some embodiments, the hinge
region is a CD28 hmga, In some embodiments, the CH8a hinge comprises the amino acid sequence
of SEGQ ID NG 72 In some embodimenis, the CD8q hinge comprises an amino acid seguence
having at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% identity to SEQ 1D
NO: 720 In some embodiments, the CD8a hinge comprises the nucleotide sequence of SEQ
NG 78 In some embodiments, the CD8« hinge comprises a nucleotide sequence having at least

B0%, at least 85%, at least 90%, at least 95%, or at least 99% identity to SEQ Y NG 7

Tronsmembrone Domain

[0196] A transmembrane domain s a3 hydrophobic alpha helix that spans the membrane of a cell.

For a chimeric antigen receptor {CAR), the transmembrane domain enables insertion of the CAR

into the cell membrane.

{01077 In some embodiments, the transmembrane domain is a transmembrane domain of any on

ot mmore of the following 4 1BB/CDI37, an a.s:i‘.iva‘img NK cell receptor, an imumunoglobulin

protein, BY-H3, BALER, BLAME {SLAMFE), BTLA, CD100 (SEMA4D), CD103, CIH60

(EEYSS}, CDIB, CDIG, CDi%a, CD22, CD247, CD27, CD276 (BT7-H3), CD23, D20, N3, D3
elta, CD3 epsilon, CD3 gamma, CD3 zeta, CD30, D4, CD40, CD49a, CD400, CR4O1, CDeY,

o
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07, COR, C5 € aipha, CD 8 beta, U6 (Taciife), Chila, CDliL, ChHlie, CDd, €S,
CDO, CD 1, CD33, CI37, CDed, CDR0, T8, O34, CDIST7 or CDIS4 CEACAMIE, ORT
AM, UTLA4, PD-1, cytokine receptor, BAP-10, DNAMU(CD226), Fo gamma receptor, GADS,
GITR, HVEM {(LIGHTR), 1A4, ICAM- 1g alpha (CD79a), IL-2R beta, IL-ZR gamma, IL-TR
alpha, inductble T cell costimudator (1008}, an mitegrin, [TGA4, ITGAS, ITGAD, ITGAE,
ITGAL, ITGAMITGAX, ITGR2, ITGRY, ITGRT, KIRDS2, LAT, LFA-, a ligand that

specifically binde with CD83, LIGHT, LTRR, LyS (D229, lymphooyte funclion-associated
antigen~1 (LFA-1), an MHC class 1 molecule, NKGZE, NKGZD, NKp3G, NKpd4d, NKpds,

NEKpSO (KLRFL, OX-40, PAG/Chp, prograramed death-1 (PD-1), PSGLY, SELPLG (CR62) 8
Stgnaling Lymphooytic Activation Molecule (a SLAM proteind, SLAM (SLAME, SLAMF4
(CD244y SEAMEFS (NTR-A), SLAME7, SLP-76, a TNF receptor protein, TNFRZ, TNFSF14, a
Toll igand receptor, TRAMCE/RANKL, VLAL, and VLA-S. In some embodiments, the
transmembrane domain of 2 CAR provided herein is from 2 CB3 ransmembrane domain, a CD4
ransmembrane domain, a CDE transmembrane domain, a CD2R transmembrane domain or & 4-
1-B8 transmembrane domain.

[0198] In some embodiments, the transmembrane domain of & CAR provided herein is a CDS
(e..g, CD8a) transmembrane domain. In some embodiments, the transmembrane domain of a CAR
provided herein is a CD3 transmembrane domain. In some embodiments, the transmembrane
domain of a CAR provided herein is a T34 transmembrane domain. In some embodiments, the
transmembrane domain of a CAR provided herein 15 a CD28 transmembrane domain. In some
embodiments, the transmembrane domain of a CAR provided herein is a 4-1-BB transmembrane
domain. In some embodiments, the CD8¢ transmembrane domain comprises the amino acid
sequence of SEQ 1D NG: 73, In some embodiments, the CD8a transmembrane domain comprises
an amino acid sequence having at least 80%, at least 85%, at least 90%, at least 95%, or at least
99% identity to SEQ ID NG: 73, In some embodiments, the CD8g transmembrane domain
comprises the nucleic acid sequence of SEQ 1D NO: 79 In some embodiments, the CD8a
transmembrane domain comprises a nucleic acid sequence having at least 80%, at least 85%, at

feast 90%, at least 95%, or at least 99% identity to SEQ 1D NO: 79,
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Intracellular Domain/Endodomain

[0199] The intracellular domain (i e., endodomain) of a CAR is the functional end of the receptor.
Following antigen recognition, receptors cluster and a signal is transmitted to the cell. The
intraceliular domain inchudes a signaling domain which relays an internal signal to active the
imroune cell expressing the CAR. In some embodiments, the intracellular domain of a CAR
provided herein comprises CD3( intracellular signaling {or activation) domain. A CD3( signaling
domain contains three immunoreceptor tyrosine-based activation motifs (FTAMS). The ITAMs
transmit an activation signal to the cell comprising the CAR after an antigen binds to the CAR.
[0200] In some embodiments, the CD3( signaling domatn comprises the amino acid sequence of
SEQ 1 NOG: 76, In some embodiments, the CD3{ signaling domain comprises an amino acid
sequence having at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% identity to
SEQ 1D NO: 76, In some embodiments, the CD3{ signaling domain comprises the nucleic acid
sequence of SEQ 1D NO: 82, In some embodiments, the CD3L signaling domain comprises a
nucleic acid sequence having at least 80%, at least §85%, at least 90%, at least 95%, or at least 99%
identity to SEQ ID NO: 82

[0201] In some embodiments, the intracellular domain of a CAR provided herein comprises a
CD3e (epsilon) signaling domain. ln some embodiments, the intracetlular domain of a CAR
provided herein comprises an FoyR (FcRgamma) signaling domain.  Other activation domains
known in the art can also be used.

[0202] In some embodiments, the intracellular domain/endodomain comprises a co-stimulatory
domain. ln some embodiments, the intracellular domain comprises a stimulatory domain (e g
CD3( signaling domain or another activation domain) and a co-stimulatory domain. In some
embodiments, the co-stimulatory domain is a co~-stimulatory domain of any one or more of CD28,
ICOS, OX-40, 4-18B/CDHI37, CD2, CDT, CH2T) O30, CD40, programmed death-1 (PD-1),
inducible T cell costiroulator {(ECOS), lymphoovie function-associated autigen~i QE;.FAJE (CD1
1a/CD1E)Y, CD3 gamma, C03 delta, TI3 epsilon, CD247, CDI76 (B7-H3), LIGHT, (TNFRF14),
NEGIC, 1g alpha (CD79a), DAP-10, Fo gamma receptor, MHC class T molecule, TNF receptor
proteins, an Immunoglobulin protein, eytokine receptor, integring, SLAM proteins, activating NK
cell receptors, BTLA, a Toll ligand receptor, ICAM-1, B7.-H3, CDS, ICAM-1, GITR, BAFFR,
LIGHT, HVEM (LIGHTR), KIRDS2, SLAME7Y, NKp80 (KLRF1), NEp4d, NK;}SQ NKpd6,
CDIS, D4, CD8alpha, CDEbeta, HAZR beta, IL-2R gamma, IL-TR alpha, ITGA4, VLAY
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Cxd9a ITGA4, 1A4, CD40D, ITGAGS, VLEALG, C4OF ITGAD, CD1Id, ITGAE CDIOE, ITGAL,
CD 1g, LFA-T ITGAM, CD Ib, ITGAX, CD 1e, TTGRI, CD29 ITGR2, CDIE, LFA-L
PTGR7, NKG2ZD, TNFR2, TRANCERANKL, DNAMI (CDR26), SLAMEF4 (CD244, 28B4y,
CDR4, CDOS (Tactile), CEACAMLY, CRT AM, Ly9 (CD229), CDI60 (RY55), PSGLL, CDI00
{(SEMA4D), CD62, SLAMFS (NTB-A, Ly108), SLAM (SLAMFI, CD1S0, IFQ-3), BLAME
{SLAMEE), SELPLG (TDIo2), LTBR, LAY, GADS, SLP7S, PAG/Chp, €%, a ligand that
specifically binds with CDE3, or any combination thereofl

[0203] In some embodiments, the intracellular domain comprises a CD28 co-stimulatory domain,
In some embodiments, the CD28 co-stimulatory domain comprises the amino acid sequence of
SEQ I3 NO:74. In some embodiments, the CI28 co-stimulatory domain comprises an amino acid
sequence having at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% identity to
SEQ ID NGO: 74, In some embodiments, the CD28 co-stimulatory domain comprises the nucleic
acid sequence of SEQ ID NO:B0. In some embodiments, the CD2Z8 co-stimulatory domain
comprises a nucleic acid sequence having at least 80%, at feast 85%, at least 90%, at least 95%, or
at least 99% identity to SEQ 1D NQO: 80,

[0204] In some embodiments, the intracellular domain comprises a 4-1BB co-stimulatory domain,
in some embodiments, the 4-1BB co-stimulatory domain comprises the amino acid sequence of
SEGQ ID NG 75, In some embodiments, the 4-1BB co-stimulatory domain comprises an amino acid
sequence having at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% identity to
SEQ ID NO: 7S, In some embodiments, the 4-1BB co-stimulatory domain comprises the nucleic
acid sequence of SEQ ID NG:B1. In some embodiments, the 4-1BB co-stimulatory domain
comprises a nucleic acid sequence having at least 80%, at least 85%, at least 90%, at least 95%, or
at least 99% identity to SEQ ID NO: 81,

[0205] In some embodiments, the intracellular domain comprises both CDZ8 and 4-1BB co-
stimulatory domains. In some embodiments, the intracellular domain comprises the amino acid
sequence of SEQ 1D NG 74 and SEQ 1D NO: 75,

[0206] In some embodiments, the intracellular domain comprises a co-stimulatory domain of
CD27 In some embodiments, the intracellular domain comprises a co-stimulatory domain of
(OX40. In some embodiments, the intracellular domain comprises a co-stimulatory domain of
ICOS. In some embodiments, the intracellular domain comprises a CD3( signaling domain and a

4-1BB co-stimulatory domain. In some embodiments, the intracellular domain comprises a CD3(
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signaling domain and a CD28 co-stimulatory domain. In some embodiments, the intraceifular
domain comprises a CD3({ signaling domain, a 4-1BB co-stimulatory domain, and a CD28 co-
stimulatory domain.

[0207] In some embodiments, the intraceliular domain comprises a CD3( signaling domain having
the amino acid sequence of SEQ ID NG 76, a 4-1BB co-stimulatory domain having the amino
acid sequence of SEQ I NO: 75, and a CD28 co-stimulatory domain having the amino acid

sequence of SEQ ID NO: 74,

Safety Switch

[0208] In some embodiments, the CAR comprises a safety switch. In some embodiments, the
safety switch is selected from, but not limited to, herpes simplex virus thymidine kinase (hsv-tk},
inducible Caspase 9 (icasp9), and a truncated human epidermal growth factor receptor (EGFRY)
polypeptide. In some embodiments, a suicide gene is included within the vector comprising nucleic
acids encoding any of the CARs described herein. In this way, administration of a prodrug
designed to activate the safety switch (e.g., AP1903 that activates iCasp9) triggers apoptosis in the
safety switch and activated CAR-expressing cells.

[0209] In some embodiments, the suicide gene/safety switch is icasp9. In some embodiments, the
icasp9 enables immune cell elimination {e.g., a T cell) after a chemical inducer of dimerization
{e.g., AP1903 or AP20187) is administered. In some embodiments, the icasp? is encoded by the
nucleic acid sequence of SEQ ID NO:#5. In some embodiments, the icasp9 gene comprises a
nucleic acid sequence having at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%
identity to SEQ 3 NO: 85, In some embodiments, the icasp9 safety switch comprises the amino
actd sequence of SEQ ID NO: 1035, In some embodiments, the icasp? safety switch comprises an
amino acid sequence having at least 80%, at least 85%, at least 90%, at least 95%, or at least 9%
identity to SEQ ID NO:105.

[0210] In some embodiments, the suicide gene/ safety switch is EGFRt In some embodiments,
the EGFRt enables immune cell elimination (e.g, a T cell} after an anti-EGFR monoclonal
antibody (e.g. cetuximab) is administered. In some embodirents, the EGFRt is encoded by the
nucleic acid sequence of SEQ ID NO: 84 In some embodiments, the EGFRt gene comprises a
nucleic actd sequence having at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%

tdentity to SEQ 1D NO: 84, In some embodiments, the EGFRY safety switch comprises the amino
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actd sequence of SEQ ID NO:104. In some embodiments, the EGFRI safety switch comprises an
amino acid sequence having at least 80%, at least 85%, at least 90%, at least 95%, or at least 99%
identity to SEQ 1D NG:104.

[0211] In some embodiments, the safety-switch-containing CARs described herein include a self-
cleaving peptide connecting the safety swiich to the CAR. Exemplary self-cleaving peptides
include the 2A family of peptides {e.g., T2A, BZA, F2A, and P2ZA peptides) and IRES. In some
embodiments, the self-cleaving peptide is a T2A peptide. In sore embodiments, the T2A peptide
is encoded by the nucleic acid sequence of SEQ 1D NO: 83, In some embodiments, the T2A is
encoded by a nucleic acid sequence having at least 80%, at least 85%, at least 90%, at least 95%,
or at least 99% identity to SEG ID NO: 83, In some embodiments, the T2A peptide comprises the
amino acid sequence of SEQ ID NG-103. [n some embodiments, the T2A peptide comprises an
amino acid sequence having at least B0%, at least 85%, at least 90%, at least 95%, or at least 99%
identity to SEQ 1D NG:103.

[0212] In some embodiments, the self-cleaving peptide is an E2A peptide. o some embodiments,
the self-cleaving peptide is an F2A peptide. In some embodiments, the self-cleaving peptide is an

P2A peptide. In some embodiments, the self-cleaving peptide is an IRES peptide.

Isolated Nucleic Acids Fxpressing CARs

[0213] Provided berein are nucleic acid sequences (polynucleotides) that encode one or more of
the CARs provided herein. In some embodiments, the polynuclectides are contained within any
vector suttable for the transformation of immune cells (eg, T cells). In some embodiments,
immune cells are transformed using synthetic vectors, lentiviral vectors, retroviral vectors,
autonomously replicating plasmids, a virus {e.g., a retrovirus, lentivirus, adenovirus, or herpes
virus).

[0214] Lentiviral vectors suitable for transformation of T lymphocytes include, but are not
imited 1o, e.g., the lentiviral vectors described in UK. Patent Nos. 5,994,136; 6,165,782,
6,428,953, 7,083,981; and 7,250,299, the disclosures of which are hereby incorporated by
reference in their entivettes. HIV vectors suitable for transformation of T lymphocytes include,
but are not limited to, e.g., the vectors described in U.S. Patent No. 5,665,577, the disclosure of

which is hereby incorporated by reference in its entirety.
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[0215] In some embodiments, the CAR comprises the nucleic acid of SEQ 1D NG 60, In some
embodiments, the CAR comprises the nucleic acid of SEQ ID NG: 61, In some embodiments,
the CAR comprises the nucleic acid of SEQ 1D NG: 62. In some embodiments, the CAR
comprises the nucleic acid of SEQ 1D NO: 63. In some embodiments, the CAR comprises the
nucleic acid of SEQ ID NO: 64. Tn some embodiments, the CAR comprises the nucleic acid of
SEQ ID NO: 65, In some embodiments, the CAR comprises the nucleic acid of SEQ 1D NO: 66.
in some embodiments, the CAR comprises the nucleic acid of SEQ 1D NO: 67, In some
embodiments, the CAR comprises the nuclete acid of SEQ ID NO: 68, In some embodiments,
the CAR comprises the nucleic acid of SEQ 1D NO: 69, In some embodiments, the CAR
comprises the nucleic acid of SEQ [D NO: 70.

10216] In some embodiments, the CAR comprises a nucleic acid sequence having at least 80%,
at least 81%, at least 82%, at least 83%, at feast 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
feast 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at least 99% identity of SEQ
D NO: 60. In some embodiments, the CAR comprises a nucleic acid sequence having at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 83%%, at least 8%, at least
B7%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at feast 93%, at least
94%, at least 95%, at least D6%, at least 97%, at least 98%, at least 99%, or at least 99% identity
of SEQ 3 NG: 61, In some embodiments, the CAR comprises a nucleic acid sequence having
at least 80%, at least 81%, at least 82%, at feast 83%4, at least 84%, at least 85%, at least 86%%, at
feast B7%, at least 88%, at least 9%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%%, at least 99%, or at least 99%
identity of SEQ ID NO: 62, In some embodiments, the CAR comprises a nucleic acid sequence
having at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%0, at least 99%, or at least
99% identity of SEQ ID NG: 63. In some embodiments, the CAR comprises a nucleic acid
sequence having at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 1%, at least 92%, at
feast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at feast 99%, or at

least 99% identity of SEQ 1D NO- 64. In some embodiments, the CAR comprises a nucleic acid
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sequence having at feast 80%, at least 81%, at least 82%, at least 83%, at least 84%, at feast 35%,
at least 86%, at least 87%, at least 88%, at feast 89%%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 953%, at feast 96%, at least 97%, at least 98%, at least 99%, or at
least 99% identity of SEQ ID NO: 65. In some embodiments, the CAR comprises a nucleic acid
sequence having at least 80%, at least 81%, at least B2%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at feast 89%, at least 90%, at least 91%, at least 92%, at
feast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at feast 99%, or at
feast 99% identity of SEQ ID NO: 66, In some embodiments, the CAR comprises a nucleic acid
sequence having at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at feast 89%, at least 90%, at least 91%, at least 92%, at
feast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at
teast 99% identity of SEQ ID NO: 67. In some embodiments, the CAR comprises a nucleic acid
sequence having at feast 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
feast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%%, or at
feast 99% identity of SEQ 1D NO: 68, In some embodiments, the CAR comprises a nucleic acid
sequence having at feast 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at
feast 99% identity of SEQ ID NO: 69. In some embodiments, the CAR comprises a nucleic acid
sequence having at feast 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 0%, at least 91%, at least 92%, at
feast 93%, at least 94%, ai leasi 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at
feast 99% identity of SEGQ ID NO: 70,

[0217] In sorne embodiments, the CAR is expressed by the plasmid of SEQ ID NG: 92, In some
embodiments, the CAR is expressed by the plasmid of SEQ 1D NO: 93, In some embodiments,
the CAR is expressed by the plasmid of SEQ ID NO: 94. In some embodiments, the CAR is
expressed by the plasmid of SEQ ID NO: 95, In some embodiments, the CAR is expressed by
the plasmid of SEQ ID NO: 96, In some embodiments, the CAR is expressed by the plasmid of
SEQ ID NO: 97. In some embodiments, the CAR i3 expressed by the plasmid of SEQ ID NO:

98. In some embodiments, the CAR is expressed by the plasmid of SEQ ID NG: 99, In some
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embodiments, the CAR 19 expressed by the plasmid of SEQ I NO: 100, In some embodiments,
the CAR is expressed by the plasmid of SEQ ID NG: 101, In some embodiments, the CAR i
expressed by the plasmid of SEQ 1D NG 102,

Methods of Making CARs

[0218] Methods of making CARs are generally known in the art and are described, for exampie,
i US Pat No 6,410,319, U8 Pat Ne. 7,446 191, 1.8, Pat. Publication No. 2010/065818; U S,
Pat. No. 8,822,647, POT Publication No. W 2014/031687, U8, Pat. No. 7,514,537, and
Brentjens ot al, 2007, Ufn Concer Res 13:5426, cach of which is hereby incorporated by
reference in s entirety.

[0219] Binding of the extracellular antigen-binding domain {e.¢., an anti-FLT3 antigen binding
fragroent or scFv described herein) of a presently disclosed CAR to FLT3 can be confirmed
using methods known in the art. For example, enzyme-linked immunosorbent assay (ELISA},
radioimomunoassay (R1IA), FACS analysis, bioassay {e.g., growth inhibition), or Western Blot
assay can be used. Each of these assavs generally detect the presence of protein-antibody
complexes of particular interest by employing a labeled reagent (e.g., an antibody, or an scFv)
specific for the complex of interest. For example, the scFv can be radicactively labeled and used
in a radicimmunoassay (RIA). The radicactive isotope can be detected by such means as the use
of a y counter or a scintillation counter or by autoradiography. In some embodiments, the
extracellular antigen binding domain is labeled with a fluorescent marker. Non-limiting
examples of fluorescent markers include green fluorescent protein (GFP), blue fluorescent
protein {e.g., EBFP, EBFP2, Azurite, and mKalamal), cyan fluorescent protein {e.g., ECFP,
Cerulean, and CyPet), and yvellow fluorescent protein (e.g., YFP, Citrine, Venus, and YPet). In
some embodiments, the CAR is labeled with GFP. In some embodiments, the GFP labeled CAR
comprises the nucleic acid sequence of SEQ ID NO: 70. In some embodiments, the GFP labeled

CAR comprises the amino acid sequence of SEQ ID NG: 16,

[0220] In some embodiments, a CAR provided herein comprises the following domains:
Signal Peptide-linker1-VL-linker2-VH-linker3-hinge-TM domain-one or two co-

stimulatory domains-signaling/activation domain. In some embodiments, the order of the
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domains is as specified here. In some embodiments, any one or more of the linker
domains are absent.

[0221] In some embodiments, a CAR provided herein comprises the following domains:
Signal Peptide-linker1-VL-linker2-VH-linker3-hinge-TM domain-one or two co-
stimulatory domains-signaling/activation domain - self~cleaving peptide — safety switch.
In some embodiments, the order of the domains is as specified here. In some
embodiments, any one or more of the linker domains are absent.

[0222] In some embodiments, a CAR provided herein comprises the following domains:
Signal Peptide-linkeri-VL-linker2-VH-linker3-CD8hinge-CD8TM-CD28 co-stimulatory
domain and/or 4-1BB co-stimulatory domain-CD3L signaling domain. In some
embodiments, the order of the domains 18 as specified here (but, e.g., where the co-
stimulatory domains if both are present appear in any order).

[0223] In some embodiments, a CAR provided herein comprises the following domains:
Signal Peptide-linkert-VEi-linker2-VH-linker3-CD8ahinge-CDBaTM-CD2E co-
stimulatory domain- 4-1BB co-stimulatory domain-CD3( signaling domain. In some
embodiments, the order of the domains is as specified here.

[0224] In some embodiments, of the CARs exemplified in this section:
the VL is selected from an amino acid sequence comprising one of SEQ ID NOs: 1, 2, and
28-38, and the VH is selected from an amino acid sequence comprising one of SEQ 1D
NQs: 3, and 17-27.

[0225] In some emwbodiments, a CAR provided herein comprises the following domains:
Signal Peptide-linkerl-VL-linker2-VH-linker3-CD8ahinge-CD8aTM-CD2E co-
stimulatory domain- 4-1BB co-stimulatory domain-CD3{ signaling domain; wherein
(i} the VL is selected from an amino acid sequence comprising one of SEQ 1D NOs: 1, 2,
and 28-38,
(1) the VH is selected from an amino acid sequence comprising one of SEQ 1D NOs: 3,
and 17-27,
(111} linker 2 comprises SEQ 1D NO: 53,
(iv) the signal peptide comprises SEQ ID NO: 71,
(v} the CD8ahinge comprises SEQ 1D NQ: 72,
{(vi} the CD8gTM comprises SEQ 1D NO: 73,

=3
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(vii} the CD28& co-stimulatory domain comprises SEQ 1D NO: 74,

{(viii} the 4-1BB co-stimulatory domain comprises SEQ 1D NO: 75, and

(ix}) the CD3L signaling domain comprises SEQ 1D NO: 76.
[0226] In some embodiments, the CARs provided herein comprise: (i) an extracellular domain
comprising any one of SEQ I3 NOxs: 4, §, 44, 45, 46, 47 and 49; (i1} a transmembrane domain; and
{1i1) an intracellular domain.
[0227] In some embodiments, the CARs provided herein comprise: (i} an extracellular domain
comprising an scFv comprising the aming acid sequence of SEQ 1D NQOs: 4; (11) a transmembrane
domain; and (1) an intraceliular domain.
[0228] In some embodiments, the CARs provided herein comprise: (i} an extracellular domain
comprising an scFv comprising the amino acid sequence of SEQ D NQOs: 5; (i) a transmembrane
domain; and (i1} an totracellular domain.
[0229] In some embodiments, the CAR comprises (i} an extracellular domain comprising an scFv
comprising the amino acid sequence of SEQ ID NO: 4, (i) a transmerobrane domain comprising
a CD8a transmembrane domain, and (i1} an intracellular domain comprising an intracellular
signaling domain of CD3{ and a co-stimulatory domain of CD28 and/or 4-1BB.
[0230] In some embodiments, the CAR comprises (i} an extracellular domain comprising an scFv
comprising the amino acid sequence of SEQ ID NO: S, (ii) a transmembrane domain comprising
a CD8a transmembrane domain, and (i1} an intracellular domain comprising an intracellular
signaling domain of CD3L and a co-stinwlatory domain of CDZR and/or 4-1BB.
{02317 In some embodiments, the CAR comprises (i) an extracellolar domain comprising an scFv
comprising the amino acid sequence of SEQ ID NO: 4, (31} a transmembrane domain comprising
a OB« trapsroembrane dowain, (i) aniniracellular domain comprising an intracellular signaling
domain of CD3( and a co-stimulatory domain of CD28 and/or 4-1BB, (iv) and a safety switch
polypeptide.
[0232] In some embodiments, the CAR comprises (i} an extracellular domain comprising an scFv
comprising the amino acid sequence of SEQ ID NO: §, (i} a transmembrane domain comprising
a CD8a transmembrane domain, (1ii) an intracellular domain comprising an intracetiular signaling
domain of CD3{ and a co-stimulatory domain of CD28 and/or 4-1BB, (iv) and a safety switch

polypeptide.
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102331 Provided herein are exemplary CAR constructs. In some embodiments, the CAR comprises
the nucleic acid sequence of any one of SEQ ID NOs: 60-70. In some embodiments, the CAR
comprises the nucleic acid sequence of SEQ 1D NO: 60. In some embodiments, the CAR comprises
the nucleic acid sequence of SEQ ID NO: 61. In some embodiments, the CAR comprises the
nuclete acid sequence of SEQ ID NO: 62, In some embodiments, the CAR comprises the nucleic
acid sequence of S8EQ I} NO: 63. In some embodiments, the CAR comprises the nucleic acid
sequence of SEQ ID NG 64. In some embodiments, the CAR comprises the nucleic acid sequence
of SEQ ID NO: 65, In some embodiments, the CAR comprises the nucleic acid sequence of SEQ
ID NQO: 66. In some embodiments, the CAR comprises the nucleic acid sequence of SEQ ID NO:
67, In some embodiments, the CAR comprises the nucleic acid sequence of SEQ ID NG: 68. In
some embodiments, the CAR comprises the nucleic acid sequence of SEQ ID NO: 69. In some
embodiments, the CAR comprises the nucleic acid sequence of SE(Q 1D NO: 70.

[0234] In some embodiments, the CAR comprises the amino acid sequence of any one of SEQ ID
NQOs: 6-16. In some embodiments, the CAR comprises the amino acid sequence of SEQ ID NO:
6. In some embodiments, the CAR comprises the amino acid sequence of SEQ ID NG: 7. Insome
embodiments, the CAR comprises the amino acid sequence of SEQ ID NO: 8. In some
embodiments, the CAR comprises the amino acid sequence of SEQ ID NG 9. In some
embodiments, the CAR comprises the amino acid sequence of SEQ ID NO: 100 In some
embodiments, the CAR comprises the amino acid sequence of SEQ 13 NO:. 11, In some
embodiments, the CAR comprises the amino acid sequence of SEQ ID NO: 12 In some
embodiments, the CAR comprises the amino acid sequence of SEQ ID NG: 13, In some
embodiments, the CAR comprises the amino acid sequence of SEQ ID NG: 14, In some
erobodiments, the CAR comprises the amivo acid sequence of SEQ 1D NO: 1S, In some
embodiments, the CAR comprises the amino acid sequence of SEQ ID NG: 16

[0235] In some embodiments, the CAR (such as the CAR of SEQ 1D NGO: 16) is expressed by the
plasmid depicted in FIG. 12A. In some embodiments, the CAR (such as the CAR of SEQ 1D N
7} is expressed by the plasmid depicted in FIG. 12B. In some embodiments, the CAR (such as the
CAR of SEQ HY KO: 8) is expressed by the plasmid depicted in FIG. 12C. In some embodiments,
the CAR (such as the CAR of SEQ ID NO: 6) is expressed by the plasmid depicted in FIG. 12D,
In some embodiments, the CAR (such as the CAR of SEQ ID NG: 12} is expressed by the plasmid
depicted in FI1G. 12K, In some embodiments, the CAR {(such as the CAR of SEQ ID NG: 11)is
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expressed by the plasmid depicted in FIG. 12F. In some embodiments, the CAR (such as the CAR
of SEQ 1D NO: 10) is expressed by the plasmid depicted in FIG. 12G. In some embodiments, the
CAR (such as the CAR of SEQ ID NO: 9) is expressed by the plasmid depicted in FIG. 12H. In
some embodiments, the CAR (such as the CAR of SEQ ID NO: 13} is expressed by the plasmid
depicted in FEG. 121 In some embodiments, the CAR (such as the CAR of SEQ 1D NO: 14) 13
expressed by the plasmid depicted in FIG, 124, In some embodiments, the CAR (such as the CAR
of SEQ ID NG 15) is expressed by the plasmid depicted in FIG. 12K.

[0236] In some embodiments, the extracellular antigen-binding domain (e.g., scFv) of a CAR
described herein comprises {2) a light chain variable region comprising the amino acid sequence
set forth in SEQ ID NO: 1, and (b} a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NO: 3.

[0237] In some embodiments, the extracellular antigen-binding domain (e.g., scFv) of a CAR
described herein comprises {a} a light chain variable region comprising the amino acid sequence
set forth in SEQ 1D NG: 2, and (b} a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NO: 3.

[0238] In some embodiments, the extracellular antigen-binding domain (e g., scFv) of a CAR
described herein comprises {a} a light chain variable region comprising the amino acid sequence
set forth in SEQ ID NO: 28, and (b} a heavy chain variable region comprising the amino acid
sequence set forth in SEQ D NG 17,

[0239] In some embodiments, the extracellular antigen-binding domain {e.g., scFv) of a CAR
described herein comprises (a} a light chain variable region comprising the amino acid sequence
set forth in SEQ 1D NO: 29, and (b) a heavy chain variable region comprising the amino acid
sequence set forth in SEGQ ID NGO 18,

[0240] In some embodiments, the extracellular antigen-binding domain (e.g., scFv) of a CAR
described herein comprises {a} a light chain variable region comprising the amino acid sequence
set forth in SEQ {3 NO: 30, and (b} a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NG: 19,

[0241] In some embodiments, the extracellular antigen-binding domain (e.g, scFv} of a CAR
described herein comprises (a} a light chain variable region comprising the amino acid sequence
set forth in SEQ 1D NO: 31, and (b) a heavy chain variable region comprising the amino acid

sequence set forth in SEQ 1D NG: 20,

~3
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102421 In some embodiments, the extracellular antigen-binding domain (e.g., scFv} of a CAR
described herein comprises {a} a light chain variable region comprising the amino acid sequence
set forth in SEQ 13 NO: 32, and (b) a heavy chain variable region comprising the amino acid
sequence set forth in SEQ 1D NG: 21,

102431 In some embodiments, the extracellular antigen-binding domain (e.g., scFv) of a CAR
described herein comprises (a) a light chain variable region comprising the amino acid sequence
set forth in SEQ ID NO: 33, and (b) a heavy chain variable region comprising the amino acid
sequence set forth in SEQ 1D NG: 22,

[0244] In some embodiments, the extracellular antigen-binding domain {e.g., scFv) of a CAR
described herein comprises {(a} a light chain variable region comprising the amino acid sequence
set forth in SEQ ID NO: 34, and (b) a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NG: 23,

[0245] In some embodiments, the extracellular antigen-binding domain {e.g., scFv) of a CAR
described herein comprises {a) a light chain variable region comprising the amino acid sequence
set forth in SEQ ID NO: 35, and (b) a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NO: 24

[0240] In some embodiments, the extracellular antigen-binding domain {e.g., scFv) of a CAR
described herein comprises {a} a light chain variable region comprising the amino acid sequence
set forth in SEQ 1D NG 36, and (b} a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NO: 25,

[0247] In some embodiments, the extracellular antigen-binding domain {e.g., scFv) of a CAR
described herein comprises (a) a light chain variable region comprising the amino acid sequence
set forth in SEQ ID NO: 37, and (b) a heavy chain variable region comprising the amino acid
sequence set forth in SEQ 1D NG: 26,

[0248] In some embodiments, the extracellular antigen-binding domain {e.g., scFv) of a CAR
described herein comprises (a} a light chain variable region comprising the amino acid sequence
set forth in SEQ ID NO: 38, and (b} a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NO: 27,

[0249] In some embodiments, the extracellular antigen-binding domain {e.g., scFv) comprises the
amino acid sequence set forth in SEQ ID NG 4. In some embodiments, the extracellular antigen-

binding domain {(e.g., scFv) comprises the amino acid sequence set forth in SEQ D NO: 5. In
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some embodiments, the extracellular antigen-binding domain (e.g., scFv) comprises the amino
acid sequence set forth in SEQ D NO: 44, In some embodiments, the extracellular antigen-
binding domain {e.g., scFv) comprises the amino acid sequence set forth in SEQ 1 NO: 45, In
some embodiments, the extracellular antigen-binding domain (e.g., scFv) comprises the aming
actd sequence set forth in SEQ ID NO: 46, In some embodiments, the extracellular antigen-
binding domain {e.g¢., scFv) comprises the amino acid sequence set forth in SEQ D NO: 47, In
some embodiments, the extracellular antigen-binding domain {e.g., scFv) comprises the amino
acid sequence set forth in SEQ 1D NO: 49.

[0250] In some embodiments, the extracellular antigen-binding domain {(e.g. scFV) of a CAR
described herein comprises {(a} a light chain variable region comprising an amino acid sequence
that is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, or 99% identical to an amino acid sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 28, SEQ [D NO: 29, SEQ ID NO: 30,
SEQ ID NO: 31, SEQ ID NO: 32, SEQ 1D NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID
WNO: 36, SEQ ID NO: 37, and SEQ ID NO: 38; and (b} a heavy chain variable region comprising
an amine acid sequence that 1s at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, §9%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to an amino acid sequence
selected from the group consisting of SEQ ID NO: 3, SEQ ID NG: 17, SEGQ ID NO: 18, SEQ ID
NO: 19, SEQ 1D NO: 20, SEQ ID NG: 21, SEQ ID NG: 22, SEQ 1 NO: 23, SEQ D NO: 24,
SEQ ID NO: 25, SEQ ID NQ: 26, and SEQ ID NO: 27.

[0251] In some embodiments, the extracellular antigen-binding domain {(e.g. scFV) of a CAR
described herein comprises {(a) a light chain variable region comprising an amino acid sequence
that is at least 80%, 81%, 82%. 83%., 34%, 85%, B6%, 87%, 88%, §9%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, or 99% identical to an amine acid sequence of SEQ 1D NO: 1; and
{b} a heavy chain variable region comprising an amino acid sequence that is at least 80%, 81%,
B2%, 83%, 84%, 85%, 86%, B7%, 88%, B9%, 90%, 91%, 92%, 93%, 34%, 95%, 96%%, 7%, 98%,
or 99% identical to an amino acid sequence of SEQ ID NG: 3.

(02527 In some embodiments, the extracellular antigen-binding domain (e.g. scFv) comprises {(a)
a light chain variable region comprising an amino acid sequence that is at least 80%, 81%, 82%,
B3%, BA%, 85%, 6%, §7%, 88%, 89%. 90%, 91%, 92%, 93%, 94%, 05%, 96%, 97%, 98%, or

99% 1dentical to an amino acid sequence of SEQ ID NO: 2; and (b) a heavy chain vaniable region
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comprising an amino acid sequence that is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 9%, 97%, 98%, or 99% identical to an amino acid
sequence of SEQ D NO: 3.

[0253] In some embodiments, the extracellular antigen-binding domain {(e.g. scFv) comprises an
amino acid sequence that is at least B0%, 81%, 82%, B3%, 84%, 8§5%, 86%, 87%, 88%, 89%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to an amino acid sequence selected
from the group consisting of SEQ ID NO:4, SEQ ID NG 5, SEQ ID NO: 44, SEQ 1D NG 45,
SEQ ID NO: 46, SEQ 1D NO: 47, and SEQ I NG: 49,

[0254] In some embodiments, the extracellular antigen-binding domain {e.g. scFv) comprises an
aming acid sequence that is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to an amino acid sequence of SEQ
D NG 4

[0255] In some embodiments, the extracellular antigen-binding domain (e.g. scFv} comprises an
amino acid sequence that is at least 80%, 81%%, 82%, 83%, 84%, 8§5%, 86%, 87%%, 88%, 89%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to an aminoe acid sequence of SEQ

IDNOS.

CAR-Expressing Immune Cells

[0256] Provided herein are immune cells compnsing {expressing) the CARs described herein
Provided herein are immune effector cells {e.g, T lvmphocytes) comprising {expressing} the CARs
described herein. Any immune cell with one or more effector functions {(e.g., cytotoxic cell killing
activity, secretion of cytokines, induction of antibody directed cell cytotoxicity {ADCC), and/or
complement-dependent cytotoxicity (CDC)) can be used.  In some embodirents, the CARs
described herein are transduced, iransfected, or infected into an immune cell {e.g., a T celi}).
[0257] In some embodiments, the immune cell is a T lymphocyte. T lymphocoytes or “T cells”
include, but are not Himited to thymocyies, immature T lymphocytes, mature T lymphocytes,
resting T lymphocytes, or activated T lymphocytes. In some embodiments, a T cell s a T helper
(Th) cell, for example a T helper 1 (Th1) or a T helper 2 (Th2) cell. The T cell canbe a helper T
cell (HTL; CD4™ T celly} CD4™ T cell, a cytotoxic T cell (CTL; CD&™ T cell), CD47CDR™ T cell,
CD4CDE T cell, or any other subset of T cells. Gther illustrative populations of T cells suitable

for use in some embodiments include naive T cells and memory T cells. In some embodiments,
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the T lymphocyte is a naive T lymphocyte or MHC restricted T lymphocyte. In some embodiments,
the T lymphocytes provided herein are tumor infiltrating lymphocytes (T1Ls).

[0258] In some embodiments, the immune cell is a natural killer cell (NK cell). In some
embodiments, the immune cell is an NKT cell.

(02597 In some embodiments, the immune cell is a monocyie.

[0260] In some embodiments, the immune cell is a macrophage.

[0261] As would be understood by the skilled person, other cells may also be used as immune
effector cells with the CARs as described herein.

[0262] In some embodiments, the immune cells are allogeneic. In some embediments, the immune
cells are autologous. In some embodiments, the immune cells are allogeneic T cells. In some
embodiments, the immune celis are avtologous T cells. In some embodiments, the tmmune cells

ave obtained from a subject that §s not the subject 10 be ireated with the CAR expressing immune

[0263] In some embodiments, the immune cells are obtained from a healthy donor. In some
embodiments, the immune cells are obtained from a patient afflicted with a cancer or a tumar. In
some embodiments, the immune cells are isolated from a tumor biopsy, or are expanded from
immune cells isolated from a tumor biopsy. In some embodiments, the immune cells are isolated
from, but not limited to, bone marrow, fetal, neonate or adult or other hematopoietic cell source,
e.g., fetal liver, peripheral blood, lymph node tissue, thymus tissue, spleen fissue, or umbilical
cord blood.

[0264] in some embodiments, T lymphooyies are obtained from a healthy donor. In some
embodiments, T lymphocytes are obtained from a patient afflicted with a cancer or a umor. In
sore embodiraents, T lymphocyies are obtained from a patient afflicted with a cancer or a
tumor. In some embodiments, T lymphocytes are isolated from a tumor biopsy, or are expanded
from T fymphooytes isolated from a tumor biopsy. In some embodiments, T cells are isolated
from, but not limited to, bone marrow, fetal, neonate or adult or other hematopoietic cell source,
e.g., fetal liver, peripheral blood, lymph node tissue, thymus tissue, spleen tissue, or umbilical
cord blood.

[0265] Various techniques known in the art can be employed to separate the cells. Monoclonal
antibodies are particularly useful for identifying markers associated with particular cell liveages

and/or stages of differentiation for both positive and negative selections. A large proportion of
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terminally differentiated cells can be initially removed by a relatively crude separation. For
example, magnetic bead separations can be used initially to remove large numbers of irrelevant
cells. Procedures for separation include, but are not limited to, density gradient centrifugation;
resetting; coupling to particles that modify cell density; magnetic separation with antibody-
coated magnetic beads; affinity chromatography; cviotoxic agents joined to or used in
conjunction with a mAb, including, but not limited to, complement and cytotoxins; and panning
with antibody attached to a solid matrix, e.g. plate, chip, elutriation or any other convenient
technique. Additional technigues for separation and analysis include, but are not limited to, flow
cytometry, which can have varving degrees of sophistication, ¢.g., a plurality of color channels,
fow angle and obtuse light scattering detecting channels, impedance channels. The cells can be
selected against dead cells, by emploving dyes associated with dead cells such as propidium
iodide (PI).

[0266] In some embodiments, the disclosure provides a population of immune cells comprising
{e.g., expressing) a CAR as described herein {e.g., for the treatment of cancer or conditioning
before hematopoietic transplant}. For example, a population of immune cells can be obtained
from peripheral blood mononuclear cells (PBMCs) of a patient {e.g., diagnosed with any cancer
described herein) and modified to express a CAR described herein. The PBMCs can be CD4™,
CD8", or CD4" and CD]”.

{02671 The disclosure provides methods for making immune cells which express any of the CARs
described herein. In some erobodiments, the method comprises transfecting or transducing immune
cells wsolated from au individual such that the ramune cells express one or more CAR as described
herein. Methods for transfection, transduction, and infection are well known in the art. In some
embodiments, an immune cell described herein is transformed with a polyonucleotide encoding a
CAR described herein. In some embodiments, a T cell is transformed with a polynuclectide
enceding a CAR described herein. In some embodiments, an immune cell described herein is
expanded (i.e. proliferated) prior to and/or subsequent to transformation with a nucleic acid
encoding a CAR described herein.

[0268] In some embodiments, immune cells are isolated from an individual and genetically
modified to express a CAR without further manipulation in vitro, and then re-administered into
the individual. In some embodiments, immune cells are first activated and stimulated to proliferate

in vitro prior to being genetically modified to express a CAR. Immune cells may be cultured or
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expanded before and/or after being genetically moditfied (i.e, transduced or transfected to express
a CAR contemplated herein).

[0269] In some embodiments, immune cells for an autologous CAR therapy are prepared by
collecting white bleod cells of a subject, isolating T cells from the white blood cells {e.g., using
CD3/CP28 beads), transducing the T cells with an anti-FLT3 CAR (such as any CAR described
herein), expanding the anti-FLT3 CAR T cells, thus producing a population of anti-FLT3 CAR T
cells that can be used in autologous CAR T therapy. Such cells can be infused into the same
subject from whom the original white blood cells were obtained. In some embodiments, instead
of T cells other immune cells are isolated from the subject, transduced with an anti-FLT3 CAR|
and expanded for use in autologous therapy.

[0270] In some embodiments, an immune cell (e g, T cell) expresses from about 1 to about 4,
from about 2 to about 4, from about 3 to about 4, from about 1 to about 2, from about 1 to about
3, or from about 2 to about 3 vector copy numbers/cell of a CAR described herein.

{02711 In some embodiments, an immune cell {e.g., T cell) expresses a CAR comprising the
nucleic acid sequence of any one of SEQ 1D NOs: 60-70. In some embodiments, an immune cell
{e.g., T cell) expresses a CAR comprising the amino acid sequence of any one of SEQ ID NQOs: 6-
16. In some embodiments, an immune cell {e.g, T cell} expresses a CAR comprising a nucleic
actd sequence having at least 75%, at least 80%, at least 8§5%, at least 90%, at least 95%, at least
98% or at least 99% identity to any one of SEQ 1D NOs: 60-70. In some embodiments, an immune
cell {e.g., T cell) expresses a CAR comprising an amino acid sequence having at least 75%, at least
B0%, at least 85%, at least 90%, at least 95%, at least 98% or at Jeast 99% identity to any one of
SEG ID NQOs: 6-16.

102721 In some embodiments, a T cell expresses a CAR comprising the nucleic acid sequence of
SEQ ID NO: 60. In some embodiments, a T cell expresses a CAR comprising the nucleic acid
sequence of SEQ ID NO: 61, In some embodiments, a T cell expresses a CAR comprising the
nucleic acid sequence of SEQ ID NO: 62. In some embodiments, a T cell expresses a CAR
comprising the nucleic acid sequence of SEQ 1D NO: 63, In some embodiments, a T cell expresses
a CAR comprising the nucleic acid sequence of SEQ 1D NO: 64, In some embodiments, a T cell
expresses a CAR comprising the nucleic acid sequence of SEQ ID NO: 65, In some embodiments,
a T cell expresses a CAR comprising the nucleic acid sequence of SEQ ID NO: 66. In some

embodiments, a T cell expresses a CAR comprising the nucleic acid sequence of SEQ 1D NG: 67.
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In some embodiments, a T cell expresses a CAR comprising the nucleic acid sequence of SEQ D
NO: 68 In some embodiments, a T cell expresses a CAR comprising the nucleic acid sequence of
SEQ ID NO: 09, In some embodiments, a T cell expresses a CAR comprising the nucleic acid
sequence of SEQ D NG 70, In any of these embodiments, instead of a T cell ancther immune
cell can be used, e.g., a NK cell, a macrophage or a monocyte.

[0273] In some embodiments, a T cell expresses a CAR comprising the amino acid sequence of
SEQ ID NO: 6 In some embodiments, a T cell expresses a CAR comprising the amino acid
sequence of SEQ 1D NQO: 7. In some embodiments, a T cell expresses a CAR comprising the amino
acid sequence of SEQ ID NO: 8. In some embodiments, a T cell expresses a CAR comprising the
amino acid sequence of SEQ ID NG: 9. In some embodiments, a T cell expresses a CAR
comprising the amino acid sequence of SEQ ID NO: 10. In some embodiments, a T cell expresses
a CAR comprising the amino acid sequence of SEQ ID NO: 11. In some embodiments, a T cell
expresses a CAR comprising the amino acid sequence of SEQ {D NO: 12, In some embodiments,
a T cell expresses a CAR compnsing the amino acid sequence of SEQ ID NG: 13, In some
embodiments, a T cell expresses a CAR comprising the amino acid sequence of SEQ 1D NO: 14,
In some embodiments, a T cell expresses a CAR comprising the amino acid sequence of SEQ ID
N 15 In some embodiments, a T cell expresses a CAR comprising the amino acid sequence of
SEQ ID NO:16. In any of these embodiments, instead of a T cell another immune cell can be used,
e.g., a NK cell, a macrophage or a monocyte.

[0274] In some embodiments, an immune cell {e.g., T cell) expresses any CAR described herein
comprising an scFv of the amino acid sequence of any one of SEQ 1D NQOs: 4, 5, 44, 45, 46, 48 or
49 In some embodiments, an immune celi {e.g., T cell} expresses any CAR described herein
comprising an scFv of SEQ 1D NO: 4. In some embodiments, an immune cell (eg, T cell)
expresses any CAR described herein comprising an scFv of SEQ ID NO: 5. In some embodiments,
an immune cell (e.g., T cell} expresses any CAR described herein comprising an scFv of SEQ ID
N 44, In some embodiments, an immune cell {e.g., T cell) expresses any CAR described herein
comprising an scFv of SEQ ID NO: 45, In some embodiments, an immune cell (e g, T cell)
expresses any CAR described herein comprising an scFv of SEQ ID NO:. 46 In some
embodiments, an immune cell (e.g., T cell) expresses any CAR described herein comprising an
scEv of SEQ 13 NG: 47 1n some embodiments, an immune cell {e.g., T cell) expresses any CAR

described herein comprising an scFv of SEQ 1D NO: 49
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Pharmaceutical Compeositions

[0275] Provided herein are pharmaceutical compositions comprising (i) any anti-FLT3 antibody
or fragment described herein {e.g, any scFv described herein) or any anti-FLT3 CAR expressing
tmmune cell described herein (including a population of immune cells}, and (i1) a2 pharmaceutically
acceptable carrier. Appropriate pharmaceutically accepiable carriers including, but not lirvited to,
excipients and stabilizers are known in the art (see, g Remington’s Pharmaceutical Sciences
{1990} Mack Publishing Co , Easton, PA).

[0270] In some embodiments, pharmaceutically acceptable carriers include but are not Himited to
an isotonic agent, a buffer, a suspending agent, a dispersing agent, an emulsifying agent, a wetting
agent, a sequestering agent, a chelating agent, a pH buffering agent, a solubility enhancer, an
antioxidant, an anesthetic, and/or an antimicrobial agent. In some embodiments, the carriers are
selected {from, but not imited to, one or more of water, saline, phosphate buffered saline, dextrose,
glycerol, ethanol and the like, starch, lactose, sucrose, gelatin, malt, propvlene, silica gel, sodium
stearate, and dextrose as well as combinations thereof. In some embodiments, the pharmaceutically
acceptable carriers further comprise auxiliary substances such as wetting or emulsifying agents,
preservatives or buffers, which enhance the shelf life or effectiveness of the binding proteins.
[0277] In some embodiments, when administered parenterally, the pharmaceutical acceptable
carriers include, but are not limited to, physiological saline or phosphate buffered saline (PBS),
sofutions containing agents such as glucose, polyethylene glycol, polypropylene glycol, or other
agents.

[0278] In some embodiments, the pharmaceutical composition is formulated to provide rapid,
sustained, or delayed release of the active ingredient after administration. Formulations for
providing rapid, sustained, or delayed release of the active ingredient after administration are
known in the art (Mishra, M. K. (2016). Handbook of encapsulation and controlled release. Boca
Raton, CRC Press, Taylor & Francis Group, CRC Press is an imprint of the Taylor & Francis
Group, an Informa business, incorporated herein by reference in iis entirety).

[0279] In some embodiments, a pharmaceutical composition provided herein comprises any anti-
FLT3 antibody or fragment described herein {(e.g, any scFv described herein} or any anti-FLT3
CAR expressing immune cell described herein {(including a population of immune cells) and one
or more other therapeutic agents {e.g, an anti-cancer agent) in a pharmaceutically acceptable

carrier.
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[0280] In some embodiments, a pharmaceutical composition is formulated for any route of
administration to a subject. In some embodiments, the pharmaceutical composition is formulated
for injection and prepared as a liquid solution, suspension, emulsion, or solid form suitable for
making into a solution or suspension prior to injection.

(02817 In some embodiments, the anti-FLT3 antibody or fragment described herein {e.g, any scFv
described herein) or the anti-FLT3 CAR expressing immune cell described herein {(including a
population of immune cells) in the pharmaceuatical composition is present in a therapeutically

effective amount. Therapeutically effective amounts are determined by methods known in the art.

Therapeutic Methods

Cancer Treatment

[0282] In some embodiments, the disclosure provides methods for treating cancer comprising
administering any anti-FLT3 antibody or fragment described herein, any pharmaceutical
composition described herein, or any anti-FLT3 CAR expressing immune cells described herein.
[0283] In some embodiments, the method of treating cancer comprises administering to a subject
any anti-FLT3 antibody or fragment described herein or any anti-FLT3 CAR expressing immune
cells described herein that binds to a FLT3 epitope of a cell (e.g, of a target cell). In some
embodiments, the method of treating cancer comprises administering to a subject any anti-FLT3
antibody or fragment described herein or any anti-FLT3 CAR expressing immune cells described
herein that binds to a FLT3 epitope of a cancer cell {e.g., AML cell).

[0284] In some embodiments, the disclosure provides a method of treating cancer that 13 resistant
to other cancer therapy or therapies (e.g., vaccine, chemotherapy, radictherapy, small molecule
therapy, or immunoctherapy (such as treatment with another antibody). In some embodiments, the
cancer i3 resistant to chemotherapy. In some embodiments, the cancer is resistant to radiotherapy.
In some embodiments, the cancer is resistant to small molecule therapy. In some embodiments,
the cancer is resistant to immunotherapy.

[0285] The methods described herein are suitable for treating cancers that are expected, known,
or determined to express FLT3 on the surface of their cells.

[0286] In some embodiments, the administration of any anti-FL'T3 antibody or fragment described
herein, any pharmaceutical composition described herein, or any anti-FLT3 CAR expressing

immune cells described herein, in accordance with the methods described herein is carried out to
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achieve or result in one or more of the following: (i) a decrease in cancer cell frequency or number,
of the progression of cancer cell growth, (iv) the regression of cancer, {v} inhibition of a recurrence
of the cancer, (vi} eradication of the cancer, (vii) reduction or amelioration of the severity or
duration of one or more symptoms of the caucer, {viii} the ivhibition of the development or onset
of one or more symptoms associated with cancer, (ix) the enhancement or improvement of the
therapeutic effect of another anti-cancer therapy, (x) increase in life expectancy or survival of a
subject, (xi} reduction in hospitalization (e.g. length of hospitalization} in a subject, (xii)
tiprovement in a subject’s quality of life, (xiii) a reduction in mortality, (xiv) an increase in a
relapse free survival or length of remission in a subject. In some embodiments, the administration
of any anti-FLT3 antibody or fragment described herein, any pharmaceutical composition
described herein, or any anti-FL T3 CAR expressing immune cells described herein, in accordance
with the methods described herein is carried out to achieve or result in reduction of tumor burden
in a subject {e.g., effective to reduce tumor burden relative to tumor burden in the subject prior to
treatment).

{02877 In some embodiments, the administration of any anti-FLT3 antibody or fragment described
herein, any pharmaceutical composition described herein, or any anti-FLT3 CAR expressing
immune cells described herein is effective to treat cancer in a subject {e.g., decreases cancer cell
frequency or number, reduces cancer cell growth or proliferation, increases life expectancy or
survival, eradicates cancer, or improves one or more symptoms of cancer), when used alone or in
combination with another therapy.

[0288] In some embodiments, administration to a subject of an anti-FLT3 antibody or tragment
described herein, a pharmaceutical cornposition described herein, or an anti-FLT3 CAR expressing
immune cells described herein is effective to reduce cell frequency or number of cancer cells, or
eliminate cancer cells. In some embodiments, administration to a subject of an anti-FLT3 antibody
or fragment described herein, a pharmaceutical composition described herein, or an anti-FLT3
CAR expressing iramune cells described herein is effective to reduce the number or frequency of
cancer cells by at least 30%, at least 40%, at teast 50%, at least 55%, at least 60%, at least 65%, at
teast 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 97%, at least
8%, at least 99% or about 100%, relative to control or baseline {e.g., relative to the level of cancer

cells in the subject before administration of this therapy). In some embodiments, administration
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to a subject of an anti-FLT3 antibody or fragment described herein, a pharmaceutical composition
described herein, or an anti-FLT3 CAR expressing immune celis described herein is effective to
reduce the number or frequency of cancer cells by at least S5%, at least 60%, at least 65%, at least

G

70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 97%, at least 98%%,
at least 99% or about 100%, relative to control or baseline {e.g., relative to the level of cancer cells
in the subject before administration of this therapy). In some embodiments, administration to a
subject of an anti-FLT3 antibody or fragment described herein, a pharmaceutical composition
described herein, or an anti-FLT3 CAR expressing immune cells described herein is effective to
reduce the number or frequency of cancer cells by at least 75%, at least 80%, at least 85%, at least
(%, at least 95%, at least 97%, at least 98%, at least 99% or about 100%, relative to conirol or
baseline {(e.g., relative to the level of cancer cells in the subject before administration of this
therapy}. In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein is effective to reduce the nuwmber or frequency of cancer cells by at
feast 90%, at least 95%, at least 97%, at least 98%, at least 99% or about 100%, relative to controf
or bascline {e.g., relative to the level of cancer cells in the subject before administration of this
therapy}.

[0289] In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composttion described herein, or an anti-FLT3 CAR expressing
immune cells described herein 1s effective to treat any of the cancers described herein (e.g., AML).
In sorve embodiments, administration to a subject of an anti-FLT3 antibody or fragment described
herein, a pharmaceutical composition described herein, or an anti-FL'T3 CAR expressing immune
cells described herein is effective to slow progression of any of the cancers described herein {e.g.,
AML). In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein is effective to reduce tumor burden of any the cancers described
herein {e.g., AML). In some embodiments, administration to a subject of an anti-FLT3 antibody
or fragment described herein, a pharmaceutical composition described herein, or an anti-FLT3
CAR expressing immune cells described herein is effective to increase survival of the subject
having any cancer described herein.  In some embodiments, administration of an aoti-FLT3

antibody or fragment described herein, a pharmaceutical composition described herein, or an anti-
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FLT3 CAR expressing immune cells described herein is effective to increase median survival of
subjects relative to subjects not treated or treated with a placebo. In some embodiments,
administration of an anti-FLT3 antibody or fragment described herein, a pharmaceutical
composition described herein, or an anti-FLT3 CAR expressing immune cells described herein is
effective to increase median survival of subjects relative to subjects treated with a standard of care
therapy.

[0290] Examples of the cancer cells that can be reduced in number or eliminated using the methods
described herein include, without limitation, blast cells of acute myeloid ieukemia (AML),
lymphoblasts or leukemic blasts of acute lymphocytic lenkenua (ALL), myeloblasts of chronic
myeloid leukemia {CML), Blastic plasmacyioid dendritic cell neoplasm (BPDCN), and blasts of
chronic lymphocytic leukemia (CLL).

[0291] Iu certain embodiments, the immune cells expressing any anti-FLT3 CAR described herein
are used in the methods of treatment a subject described herein. In some embodiments, the anti-
FLT3 CAR expressing immune cells are autologous to the subject being treated. In some
embodiments, blood {(e.g., white blood celis) is collected from a subject (e.g., by apheresis},
followed by isolating immune cells {e.g, T cells) from the blood (e.g., using anti-CD3/CD28
beads), followed by introducing a nucleic acid encoding an anti-FLT3 CAR into the isolated
imimune cells (which may optionally be followed by expanding the isolated immune cells
comprising an anti-FLT3 CAR), and then followed by administering (e.g., by infusion} thus
obtained immune cells comprising an anti-FLT3 CAR to the subject (i.e., the same subject from
which the immune cells were isolated). This autologous CAR T therapy is depicted in Figure ZA.
In other embodiments, the anti-FLT3 CAR expressing immune cells are not autologous to the

subject being treated.

Hematopoieiic Cell Conditioning

[0292] In some embodiments, the disclosure provides methods for preparing or conditioning a
subject in need thereof for hematopotetic cell transplantation. In some embodiments, a subject in
need thereof is a patient that qualifies for, will be receiving or is receiving bone marrow (BM)
hematopoietic stem cell and/or hematopoietic progenttor cell transplantation. In some
embodiments, the subject in need of a hematopoietic cell transplantation has cancer {such as any

cancer described herein}.

o
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[0293] In some embodiments, the disclosure provides methods for preparing or conditioning a
subject in need thereof for hematopoietic cell transplantation wherein the subject is administered
any anti-FLT3 antibody or fragment described herein, any pharmaceutical composition described
herein, or any anti-FLT3 CAR expressing immune cells described herein.

(02941 In some embodiments, the method of preparing or condifioning a subject comprises
administering to a subject any anti-FL'T3 antibody or fragment described herein or any anti-FLT3
CAR expressing immune cells described herein that binds to a FLT3 epitope on a hematopotetic
stem cell. In some embodiments, the method of preparing or conditioning a subject comprises
administering to a subject any anti-FLT3 antibody or fragment described herein or any anti-FLT3
CAR expressing immune cells described herein that binds to a FL'T3 epitope on a hematopoietic
progenitor cell.  In some embodiments, the method of preparing or conditioning a subject
comprises administering to a subject any anti-FLT3 antibody or fragment described herein or any
anti-FLT3 CAR expressing immune cells described herein that binds to a FLT3 epitope on a
dendritic cell. In some embodiments, the method of preparing or conditioning a subject comprises
administering to a subject any anti-FLT3 antibody or fragment described herein or any anti-FLT3
CAR expressing immune cells described herein that binds to a FLT3 epitope on a myeloid cell In
some embodiments, the method of preparing or conditioning a subject comprises administering to
a subject any anti-FLT3 antibody or fragment described herein or any anti-FLT3 CAR expressing
immmune cells described herein that binds to a FLT3 epitope on a lymphoid cell.

[0295] In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein is effective to condition a subject prior to hematopoietic cell
iransplantation.

[0296] In certain embodiments, the immune cells expressing any anti-FLT3 CAR described herein
are used in the methods of treatment a subject described herein. In some embodiments, the anti-
FLT3 CAR expressing immune cells are autologous to the subject being treated. In some
embodiments, blood is collected from a subject, followed by 1solating immune cells (e g, T cells)
from the blood, followed by introducing a nucleic acid encoding an anti-FLT3 CAR into the
isolated immune cells (which may optionally be followed by expanding the isolated immune cells

comprising an anti-FLT3 CAR), and then followed by administering thus obtained autologous

86



WO 2023/023491 PCT/US2022/074984

imamune cells comprising an anti-FLT3 CAR to the subject. In other embodiments, the anti-FLT3
CAR expressing immune celis are not autologous to the subject being treated.

[0297] In some embodiments, an anti-FLT3 antibody or fragment described herein, a
pharmaceutical composition described herein or an anti-FLT3 CAR expressing immune cells
described herein is effective to significantly reduce cell frequency or number, or eliminate,
hematopoietic stem cells (HS8C) and/or hematopoietic progenitor cells (HPCs) {e.g., early
hematopoietic progenitors). In some embodiments, administration to a subject of an anti-FLT3
antibody or fragment described herein, a pharmaceutical composition described herein, or an anti-
FLT3 CAR expressing immune cells described herein is effective to reduce the number or
frequency of HSCs and/or HPCs {e.g., early HPCs) by at least 30%, at least 40%, at least 50%, at
teast 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least
0%, at feast 95%, at least 97%, at least 98%, at least 99% or about 100%, relative to control or
baseline (e.g., relative to the level of the cells in the subject before administration of this therapy).
In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment described
herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing immune
cells described herein is effective to reduce the number or frequency of HSCs and/or HPCs {e.g
early HPCs) by at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 97%, at least 98%, at least 99% or about 100%,
relative to control or baseline {e.g., relative to the level of the cells in the subject before
administration of this therapy). In some embodiments, administration to a subject of an anti-FLT3
antibody or fragment described herein, a pharmaceutical composition described herein, or an anti-
FLT3 CAR expressing immune cells described herein is effective to reduce the number or
frequency of HSCs and/or HPCs {e.g., early HPCs) by at least 75%, at least 80%, at least 85%, at
feast 90%, at least 95%, at least 97%, at least 98%¢, at least 99% or about 100%, relative to control
or baseline {e.g., relative to the level of the cells in the subject before administration of this
therapy). In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein is effective to reduce the number or frequency of HSCs and/or
HPCs (e.g., early HPCs) by at least 90%, at least 95%, at least 7%, at least 98%, at least 99% or
about 100%, relative to control or baseline (e.g., relative to the level of the cells in the subject

before administration of this therapy). In some of these embodiments, the reduction of H8Cs
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and/or HPCs {e.g., early HPCs) is in bone marrow of the subject being treated {e.g., in bone marrow
mononuclear cells).

[0298] In some embodiments, an anti-FLT3 antibody or fragment described herein, a
pharmaceutical composition described herein or an anti-FLT3 CAR expressing immune cells
described herein is effective to significanily reduce cell frequency or numwber, or eliminate, multi-
potent progenitor cells (MPPs) and/or common progenitor cells {CPs). In some embodiments,
administration to a subject of an anti-FLT3 antibody or fragment described herein, a
pharmaceutical composition described herein, or an anti-FLT3 CAR expressing imnwune cells
described herein is effective to reduce the number or frequency of MPPs and/or CPs by at least
30%, at least 40%, ai least 50%, at least 55%, at least 60%, at least 65%, atleast 70%, ai least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 97%, at least 98%, at least 99% or
about 100%, relative to control or baseline {e.g., relative to the level of the cells in the subject
before administration of this therapy). In some embodiments, administration to a subject of an
anti-FL'T3 antibody or fragment described herein, a pharmaceutical compostition described heretn,
or an anti-FLT3 CAR expressing immune cells described herein is effective to reduce the number
or frequency of MPPs and/or CPs by at least 55%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 835%, at least 90%, at least 95%, at least 97%, at least 98%, at least 99%
or about 100%, relative to control or baseline (e.g., relative 1o the level of the cells in the subject
before administration of this therapy). In some embodiments, adminisiration 1o a subject of an anti-
FLT3 antibody or fragment described herein, a pharmaceutical composition described herein, or
an anti-FLT3 CAR expressing imnmune cells described herein is effective to reduce the nursber or
frequency of MPPs and/or CPs by at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 97%, at least 98%, at least 99% or about 100%, relative to control or baseline {e.g.,
relative to the level of the cells in the subject before administration of this therapy). In some
embodiments, administration to a subject of an anti-FLT3 antibody or fragment described herein,
a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing immune cells
described herein is effective to reduce the number or frequency of MPPs and/or CPs by at feast
90%, at feast 95%, at least 97%, at least 98%, at least 99% or about 100%, relative to control or
baseline {e.g., relative to the level of the cells in the subject before administration of this therapy).
In some of these embodiments, the reduction of MPPs or UPs is in bone marrow of the subject

being treated {e.¢., in bone marrow mononuclear cells}.
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[0299] According to some embodiments, administration to a subject of an anti-FLT3 antibody or
fragruent described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR
expressing immune cells described herein is effective to condition patients undergoing bone
marrow (BM) HSC and/or HPC {e.g., early HPC) transplantation. In some embodiments, the
subject receives HSC iransplantation. In some embodiments, the subject receives HPC
transplantation. In some embodiments, the subject receives both HSC and HPC (e.g, early HPC)
transplavtation. In some embodiments, the subject receives MPPs and/or CPs.  In some
embodiments, the HSC/HPC transplantation is for treating any hematologic cancer described
herein, e.g., Acute Myeloid Leukemia (AML), Acute Lymphoblastic Leukemia (ALL), dendritic
cell neoplasm, among others.

[0300] In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an auti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of myeloid cell lineages (e.g.,
circulating myeloid lineage cells or monocytes). In some embodiments, administration to a subject
of an anti-FLT3 antibody or fragment described herein, a pharmaceutical composition described
herein, or an anti-FLT3 CAR expressing immune cells described herein reduces the number or
frequency of myeloid Hneage cells (e.g., circulating myeloid lineage cells or monocytes) by at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 95%, at least 97%, at least 98%, at least 99% or about 100%, relative to
control or baseline {e.g., relative to the level of the cells in the subject before admunistration of this
therapy). In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of myeloid lineage cells (e.g.,
circulating myeloid lineage cells or monocytes) by atleast 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 97%, at least 98%, at least 99% or about 100%, relative
to control or baseline (& g., relative o the level of the cells in the subject before administration of
this therapy).

{03017 In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein does not significantly reduce the number or frequency of bone

marrow lineage cells. In some embodiments, administration to a subject of an anti-FLT3 antibody
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or fragment described herein, a pharmaceutical composition described herein, or an anti-FLT3
CAR expressing immune cells described herein reduces the number or frequency of bone marrow
lineage cells by less than 60%, less than 55%, less than S0%, less than 40%, less than 30% or less
than 20% relative to control or baseline (e.g., relative to the level of the cells in the subject before
administration of this therapy).

[0302] In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an auti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of bone marrow lineage cells. In
some embodiments, administration to a subject of an anti-FLT3 antibody or tragment described
herein, a pharmaceutical composition described herein, or an anti-FL'T3 CAR expressing immune
cells described herein reduces the number or frequency of bone marrow lineage cells by at least
40%, at least 45%, at least 50%, at least S5%, or at least 60% relative to control or baseline (e.g.,
relative to the level of the cells in the subject before administration of this therapy}.

103037 In some embodiments, adminsiration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces a cell population expressing one or more of (e.g., one, two,
three, four, five of six of) CD45, FLT3, CDI19, CD38, CD33 and CID34. In some of these
embodiments, the reduction of a cell population expressing one or more of {e.g., one, two, three,
four, five or six of} CD45, FLT3, CD19, CD38&, CD33 and CD34 15 1n bone marrow of the subject
being treated {e.g., in bone marrow mononuclear cells). In some of these embodiments, the
reduction of a cell population expressing one or more of {e.g., one, two, three, four, five or six of)
CD45, FLT3, CD19, CD38, CD33 and CD34 is in circulating blood cells of the subject being
ireated {e.g., in bone marrow mononuclear cells).

[0304] In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces a cell population expressing one or more of {(&.g., one, two,
three, or four of} FLT3, CD38, CD33 and CD34. In some of these embodiments, the reduction of
a cell population expressing one or more of (e.g., one, two, three, or four of) CIMS, FLT3, D19,
CD38, CD33 and CD34 is in bone marrow of the subject being treated (e.g., in bone marrow

mononuclear cells). In some of these embodiments, the reduction of a cell population expressing
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one or more of (e.g., one, two, three, or four of} CD45, FLT3, CD19, CD38, CD33 and CD34 18
in circulating blood cells of the subject being treated (e g, in bone marrow mononuclear cells).

[0305] In some embodiments, administration to a subject of an anti-FLI3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
imroune cells described herein reduces the nurnber or frequency of FLT3 expressing cells. In some
embodiments, administration 10 a subject of an anti-FL T3 antibody or fragment described herein,
a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing immune cells
described herein reduces the number or frequency of FLT3 expressing cells by at least 40%, at
least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least
&(1%, at least 3%, at least 90%, at least 95%, at least 97%, at least 98%, at least 99% or about
100%, relative to control or baseline {(e.g., relative to the level of the cells in the subject betore
administration of this therapy. In some embodiments, administration o a subject of an anti-FLT3
antibody or fragment described herein, a pharmaceutical composition described herein, or an anti-
FLT3 CAR expressing imumune celis described berein reduces the number or frequency of FLT3
expressing cells by at least 60% relative to control or baseline {e.g., relative to the level of the cells
in the subject before administration of this therapy. In some embodiments, administration to a
subject of an anti-FLT3 antibody or fragment described herein, a pharmaceutical composition
described herein, or an anti-FLT3 CAR expressing immune cells described herein reduces the
number or frequency of FLT3 expressing cells by at least 70% relative to control or baseline (e g,
relative to the level of the cells in the subject before administration of this therapy. In some
embodiments, administration 10 a subject of an anti-FLT3 antibody or fragment described herein,
a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing immune cells
described herein reduces the number or frequency of FLT3 expressing cells by at least 80% relative
to control or baseline (e g, relative to the level of the cells in the subject before administration of
this therapy. In some embodiments, administration to a subject of an anti-FLT3 antibody or
fragment described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR
expressing immune cells described herein reduces the number or frequency of FLT3 expressing
cells by at least 90% relative fo control or baseline (e.g., relative to the level of the cells in the
subject before administration of this therapy. In some embodiments, administration to a subject
of an anti-FLT3 antibody or fragroent described herein, a pharmaceutical composition described

herein, or an anti-FLT3 CAR expressing immune cells described herein reduces the number or
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frequency of FLT3 expressing cells by at least 95% relative to control or baseline {e.g., relative to
the level of the cells in the subject before administration of this therapy. In some of these
embodiments, the reduction of FLT3 expressing cells is in bone marrow of the subject being treated
{(e.g., in bone marrow mononuclear cells). In some of these embodiments, the reduction of FLT3
expressing cells is in circulating blood cells of the subject being treated. In some of these
embodiments, the reduction of FLT3 expressing cells is reduction of cancer cells in the subject
being treated.

[0300] In some embodiments, administration to a subject of an anti-FL'I3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of CI¥34+ hematopoietic stem
cells. In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an auti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of CD34+ hematopoietic stem
cells by at least 40%, at feast 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least
T70%, at least 75%, at least 80%, at least 3%, at least 90%, at least 95%, atleast 97%, at least 98%,
at feast 99% or about 100%, relative to control or baseline {e.g., relative to the level of the cells in
the subject before adminisiration of this therapy). In some of these embodiments, the reduction of
CD34+ hematopoietic stem cells i3 in bone marrow of the subject being treated {¢.g., in bone
marrow mononuclear celis).  In some of these embodiments, the reduction of CD34+
hematopoietic stem cells is in circulating blood cells of the subject being treated.

[0307] In some embodiments, administration o a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
imroune cells described heretn reduces the number or frequency of early hematopoietic
progenitors. In some embodiments, administration to a subject of an anti-FLT3 antibody or
fragrent described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR
expressing immune cells described herein reduces the number or frequency of early hematopoietic
progenitors by at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
feast 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 97%, at least
8%, at feast 99% or about 100%, relative to control or baseline (e g, relative to the level of the
cells in the subject before administration of this therapy). In some of these embodiments, the

reduction of early hematopoietic progenitors is in bone marrow of the subject being treated (e g,
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in bone marrow mononuclear cells).  In some of these embodiments, the reduction of early
hematopoietic progenitors is in circulating blood cells of the subject being treated.

[0308] In some embodiments, administration to a subject of an anti-FLI3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune ¢ells described herein reduces the number or frequency of dendritic cells. In some
embodiments, administration 10 a subject of an anti-FL T3 antibody or fragment described herein,
a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing immune cells
described herein reduces the number or frequency of dendritic cells by at least 40%, at least 45%,

70
/

at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
feast 85%, at least 90%, at least 95%, at least 97%, at feast 98%, at least 99% or about 100%,
relative to control or baseline {e.g., relative to the level of the cells in the subject before
administration of this therapy). In some of these embodiments, the reduction of dendritic cells is
in bone marrow of the subject being treated {e.g., in bone marrow mononuclear cells). In some of
these embodiments, the reduction of dendritic cells is in circulating blood cells of the subject being
treated.

[0309] In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
imimune cells described herein reduces the number or frequency of CD45+CD19+ celis. In some
embodiments, administration 1o a subject of an anti-FLT3 antibody or fragment described herein,
a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing immune cells
described herein reduces the number or frequency of CD4S+CD19+ cells by at least 30%, at least
35%, at least 40%, at least 45%, at least 50%, at least 535%, at least 60%, at least 65%, at least
70%, aileast 75%, ai least 80%, at least 83%%, at least 90%, at least 959, at least 97%, at least 98%%,
at least 99% or about 100%, relative to control or baseline (e.g., relative to the level of the cells in
the subject before administration of this therapyv). In some embodiments, administration to a
subject of an anti-FLT3 antibody or fragment described herein, a pharmaceutical composition
described herein, or an anti-FLT3 CAR expressing immune cells described herein reduces the
number or frequency of CD453+CD19+ cells by about 55%, about 50%, about 45%, about 40%, or
about 35% {or between about 30% and 55%) relative to control or baseline {e.g., relative to the

). In some of these

level of the cells in the subject before administration of this therapy)

embodiments, the reduction of CD45+CI19+ cells is in bone marrow of the subject being treated

93



WO 2023/023491 PCT/US2022/074984

{e.g., in bone marrow mononuclear cells). In some of these embodiments, the reduction of
CD45+CD 19+ is in circulating blood cells of the subject being treated.

[0310] In some embodiments, administration to a subject of an anti-FLI3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
imroune cells described herein reduces the number or frequency of CD34+CD38+ celis. In some
embodiments, administration 1o a subject of an anti-FLT3 antibody or fragment described herein,
a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing immune cells
described herein reduces the number or frequency of CD34+CD38+ cells by at least 40%, at least
453%, atleast 50%, at least 553%, at least 60%, at least 65%, atleast 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 97%, at least 98%, at least 99% or about 100%,
relative to control or baseline (e.g., relative to the level of the cells in the subject betore
administration of this therapy). In some of these embodiments, the reduction of CD34+CD38+
cells is in bone marrow of the subject being treated {(e.g., in bone marrow mononuciear celis). In
some of these embodiments, the reduction of CD34+CD38+ is in circulating blood cells of the
subject being treated.

[0311] In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of CD34+CD38- cells. In some
embodiments, administration 1o a subject of an anti-FLT3 antibody or fragment described herein,
a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing immune cells
described herein reduces the nurober or frequency of CD34+CD38- cells by at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%,
at least 85%, at least 909, at least 95%, at least 97%, at least 98%, at least 99% or about 100%,
relative to control or baseline {e.g., relative to the level of the cells in the subject before
administration of this therapy}. In some embodiments, administration to a subject of an anti-FLT3
antibody or fragment described herein, a pharmaceutical composition described herein, or an anti-
FLT3 CAR expressing immune cells described herein reduces the number or frequency of
CI34+CD38- cells by at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
97%, at least 98%, at least 99% or about 100%, relative to control or baseline {e.g , relative to the
fevel of the cells in the subject before admimstration of this therapy). In some of these

embodiments, the reduction of CD34+CD38- cells is in bone marrow of the subject being treated
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{e.g., in bone marrow mononuclear cells). In some of these embodiments, the reduction of
CD34+CD38- 1s in circulating blood cells of the subject being treated.

[0312] In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces a cell population expressing CI34 by at least 60%, at least
70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 97%, or at least 99%.

[0313] In some embodiments, admivistration to a subject of an anti-FL.T3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces a cell population expressing FLT3 by at least 60%, at least
70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 97%, or at least 99%.

[0314] In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an auti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of CD33+ cells. In some
embodiments, admimstration to a subject of an anti-FLT3 antibody or fragment described herein,
a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing immune cells
described herein reduces the number or frequency of CD33+ cells by at least 40%, at least 45%,
at least 50%, at least 55%, at least 60%, at least 65%, at leasi 70%, at least 75%, at least 80%, at
feast 85%, at least 90%, at least 95%, at least 97%, at least 98%, at least 99% or about 100%,
relative to control or baseline {e.g., relative to the level of the cells in the subject before
administration of this therapy). In some embodiments, administration to a subject of an anti-FLT3
antibody or fragment described herein, a pharmaceutical composition described herein, or anti-
FLT3 CAR expressing immune cells described herein reduces a cell population expressing CD33
by at least 60%, at least 70%, at least 75%, at least 80%, at least 90%, at least 95%, at least 97%,
or at least 99%. In some of these embodiments, the reduction of CD33 expressing cells is in bone
marrow of the subject being treated (e.g., in bone marrow mononuclear cells). In some of these
embodiments, the reduction of U133 expressing celis is in circulating blood cells of the subject
being treated.

(03157 In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of CD 1o+ myeloid dendritic cells.

In some embodiments, administration to a subject of an anti-FL'T3 antibody or fragment described

\O
(4]



WO 2023/023491 PCT/US2022/074984

herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing immune
cells described herein reduces the number or frequency of CDlet+ myeloid dendritic cells by at
least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 97%, at least 98%, at least 99%
or about 100%, relative to control or baseline {e.g., relative to the level of the cells in the subject
before administration of this therapy). In some of these embodiments, the reduction of CDlc+
myeloid dendritic cells is in bone marrow of the subject being treated {e.g, in bone marrow
mononuclear celfs). In some of these embodiments, the reduction of CDlet myveloid dendritic
cells 18 in circulating blood cells of the subject being treated.

[0316] In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of CD141+ myeloid dendritic
cells. In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharraceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of CD 141+ myeloid dendritic
cells by at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least
T0%, at least 75%, at least 80%, at icast 85%, at least 90%, at least 95%, at teast 97%, at feast 98%,
at feast 99% or about 100%, relative to control or baseline (e g, relative to the level of the cells in
the subject before administration of this therapy}. In some of these embodiments, the reduction of
CD141+ myeloid dendritic cells is in bone marrow of the subject being treated {e.g., in bone
marrow mononuclear cells). In some of these embodiments, the reduction of CB141+ myelod
dendritic cells is in circulating blood cells of the subject being treated.

[0317] In some embodiments, adminisiration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of CD303" plasmacytoid dendritic
cells. In some embodiments, administration to a subject of an anti-FLT3 antibody or fragment
described herein, a pharmaceutical composition described herein, or an anti-FLT3 CAR expressing
immune cells described herein reduces the number or frequency of CD303" plasmacytoid dendritic
cells by at least 40%, at ieast 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least
T0%, at least 75%, at feast 80%, at ieast 85%, at least 90%, at least 95%, at feast 97%, at least 98%,

at feast 99% or about 100%, relative to control or baseline {e g, relative to the level of the cells in
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the subject before adminisiration of this therapy. In some of these embodiments, the reduction of
CD303" plasmacytoid dendritic cells is in bone marrow of the subject being treated (e.g., in bone
marrow mononuclear cells).  In some of these embodiments, the reduction of CD303"
plasmacytoid dendritic cells is in circulating blood cells of the subject being treated.
[0318] In some embodiments, the method of HSC/HPC transplantation coruprises transplantation
of donor HSC/HPC cells. In some embodiments, donor cells are from a healthy subject. In other
embodiments, HSC/HPC transplantation comprises transplantation of autologous cells {e.g,
obtained before the onset of disease being treated).
[0319] In some embodiments, the disclosure provides methods of hematopotetic stem
cell/hematopotetic progenitor cell transplantation in a subject comprising;
(1} reducing the number of hematopoietic stem cells (HSCs) and/or hematopoietic
progenitor cells (HPCs) by administering an anti-FLT3 antibody or fragment described
herein, a pharmaceutical composition described herein, or anti-FLT3 CAR expressing
immune cells deseribed herein to the subject,
(i1} transplanting HSCs/HPCs (e.g., donor HSCs/HPCs) to the subject.
{03201 In some embodiments, the disclosure provides methods of hematopoietic stem
cell/hematopoietic progenitor cell transplantation in a subject comprising:
(i) reducing the number of hematopoietic stern cells (HSCs) and/or hematopoietic
progenitor cells (HPCs) by administering a population of immune cells expressing a CAR
having the amino acid sequence selected from the group consisting of: SEQ ID NQs: 6 and
9-15 to the subject,
(i1} transplanting HSCs/HPCs {e.g., donor HSCs/HPCs) to the subject.

Cancers to be treated

[0321] Cancers can be treated in accordance with the methods described herein. In some
embodiments, the cancer 10 be treated is a3 hematopoietic or hematologic cancer. Examples of
hematologic cancers that are treated in accordance with the methods described herein include, but
are not limited to, acute myeloid leukemia (AML), acute lymphoblastic leukernia (ALL), chronic
myeloid leukemia (CML), chronic lymphocytic leukemia (CLL), blastic plasmacytoid dendritic
cell neoplasm (BPDCN), peripheral T cell lymphoma, follicular lymphoma, diffuse farge B cell

lymphoma, Hodgkin lyvmphoma, non-Hodgkin lymphoma, neuroblastoma, a non-malignant
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inherited or acquired marrow disorder, multiple myeloma, and a dendritic cell neoplasm. In some
embodiments, the cancer i3 a hematologic cancer. In some embodiments, the cancer is acute
myeloid leukemia (AML). In some embodiments, the cancer is acute lymphoblastic leukemia
(ALL) In some embodiments, the cancer is chronic myeloid leukemia (CML) In some
embodiments, the cancer is chronic lymphocytic leukernia (CLL). In some embodiments, the
cancer is blastic plasmacytoid dendritic cell neoplasm (BPDCN).  In some embodiments, the
cancer is peripheral T cell lymphoma. In some embodiments, the cancer is follicular lymphoma.
in some embodiments, the cancer is diffuse large B ceil lymphoma. In some embodiments, the
cancer 18 Hodgkin lymphoma. In some embodiments, the cancer is non-Hodgkin lymphoma. In
some embodiments, the cancer is neurcblastoma. In some embodimenis, the cancer is a non-
malignant inherited or acquired marrow disorder. In some embodiments, the cancer is multiple
myeloma. In some embodiments, the cancer is a dendritic cell neoplasm.

[0322] In some embodiments, the cancer is the result of a non-malignant inherited or acquired
marrow disorder. Examples of non-malignant nherited or acquired marrow disorders that are
treated in accordance with the methods described herein include, but are not Hmited to, sickle
anemia, beta-thalassemia major, refractory Diamond-Blackfan anemia, myelodysplastic
syndrome, idiopathic severe aplastic anemia, paroxysmal nocturnal hemoglobinuria, pure red cell
aplasia, Fanconi anemia, amegakaryocytosis, and congenital thrombocytopenia. In some
embodiments, the non-malignant inherited or acquired marrow disorder is sickle cell anemia. In
some embodiments, the non-malignant inherited or acquired marrow disorder is beta-thalassemia
major. In some embodiments, the non-malignant inhenited or acquired warrow disorder 1s
refractory Diamond-Blackfan anemia. In some embodiments, the non-malignant inherited or
acquired marrow disorder is myelodysplastic syndrome. In some embodiments, the von-malignant
inherited or acquired marrow disorder is idiopathic severe aplastic anemia. In some embodiments,
the non-malignant inherited or acquired marrow disorder is paroxysmal nocturnal hemoglobinuria,
In some embodiments, the non-malignant inherited or acquired marrow disorder is pure red cell
aplasia. In some embodiments, the non-malignant inherited or acquired marrow disorder is
Fanconi anenmia. In some embodiments, the non-malignant inherited or acquired marrow disorder
is amegakaryocytosis. In some embodiments, the non-malignant inherited or acquired marrow

disorder is congentiial thrombocytopenia.
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Methods of Administration

[0323] Any anti-FLT3 antibody or fragment described herein, any pharmaceutical composition
described herein, or any anti-FLT3 CAR expressing immune celis described herein can be
administered to a subject by any suitable means which include, but are not limited to, parenteral
{e.g., intravenous, intraarterial, intramuscular, infraosseous, intracerebral, intracerebroventricular,
intrathecal, subcutaneous), intraperitoneal, intratumoral, intrapulmonary, intradermal,
tranadermal, conjunctival, intraccular, intranasal, intratracheal, oral and local intralesional routes
of administration. In some embodiments, any anti-FLT3 antibody or fragment described herein,
any pharmaceutical composition described herein, or any anti-FLT3 CAR expressing immune cell
described herein (where reference to the immune cell also includes population of such immune
cells) 1s administered intravenously, intraarterially, intraperitoneally, or intratumorally.

[0324] In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing immune cell
described herein 1s administered intravenously {e.g., by a bolus or continuous nfusion). In some
embodiments, any anti-FLT3 antibody or fragment described herein, any pharmaceutical
composition described herein, or any anti-FLT3 CAR expressing immune cell described herein is
administered intraperitoneally. In some embodiments, any anti-FLT3 antibody or fragment
described herein, any pharmaceutical composition described herein, or any anti-FLT3 CAR
expressing immune cell described herein is administered intramuscularly. In some embodiments,
any anti-FLT3 antibody or fragment described herein, any pharmaceutical composition described
herein, or any anti-FLT3 CAR expressing immune cell described herein is administered
subcutaneously. In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing immune cell
described herein is administered intratumorally (such as by an injection into the tumor of the cancer
being treated). In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing tmmune cell
described herein is administered intravenously, intraperitoneally, or intratumorally.

[0325] Various dosing schedules of the anti-FLT3 antibodies and fragments described herein,
pharmaceutical compositions described herein, and anti-FLT3 CAR expressing immune cells

described herein are contemplated including single administration or multiple administrations over
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a period of time. The methods of administration include, without limitation, bolus administration,
pulse infusions, and continuous infusions.

[0320] In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing tmmune cell
described herein is administered one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, or more times. In some embodiments, any anti-FLT3 antibody or
fragroent described herein, any pharmaceutical composition described herein, or any anti-FLT3
CAR expressing immune cell described herein is administered once. In some embodiments, any
anti-FL'T3 antibody or fragment described herein, any pharmaceutical composition described
herein, or any anti-FLT3 CAR expressing immune cell described herein is effective in methods
described herein when administered intravenousily once (e.g., without further repeat
administrations).

[0327] In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing irmomune cell
described herein is administered every about 1 to 7 days for about 1 to 8 weeks. In some
embodiments, any anti-FLT3 antibody or fragment described herein, any pharmaceutical
composition described herein, or any anti-FLT3 CAR expressing immune cell described herein is
administered every about 1 to 7 days for about | to 4 weeks. In some embodiments, any anti-FLT3
antibody or fragment described herein, any pharmaceutical composition described herein, or any
anti-FLT3 CAR expressing immune cell described herein is administered every about 3 to 7 days
for about 2 to 3 weeks. In some embodiments, any anfi-FLT3 antibody or fragment described
herein, any pharmaceutical composition described herein, or any anti-FLT3 CAR expressing
imsroune cell described herein is administered from every about 3 days for about 2 weeks to every
about 7 days for about 3 weeks. In some embodiments, any anti-FLT3 antibody or fragment
described herein, any pharmaceutical composition described herein, or any anti-FLT3 CAR
expressing immune cell described herein is administered every about 2 10 4 days for about 2106 3
weeks (e.g., 2 weeks or 3 weeks).

[0328] In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing immune cell
described herein is administered 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, or 7 days a week

{e.g., once a week, twice a week, every other day or every day). In some embodiments, any anti-
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FLT3 antibody or fragment described herein, any pharmaceutical composiiion described herein,
or any anti-FLT3 CAR expressing immune cell described herein is administered for 1 week, 2
weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks or 8 weeks. In some embodiments, any anti-
FL T2 antibody or fragment described herein, any pharmaceutical composition described herein,
or any anti-FLT3 CAR expressing immune cell described herein is administered for less than 6
weeks, less than 5 weeks, less than 4 weeks, less than 3 weeks or iess than 2 weeks. In some
embodiments, any anti-FLT3 astibody or fragment described herein, any pharmaceutical
composition described herein, or any anti-FLT3 CAR expressing imnune cell described herein is
administered once in every two days or less frequently {eg., for 1 to 3 weeks). In some
embodiments, any anti-FLT3 antibody or fragment described herein, any pharmaceutical
composition described herein, or any anti-FLT3 CAR expressing immune cell described herein is
administered once in every three days or less frequently {e.g., for 1 to 3 weeks). In some
embodiments, any anti-FLT3 antibody or fragment described herein, any pharmaceutical
compostiion described herein, or any anti-FLT3 CAR expressing unmune cell described herein is
administered once in every four days or less frequently (e.g., for 1 to 3 weeks). In some
embodiments, any anti-FLT3 antibody or fragment described herein, any pharmaceutical
composition described herein, or any anti-FLT3 CAR expressing immune cell described herein is
administered once in every five days or less frequently (e.g., for 1 to 3 weeks). In some
embodiments, any ani-FLT3 antibody or fragment described herein, any pharmaceutical
composition described herein, or any anti-FLT3 CAR expressing immune cell deseribed herein is
administered once a week or ess frequently {e.g, for 1 to 3 weeks).

[0329] In some embodiments, the administration (of the antibodies, fragments, compositions or
imroune cells described herein) is every 3 days for about 2 weeks. In some embodiments, the
administration is every 4 days for about 2 weeks. In some embodiments, the administration is
every 5 days for about 2 weeks. In some embodiments, the administration is every 7 days for about
2 weeks. In some embodiments, the administration is every 3 days for about 3 weeks. In some
embodiments, the administration 18 every 4 days for about 3 weeks. In some embodiments, the
administration is every 5 days for about 3 weeks. In some embodiments, the administration is every
7 days for about 3 weeks.

[0330] In some embodiments, the adminisiration is once a week for T week, 2 weeks, 3 weeks, 4

weeks, 5 weeks, or 6 weeks. In some embodiments, the administration is twice a week for 1 week,
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2 weeks, 3 weeks, 4 weeks, 5 weeks, or 6 weeks. In some embodiments, the administration is three
times a week for 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, or 6 weeks. In some embodiments,
the adminisiration is four times a week for 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, or 6
weeks. In some embodiments, the administration is five times a week for 1 week, 2 weeks, 3
weeks, 4 weeks, 5 weeks, or 6 weeks. In some embodiments, the adminisiration is six times a week
for 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, or 6 weeks. In some embodiments, the
administration is seven times a week for 1 week, 2 weeks, 3 weeks, 4 weeks, S weeks, or 6 weeks.
[0331] In some embodiments, the adminisiration is once every week, once every two weeks, once
every three weeks, once every four weeks, once every five weeks, or once every & weeks. In some
embodiments, the administration is once, two, three, four, five, six, seven, eight, nine ten, eleven,
twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, or twenty times {e.g., in
the course of treatment).

[0332] The administrations described herein include regimens wherein the initial dose of any
therapy described herein 18 foliowed by one or more lower doses, or wherein the mitial dose is
followed by one or more higher doses. In some embodiments, the initial dose is followed by one
or more fower doses. In some embodiments, the inittal dose is followed by one or more higher
doses.

[0333] In some embodiments, the initial treatment period {where any therapy described herein 13
administered, e.g., once a month, once in two weeks, once a week, twice a week or three times a
week} 15 followed by a withdrawal period in which the therapy is not administered (for, e.g., a
week, two weeks, three weeks, four weeks, six weeks, two months, three months, four wonths, six
months or one year), and then followed by a second treatment period {(where the therapy is
administered, e.g., once a month, once in two weeks, once a week, twice a week or three times a
week}. Such initial treatment and such second treatment periods can last, for example, two weeks,
three weeks, four weeks, six weeks {(where the initial treatment period can be the same or different
from the second treatment pericd). This course of treatment (having the initial treatment period, a
withdrawal period and a second treatment period) can be repeated twice, three times, four times,
five times, six times, ten times or more than ten times.

[0334] In some embodiments, a therapeutically effective amount of any anti-FLT3 antibody or
fragroent described herein, avy pharmaceutical composition described herein, or any anti-FLT3

CAR expressing immune cells described herein is administered to a subject or patient. A
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therapeutically effective amount depends on the method used, the cancer being treated, the severity
of cancer being treated, the route of administration, the target site, the condition of the patient {e.g |
age, body weight, health), the responsiveness of the patient, other medications used by the patient,
and other factors to be considered at the discretion of the medical practitioner performing the
ireatment.

[0335] In some embodiments, the anti-FLT3 CAR expressing immune cells {e.g., T cells) are
administered in an amount of about 1x10°, about Sx10°, about 1x107, about 2x107, about 3x1907,
about 4x107, about Sx107, about 6x107, is about 7x107, about 8x107, about 9x1¢7, about 1x10%
about 2x10%, about 3x10%, is about 4x10% about Sx10°, about 6x10%, is about 7x10%, about 8x10%,
about 9x10%, about 1x107, about 2x10°, about 3x10°, is about 4x10°, about 5x10°, about 6x107, is
about 7x10°, about 8x10°, about 9x10°, about 1x10' about 2x10%, about 3x10%, is about 4x10'0,
or about 5x10' cells.

[0330] In some embodiments, the anti-FLT3 CAR expressing immune cells (e.g., T cells) are
administered in an amount of about 5x107, about 6x107, is about 7x107, about 8x107, about 9x107,
about 1x10%, about 2x10%, about 3x10% is about 4x10%, about 5x10°, about 6x10%, is about 7x 10,
about 8x10%, about 9x10°%, about 1x10°, about 2x10°, about 3x10”, is about 4x10°, about 5x10°,
about 6x10%, is about 7x10°, about &x10°, about 9x10°, or 1x10' cells.

[0337] In some embodiments, the anti-FLT3 CAR expressing immune cells {(e.g., T cells) are
administered in an amount of about 1x10°%, about 2x10%, about 3x108%, is about 45108, about Sx10%,
about 6x10%, is about 7x10%, about 8x10% about 9x10%, about 1x10°, about 2x10” cells.

[0338] In some embodiments, the anti-FLT3 CAR expressing immune cells (e.g., T cells) are
administered in an amount from about 5x107 to about 1x10'° cells. In some embodiments, the anti-
FLT3 CAR expressing immune cells (e.g., T cells) are administered in an amount from about 1x10¥
to about 2x10° cells.

[0339] In some embodiments, the dosage of any anti-FLT3 antibody or fragment described herein
is from about 0.01 mg/kg to about 10 me/kg of the patient’s body weight. In some embodiments,
the dosage of any anti-FLT3 antibody or fragment described herein ts from about 0.01 mg/kg to
about 2 mg/kg of the patient’s body weight. In some embodiments, the dosage of any anti-FLT3
antibody or fragment described herein is from about 0.05 mg/kg to about 1 mg/kg of the patient’s
body weight. In some embodiments, the dosage of any anti-FLT3 antibody or fragment described

herein is from about 0.1 mg/kg to about 0.5 mg/kg of the patient’s body weight In some
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embodiments, the dosage of any anti-FLT3 antibody or fragment described herein is from about
0.1 mg/kg to about 0.3mg/kg of the patient’s body weight. In some embodiments, the dosage of
any anti-FL'T3 antibody or fragment described herein is about 0.01 mg/kg, about 0.1 mg/kg, about
0.5 mg/kg, about 1 mg/kg, about 1.5 mg/kg, or about 2 mg/kg of the patient’s body weight. In
some embodiments, the dosage of any anti-FL T3 antibody or fragment described herein is about
0.1 mg/kg of the patient’s body weight. In some embodiments, the dosage of any anti-FLT3
antibody or fragroent described herein is about 0.2 mg/kg of the patient’s body weight. In some
embodiments, the dosage of any anti-FLT3 anttbody or fragment described herein is about 0.3
mg/kg of the patient’s body weight.

[0340] In some embodiments, the hematopoietic cell transplantation oceurs 5 days to 5 weeks after
the administering of any anti-FLT3 antibody or fragment described herein, any pharmaceutical
composition described herein, or any anti-FLT3 CAR expressing imamune cells described herein.
in some embodiments, the performing of the hematopoietic cell transplantation occurs about 2 to
3 weeks after the administering of any anti-FLT3 anttbody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing immune cells
described herein. In some emnbodiments, the performing of the hematopoietic cell transplantation
occurs about 1 week to 4 weeks after the administering. In some embodiments, the performing of
the hematopoietic cell transplantation occurs about 10 days to 25 days after the administering. In
some embodiments, the performing of the hematopoietic cell transplantation occurs about 10 days
to 20 days afier the administering. In some embodiments, the performing of the hematopotetic
cell transplantation occurs about 2 weeks after the administering. In some embodiments, the
performing of the hematopotetic cell transplantation occurs about 3 weeks after the administering.
1o some embodiments, the performing of the hematopoietic cell trausplantation occurs at least S
days or 1 week after the administering. In some embodiments, the performing of the hematopoietic
cell transplantation occurs at least 2 weeks after the administering. In some embodiments, the
performing of the hematopoietic cell transplantation occurs less than 3 weeks after the
administering. In some embodiments, the performing of the hematopaoietic cell transplantation
occurs less than 4 weeks after the administering. In some embodiments, the performing of the

hematopoietic cell transplantation occurs less than § weeks after the administering.
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Patient Populations

[0341] In some embodiments, a patient or subject is treated with any anti-FLT3 antibody or
fragrment described herein, any pharmaceutical composition described herein, or any anti-FL'T3
CAR expressing imnnune cell described herein. In some embodiments, the patient or subjectis a
mammal, e.g. a human, a non-human primate, a dog, a cat, a rabbit, a cow, a horse, a goat, a sheep,
or a pig. In some embodiments, the subject is a human.

[0342] In some embodiments, the patient or subject being treated in accordance with the methods
described herein has (e.g., has been diagnosed with} cancer. Methods for cancer diagnosis are
known in the art. In some embodiments, the cancer 18 early stage cancer. In some embodiments,
the cancer is advanced stage cancer.

103437 In some embodiments, the patient or subject being treated in accordance with the methods
described herein bas (e.g, has been diagnosed with) a hematopoietic or hematologic cancer. In
some embodiments, the hematologic cancer is Acute Myeloid Leukemia (AML), Acute
Lymphoblastic Leukemua (ALL), Chronic Lymphocyvtic Leukemia (CLL), Chronic Myeloid
Leukemia (CML), blastic plasmacytoid dendritic cell neoplasm (BPDCN), peripheral T cell
lymphoma, follicular lymphoma, diffuse large B cell lymphoma, Hodgkin lymphoma, non-
Hodgkin lymphoma, neuroblastoma, multiple myeloma, a non-malignant inherited or acquired
marrow disorder, or a dendritic cell neoplasm.

[0344] In some embodiments, the patient or subject being treated in accordance with the methods
described herein has been diagnosed with Acute Myeloid Leukemia (AML). In some
embodiments, the patiest or subject being treated in accordance with the methods described herein
has been diagnosed with Acute Lymphoblastic Leukemia (ALL). In some embodiments, the
patient or subject being treated in accordance with the methods described herein has been
diagnosed with Chronic Lymphocytic Leukemia (CLL). In some embodiments, the patient or
subject being treated in accordance with the methods described herein has been diagnosed with
Chronic Myeloid Leukemia (UML), In some embodiments, the patient or subject being treated in
accordance with the methods described herein has been diagnosed with blastic plasmacytoid
dendritic cell neoplasm (BPDCUN). In some embodiments, the patient or subject being treated in
accordance with the methods described herein has been diagnosed with peripheral T cell
fymphoma. In some embodiments, the patient or subject being treated in accordance with the

methods described herein has been diagnosed with follicular lymphoma. In some embodiments,
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the patient or subject being treated in accordance with the methods described hersin has been
diagnosed with diffuse large B cell lymphoma. In some embodiments, the patient or subject being
treated in accordance with the methods described herein has been diagnosed with Hodgkin
lymphoma. In some embodiments, the patient or subject being treated in accordance with the
methods described herein has been diagnosed with non-Hodgkin lyrophoma. In some
embodiments, the patient or subject being treated in accordance with the methods described herein
has been diagnosed with neuroblastoma. In some embodiments, the patient or subject being treated
in accordance with the methods described herein has been diagnosed with multiple myeloma. fn
some embodiments, the patient or subject being treated in accordance with the methods described
herein has been diagnosed with a dendritic cell neoplasm.

103457 In some embodiments, the patient or subject being treated in accordance with the methods
described herein has {(e.g., has been diagnosed with) a non-malignant inberited acquired marrow
disorder. In some embodiments, the non-malignant inherited acquired marrow disorder is sickle
cell anemia, beta-thalassemia major, refractory Diarmvond-Blackfan anemia, myelodysplastic
syndrome, idiopathic severe aplastic anemia, paroxysmal nocturnal hemoglobinuria, pure red cell
aplasia, Fanconi anemia, amegakaryocytosis, congenital thrombocytopenia, or Severe Combined
Immunodeficiency (SCID}.

[0346] In some embodiments, the patient or subject being treated in accordance with the methods
described herein has been diagnosed with sickle cell anemia. In some embodiments, the patient or
subject being treated in accordance with the methods described herein has been diagnosed with
beta~thalassemia major. In some embodiments, the patient or subject being treated in accordance
with the methods described herein has been diagnosed with refractory Diamond-Blackfan anemia.
In some embodiuments, the patient or subiect being ireated in accordance with the wethods
described herein has been diagnesed with myelodysplastic syndrome. In some embodiments, the
patient or subject being treated in accordance with the methods described herein has been
diagnosed with idiopathic severe aplastic anemia. In some embodiments, the patient or subject
being treated in accordance with the methods described herein has been diagnosed with
paroxysmal nocturnal hemoglobinuria. In some embodiments, the patient or subject being treated
in accordance with the methods described herein has been diagnosed with pure red cell aplasia. In
some embodiments, the patient or subject being reated in accordance with the methods described

herein has been diagnosed with Fanconi anemia. In some embodiments, the patient or subject being
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treated in accordance with the methods described herein has been diagnosed with
amegakaryocytosis. In some embodiments, the patient or subject being treated in accordance with
the methods described herein has been diagnosed with congenital thrombocytopenia. In some
embodiments, the patient or subject being treated in accordance with the methods described herein
has been diagnosed with Severe Combined Immunodeficiency (SCID).

(03471 In some embodiments, the patient or subject being treated has previcusly undergone one
or maore cancer therapies {e.g. vaccine, small molecule targeted therapy, chemotherapy,
radiotherapy, or immunotherapy), and has developed resistance to one or more of the previous
cancer therapies. In some embodiments, the patient or subiect being treated is resistant to
chemotherapy. In some embodiments, the patient or subject being treated is resistant to small
molecule targeted therapy. In some embodiments, the patient or subject being treated is resistant
to another immunotherapy.

[0348] In some embodiments, the patient or subject has a type of cancer that is known or expected
to express FLT3 on the surface of'its cells.

[0349] In some embodiments, the patient or subject being treated has a cancer that has been
determined, using methods known in the art, to express FLT3 on the surface of its cells that can
be targeted by any anti-FLT3 antibody or fragment described herein or any anti-FLT3 CAR
expressing immune cell described herein.

[0350] In some embodiments, the patient or subject being treated in accordance with the methods
described herein is in need of hematopotetic cell transplantation. In some embodiments, the patient
or subject being treated in accordance with the methods described herein is inneed of bone marrow

transplantation with hematopoietic stem cells and/or hematopoietic progenitor cells.

Combination Therapies and Kits

[0351] In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing tmmune cell
described herein is administered to a subject in combination with one or more anti-cancer
therapies. In some embodiments, the anti-cancer therapy is a chemotherapy, surgery, radiation
therapy, an antibody therapy, a small molecule therapy, or another anti-cancer therapy known in

the art.
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(03521 In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing immune cell
described herein is administered to a subject in combination with chemotherapy. Examples of
types of chemotherapeutic agents that can be used in the methods described herein include, without
limitation, an alkylating agent, a nitrosourea agent, an antimetaboliie, a topoisomerase inhibitor,
an aromatase inhibitor, an antitumor antibiotic, an alkaloid derived from a plant, a hormone
antagonist, a P-glycoprotein inhibitor, and a platimur complex derivative. Specific examples of
chemotherapeutic drugs that can be used in the methods described herein include, without
Hmitation, taxol, pachitaxel, nab-pachitaxel, S-fluorouracil (5-FU), gemcitabine, daunorubicin,
colchicin, mitoxantrone, tamoxifen, cyclophosphamide, mechlorethamine | busulfan, uramustine,
mustargen, ifosamide, bendamustine, carmustine, lomustine, semustine, fotemustine, streptozocin,
thiotepa, mitomycin, diaziquone, tetrazine, allretamine, witozolomide, temozolomide,
procarbazine, hexamethyimelamine, altretamine, hexalen, trofosfamide, estramustine, treosulfan,
mannosulfan, triaziquone, carboguone, mimustine, rarmimustive, azathioprine, sulfamiamide,
flucropyrimidine, thiopurine, thioguanine, mercaptopurine, cladribine, capecitabine, pemetrexed,
fludarabine, hydroxyurea, nelarabine or clofarabine, cytarabine, decitabine, pralatrexate,
floxuridine, thioquanine, azacitidine, cladribine, pentostatin, mercaptopurine, imatinib,
dactinomycin, cerubidine, actinomycin, luteomyctn, epirubicin, idarubicin, plicamycin, vincristin,
vinorelbine, vinflunine, paclitaxel, docetaxel, etoposide, teniposide, periwinkle, vinca, taxane,
irinotecan, topotecan, camptiothecin, teniposide, pirarubicin, novobiocin, merbarone, aclarubicin,
amsacrine, antiandrogen, anti-estrogen, bicalutamide, medroxyprogesterone, fluoxymesierone,
diethyistilbestrol, estrace, octrectide, megestrol, raloxifene, toremifene, fulvestrant, prednisone,
flutamide, leuprolide, goserelin, aminoglutethimide, testolactone, anastrozole, letrozole,
exemestane, vorozole, formestane, fadrozole, androstene, resveratrol, myosmine, catechin,
apigenin eriodictyol iscliquiritigenin, mangostin, amiodarone, azithromyein, captopril,
clarithromycin, cyclosporine, piperine, quercetine, quinidine, quinine, reserpine, ritonavir,
tariquidar, verapamil, cisplatin, carboplatin, oxaliplatin, transplatin, nedaplatin, satraplatin,
triplatin and carboplatin.

{03531 In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing immune cell

described herein is administered to a subject in combination with one or more antitumor agents
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selected from the following group: anthracyclines (e.g. daunomycin and doxorubicin}, auristatin,
methotrexate  (MTX), vindesine, neocarzinostatin, cis-platinum, chlorambucil, cytosine
arabinoside, S5-fluorouridine, melphalan, ricin and calicheamicin including combination
chemotherapy such with doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD),
BEACOPP or escalated BEACOPP (bleomycin, etoposide, doxorubicin, cyclophosphamide,
vincristing, procarbazine, and prednisone} and Stanford V (doxorubicin, vinblastine,
mechlorethamine, vineristine, bleowycin, etoposide, and prednisone). In some embodiments, any
anti-FLT3 antibody or fragment described herein, any pharmaceutical composition described
herein, or any anti-FLT3 CAR expressing immune cell described herein is administered to a
subject in combination with one or more of: immunotherapy {(e.g. anti-CD20 antibody rituximab),
immunotoxin {e.g , Brentuximab vedotin (SGN-33), which is an immunotoxin comprised of a CD-
30 directed antibody linked to the antitubulin agent monomethyl auristatin E (MMAE)Y), adoptive
immunotherapy {cytotoxic T lymphocytes), programmed death 1 (PD-1} blockade (eg,
nivolumab, pembrolizumab).

[0354] In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing immune cell
described herein is administered to a subject with a cancer in combination with the chemotherapy
drug(s) indicated for said cancer, which chemotherapy drug(s) can be optionally administered in
the dosage and/or regime of administration indicated for said cancer {e.g., AML or ALL}

[0355] In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing tmmune cell
described herein is administered to a subject in combination with immunctherapy. In some
erobodiments, the iromunotherapy comprises administering a checkpoint inhibitor. o some
embodiments, the checkpoint inhibitor is an anti-PD1 antagonist, an anti-PD-L1 antagonist, and
an anti-CTLA4 antagonist. In some embodiments, the checkpoint inhibitor is an anti-PD1
antagonist. In some embodiments, the checkpoint inhibitor is an anti-PI3-1 antibody (such as an
antagonistic anti-PD-1 antibody). In some embodiments, the checkpoint inhibitor is an anti-PD-
1.1 antagonist. In some embodiments, the checkpoint inhibitor is an anti-PID-L1 antibody (such as
an antagonistic anti-PD-L1 antibedy). In some embodiments, the checkpoeint inhibitor is an anti-
CTLA4 antagonist {(e.g., an aniagonistic anti-CTLA4 auntibody). Tn some embodiments, the

checkpoint inhibitor is a Lag3 antagonist. In some embodiments, the checkpoint inhibitor is Tim3
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antagonist. In some embodiments, the checkpoint inhibitor is a TIGIT antagonist. In some
embodiments, the checkpoint inhibitor is an OX40 antagonist.

[0356] In some embodiments, the anti-PD1 antagonist is selected from the group consisting of,
but not linited to, nivelumab, pembrolizumab, PDRGOT, Pembrolimumab (Bio X Cell), Bio X Cell
Clone J116 (Cat. # BEO188), cemiplimab, and pidilizomab. In some embodiments, the ant-PD-
1.1 antagonist is selected from the group conststing of, but not limited to, atezolizumab, avelumab,
durvalumab, YW243.533.870, MPDL328CA, MDX-1I0S5, and BMS-938539 In somse
embodiments, the anti-CTLA4 antagonist is selected from, but not limited to, ipilimumab and
tremelimumab.

[0357] In some embodiments, an immune cell comprising an anti-FLT3 CAR described herein,
such as an anti-FLT3 CAR having the amino acid sequence of any one of the following SEQ ID
NGs: 6 and 9-15, or an immune cell comprising any one of the following nucleic acid sequences:
SEQ 1D Nos: 60 and 63-69, is administered to a subject in combination with a chemotherapy. In
some embodiments, any anti-FLT3 antibody or fragment having the VH and/or VL described
herein or any scfv described herein is administered to a subject in combination with a
chemotherapy.

[0358] In some embodiments, an immune cell comprising an anti-FLT3 CAR described herein,
such as an anti-FLT3 CAR having the amino acid sequence of any one of the following SEQ ID
NOs: 6 and 9-15, or an immune celi comprising any one of the following nucleic acid sequences:
SEQ ID Nos: 60 and 63-69, is administered to a subject in combination with an immunoctherapy
{e.g., a checkpoint inhibitor). In some embodiments, any anti-FLT3 antibody or fragment having
the YH and/or VL described herein or any scFv described herein is administered to a subject in
combination with an iromunotherapy (e.g.. a checkpoint inhibitor).

[0359] In some embodiments, an immune cell comprising an anti-FLT3 CAR described herein,
such as an anti-FLT3 CAR having the amino acid sequence of any one of the following SEQ ID
N{s: 6 and 9-15, or an immune cell comprising any one of the following nucleic acid sequences:
SEQ ID Nos: 60 and 63-69, 1s administered to a subject in combination with an anti-PD1 antagonist
{e.g., an anti-PD1 antibody}. In some embodiments, an immune cell comprising an anti-FLT3 CAR
described herein, such as an anti-FLT3 CAR having the amino acid sequence of any one of the
following SEQ 113 NOs: 6 and 9-15, or an immuue cell comprising any one of the following nucleic

acid sequences: SEQ 1D Nos: 60 and 63-69, is administered to a subject in combination with an
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anti-PD-L1 antagonist (e.g, an anti-PDL1 antibody}. In some embodiments, an itmmune cell
comprising an anti-FLT3 CAR described herein, such as an anti-FLT3 CAR having the amino acid
sequence of any one of the following SEQ 1D NOs: 6 and 9-15, or an immune cell comprising any
one of the following nucleic acid sequences: SEQ D Nos: 60 and 63-69, is administered to a
subject in combivation with an anti-CTLA4 avtagonist (e.g., anti-CTLA4 auntibody). In some
embodiments, any anti-FLT3 antibody or fragment having the VH and/or VL described herein or
any scFv described herein is administered to a subject in combination with any anti-PD-1
antagonist, any anti-PD-L.1 antagonist or any anti-CTLA4 antagonist described herein.

[0360] In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described hergin, or any anti-FLT3 CAR expressing immune cell
described herein 1s administered to a subject in combination with radiation therapy (e.g., x-ray,
gamma ray, electron beams).

[0361] In some embodiments, the checkpoint inhibitor is administered prior to administration of
any anti-FLT3 antibody or fragment described herein, any pharmaceutical composition described
herein, or any anti-FLT3 CAR expressing immune cell described herein. In some embodiments,
the checkpoint inhibitor is administered concomitantly with any anti-FLT3 antibody or fragment
described herein, any pharmaceutical composition described herein, or any anti-FLT3 CAR
expressing immune cell described herein. In some embodiments, the checkpoint inhibitor is
administered after administration of any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing immune cell
described herein.

[0362] In some embodiments, any anti-FLT3 antibody or fragment described herein, any
pharmaceutical composition described herein, or any anti-FLT3 CAR expressing immune cell
described herein is administered to a subject before, during, or after a second therapy.

[0363] In some embodiments, the subject being treated in accordance with the methods described
herein has not received an anti-cancer therapy prior io the administration of any anti-FL'T3 antibody
or fragment described herein, any pharmaceutical composition described herein, or any anti-FLT3
CAR expressing immune cell described herein. In some embodiments, any anti-FL'T3 antibody or
fragment described herein, any pharmaceutical composition described herein, or any anti-FLT3
CAR expressing immune cell described herein is admivistered to a subject that has received an

anti-cancer therapy prior fo administration of the antibody or fragment. In some, embodiments, any
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anti-FL'T3 antibody or fragment described herein, any pharmaceutical composition described
herein, or any anti-FLT3 CAR expressing immune cell described herein is administered to a subject
recovering from or receiving an immunosuppressive therapy.

[0364] In some embodiments, provided herein are kits comprising any anti-FLT3 antibody or
fragment described hereivn, any pharmaceutical composition described berein, or any anti-FLT3
CAR expressing immune cells described herein and one or more additional anti-cancer agents. In
some embodiments, provided herein are kits comprising (i) any anti-FLT3 antibody or fragment
described herein, any pharmaceutical composition described herein, or any anti-FLT3 CAR
expressing immune cells described herein (e g, in a therapeutically effective amount), and (it) one
or more chemotherapeutic drugs {e.g, in a therapeutically effective amount, which may be less
than the therapeutic amount of the drug or drugs when used without the antibody, fragment or
immune cell). In some embodiments, provided herein are kits comprising (i) any aoti-FLT3
antibody or fragment described herein, any pharmaceutical composition described herein, or any
anti-FL'T3 CAR expressing immune cells described berein {e.g., in a therapeutically effective
amount), and (i} one or more checkpoint inhibitors described herein (e.g., in a therapeutically
etfective amount, which may be less than the therapeutic amount of the drug or drugs when used
without the antibody, fragment or immune cell}. In some embodiments, provided herein are kits
comprising (i} any anti-FLT3 antibody or fragment described herein, any pharmaceutical
composttion described herein, or any anti-FLT3 CAR expressing immune cells described herein
{e.g., in a therapeutically effective amount), and (i} one or more anti-PD 1 antibody, ant-PD-11
antibody or anti-CTLA4 antibody {e.g, in a therapeutically effective amount, which may be less
than the therapeutic amount of the drug or drugs when used without the antibody, fragment or
immune cell).

[0365] The following examples are offered by way of illustration and not by way of limitation.
Various other embodiments of the invention may be practiced, given the general description

provided herein,

EXAMPLES

Example 1: Generation of humanized antibodies and single chain variable fragments.
Prior to humanization, a chimeric anti-FLT3 antibody was evaluated for competitive

binding with FLT3 figand (FLT3L)}. Specifically, REH cells were incubated with 10 nM of

recombinant human FLT3L (R&D systems) for 20 minutes and washed with PBS + 2% BCS +2
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mM EDTA (flow buffer}. Cells were then stained with various concentrations of the chimeric
monoclonal antibody prepared in flow buffer. Cells were washed five times with flow buffer and
stained with anti-human IgG Fe antibody conjugated to Alexa Fluor 488 {(Jackson
Immunoresearch Laboratories, 109-545-008). Cells were stained with 7-AAD (7-AAD Viability
Staining Solution, Biolegend 420404) followed by flow cytometry analysis. The binding of the
chimeric antibody 1-18BA {comprising a mouse VL (S8EQ ID NO: 28) and mouse VH (SEQ ID
NG:17) and human IgG) was not reduced with FLT3L pre-treatment, and iustead was about the
same as without the FLT3L pre-treatment, as shown in Figure 1A, This suggests that 118BA
does not corapete with FLT3L for binding to FLT3.
[0366] To generate the humanized antibodies and single-chain variable fragments described
herein, the following methods were used.

Materials and Methods
Variabie domain analysis and CDR identification
[0367] For the purpose of identifying CDRs and analyzing the closest maiching germline
sequences the IMGT Domain Gap align tool was used: http www_imgt org/3Dstructure-
DB/cgi/DomainGapAlign cgt.
Moleculor Modelling
[0368] Molecular models were built for VH and VL domains based on hoology to previously
published antibody crystal structures using sofiware.
Gene synthesis and cloning
[0369] Variable heavy and variable light domains (for FLT3) were designed with appropriate
restriction sites at the 5” and 37 ends to enable cloning into Absolute Antibody cloning and
expression vectors. Variable domains sequences were codon optimized for expression in human
cells. Following gene synthesis the variable domains were cloned into Absolute Antibody
vectors of the appropriate species and type. The correct sequence was verified by Sanger
sequencing with raw data analyzed using DNASTAR Lasergene software. Once confirmed
plasmid DNA preps of the appropriate size were performed to generate a sufficient quantity of
high quality DNA for transfection.
FExpression and purification
[0370] Once the plasmids were generated, HEK 293 (human embryonic kidoey 293) maromalian

cells were passaged to the optimum stage for transient transfection. Cells were transiently
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transfected with heavy and light chain expression vectors and culiured for a further 6 days.
Cultures were harvested by centrifugation at 4000 rpm and filtered through a 0.22 puM filter. A
first step of purification was performed by Protein A affinity chromatography with elution using
citrate pH3 .0 buffer followed by neutralization with 0.5M Tris, pH 9.0. Eluted protein was then
buffer exchanged into PBS using a desalting columu. Antibody conceuntration was determined by
UV spectroscopy and the antibodies concentrated as necessary.
Antibody ancdytics
[0371] Antibody purity was determined by SDS-PAGE (sodium dodecy! sulphate
polyacrylamide gel electrophoresis) and HPLC (high performance liquid chromatography). SEC-
HPLC was performed on an Agilent 1100 series instrument using an appropriate size exclusion
column (SEC). Antibody expression titre was determined by Protein A HPLC.
Humanization

Sequence analysis

The VH and VL sequences for 1-18BA (SEQ ID NO: 17 and SEQ ID NO: 28,
respectively), which were generated using methods described in US Patent Pub. No.
20190389955 (the entirety of which is incorporated herein), were run through the IGMT Gap
Align tool to analyze against all known antibody germiine sequences. CDR regions were
assigned using the IMGT definition. The sequence is most clearly aligned to muse, specifically
the IGHVE-& family for the VH and IGKV9-124 for the VL.
Molecuiar Modelling
[0372] To enable structure guided humanization, models were built for the 1-13BA murine VH
and VL sequences.
Germline selection
{03731 The VH and VL sequences were aligned with an Absolute Antibody database of human
germline sequences. Table | shows the germline sequences that were selected as frameworks for
humanization.

Table 1. Heavy and light chain germline sequences selected as humanization frameworks and
their percent identity to the original murine VH and VL sequences.

Germline (D Yo Identity
Heavy Chain IGHV2-5%05 68.4

IGHV4-38-2%02 61.6

IGHVO-1*01 50
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Light Chain IGKV1-16%01 716
IGKV3-20*%01 59.4
IGKV4-1*01 58.4
CDR grafting

{03741 To humanize the antibodies, the VH and VL sequences were run through a CDR grafting
algorithm to transfer the CDRs from the murine antibody 1-18BA (having VH of SEQ ID NO:
17 and VL of SEQ ID NO: 28} onto the selected human germline sequences. Although CDRs are
defined as being primarily responsible for binding to an antigen it is possible for amino acids
outside of these regions, in what are known as framework regions, to either be involved directly
in binding or to play a role in correctly orientating the CDRs. A structure guided approach was
used to determine which of the framework amino acids to retain in the as the original mouse
amino acid for the sake of retaining binding integrity. Table 2 surnmarizes the sequences that

were generated.

Table 2. Original mouse and humanized sequences generated for 1-18BA

)] Format Human | Sequence % SEQ
Germli Identity | ID
ne o NO

human

cAB1977 | Mouse n/a QVTLKESGPGILOQPSQTLSLTCSFSG 17

~VH FSLSTSTMGVGWIRQPSGKGLEWL

LHEWNDSKYYNPALKSRETISKDT
YNKOVFLKIANVDTADTATYYCAR
IVYYSTYVGYFDYWGAGTTVTVSS

cAb1978 | Humanized | IGHV2 | QVTLKESGPTLVKPTQTLTLTCTES | 918 3
-VH ~5%05 GESLSTSTMGVOWIR(PPGKALEW
LAHILWNDSKRYNPSLEKSRLTITKD
TSKKQVVLTMTNMDPVDTATYYC
ARIVYYSTYVOGYFDVWGQGTTVTV

85
cAb1981 | Humanized | IGHV2 | QITLKESGPTLVKPTQTLTLTCTESG | 939 13
-VH =508 FSLSTSTMGVGOGWIRQPPGKALEWL

AHILWNDDKRYGPSLKSRLTITKDT
SKEQVVLTMTNMBDPVDTATYYCA
RIVYYSTYVGYFRVWGQGTTVTVS

S
cAb1984 | Humanized | IGHV4 | QVQLGQESGPGLVKPSETLSLTCTES | 838 22
-VH -38- GEFSLSTSTMOVOWIROPPGRGLEWT

2*02 GHILWNDSKY YNPSLKSRVTISKDT
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SKKQFSLKLSSVTAADTAVYYCARI
VYYSTYVGYFDVWGOGTTYTVSS

]
b
W

cAB1987 | Humanized | IGHVO | QVQLOOSGPGLVKPSQTLSLTCAFS | 76.2
-VH -1%01 GEFSLSTSTMGVGWIRQSPSRGLEWL
GHILWNDSKDYNPSVKSRITINKDT

SKKQFSLOLNSVTPEDTAVYYCARI
VYYSTYVGYFDVWGOGTTVTVSS

cAb1977 | Mouse n/a DIOMTOSPSSLSASLGERVSLTCRA 28
VL SQRISGYLSWLQQKPDGTIKRLIYA
ASTLHSGVPKRFSGSRSGSDYSLTIS
RLESEDVADYYCLOYASYPFTFGS
GTKLEIK

cAb1978 | Humanized | IGKV1 | DIQMTQSPSSLSASVGDRVTITCRA | 874 1
-VL -16%01 | SQEISGYLSWLQOQKPGKAIKRLIYA
ASTLOQSGVPSRFSGSRSGSDYTLTIS
SLOPEDFATYYCLOYASYPFTFGQG
TKLEIK

£
(99

4
&

cAB1979 | Humanized | IGKV3 | EIVMTOSPGTLSLSPGERATLSCRAS | &
~VL -20%01 | QEISGYLSWLGOKPGOAIRRLIYAA
STRATGIPDRFSGSRSGSDYTLTISR
LEPEDFAVYYCLOYASYPFTFGQGT
KLEIK

cAb1980 | Humanized | IGKV4 | DIVMTQSPDSLAVSLGERATINCKA | 782 2
-VL -1#01 SQEISGYLSWLQOKPGOPIKRLIYA
ASTRESGVPDRFSGSRSGSDYTLTIS
SLOAEDVAVYYCLOYASYPFTFGQO
GTKLEIK

Sequence liability analysis
[0375] To ensure that no highly undesirable sequence liabilities had been introduced into the
humanized sequences the original mouse and humanized sequences were run through ao
Absolute Antibody sequence liability tool. Sequence liabilities of most concern are
glycosvlation motifs and free Cysteins. The original parental VH sequence contains an N-linked
glycosylation motif. The motif is within CDBR-H2 and may bave an impact on binding. This
motif was left in most of the humanized VH sequences apart from cAb1981,

Antibody Production and Analvtics
Antibody Cloning
[0376] As described above, & total of 4 humanized beavy chains and 3 humanized light chaing

were designed. Each of these were synthesized separately and cloned as both human {gGls and
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scEvs. Atthe point of transfection all possible combinations of the humanized sequences were
made to create a total of 12 different humanized IgGs and 12 humanized scFvs.

Amiibody expression and purification

{03771 All antibodies were expressed at small scale and the proteins then purified by either
Protein A or Nickel chromatography. All the purified products looked as expected under non-
reducing and reducing SDS-PAGE. With the exception of cAB1984-10.0, all 1gGs expressed
well, The scFvs showed mixed expression levels with 6 of them failing to express complete
{(cAb1977, cAD1081, cADI982, cADI983 and cADI98E). 1g(G and scFY vields are shown in

Tables 3 and 4.
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Aggregation anaiytics
[0378] Purified IgGs were analyzed for aggregation and fragmentation by SEC-HPLC.
Monomer content is reported in Table 3. All antibodies show more than 95% monomer purity

and the majority show more than 98% monomer purity.

Example 2: Binding Affinities of Newly Discovered Fully Humanized Anti-FLT3 IgG Clone
and s seFy

[0379] This example shows that a humanized anti-FL'T3 antibody, such as the antibodies described
herein, have high binding affinity for FLT3. Specifically, this example shows that the humanized
anti-FLT3 IgG and anti-FLT3 scFv have high binding affinities to cells expressing FLT3.

{03807 A fully humanized anti-human FLT3 monoclonal IgGl, clone hum 1-18BA-vi, clone ID
cAb1978-30.11, antibody (having VL of SEQ ID NG: 1 and VH of SEQ 1D NO-: 3} and his-tagged
scFv, clone hum 1-18BA-vl, antibody with the same VH and VL as the Ig(G1 (comprising SEQ
¥ NO: 4 and a His tag on the C terminus) were developed as described above. Binding affinity of
the scFv molecule was compared to the 1gGl monoclonal molecule using REH cells {(acute
lymphocytic leukemia cell Hine, ATCC, no. CRL-8286), which highly express FLT3. REH cells
were incubated with varying concentrations (107 to 10% ng/mbL) of the 12G1 or scFv molecules
diluted in FACS buffer (hereinafter referred to siraply as “buffer,” phosphate buffered saline (PBS)
{Caisson Labs, no. PBLOG) + 2% BCS (GE Healthcare, no. SH30073.04) + ImM EDTA
{Invitrogen, no. 15575020)) in a final volume of 100uL, in triplicate, for 30 minutes at 4°C. Cells
were washed three times with buffer and 1incubated with secondary antibodies. IgGl was detected
with 1:200 goat anti-human Fe FITC (Jackson) secondary antibody and scFv was detected with
anti-His FITC (1:200) secondary antibody. Secondary antibodies were incubated in 100 pL final
volume in triplicate for 30 minutes at 4°C. Cells were washed once with buffer and resuspended
in 200 uL buffer + 1100 7-AAD Viability Staining Solution (Biolegend, no. 420404), and
analyzed by flow cytometry. Flow cytometry acquisition was performed with a Beckman Coulter
CytoFLEX (Beckman Coulter), and analysis was performed with FlowJo (Treestar Inc, Ashland,
(R}, Plots show median fluorescence intensity of REH cells versus concentration of the primary
antibody used. Variable slope (four parameters) curve was fit to the data and EC50 was used to
compare binding affinities. The IgG1 molecule has an ECS0 of 62.1 ng/ml. (0.4] oM) and the scFv

molecule has an EC30 of 85.45 ng/mL (3.42 nM) (Figs, 1B-1C).
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Example 3: Generation of Third Generation Anti-FLT3 Chimeric Antigen Receptor

[0381] To generate a CAR, a lentiviral vector that encodes a third generation CAR under the
transcriptional control of the EF-1a promoter was used (Fig. 2B). The CAR encodes a polypeptide
comprising the anti-FLT3 scFv sequence described in Example 1 (SEQ 1D NG:4), followed by
CD28 and 4-18BB co-stimulatory domains, followed by the CD3( activation domain. The CAR
sequence is followed by CopGFP sequence linked by a self-cleaving T2A sequence (SEQ ID NO:
16}. This vector permits dual expression of the CAR and CopGFP from a single RNA transeript.
Al constructs were verified by sequencing.

[0382] FL'T3 is expressed on hematopoietic stem and progenitor cells (HSPCs}) and dendritic cells,
and in acute myeloid levkemia. The expression of the CAR in T-cells allows for MHC-
independent primary activation via the anti-FLT3 scFv when T cells are exposed to FLT3  target
cells. Through the co-stimulatory and activation domains in the CAR, this activation leads to

expression of perforin and granzyme which ultimately are cytotoxic to target cells (Fig. 2C).

Example 4: Isolation and Transduction of T Cells

[0383] To generate anti-FLT3 CAR T cells, the following protocol was carried out. This example
shows that anti-FLT3 CAR T cells were successtully generated, that expression of the anti-FLT3
CAR T cells peaked at 4 days after transduction, and that T cells expressing anti-FLT3 CAR
expanded about 125 fold in 18 days.

[0384] On day 1, T cells were isolated from adult peripheral blood (purchased from New York
Blood Center, NYBC) using a negative magnetic isolation kit (StemCELL Technologies, no.
17951). T cells were mixed with Dynabeads (Human T-Activator CD3/CD28, Gibeo, no. 111.6110)
in a 1:1 cell to bead ratio and seeded in a non-treated 96-well Flat bottom cell culture plate at
density 810" cells/well or 1.6x10° cells/well in 200ul culture medium (RPMI 1640 Medium
{ATCC, no. 36-20013 + 10% heat inactivated fetal bovine serum (FBS) (Biowsest, no. §1620) +
1% penicillin/streptomycin {Gibeo, no. 15140122) or 10° cells/well in 24 well plate in 1 mi
medium. On day 2, T cells were transduced with CAR T lentivirus vector at several MO (0, 2, 5,
10 and 20} using 1:1000 polybrene (Smg/mL} (VectorBuilder). On day 4, transduction efficiency
was determined by flow cytometry. GFP positive cells were successfully transduced. Surface

expression of scFv was confirmed using a polyclonal anti-Fab APC antibody (Jackson
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ImmunoResearch, no. 169-607-003). T cells were stained with the scFv detection antibody for 30
minutes at 4°C. Cells were washed once with buffer and resuspended in 200uL buffer and analyzed
by flow cytometry. Flow cytometry acquisition was performed with a Beckman Coulter
CytoFLEX (Beckman Coulter), and analysis was performed with FlowJo (Treestar Inc, Ashland,
OR). T cell wedium was changed and supplemented with recombinant human 1L-2 at a final
maintain cell density between 0.5 and 1x10° cells/ml. On day 7, transduction efficiency was
assessed by flow cytometry, as described above. On day 10, transduction efficiency was assessed
by flow cytometry, as described above, and T cells are ready for functional cytotoxicity test (Fig,
3A).

103857 CAR T-cells were generated and expanded as described above. Specifically, cells were
transduced with a CAR having an amivo acid sequence of SEQ ID NO: 16 {with domains in the
following orientation: signal peptide-linker- scFV of SEQ 1D NO: 4 - linker- CD8g hinge- CD8a
transmembrane domain- CD28- 41BB-CD3(-T2A-GFP). Transduction efficiency was determined
over a 10 day period at different MOIs. Specificaily, GFP expression was measured in cells
transduced with the anti-FLT3 CAR3a (SEQ ID NO: 16). GFP expression peaked at day 4 and
decreased until day 7 and appeared to siabilize at day 10 for all MOIs (Fig, 3B). When transduced
with anti-FLT3 CAR3a, T cells expanded roughly 125-fold in 18 days (Fig. 3C). Expression of
the GFP {i.e. expression of the CAR construct} demonstrated linear correlation with expression of

scFv as expected (Fig, 3D).

Example 5: In vive and in vitro Anti-FLT3 CAR-T cytotoxicity against AML cell line
MOLM-13

[0386] This example shows that the anti-FLT3 CAR described in Example 4 is effective against
an AML cell line in vitro and effective to increase survival in an animal meode] of leukemia in vivo.
[0387] CAR T-cells were generated and expanded as described above and then used in a functional
cytotoxicity assay. Specifically, cytotoxicity of cells was measured using AML cell lines that
express FLT3, such as MOLM-13 (DSMZ, no. ACC 554} labeled with CeliTrace™ Violet Cell
Proliferation Kit (Thermo Fisher Scientific, no. C34571) (Fig. 4A). CAR T-cells {effector cells)
expressing the CAR encoded by SEQ 1D NGO 16 (encoding domains in the following orientation:

signal peptide-linker- scFV of SEQ ID NO: 4 — linker- CD8o hinge- CD8o transmembrane
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domain- CD28- 41BB-CD3-T2A-GFP) were co-cultured with labeled AML cells (target cells) at
vartous effector to target cell ratios (10:7, 5:4, 2:1, 104, 1:2 and 1:53) for 24 and 48 hours. Cells
were harvested, washed with FACS buffer, and resuspended in 200uL. of 11:100 7-AAD Viability
Staining Solution (Biolegend, no. 420404), and analyzed by flow cytometry. Flow cytometry
acquisition was performed with a Beckman Coulter CytoFLEX (Beckman Coulter), and avalysis
was performed with Flowlo {Treestar Inc, Ashiand, OR). Representative dot plots show the flow
data after excluding debris. Target cells are identified as CellTraceViolet™ and effector cells as
CellTraceViolet”. Gating on the CellTraceViolet™ cells, frequencies of dead (7TAAD) and live
(TAAD") target cells were deterruined. Cytotoxicity to MOLM-13 was significantly higher when
co~cultured in vitro with anti-FLT3 CAR3a-T cells compared to control T cells at 24 and 48 hours
{Figs. 4B and 4C).

[0388] /n vivo efficacy of anti-FLT3 CAR3a-T cells against leukemia was evaluated in female
NOD Co-Pricdcs [i2rg™™2/}icTac (hereinafter, abbreviated as NOG mice, Taconic, no. NOG-
F)yinto which AML cells, MOLM-13 cell line (DSMZ, no. ACC 554) transduced to express EGFP,
were transplanted. For each NOG mouse (n=14), 2710° EGFP-MOLM-13 cells were transplanted
intravenously on day 1. On day S and day 32 each mouse received either 4x10° control T cells
(n=7y or 4x10° anti-FLT3 CAR3a T cells (33% CAR™) (n=7). Some mice received 4x10° CAR-T
cells (33% CAR™) (n=4) to assess effects of CAR-T alone on mice (i.e. the anti-FLT3 CAR3a T
cells without MOLM-13 celis) (Fig. 5A). Mice showing symptoms of physiological distress,
cachexia, or hind-leg paralysis were sacrificed. Anti-FLT3 CAR3a-T cell treatment extended the
median survival to 47 days compared to 24 days wn control T cell mice (Fig. 8B). Mice were bled
every two weeks after T cell administration. Peripheral blood mononuclear cells were stained with
anti-mouse CD45 APC (BioLegend, no. 103112}, anti-human CDB45 APC-eFluor780 (Invitrogen,
1o, 47045942), anti-human CD33 BV510 (BioLegend, no. 366610}, and anti-human CD3 PE-Cy7
{BicLegend, no. 300420} and analyzed by flow cytometry to determine frequency of MOLM-13
cells (mCD4ShCD45 CD33'EGFP™) and T cells (mCD45hCD45°CD3™) or CAR-T cells
(mCD45hCD45"CD3"EGFP™) in circulation. Flow cytometry acquisition was performed with a
Beckman Coulter CytoFLEX (Beckman Coulter), and analysis was performed with Flowlo
{Treestar Inc, Ashland, OR). The frequency of T cells {(to that of total mononuclear cells) was
maintaived 1o anti-FLT3 CAR3a-T cells to day 47 and in some insiances to day 72 in treated

animals whereas control T cell treated mice were dead by day 28 (Figs. SC-SE).

123



WO 2023/023491 PCT/US2022/074984

Example 6: Targeting CD34" Bone Marrow HSPCs with FLT3-CAR-T cells for
Hematopeietic Stem Cell Transplant (HSCT) Conditioning

[0389] This example shows that anti-FLT3 CAR T cells described herein are effective to achieve
depletion of CD34+ HSPCs. This demonstraies the possibility of use of the anti-FLT3 CAR T cells
for HSCT.

Lreparation of human HNCs and iransplaniation

[0390] Mononuclear cells (MNCs) from fresh umbilical cord blood (CB) units {(Carolina Cord
Biood Bank) were isolated by density centrifugation using Ficoll separation medium (StemCELL
Technologies, no. 07801). To further purify MNCs, red blood cells were lysed using lysis buffer
{Alfa Aesar, no. J62150-AP). CB MNCs were then enriched for human CD347 cells using anti-
human CD34 microbeads (Miltenyi Biotec, no. 130-046-703). The CID34" fraction of MNCs was
enriched for T cells using negative magnetic isolation (StemCELL Technologies, no. 17951},
[03917 3-4 week old NOG female mice were injected with 2.4+10° CD34% cells and 10° T cells.
Mice were bled from the submandibular vein (~100uL) every 4 weeks to evaluate human
chimerism {Fig. 6A). PBMCs were stained with the following mAb panel to determine level of
humanization and lineage development: anti-mouse CD45 APC (Biol.egend, no. 103112}, anti-
human CD45 APC-eFluor780 (Invitrogen, no. 47045942), anti-human CD3 PE-Cy7 (BioLegend,
ne. 300420), anti-human CD19 PE (Biolegend, no. 302208}, anti-human CD33 FITC
{BioLegend, no. 303304), anti-human CD4 BV60S (BioLegend, 317438}, anti-human CDS
BY510 {BioLegend, no. 344732), anti-human CD45RA BV6S0 (BioLegend, no. 304136), anti-
human CD435RO Pacific Blue (BioLegend, no. 304216},

Conditioning with crdologous CAR-T cells

{03921 When the mice described above (Fig. 6A) showed robust human engraftment (1% human
CD457), 27 weeks post transplantation, mice received either 5210° autologous control T cells
{expanded in sanme way as CAR-T cells) or 5+10° autologous CAR-T cells (expressing the CAR
described in Example 3} Mice were bled on day 4, 14 and 18 post treatment with T cells. Mice
were euthanized on day 18 post treatment with T cells and peripheral blood and bone marrow
{BM) was isolated. Overall frequency of human CD45" cells in MINC fraction of peripheral blood
before and after treatment with control or CAR-T cells was measured and showed similar

engraftment between control T cells and anti-FLT3 CAR T cells (Fig. 6B8). Lineage frequencies (T
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cells (CD37), B cells (CI19Y), and myeloid cells (CD337)) before and after treatment with control
or CAR-T cells were measured in peripheral bloed (Fig. 6C) and changes in the frequencies over
time was measured (Fig. 6D). Myeloid cells showed significant decline in anti-FLT3 CAR-T cel]
treated mice compared to those treated with control T cells. Changes in the cell frequency were
then measured in isolated bone marrow (BM). Ferours and tibias from mice were visually assessed
for gross anatomical differences and showed no difference between control T cell and anti-FLT3
CAR T cell treated animals (Fig. 74). Total cell counts of MNCs from BM (BM-MNCs) were
recorded. BM-MNCs were also analyzed by flow cytometry as described above and frequencies
of human CD457 cells were determined (Fig. 7B). Lineage frequencies (T cells (CD37), B cells
{CD197), and myeloid cells (CDB337)) in the BM-MNCs were measured (Fig. 7C). Lineage cell
counts (T cells (CD3™), B cells (CD197), and myeloid cells (CD337)) before and after treatment
with control or CAR-T cells shown for individual mice in the two cohorts (Fig, 7D}
CD45+CD19+ B cell counts were trending lower (by 54.4% compared to control} in mice treated
with CAR-T. Without being bound by theory, it is possible B cell counts were reduced due to a
reduction in the number of HSCs, MPPs, and CPs.

{03931 BM-MNCs were stained with the following mAbs panel to determine frequencies of
HSPCs: anti-mouse D45 APC (BioLegend, no. 103112}, anti-human CD4S APC-eFluor780
(Invitrogen, no. 47045942}, anti-human Lineage cocktail BVS10 (BioLegend, no. 348807), anti-
human CD34 PE-Cy7 (BioLegend, no. 343516}, anti-human CD38 FITC (BioLegend, no.
356610), anti-human CD90 PE (Invitrogen, no. 12090942), and anti-human CD45RA BV650
{BioLegend, no. 304136}, Significant depletion of hematopoietic stem and progenitor cells
(CD38°CD34 and CD38CD34 populations) was observed in FLT3-CAR T treated mice
compared to controls (Fig. 84). CAR T-cell treated mice have significantly fewer progenitors in
the bone marrow compared to control mice. Further gating on the CD38CD34 population
revealed significant depletion of “true” hematopoietic stemn cells (HSCs) {CDOUCD45RAY,
ntti-potent progenitors {(MPPs) (CDOO-CD4SR A, and common progenitors (CPs) (CDS¢
CD45RA") (Fig. 8A and 8B).

Example 7: Generating a CAR construct with a suicide switeh

103941 CAR constructs incorporating a suicide safety switch were generated. Specifically, an

epidermal growth factor receptor (EGFR ) based safety switch, EGFRt (truncated EGFR), was co-
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expressed on the CAR plasmid after a T2A peptide sequence (the resulting CAR has an amino acid
sequence of SEQ ID NO: 7 and comprises domaius in the following orientation: signal peptide-
linker- scFV of SEQ ID NO: 4 linker- CD80 hinge- CD8a transmembrane domain- CD28- 41BB-
CD3C-T2A-EGFRt). Self-cleavage of peptide by T2A allows EGRFt to be expressed on the
surface. “Suicide” is achieved by treatment with cetuximab {(anti-EGFR mAb) that will target T
cells for opsonization in vivo.

[0395] A second consiruct, an inducible Caspase9 (iCasp9) based safety suicide switch, was
generated. 1Casp9 molecule was co-expressed on the CAR plasmid after a T2A peptide sequence
{(the resulting CAR has amino acid sequence of SEQ D NO: 8 and has domains in the following
orientation: signal peptide-linker- s¢FV of SEQ ID NO: 4 -inker- CDBo hinge- CD3a
transmembrane domain- CDZ8- 41BB-CD3-T2A-Casp9). Self-cleavage of peptide by T2A
allows iCasp9 to be expressed on the surface. “Suicide” is achieved by treatment with AP1903
(rimiducid) which leads to dimerization of iCasp9 and triggers apoptotic pathways.

[0396] Transduction efficiency of suicide~-CAR vectors based on surface expression of anti-FLT3
scFv in human T cells was measured. Expression of scFv was detected using a polyclonal anti-Fab
APC antibody (Jackson ImmunoResearch, no. 109-607-003). T cells were stained with the scFv
detection antibody for 30 minutes at 4°C. Cells were washed once with buffer and resuspended in
200 pL buffer + 1:100 7-AAD Viability Staining Solution (Biolegend, no. 420404), and analyzed
by flow cyiometry. Flow cytometry acquisition was performed with a Beckman Coulter
CytoFLEX (Beckman Coulter), and analysis was performed with FlowJo (Treestar Ine, Ashland,
OR). CAR-T frequencies were determined as 35.3%, 27.5% and 16.9% in anti-FLT3 CAR (SEQ
ID NO: 16), CAR3a-EGFRt (SEQ D NO: 7) and CAR3a-icasp® (SEQ 1D NO: &) samples
respectively (Fig. 8A).

Evaluation of Cytotoxicity with suicide CAR3a constructs CAR3a-FEGFRe and CAR3a-icasp9
[0397] In vitro cytotoxicity of CAR-T cells with suicide switches CAR3a-EGFRt and CARSa-
tcasp® compared to the original construct anti-FLT3 CAR3a against an AML celi line was
measured. NOMO-1 cells, AML cells that express FLT3, were labeled with CellTrace™ Violet
Cell Proliferation Kit {Thermo Fisher Scientific, no. €34571). CART-cells (effector cells) were
combined with labeled NOMO-1 (target cells} at various effector to target cell ratios (0.4, 5:4,
2:4, 104, 1:2and 1:5). The amount of total T cells used was kept the same without accounting for

differences in CAR-T frequencies (Fig. 9B). After 24 hours of co-culture, all cells were collected,
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labeled with 7-AAD Viability Staining Sclution (Biolegend, no. 420404}, and analyzed by flow
cytometry. Flow cytometry acquisition was performed with a Beckman Coulter CytoFLEX
{Beckman Coulter), and analysis was performed with Flowlo (Treestar Inc, Ashland, OR}
Representative dot plots show the flow data after excluding debris. Target celis were identified as
CellTraceViolet™ and effector cells as CellTraceViolet. Frequencies of 7TAAD" dead target cells
when incubated with T cells expressing CAR-3a, CAR3a-EGFRt and CAR3a-icasp9 at various
effectortarget ratios were measured. All CAR-T cells show significantly rore cytotoxic effect
against FLT3™ NOMO-1 cells compared to control T cells. There was no significant difference in
cytotoxic effect between either of the two suicide CAR-T celis (i.e. anti-FLT3 CAR-EGFRt and
anti-FLT3 CAR-icasp9) and the original CAR construct (anti-FLT3 CAR3aj) (Fig. $C).

Example 8: Cetuximab mediated depletion of CAR-Ts via ADCC in vitro as a functional test
of EGFR&-CART cell suicide switeh

[0398] This example demonstrates the successful depletion of CAR T cells expressing the
EGFRt suicide gene via antibody dependent cell cytotoxicity.

[0399] To validate expression of the EGFRt suicide switch, human T cells were transduced with
the plasmid depicted in Fig. 128 which expressed CAR3a-T2A-EGFRt (SEQ 1D NO: 7 and
encodes domains in the following orientation: signal peptide-linker- seFV of SEQ ID NO: 4 -
hinker- C38a hinge- CD8a transmembrane domain- CD28- 41BB-CD3-T2ZA-EGHFR1} lentiviral
vector. Surface expression of the anti-FLT3 CAR3a was detected using a polvelonal anti-Fab
APC antibody (Jackson ImmunoResearch, no. 109-607-003). Surface expression of the EGFRi
was confirmed using cetuximab (Selleckchem A2000} and geat anti-human IgG Fe FITC
antibody (Jackson} as a secondary antibody (Fig, 10A).

[0400] An antibody dependent celivlar cytotoxicity (ADCC) test was performed to measure
cetuximab mediated depletion of CAR3a-T2A-EGFRt T cells via ADCC. Specifically, CAR3a-
T2A-EGFRt -transduced T celis were expanded as described above. On day &, allogenic
mononuclear cells (MNCs) (from New York Blood Center (NYBC)) (effector cells) either total or
depleted of T cells using negative magnetic isolation (StemCELL Technologies, no. 17951) were
tabeled with CellTrace as previcusly described and added to culture with transduced T cells {(target
cells) at an effector to target ratio of 101, Cetuximab was added to co-culture at concentrations

ranging from 1-10000 ng/mbL. On day 12, all cells from co-cultures were collected and stained to
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detect scFv as previously described and analyzed by flow cytometry (Fig, 108). Transduced T
cells cultured alone (no PBMCs) show no significant decrease in CAR3a expressing cells after
treatment with Cetuximab (Fig. 18C). Transduced T cells cultured with total allogenic MNCs
(PBMCs) show dose dependent depletion of CAR3a expressing cells with Cetuximab. Transduced
T cells cultured with allogenic MNCs depleted of T cells (PBMUCs-Tcells) show dose dependent
depletion of CAR3a expressing cells with Cetuximab. Results support function of antibody-

dependent cellular cytotoxicity (ADCC) against EGFRt expressing CART-cells in vitro.

Example %: Efficacy of EGFR+-CAR T against AML in vive and Cetuximab mediated
depletion of CAR-Ts via ADCT in vive

{04017 This example demonstrates that anti-FLT3 CAR T cells expressing an EGFRY suicide gene
are able to improve survival in mice with AML (MOLM-13 cells) and are depleted upon treatment
with cetuximab via antibody dependent cell cytotoxicity.

[0402] in vivo efficacy of anti-FLT3 EGFRt-CAR-T cells (as described in Example 8) against
leukemia was evaluated in female NOD Cg-Pridc [i2rg™ 5 JicTac (hereinafter, abbreviated
as NOG mice, Taconic, no. NOG-F) into which an AML cell line, MOLM-13 (DSMZ, no. ACC
554) transduced to express EGFP, was transplanted. For each NOG mouse (n=15), 2x10° EGFP-
MOLM-13 cells were transplanted intravenously on day 1. Also on day 1, each mouse received
either 1010° control T cells (n=5) or 10x10° EGFR-CAR-T cells (20% CAR) (n=10). On day
18, all mice {(n=15) received 9x10° effector cells (MNCs depleted of T cells } and one group of
EGFRt~-CART mice (n=3) also received an i.p. injection of 200ug of Cetuximab. Three groups of
mice are CAR T (-} cetuximab (n=5) (no cetuximab), CAR T (+) cetuximab (n=5), and control T
(-} cetuximab (n=5) (Fig. 114). Survival curves were geverated up to 65 days post AML injection,
Mice showing symptoms of physiological distress, cachexia, or hind-leg paralysis were sacrificed.
FLT3 CAR-T treatment (without induction of CART suicide) extended the median survival to 45
days compared to 19 days in control T celf mice. The median survival of CAR T + cetuximab mice
was 52 days (Fig. 11B). Mice were bled every two weeks to determine engraftment of AML and
T cells. PBMCs were stained with anti-mouse CD45 APC (Biolegend, no. 103112), anti-human
CD45 APC-eFluor780 (Invitrogen, no. 470459423, and anti-human CD3 PE-Cy7 (BicLegend, no.
300420} and analyzed by flow cyiometry to determine frequency of MOLM-13 cells (mCD45
hCD45" EGFP™) and T cells (mCD45hCD457CD37). (Left) Mice treated with CAR-T cells show
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much less proliferation of MOLM-13 compared to control T cell treated mice at week 2. By week

4 and week 6, ali control T cell mice were found dead or were euthanized (Right) T cell

frequencies in peripheral blood (mCD45hCD457CD3 ™) were determined for each group at various

timepoints (Fig. 11C). The relative amount of circulating CAR-T cells in mice were also

determined at week 4 and week 6 by quantifying refative levels of CAR specific DNA by ¢PCR.

Cetuximab treatment effectively reduced the frequency of circulating CAR-T cells (Fig. 118}

SEQUENCE LISTING

SEQ
D
NO

Description

Sequence

1

Light chain variable
region of cAb1978

DIOMTQSPSSLSASVGDRVTITCRASQEISGYLSWLQGKP
GERAIKRLIYAASTLOSGVPSRESGSRSGSDYTLTISSLOPE
DFATYYCLOYASYPFTFGOQGTKLEIK

A

Light chain variable
region of cAb1980

DIVMTQSPDSLAVSLGERATINCKASQEISGYLSWLOQKP
GQPIKRLIYAASTRESGVPDRFSGSRSGSDYTLTISSLOAE
DVAVYYCLOYASYPFTEFGOQGTKLEIRK

Heavy chain
variable region of
cAb1978 and 1980

QVTLKESGPTLVKPTQTLTLTCTFSGFSLSTSTMGVGWIR
OPPGRKALEWLAHILWNDSKRYNPSLEKSRLTITKDTSKKO
VVLTMTNMDPVDTATYYCARIVYYSTYVGYFDVWGQG
TTVIVSS

sckFv of cAbIO78

DIOMTOSPSSLSASVGDRVTITCRASQEISGYLSWLQQKP
GKAIKRLIYAASTLOSGVPSRESGSRSGSDYTLTISSLOPE
DFATYYCLOYASYPFTFGQOTKLEIKGGGGSGGGESGGE
SGGOGROVTLKESGPTLVEPTOQTLTLTCTFSGESLSTSTM
GVGWIRQPPGKALEWLAHILWNDSKRYNPSLKSRLTITK
DTSKKQVVLTMTINMDPVDTATYYCARIVYYSTYVGYFD
VWGOGTTVTVSS

scFv of cAbI980

BIVMTOSPDSLAVSLGERATINCRKASQEISGYLSWLOQQKP
GOPIKRLIYAASTRESGVPDRESGSRSGIDYTLTISSLOAE
DVAVYYCLQYASYPFTFGQUGTKLEIKGGGGSGGGGESGH
GSOGGGGIOVTLKESGPTLVRKPTQTLTLTCTEFSGFSLSTRT
MGVGWIRQPPGKALEWLAHIL WNDSKRYNPSLKSRLTIT
KDTSKKOQVVLTMTINMDPVDTATYYCARIVYYSTYVGYF
DVWGOGTTVTVSS

Amino acid
sequence of anti-
FLT3 CAR with 19
amino acid hinker
{(SIGNAL
PEPTIDE- finker-
SAR1978-30.11
Vi~ 19AA

MALPYVIALLLPLALLLHAARPgsDIQMTOSPSSLSASVGDR
VITTCRASQEISGYLSWLOOKPGEAIKRLIVAASTLOS
GVPSRESGSRSGRDYTLTISSLOPEDFATYYCLOYASRYP
FTFGOGTKLEIKGGGGSOGGESGOGSGOOGSQVILEKES
GPILYVEPTOTLTLTCTESGESLSTSTMGYVGWIRQPPG
KALEWLAHIEWHNDSKRYNPSLEKSRETITRDTSKEQGYY
LIMINMDBPVDTATYYCARIVYYSTYVGYFBVWGOGT
YVEYVSSosFVPVILPARPTTTPAPRPPTPAPTTASOPLSIRPEA
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LINKER-
SABI978-38,11

CRPAAGGAVHTRGLDFACDIVIWAPLAGTCGVELLRLVITE
YONHRNRSKRSRLLHSDYMNMTPRRPGPTREKHY(PYAPP

YH- linker-
CDSoHINGE-
CD8aTM- CD28-
41BB- ¢d30)
encoded by pCDH-
EF1-CAR3a 19aa
Hnker plasmid

Where each domain
matches the case
{i.e. capital or
lowercase), bold,
italic, and/or
underlined
formatting between
the sequence
description and the
Sequence.

RODFAAVRSKRGREKLLYIFKOPFMREPVOTTOEEDGCSCR
FPEEEEGGCEL rvkfsrsadapayqaggnaglynelnlgrreeydvidkirgrdpe
mggkprrknpgeglynelgkdkmasayseigmkgerrgkghdglvqglistatkdty
dalhmgalppr

~3

Amino acid
sequence of anti-
FLT3 CAR with 19
amino acid linker
and HGFR
(SIGNAL
PEPTIDE- linker-
SAB1978-30.11
VL- 19AA
LINKER-
SABIO78-30.11
YH- linker-
CD8aHINGE-
(D8 TM- CD28-
41BB- cd3{-
LINKER- {23~
egfrt) encoded by
FF1 CAR3a 19aal
inkerT2Aegfit VB
200623 plasmid

Where each domain
matches the case,
bold, italic, and/or
underlined
formatting between

MALPVTALLLPLALLIHAARPgsDIQMTOQSPSSLSASVGDR
YTITCRASQEISGYLSWLOOKPGKAIKRLIVAASRTLQS
GVPSRISGSRIGSDYTLTISSLOPEDFATYYCLOYASYP
FTFGOGTKLEIKGGGGSGOGOSGGGSGGOGSQYTLKES
GPILVEPTOTL L TOTESGESLSTSTMGYGWIROPPG
KALEWLABH WHNDSKRYNPSLEKSRLTITEDTSKEK
LIMINMDPVDTATYYCARIVYYSTYVGYFDYWGOGT
EVEIVRSosH VPV LPAKPITTPAPRPP TPAPITASOPLALRPEA
CRPAAGGAVHIRGIDEACDIVIWAPLAGTCGVELLSEYVITE,
YONHRNRSKRSRIILHSDYMNMTPRRPGPTRKHY(PYAPP
RDFAAYRSKRGRKELLYIFKQOPFMREVOTTOEEDGCSCR
FPEEEEGGCEL rvkisrsadapaygqeanglynelnlgrreevdvidkrrgrdpe
mggkprrknpgeglynelgkdiomaeayseigmkgermrgkghdglyqglstatkdty
dalhmqalpprGSGegrestitcgdveenpgpmiiivisiiicelphpafiliprkve
ngigigefkdsisinatnikhfknetsisgdihilpvafrgdstthippldpgeldilkt
vkeitgilligawpenrtdihafenietivgrikghggfslavvsinitsigirsikeisd
gdviisgnknlcyantinwkidfgtsggktkiisnrgensckatggvchalespege
wepeprdevsernvsrgrecvdkenllegeprefvensecigchpecipgamnit
ctgrgpdacigeahyidgphevkicpagvmgenntivwkyadaghvchichp
netygetgpglegeptngpkipsiatgmvgalliftvvalgigifm
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the description and
the sequence.

Amino acid
sequence of anti-
FLT3 CAR with 19
amino acid linker
and 1Casp9
(SIGNAL
PEPTIDN- finker-
SABI1978-30.11
YVI- 1SAA
LINKER-
SABIST8-30.11
YH- linker-
CORadINGE-
CD8aThM- CD2S-
41BB- ¢d3-
LINKER- 2a -
iCasp?) encoded
by

pCDH-EF 1~
CAR3a 19aa
Hoker T2A icasp9
plasnid

Where each domain
matches the case,
bold, italic, and/or
underlined
formatting between
the description and
the sequence.

MALPVIALILPLIALLLHAARPgsDIQMTOSPSSLEASVGDR
VTITCRASQEISGYLSWLOQKPGKAIKRLIVAASTLOS
GVPSRFSGSRSGSDYTLTISSLOPEDFATYYCLOQYASYP
FYRGOGTRLEIKGGGGSGGOGSGOGSGOGOSQVILERES
GPTLVEPTOTLTLTCTESGEFSLASTSTMGVGWIROPPG
BALEWIAHU WRNDSKRYNPSLESRETITKDTSKKQOVY
LIMINMBDPYDTATYYCARIVYYSTYVGYFDVWGOGT
TVIVSKenf VPV PARPITIPAPRPETPAP TTASOPLSEREEA
CRPAAGGAVHIRGLDEFACDIVIWAPLAGTCGVELESEVITE,
VONHRNRESERSRLLHSDYMNMTPRRPGPTREKHYQPYAPP
RDFAAYRSKRGREKKLLYIFKOPFMRPVOTTOEEDGCSCR
FPEEEEGGCELrvkfsrsadapayqqggnglynelnigrreeydvidkirgrdpe
mggkprrknpgeglynelgkdkmacay seigmkgerrgkghdglyqglstatkdty
dalhmqalpprGSGegrastiicedveenpgpmgvgvetispgdgrifpkrggte
vyhytgmledghkvdssrdrnkpthimighqevirgweegvagmsvggrakl
tispdyaygatghpgiipphatividvelkiesggpstnrgaaldskptienltpvy
Irpeirkpevirpetprpvdigsggfedvgalesirgnadiayilsmepegheliin
nvaferesglrtrigsnideekirrefssibfmvevkgditakkmviallelagqdh
galdecvvvilshgegashlgfpgavygtdgepvsvekivaifngtsepsiggkpkd
fliqacggeqkdhglevastspedespgsnpepdatpigegirifdgldaissiptp
sdifvsystipglvswrdpksgswyvetlddifeqgwahsedigslirvanavsvkg
ivkgmpgefnflvkkiffkis

9

Amino acid
sequence of anti-
FLT3 CAR with S
amino acid linker
{Signal peptide-
linker- sAb1978-
3011 VL- 1%aa
linker- sAb1978-
30.11 VH- linker-
CD8ahinge-
CDRaTM-~ CD238-
41BB- CD3zeta)
encoded by

MALPYVTALLLPLALLLHAARPGSDIOMTQSPSSLSASVGD
RVTITCRASQEISGYLSWLOQOKPGKAIKRLIYAASTLOSG
VPSRFSGSRSGSDYTLTISSLOPEDFATYYCLOYASYPFTF
GOGTKLEIK GGGGS
OVTLKESGPTLVKPTQTLTLTCTESGESLETSTMGVGWIR
OPPGKALEWLAHILWNDSKRYNPSLKSRLTITKDTSKKO
VVLTMTNMDPVDTATYYCARIVYYSTYVGYFDVWGQG
TTVTVSSGSFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLR
PEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLS
LYITLYCNHRNRSKRSRLLHSDYMNMTPRRPGPTRKHYQ
PYAPPRDFAAYRSKRGREKLLYIFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKFSRSADAPAYQQGQNGQLYNE
LNLGRREEYDVLDKRRGRDPEMGGKPRREKNPOEGLYNE
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HG-CAR-TG105-
FF1 CAR3a 5aa
linker plasmid

LOKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

Amino acid
sequence of anti-
FLT3 CAR with 19
amino acid linker
{Signal peptide-
linker- sAb1978-
30.11 VL- 19aa
linker- sAb1978-
30.11 VH- linker-
CDRahinge-
CD8aTM- CD28-
41BB- CD3zela)
encoded by
HG-CAR-TG10S-
EF1 CAR3a 10aa
linker

MALPVTALLLPLALLLHAARPGSDIOMTQOSPSSLEASVGD
RVTITCRASQEISGYLSWLOQKPGKAIKRLIYAASTLOSG
VPSRFSGERSGSDYTLTISSLOPEDFATYYCLOQYASYPFTF
GQOTKLEIKGGGOGRGGOGSOVTLRKESGPTLVKPTOQTLTL
TCTEFSGESLSTSTMGVGWIRQPPGRKALEWLAHILWNDSK
RYNPSLKSRLTITKDTSKEQVVLTMTNMDPVDTATYYCA
RIVYYSTYVOGYFRDVWGQOTTVTVSSGSFVPVELPAKPTT
TPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA
CDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSRLLHS
DYMNMTPRRPGPTRKHYOQPYAPPRDFAAYRSKRGRKKL
LYIFKQPFMRPVOTTQEEDGCSCRFPEEEEGGCELRVKES
RSADAPAYQQGONGLYNELNLGRREEYDVLDKRRGRDP
EMGGKPRREKNPQEGLYNELOKDKMAEAYSEIGMKGERR
RGKGHDGLYQGLSTATEKDTYDALHMGQALPPR

Aming acid
sequence of anti-
FLT3 CAR with 15
aming acid linker
(Signal peptide-
finker- sAh1978-
30.11 VL~ 1%aa
Huker- sAb1978-
30.11 VH- linker-
CD8ahinge-
CD8aTM- CD28-
41B8- CD3zeta)
encoded by
HG-CAR-TG105-
EF1_CAR3a_15aal
inker plasmid

MALPVTALLIPLALLLHAARPGSDIOMTOSPSSLSASVGD
RVTITCRASQEISGYLSWLQOKPGRKAIKRELIYAASTLOSG
VPSRFSGSRSGSDYTLTISSLOPEDFATYYCLQYASYPFTF
GQGTKLEIKGGGGSGOGESGGOGSQVTLKESGPTLVKPT
QTLTLTCTFSGEFSLSTSTMGVGWIRQPPGKALEWLARILW
NDSKRYNPSLKSRLTITKDTSKKQVVLTMTNMDPVDTAT
YYCARIVYYSTYVOYFDYWGOQGTTVTVSSGSFVPVELPA
KPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRG
LODFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNRSKRSR
LLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRSKRG
RKKLLYIFKOQPFMRPVOTTOEEDGCSCRFPEEEEGGCELR
VEKFSRSADAPAYQOGONQLYNELNLGRREEYDVLDKRR
GRIDPEMGGKPRREKNPOEGLYNELQKDKMAEAYSEIGMK
GERRRGKGHDGLYQGLSTATKDTYDALHMOQALPPR

Amino acid
sequence of anti-
FLT3 CAR with 20
amino acid linker
{Signal peptide-
linker- sAB1978-
30.11 VL- 19%aa
linker- sAb1978-
36.11 VH- linker-
CD8ahinge-
CD8aTM- CD28-

MALPVTALLLPLALLLHAARPGSDIGMTQSPSSLSASVGD
RVTITCRASQEISGYLSWLQOKPGKAIKRLIYAASTLQSG

VPSRESGSRSGSDYTLTISSLOPEDFATYYCLOYASYPHFTY

GOGTKLEIKGGGGSGGGGRGGOGSGOGOISQVTLKESGPT
LVKPTQTLTLTCTFSGFSLSTSTMGVGWIRQPPGKALEWL
AHILWNDSKRYNPSLKSRETITKDTSKKOQOVVLTMTINMDP
VDTATYYCARIVYYSTYVGYFDVWGOQGTTVTVSSGSEVP
VFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGA

VHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCONHRNR
SKRSRLLHSDYMNMNMTPRRPGPTRKHYOQPYAPPRDFAAYR
SKRGREKKILYIFKOQPFMRPVOTTOQEEDGCSCRFPEEEEGG
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41BB- CD3zeta)
encoded by
HG-CAR-TG10S-
EF1 CAR3a 20aa
linker plasmid

CELRVKFSRSADAPAYQQGQONQLYNELNLGRREEYDVL
DKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSE
IGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPP
R

Amino acid anti-
FLT3 CAR with 20
amino acid linker
(Signal peptide-
finker- sAb1978-
3011 VL- 19aa
linker- sABH1978-
3¢.11 VH- linker-
CDBahinge-
CD8aTM- C328-
CD3zeta) encoded
by
CAR33-20aalinker-
NO-41BB plasmid

MALPVTALLLPLALLLHAARPGSDIOMTOSPSSLSASVGD
RVTITCRASQEISGYLSWLQOKPGKAIKRLIYAASTLQSG
VPSRFSGSRSGSDYTLTISSLQPEDFATYYCLOYASYPETE
GQGTKLEIKGGGGSGOGGSGGOGSGGGGSQVTILKESGPT
LVKPTQTLTLTCTFSGFSLSTSTMGVGWIRQPPGKALEWL
AHILWNDSKRYNPSLKSRETITKDTSKKQVVLTMTNMDP
VDTATYYCARIVYYSTYVGYFDVWGQGTTVTVSSGSFVP
VFLPAKPTTTPAPRPPTPAPTIASGPLSLRPEACRPAAGGA
VHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNR
SKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYR
SRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDK
RRGRODPEMGGKPRRENPOEGLYNELQKDKMAEAYSEIG
MKGERRRGKGHDGLYOQGLATATKDTYDALHMOALPPR

14

Amino acid
sequence of anti-
FLT3 CAR with 19
amino acid linker
(Signal peptide-
linker- sAb1978-
3011 VL- 1%aa
finker- sAbB1978-
30.11 VH- linker-
CD8ahinge-
CD8aTM- 41BB-
CD3zeta) encoded
by
CAR3a-19%aalinker-
NO-CD28 plasmid

MALPVTALLIPLALLLHAARPGSDIOMTOSPSSLSASVGD
RVTITCRASQEISGYLSWLQOKPGRKAIKRELIYAASTLOSG
VPSRFSGSRSGSDYTLTISSLOPEDFATYYCLQYASYPFTF
GQGTKLEIKGGGGSGOGESGGHSGGGGSQVTLKESGPTL
VEPTOTLTLTCTFSGFSLSTSTMGVOGWIRQPPGKALEWLA
HIEWNDSKRYNPSLESRLTITKDTSKKQVVLTMTNMDPY
DTATYYCARIVYYSTYVGYFDVWGOQGTTVTVSSGSEVRY
FLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAV
HTIRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNKR
OGREKLLYIFKQPFMRPVOQTTOQEEDGCSCRIFPEEEEGGCEL
RVKFSRSADAPAYOQOQGONQLYNELNLGRREEYDVLIDKR
RGROPEMGOKPRREKNPQEGEYNELGKDKMAEAYSEIGM
KGERRRGKGHDOGLYQGLSTATKDTYDALHMQALPPR

Amino acid
sequence of anti-
FLT3 CAR with 5
amino acid linker
(Signal peptide-
linker- sAB1978-
30.11 VL~ 19aa
linker- sAb1978-
30.11 VH- linker-
CD8ahinge-
CD8aTM- CD28-

MALPVTALLIPLALLLHAARPGSDIOMTOSPSSLSASVGD
RVTITCRASQEISGYLSWLQOKPGKAIKRLIYAASTLQSG
VPSRESGSRSGSDYTLTISSLOPEDFATYYCLQYASYPFTF
GQOGTKLEIK GGGGS
QVTLKESGPTLVEPTOTLTLTCTFSGFSLSTSTMGVOWIR
QPPGKALEWLAHIEWNDSKRYNPSLKSRLTITKDTSKKQ
VVLITMTNMBDPVDTATYYCARIVYYSTYVGYFDVWGRG
TIVTVSSGSFVPVFLPAKPTTTPAPRPPTPAPTIASGPLSLR
PEACRPAAGGAVHTRGLDFACDIVIWAPLAGTCGVLLLS
LVITLYCONHRNRSKRSRLLHSBYMNMTPRRPGPTRRKHYQ
PYAPPRDFAAYRSRVKFSRSADAPAYQQGQNQLYNELNL
GRREEYDVLDKRRGROPEMGOKPRREKNPQEGLYNELGK
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CD3zeta) encoded

DEKMAEAYSEIGMEKGERRRGKGHDGLYQGLSTATKDTYD

by ALHMGALPPR
CAR3a-5aalinker-
NO-4iBB
16 Amino acid MALPVTALLLPLALLLHAARPGSDIQMTQSPSSLSASVGD
sequence of anti- RVTITCRASQGEIRGYLSWLOQOKPGKAIKRLIYAASTLGSG
FLT3 CAR with 19 | VPSRFSGSRSGSDYTLTISSLOQPEDFATYYCLQYASYPETF
amino acid linker GQGTKLEIKGGGGSGOGGSGGESGGGGSQVTLKESGFTL
and GFP (Signal VEPTQTLTLTCTFSGFSLSTSTMGVGWIRQPPGKALEWLA
peptide~ linker- HILWNDSKRYNPSLESRLTITKDTSKKGVVLTMTNMDPY
sAb1978-30.11 DTATYYCARIVYYSTYVGYFRVWGQGTTVTVSSGSFVPY
Vi~ 19aa linker- FEPAKPTTTPAPRPPTPAPTIASQPLILRPEACRPAAGGAY
sAb1978-30 11 HTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHRNRS
VH- linker- KRSRILHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS
CD8ahinge- KRGREKKLLYIFKQPFMRPVOTTQEEDGUSCRFPEEEEGGC
CD8aTM- CD28- ELRVEKFSRSADAPAYQOGONQLYNELNLGRREEYDVLD
41BB- CD3zeta-~ KRRGRDPEMGGKPRRENPOEGLYNELQKDKMAEAYSEL
T2A-GFP) encoded | GMEKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPP
by pCDH-EF1- RAAAEGRGSLLTCGDVEENPGPSGMESDESGLPAMEIEC
CAR3a 19aa RITGTLNGVEFELVGGGEGTPKOGRMTNKMEKSTKGALTF
finker T2A GFP SPYLLSHVMGYGFYHFGTYPSGYENPFLHAINNGGYTNT
RIEKYEDGGVLHVSFSYRYEAGRVIGDFKVVGTGEFPEDS
VIFTDKHRSNATVEHLHPMGDNVLVGSFARTFSLRDGGY
YSFVVDSHMHFKSATHPSILONGGPMFAFRRVEELHSNTE
LGIVEYQHAFKTPIAFARSRAQSSNSAVDGTAGPGSTGSR
17 Heavy chain QVTLKESGPGILOPSQTLSLTCSFSGFSLSTSTMGVGWIRG
variable regionof | PSGKGLEWLLHILWNDSKYYNPALKSRLTISKDTYNKQVY
cAbl1977-10.0 FLKIANVDTADTATYYCARIVYYSTYVGYFDVWGAGTT
VTVSS
18 Heavy chain QVTLKESGPTLVKPTQTLTLTCTESGFSLETSTMGVGWIR
variable region of QPPGRALEWLAHILWNDSKRYNPSLESRLTITKDTSKKQ
cAb1979-10.0 VVLTMTNMDPVDTATYYCARIVYYSTYVGYFDVWGQG
TTVIVSS
19 Heavy chain GITLKESGPTLYKPTOQTLTLTCTFSGFSLSTSTMGVGWIRG
variable region of PPGKALEWLAHILWNDDEKRYGPSLKSRLTITKDTSKKQY
cAb1981-10.0 VETMTNMBDPVDTATYYCARIVYYSTYVGYFDVWGQGT
TVTVYSS
20 Heavy chain GITLKESGPTLYKPTQTLTLTCTFSGFSLSTSTMGVGWIRG
variable region of PPGKALEWLAHILWNDDEKRYGPSLKSRLTITKDTISKKQY
cAb1982-10.0 VLETMTNMBDPVDTATYYCARIVYYSTYVGYFDVWGQGT
TVTVYSS
21 Heavy chain GITLKESGPTLYKPTQTLTLTCTFSGFSLSTSTMGVGWIRG

variable region of
cAb1983-10.0

PPGKALEWLAHILWNDDERYGPSLKSRLUTITKDTSKKQY
VETMINMDPVDTATY YCARIVYYSTYVGYFDVWGQGT
TVIVSS
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22 Heavy chain QVQLOESGPGLVKPSETLSLTCTFSGFSLSTSTMGVGWIR
variable region of QPPGKGLEWIGHH WNDSKYYNPSLEKSRVTISKDTSKKQF
cAb1984-10.0 SLKLSSVTAADTAVYYCARIVYYSTYVOGYFDVWGOQGTT

VTVSS

23 Heavy chain QVQLOESGPGLVKPSETLSLTCTFSGFSLSTSTMGVGWIR
variable region of QPPGKGLEWIGHHE. WNDSKYYNPSLKSRVTISKDTSKKQF
cAb1985-10.0 SLKLSSVTAADTAVYYCARIVYYSTYVGYFDVWGOGTT

VTVYSS

24 Heavy chain QVQLOESGPGLVKPSETLSLTCTFSGFSLSTSTMGVGWIR
variable region of QPPGKGLEWIGHHEL WNDSKYYNPSLKSRVTISKDTSKKQF
cAbl1986-10.0 SLKLSSVTAADTAVYYCARIVYYSTYVOGYFDVWGOQGTT

VTVYSS

25 Heavy chain QVQLOQSGPGLVKPSQTLSLTCAFSGESLSTSTMGYGWIR
variable region of QSPSRGLEWLGHILWNDSKEYYNPSVESRITINKDTSKKQH
cAbl1987-10.0 SLOLNSVTPEDTAVYYCARIVYYSTYVGYFODVWGOGTT

VTVYSS

26 Heavy chain QVQLOQSGPGLVKPSQTLSLTCAFSGESLSTSTMGYGWIR
variable region of QSPSRGLEWLGHILWNDSKDYNPSVESRITINKDTSKKOQF
cAbl1988-10.0 SLOLNSVTPEDTAVYYCARIVYYSTYVGYFODVWGOGTT

VTVYSS

27 Heavy chain QVQLOQQSGPGLVEKPSQTLSLTCAFSGFSLSTSTMGYGWIR
variable region of QSPSRGLEWLGHILWNDSKDYNPSVESRITINKDTSKKOQF
cAbl1989-10.0 SLOLNSVTPEDTAVYYCARIVYYSTYVGYFDVWGOGTT

VTVSS

28 Light chain variable | DIQMTQSPSSLEASLGERVSLTCRASGEISGYLSWLOQKP
region of cAb1977- | DGTIKRLIYAASTLHSGVPKRISGSRSGSDYSLTISRLESE
10.0 DVADYYCLOYASYPFTFGSGTKLEIK

29 Light chain variable | EIVMTOSPGTLSLSPGERATLSCRASQEISGYLSWLOQOKP
region of cAb1979- | GOAIRRLIYAASTRATGIPDRFSGSRSGSDYTLTISRLEPED
10.0 FAVYYCLOYASYPFTEGOGTKLEIK

30 Light chain variable | BDIQMTQSPSSLSASVGDRVTITCRASQEISGYLSWLQOKP
region of cAb1981- | GKAIKRLIYAASTLOSGVPSRFSGSRSGSDYTLTISSLOPE
10.0 DFATYYCLOYASYPFTFGOGTKLEIK

31 Light chain variable | EFIVMTOSPGTLSLSPGERATLSCRASQEISGYLSWLGQQKP
region of cAbI982- | GOAIRRLIYAASTRATGIPDRFSGSRSGSDYTLTISRLEPED
10.0 FAVYYCLOYASYPFTFGOGTELE]

32 Light chain variable | DIVMTQSPDSLAVSLGERATINCKASQEISGYLSWLQQKP
region of cAb1983- | GQPIKRLIYAASTRESGVPDRFSGSRSGSDYTLTISSLOAE
10.0 DVAVYYCLOYASYPFTEGOQGTKLEIK

33 Light chain variable | DIQMTQSPSSLSASVGDRVTITCRASGEISGYLSWLGQKP
region of cAb1984- | GKAIKRLIYAASTLOSGVPSRFSGSRSGSDYTLTISSLOPE
10.0 DFATYYCLOYASYPFTFGQGTKLEIK

34 Light chain variable | EIVMTQSPGTLSLSPGERATLSCRASQEISGYLSWLQOKP

region of cAb1985-
10.0

GOAIRRLIYAASTRATGIPDRFSGSRSGSDYTLTISRLEPED
FAVYYCLOQYASYPFTFGOGTKLEIK
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4
(1

Light chain variable
region of cAb1980-
10.0

DIVMTOSPDSLAVSLGERATINCKASQEISGYLSWLQOKP
GOPIKRLIVAASTRESGVPDRESGSRSGSDYTLTISSLGAE
DVAVYYCLOYASYPFTFGOQGTKLEIK

36

Light chain variable
region of cAb1987-
10.0

DIOMTOSPSSLSASVGDRYTITCRASOQEISGYLSWLQQKP
GKATKRLIYAASTLOSGVPSRFSGSRSGSDYTLTISSLOPE
DEATYYCLOYASYPFTFGOGTKLEIK

Light chain variable
region of cAb19BR-
16.0

EIVMTQSPGTLSLSPGERATLSCRASQEISGYLSWLQQKP
GOAIRRLIYAASTRATGIPDRISGSRSGSDYTLTISRLEPED
FAVYYCLOYASYPFTFGOGTKLEIK

Light chain variable
region of cAbB1989-
10.0

DIVMTQSPDSLAVSLGERATINCKASQEISGYLSWLOQKP
GOPIKRLIYAASTRESGVPDRFSGSRSGSDYTLTISSLOAE
DVAVYYCLOYASYPFTFGOGTKLEIK

Amino acid
sequence of
cAb1977-10.0 scFv

DIGMTQSPSSLSASLGERVSLTCRASQEISGYLSWLQOQKP
DGTIKRLIYAASTLHSGVPKRFSGSRSGSDYSLTISRLESE
DVADYYCLOYASYPFTFGSGTKLEIKGGGGSGGGGSGGG
SGGOGSOVTLKESGPGILOPSQTLSLTCSFRGFSLSTSTMG
VOWIRQPSGKGLEWLLHIEWNDSKY YNPALKSRLTISKD
TYNKOVFLKIANVDTADTATYYCARIVYYSTYVGYFDY
WGAGTTVTVSS

40

Amino acid
sequence of
cAb1979-10.0 scFv

EIVMTQSPGTLSLSPGERATLSCRASQEISGYLSWLQOKP
GOAIRRLIYAASTRATGIPDRFSGSRSGSDYTLTISRLEPED
FAVYYCLOYASYPFTFGQGTKLEKGGGGSGGGESGGES
GOGGSQVTLKESGPTLVKPTOTLTLTCTFSGFSLSTSTMG
VOGWIROQPPGKALEWLAHIL WNDSKRYNPSLKSRETITKD
TSKKOVVLTMTINMDPVDTATYYCARIVYYSTYVGYFDY
WGOGTTVTVSS

41

Arivno acid
sequence of
cAb1981-10.0 sckv

DIOMTQSPSSLSASVGDRVTITCRASQEISGYLSWLOQKP
GKAIKRLIYAASTLQSGVPSRFSGSRSGSDYTLTISSLOPE
DFATYYCLOYASYPFTFGOGTKLEIKGGGGSGGGGSGGE
SGGGGSQITLKESGPTLYVKPTOTLTLTCTFSGFSLSTSTMG
VGWIRQPPGKALEWLAHILWNDDKRYGPSLKSRLTITKD
TSKKQVVLTMTNMDPVDTATYYCARIVYYSTYVGYFDY
WGOGTTVTVSS

42

Amino acid
sequence of
cAb1982-10.0 scFv

EIVMTOSPGTLSLSPGERATLSCRASQEISGYLSWLQQKP
GOAIRRLIYAASTRATGIPDRFSGSRSGSDYTLTISRLEPED
FAVYYCLQYASYPFTFGOGTKLEK GGGGSGGGGSGGGS
GGGGSOQITLKESGPTLVKPTQTLTLTCTFSGFSLSTSTMGV
GWIRQPPGKALEWLAHILWNDDKRYGPSLKSRLTITKDT
SKKOVVLTMTNMDPVDTATYYCARIVYYSTYVGYFDV
WGEQGTTIVTVSS

43

Axnino acid
sequence of
cAb1983-10.0 scFv

DIVMTQSPDSLAVSLGERATINCKASQEISGYLSWLOQKP
GOPIKRLIYAASTRESGVPDRFESGSRSGSDYTLTISSLOAE
DVAVYYCLOQYASYPFTFGOQGTKLEIKGGGGSGGOGESGH
GSGOGGSQITLKESGPTLVKPTOQTLTLTCTESGESLSTSTM
GVGWIRQPPGKALEWLAHILWNDDKRYGPSLKSRLTITK
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DTSKKOQVVLTMTINMDPVDTATYYCARIVYYSTYVGYFD
VWGOGTTVTVSS

44

Amino acid
sequence of
cAb1984-10.0 scFv

DIOMTQSPSSLSASVGDRVTITCRASQEISGYLSWLQQKP
GEAIKRLIYAASTLOSGVPSRESGSRSGSDYTLTISSLOPE
DFATYYCLOYASYPFTFGOQGTEKLEIKGGGGSGGGGSGGE
SGGOGGSQVOLQESGPGLVEPSETLSLTCTRSGEFSLETSTM
GVOWIRQPPGKGLEWIGHILWNDSKYYNPSLKSRVTISK
DTSKKGQFSLKLSSVTAADTAVYYCARIVYYSTYVGYFDY
WGOGTTVTVSS

45

Amino acid
sequence of
cAb1985-10.0 scFv

EIVMTOSPGTLSLSPGERATLSCRASOEISGYLSWLOQKP
GQAIRRLIYAASTRATGIPDRFSGSRSGSDYTLTISRLEPED
FAVYYCLOYASYPFTFGQGTKLEIKGGGGSGGGGSGGGS
GGGGSOVOLOESGPGLVKPSETLSLTCTFSGFSLETSTMG
VGWIRQPPGKGLEWIGHILWNDSK Y YNPSLKSRVTISKDT
SKKQFSLKLSSVTAADTAVYYCARIVYYSTYVGYFDVW
GQGTTVIVSS

46

Amino acid
sequence of
cAb1986-10.0 scFv

DIVMTOSPDSLAVSLGERATINCRKASQEISGYLSWLOQQKP
GOPIKRLIYAASTRESGVPDRFSGSRSGSDYTLTISSLOAE
DVAVYYCLQYASYPFTFGOQOGTKLEIKGGGGSGGGGSGH
GSGGOGSOVOQLOESGPGLVKPSETLSLTCTFSGFSLSTST
MGVGWIRQPPGKGLEWIGHILWNDSKYYNPSLKSRVTIS
KDTSKKQFSLELSSVTAADTAVYYCARIVYYSTYVGYFED
VWGOQGTTVIVSS

47

Arino acid
sequence of
cAb1987-10.0 scFv

DIOMTQSPSSLSASVGDRVTITCRASQEISGYLSWLOQKP
GKAIKRLIYAASTLQSGVPSRFSGSRSGSDYTLTISSLGPE
DEATYYCLOYASYPFTFGOGTKLEIKGGGGSGGGGSGGG
SGGGGSQVOQLOQSGPGLVKPSQTLSLTCAFSGFSLSTSTM
GVGWIRQSPSRGLEWLGHILWNDSKDYNPSVKSRITINK
DTSKKOFSLOLNSVTPEDTAVYYCARIVYYSTYVGYFDV
WGOGTTVTVSS

48

Amino acid
sequence of
cAB1988-10.0 scFv

EIVMTQSPGTLSLSPGERATLSCRASQEISGYLSWLQQOKP
GOAIRRLIYAASTRATGIPDRFSGSRSGSDYTLTISRLEPED
FAVYYCLOYASYPFTFGQGTKLEKGGGGSGGGESGOES
GGGGSQVQLOQSGPGLVKPSQTLSLTCAFSGFSLSTSTMG
VOGWIRQSPSRGLEWLGHIEL WNDSKDYNPSVKSRITINKDT
SKKOFSLOLNSVTPEDTAVYYCARIVYYSTYVGYFDVWG
QGTTVTVSES

49

Amino acid
sequence of
cADB1989-10.0 scFv

DIVMTOQSPDSLAVSLGERATINCK ASQEISGYLSWLOQQKP
GOPIKRLIY AASTRESGVPDRFSGSRSGSDYTLTISSLOAE
DVAVYYCLQYASYPFTFGOGTKLEIKGGGGSGGGGSGE
GSGGGGSQVQLOQSGPGLYVKPSQTLSLTCAFSGFSLSTST
MGVGWIRQSPSRGLEWLGHILWNDSKDYNPSVKSRITIN
KDTSKKOFSLOQLNSVTPEDTAVYYCARIVYYSTYVGYFD
VWGQGTTVIVSS

4
<

Amino acid
sequence of

GGGGES
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GlysSer Linker

Amino acid
sequence of
{GlysSer): Linker

GGGGSGGGES

Axnino acid
sequence of
{GlyaSery Linker

GGOGSGEEGSGEEES

Amino acid
sequence of
{GlyaSer) GlyaSer
GlysSer

GGGGRGGGESGEESGEGES

54

Amino acid
sequence of
{(GlysSer)s Linker

GGOGRGGGESGEGEIGEEGS

(4
A

Nucleotide
sequence of
GlyaSer Linker

getggegeogectct

4
(&)

Nucleotide
sequence of
{Gly4Sery Linker

getggeggegaciotggeggeggtagetet

~3

L

Nucleotide
sequence of
{GlvaSer)s Linker

gotegeggeggetctagegecgatagetctggeggceatagctce

58

Nucleotide
sequence of
{GlyaSery GlysSer
GlyaSer

ggtggeggeggectetggeggeggtggeictpgepgigaciceggeagtggtagtage

59

Nucleotide
sequence of
{Glys4Ser)s Linker

60

Nucleic acid
sequence of anti-
FLT3 CAR with 19
amino acid linker
{Signal peptide-
Hinker- sAb1978-
30.11 VL~ 1%aa
linker- sAb1978-
30.11 VH- linker-
CD8ahinge-
CDRaTM- CD23-
41BB- CD3zeta)
encoded by pCDH-
FF1-CAR3a_19aa
linker plasmid

atggocttaccagtgacegecttgeicctgecgetggecttgetgetecacgoegoeagge
cgggatccgacatccagatgacecagagocccicctctttatecgectctgigggegacag
agtgaccatcactigtegigecagecaagaagtctecggetatetgtctiggetgeageaga
ageceggtaaggetatcaagagacicatctacgeegoecageactitacagageggagige
clagcagatttageggceictcgtageggcagegatiatactttaaccatctecicittacagee
cgaagacttigetacctactactgittacagtacgecagetaceccticaceticggicaaggt
accaagetgpagatcaaaggiggogucggoictpacggcpatpacictgeeggtgocte
cggcgetogtagtagecaagitaccotcaaggagagcggeoccacittagigaagectac
ccagactttaactitaactigtaceticageggeticictitaageacctecacaatgggegty

ggctggatcagacagectcocggeaaggoictpgapgtgpctggcceacatecictggaac
gacagcaagaggtacaacccctictttagagictegicigaccalcaccaaggacacetcca
agaageaagtigtgetgaccatgaccaatatggacecegtggacacegecacciatiacty
cactegtategtgtactactocacctacgiggactacticgacgictgggoacaaggtacca
cegtgacegigagetctggatcctegtgecggictiCetgecagegaageecaccacgac
goeagegecgegaccaccaacaceggegeccaccaicgegicgeagecceigicecig
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CLoCcagagEegtgreggecagegglgegregcgeagtgacacgagggrectgsa
cttcgectgtpatatctacatetgggegccctiggocgggactigigguetectictecigic
actggttatcaccotttactgeaaccacaggaacaggagiaagaggagcaggcicetgea
cagtgactacatgaacatgacicccogoeegeccegggeocacecgeaageattaceage
cetatgececaccacgegacticgcageetatcgeiceanacgggecagaaagaaacice
tgtatataticaaacaaccattiatgagaccagtacaaactacicaagaggaagatggctgta
gotgecgatitccagaagaagaagaaggaggatgigaactgagagigaagticageagg
agegeagacgeoccegogtaccageagggocagaaccagetctataacgageteaatct
aggacgaagagaggagtacgatgititggacaagagacgtgeccgggaccoigagaigy
geguaaagecgagaaggaagaaccetcaggaageccigiacaatgaactgcagaaaga
taagaiggeggaggectacagigagatigggalgaaaggrgagcgocggaggaggcaag
gggoacgatggectitaccagggicteagtacagecaccaaggacacctacgacgeccit
cacatgcaggcecectgeeeccicgetga

61

Nuclete acid
sequence of anti-
FLT3 CAR with 19
amino acid linker
and EGFRt (Signal
peptide~ linker-
sAb1978-30.11
YL~ 19aa linker-
sAb1978-30.11
VH- linker-
CD8ahinge-
CD8aTM- CD28-
41BB- CD3zeta~
T2A- BEGFRY)
encoded by
EF1_CAR3a 19aal
inkerT2Aegfit VB
200623 plasmid

atggectiaccagltgacegecttgetcctgeegetggectigetigeiccacgeegecagge

cgggatcegacatecagatgacecagagecectectctitateegectetgtgggegacag
agtgaccaicactigtcgtgecagecaagaaatctecggctateigictiggeigcageaga
agceeggtaaggetateaagagacteatelacgecgecageactitacagagoeggagtac
ctagcagatiiageggcetcicgtageggoagegatiatactitaaccatetecicttiacagee
cgaagactitgetacctactactigitiacagtacgecagetaceccticacciicggicaaggt
accaagetggagatcaaaggtggeggeggotetggeggegategctetggcggtggctc
cggegatootegtagecaagtiacectcaaggagageggecceactitagigaagectac
ceagactitaactitagctigtaccticageggcetictetttaageaceiccacaatggaegly

ggctggatcagacagectcccggeaaggetctggagtigectgeccoacatectetggaac
gacagcaagaggtacaaccecictitaaagictegictgaccatcaccaaggacaccicea

gaageaagitgtecigaceaigaccaatatggaceeegtggacacegecacciattaciy
gcicgtategtgtactaciccacctacgigggctacticgacgtictggggeacaaggtacca
cegtgaccgtgagetctggatecticgigecggtciicoigecagogaageccaccacgac
gecagegeegegaceaccaacaccggegeocaccategegicgeageeectgiecctyg

cgeocagaggegtaceggecageggrggggggcgcagigeacacgaggeeectigea
cttcgectgtgatatetacaictgggegecctiggecgggactigtggaotcctictectgic

actggtiatcaccctitactgeaaccacaggaacaggagiaagageageagectecigea

cagtgactacatgaacatgacteccegecgeccegggeccaceegeaageatiaceage

cetatgecccaccacgegacticgeagoctalegetecaaacggggeagaaagaaactee
tgtatataticaaacaaccatitatgagaccagtacaaactacicaagaggaagatggcigta
gctgecgatttccagaagaagaagaaggaggatgigaactgagagigaagticageagg

agoegeagacgeeeccgegtaccageagggoecagaaccagetotataacgageteaatct
aggacgaagagagpagtacgatpttitggacaagagacgtgpccggpacccigagatge
gggoaaageegagaaggaagaacceteaggaaggccigiacaatgaactgragaaaga
taagatggcgeagocctacagtgagatiggealzaaageegageeccggagggeecasy
gggeacgatggccittaccagggicicagtacagecaccaaggacacctacgacgooctt
cacatgeaggecctgeccectegeggaageggagagggceaggggaagictictaacaty
cgggpacgtogagoaaaatcccggocceatgeticicetggtgacaagectictgeictyt

gagtiaccacacccageaticctectgaicccacgeaaagigigtaacggaataggtatigs
tgaatttaaagacteacictecataaatgetacgaatattaaacacticaaaaactgeacctce
atcagigocgatciccacatccigeeggigacaittaggpotpaciccticacacatactect

GO
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cetetggatecacaggaactggatatictgaaaaccgtaaaggaaatcacagggtititgot
gattcaggottggectgaaaacaggacggacciccatgectitgagaacciagaaatcata
cgeggeaggaccaageaacatggteagtiticictigeagtegtcagectgaacataacate
ctigggattacgetcccicaaggagataagigatggagatgtgataatitcaggaaacaaaa
attigtoctaigcaaatacaataaactggaaaaaacigiiigggacctccggtcagaaaace
aaaattalaageancagaggigaraacageigeaaggocacaggecaggtctgecatge
cttgtgciceccegagggcigetgpoacceggagoeccagggactgegictotigecggaa
tgicagccgaggeagggaatgcgtggacaagtgeaacctictggagogtgagccaaggg
agtiigtogagaacictgagtgeatacagigecacccagagigoctgectcaggecatgaa
catcacctgeacaggacggggaccagacaactgtatccagigtgeccactacatigacgg
cececactgegicaagacetgeceggeaggagicatgggagaaaacaacaceotiggtet
ggaagtacgeagacgecggecatgtgtgecacctgtgecatecaaactgeacctacggat
geactgggccaggtoitgaaggcigiccaacgaatgggociaagalccogiecategeca
clgggatggtegggoccctecictigetgotggtagtagocctggegateggecictteat
gtoa

Nucleic acid
sequence of anti-
FLT3 CAR with 19
amino actd linker
and iCasp? (Signal
peptide- linker-
sAb1978-30.11
VL- 19aa linker-
SAbT978-30.11
VH- linker-
CD8ahinge-
CD8aTM- CD2B-
41BB- CD3zeta-
T2A-1Casp9}
encoded by
pCDH-EF1-
CAR3a 19aa
Hoker T2A icasp®
plasmid

atggecttaccagtgaccgectigetectgecgetggocttgoigetecacgeogeeagge
cgggatccgacatecagatgacceagagoeocetccicttiatecegectetgigggcgacag
agtgaccatcactigtcgtgecagecaagaaatetceggetaictgictipactgeageaga
ageecggtaaggctatcaagagacticaictacgeegecageactitacagageggagiac
ctagcagatttageggeictegtageggeagegattatactitaaccatetectetttacagee
cgaagactitgctacctactacigtitacagtacgecagetaccecticacciicggicaaggt
accaageiggagatcasaggigacgacgeciciggeggeggtggcictggeggteocic
cggeggtggtgetagecaagtiacceicaaggagageggeeccacttiagigaagectac
ccagactitaactitaacttgtaccticageggcticictitaageacciccacaatggacgts
ggctggateagacagecicceggeaaggcictggagiggactiggeccacatecictggaac
gacagcaagaggtacaaccccictitaaagictcgictgaccatcaccaaggacaccicea
agaagcaagtigigetgaccatgaccaatatggacecegtggacacegecacctattacig
cgcetegtategigtactactecacctacgtgggctacticgacgtciggggacaaggtacea
cegtgaccegigagetctggateoticgtgecggicticcigocagegaagoecaccacgac
gecagegecgegaccaccaacaccggegoccaccategegicgeagecocigteectg
CLEoCcagagEegtgreggecagegglgggragcgeagigeacacgagggagctgea
cltcgectgtoataictacatelgggegecctiggecgggactigtgguotecticicotgte
actggttatcaccetttactgeaaccacaggaacaggagiaagaggageaggeieotgea
cagtgactacatgaacatgactcccocgoegeccegggeocaccegeaageatiaccage
cetatgececaccacgegacticgeagectatcgeiccaaacgggocagaaagaaacice
tgtatataticaagcaaccatttatgagaccagtacaaactactcaagaggaagatggotgta
gotgecgatitccagaagaagaagaaggaggatgigaactgagagigaagticageagg
agegoagacgeceecgegtaccageagggecagaaccagetctataacgagetcaatct
aggacgaagagaggagtacgatgititggacaagagacgtggeccgggeacceigagaigy
2LeealaLccgagaaggaagaaccctcaggaaggectgtacaatgaactgcagaaaga
taagatggeggaggectacagtgagatigggalgaaagoigagegreggageggcasg
ggocacgatggectitaccagggtictcagiacagocaccaaggacaccetacgacgeccit
cacatgcaggecectgeecccicgeggaagcggagaggecagggoaagicticiaacaty
cggggeacgiggaggaaaatcecggecceatgggagtgcagptggaaaccatetececa

foohd el

geagacggegcgcaccticeccaagegegeocagacctgcgteptocactacacegga
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tgctigaagatggaaagaaagtggaticcteecgggacagaaacaagoecittaagiitatg
ctaggcaagcaggageteatecgacgctggeaagaagggatigeccagatgagtetee
gteagagagecasactgactatatctecagatiatgectatggtgccactgggeaceeagg
catcatcecaccacatgecacictegicticgatgtggagetictaaaaciggaateiggagg
aggtictactaacaggcaageageanagiigicgaagecaacceiagaaaacctiacceca
giggtgctcagaccagagaticgeasaccagaggitcicagaccggaaacacecagace
agtggacatiggticiggagpattigotpatgtcggtacteitgagagitigaggogaaatgd
agatttggctiacaicctgageatggagocctigtggccactgecicatiatcaacaaigigaa
ctictgeegtgagicegggetecgeaceoegeactggeiccaacatcgactgigagaagtity
cggcegtegetictectegetgeatitcatggtiegaggeticaaggocgaccigactgocaaga
aaaiggigctggetiigetggagoiggegeagraggaccacggtgctetggactgeigegt
ggtggteattetctcicacggetgtcaggecagecacctgeagticecaggggetgictacg
geacagatggalgecctgigicggtcgagaagatigigaacatcticaatgggaccagetg
ceccageotgegagggaageccaagotetttticatecaggectigiggtegggageagaa
agaccatgggttigaggtegcctecacticeceigaagacgagicecciggeagtaacece
gagecagatgecaceccgticcaggaaggtitgaggacciogaccagetggacgecata
tctagtitgeccacacecagtgacatetttgtgicctactctactitcccaggtittgtitectgga
gpraccecaagagigectecigatacgtigagacceiggacgacatetitgageagtopy
cleacictgaagacctgeagiccctectgettagggtegeiaatgeigtiteggigaaaggeg
attiataaacagatgectggtigetitaatitectccggaaaaaacittictttaaaacatcatga

7.7
l

Nucleic acid
sequence of anti-
FLT3 CAR with 3
aminc acid linker
(Signal peptide-
linker- sAh1978-
30.11 VL~ 1%aa
linker- sAb1978-
30.11 VH- linker-
CD8ahinge-
CD8aTM- CD28-
41BB- CD3zeta)
encoded by
HG-CAR-TG105-
BEF1 CAR3a 5aa
finker plasmid

atggocttaccagtgaccgectigetoetgecgeiggoctigetgetecacgecgecagge
cgggatcegacaiccagatgacceagageecetecicttiatecgectetgigggegacag
agigaccateactigtegtgecagecaagaaatetecggetatetgiotiggetgeageaga
ageccgglaaggctalcaagagactcaictacgeegecageactitacagageggagiae
ctagcagattiageggcteicgtageggeagegattatactitaaccatetectettiacagec
cgaagactitgctacctactactgtitacagtacgecagetaccecticaccticggicaaggt
accaagciggagatcasaggtogcgacgacicicaagiiacccicaaggagageggoce
cacttiagtgaagectacccagactitaacitiaactigitaccticageggeticicittaagea
cctecacaatgggegtpggoctgpatcagacagectcocggoaaggeteiggagtaocty
geccacatectctggaacgacageaagagglacaaccecictitanagictegictgaceat
caccaaggacacciccaagaageaagitgtgetgaccatgaccaatatggaceeegtgga
caccgecacctattacigegetegtategigtactactceacctacgtgggctacitcgacgt
ctggggacaaggetaccaccgigacegtgagetotggatectiegigecggtcticotgeca
£CLaagecaccacgacgcrageecegegaccaccaacaccggrgeccaccalcgey
fcgeageecctigicecigegeccagaggogigocgaccageggrgggggacacagty
cacacgagggpgcotggacttcgectgtgatatetacateigggegocctiggeegggactt
giggpotectictectgicactggitateacectitacigeaaccacaggaacaggagiaag
aggagceaggcetccigeacagigactacatgaacatgaciceoegeegooeegggeccac
cegeaageattaccagocctatgecceaccacgegacticgeagectategetecaaacg
gggeagaaagaaacicetgtatataitcaaacaaccatifatgagaccagtacaaactacic
aagaggaagatggctgtageigeegatiticcagaagaagaagaaggaggatgteaactg
agagigaagticagcaggagegragacgeceecgegtaccageagggecagaaccag
cictalaacgagceicaaictaggacgaagagaggagtacgatgtiitggacaagagacgty
geegggaceotgagatggggggasagocgagaaggaagaaccctcaggaaggectgt
acaatgaacigcagaaagataagatoocgocoagocciacagtigagatigecatoaaagoc
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aggacacctacgacgoccttcacatgeaggecctgeecootogetga

64

Nuclei¢ acid
sequence of anti-
FLT3 CAR with 19
amino acid linker
{Signal peptide-
linker- sAb1978-
3011 VL~ [9aa
finker- sAh1978-
30.11 VH- linker-
CDRahinge-
CD8aTM- CD28-
41BB- CD3zeta)
encoded by
HG-CAR-TG105-
EF1 CAR3a 10aal
inker plasmid

atggectiaccagltgacegecttgetectgecgetiggectigetgetccacgeegeeagge
cgggatcegacatecagatgacecagagecectecictitatecgectetgtgggoegacag
agtgaccaicactigtcgtgecagecaagaaatctecggotateigictiggeigcageaga
ageocggtaaggetatcaagagacicateiacgecgecageaciitacagageggagtasc
ctagcagattiageggetcicgtageggoagegatiatactitaaccatetecictiiacagee
cgaagacittgetacciactactgtitacagtacgecagetaceecticaccttcggicaaggt
accaagetggagatcaaaggtogogeegecictggeggcggtaacict
caagttaccctcaaggagageggecccactttagtgaagectacccagactitaacitiaac
tigtacciicageggcticicttiaagcacciceacaatgggegigggctggalcagacage
cteecggeaaggetctggagiggctggeccacatectetggaacgacageaagaggtac
aacccctctttaaagieicgictgaccatcaccaaggacacciccaagaageaagitgtoct
gaccatgaccaatatggacecegtggacacegecacctattactgegetegtategtgtact
actecacctacgtgggctacttegacgictggggacaaggtaccacegtgacegtgagete
tggatccticgtgecggteltcciglcagogaageceaccacgacgecagegecgegact
accaacacoeggegoccaccategegicgeageccctgiecetgegeccagaggegtgce
geccageggcgppagocgcagipcacacgageggactggacticgecigigatateta
catctgggcegecctiggecgggactigiggggtcctictecigicaciggiiateaccetitac
tgeaaccacaggaacaggagtaagaggageaggctcctgcacagtgactacatgaacat
gacteceegeogecocgggoccaccegeaageattaccageectatgecceaccacgeg
acttcgeagectategetecaaacggggeagaaagaaactectgtatataticaaacaace
attiatgagaccagiacaaactacicaagaggaagatggctgtagetgecgatticcagaag
aagaagaaggaggatgtoaactigagagtgaagiicagraggaglaragacgoeceege
glaccageagggecagaaccageictalaacgageicaatctaggacgaagagaggagt
acgatgtittggacaagagacgigpccgggaccctgagalggeueeaaagccagaag
gaagaacceicaggaaggcctgtacaatgaacigeagaaagataagatggcggagacot
acagigagattggoatgaaageeragegooggaggggeaaggggcacgaiggecitta
ccagggteicagtacagecaccaaggacacctacgacgeecticacatgeaggeccigee
ceclcgetga

Nucleic acid
sequence of anti-
FLT3 CAR with 15
amino acid linker
{Signal peptide-
linker- sAb1978-
3011 VL- 1%aa
linker- sAb1978-
30.11 VH- linker-
CD8ahinge-
CDRaTM-~ CD238-
41BB- CD3zeta)
encoded by

atggecttaccagtgacegoctigetectgocgetggecttgetigetecacgoogecagge

cgggatcegacatccagatgacccagagoecciccictttatccgectetgtgggegacag
agtgaccatcacttgtegigecagecaagaaatotecggetaictgteitggotgcageaga
agecoggtaaggetatcaagagacicatctacgeegecageactitacagageggagtad
ctagecagatttageggcictegtageggeagegatiatacttiaaccatctectetitacagee
cgaagacttigetacctactactgtitacagtacgocagetaceocticaccticggicaaggt
accaagctggagatcaaaggiggoggoggcictggegacpatpacictgecggeggte

gctececaagttacectcaaggagagoggocceactitagigaagectacceagactitaact
ttaactigtaccttcageggotictetttaageacciccacaatgggegtaggectagateaga

cagectcoecggeaaggoictppagtgociggcccacaiccictggaacgacageaagag
gtacaaccectetttagagtetcgtctgaccaicaccaaggacacciccaagaageaagtig
tgctgaccatgaccaatatggacececgtggacaccgecacctattactgegetegtategty
taciactccacctacgtgggctacticgacgicigggpacaaggtaccaccgigacegtga

getctggatecticgteccggtCicClgragegaageecaccacgacgeagigeege
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HG-CAR-TG105-
EF1 CAR3a 15aa
finker plasmid

gaccaccaacaceggegeecaccategegtegeagecectgteectigegeecagagge
gitgceggocagegpeggpagecgeagipeacacgaggpggcipgacttcgectgtgat
alctacatetgggegecctiggecgggacttgtggggtecticicetgicactggtiateace
ctitactgeaaccacaggaacaggagtaagaggageagecteeigeacagigactacaty
aacatgacteeecgoegeceogggoocaccegeaageattaccagecetatgececace
acgegacticgeagectategetccaaacggggcagasaganacicetgtatataticaas
caaccatttatgagaccagtacaaactacicaagaggaagatggeigtagetgecgattice
agaagaagaagaaggaggatgigaacigagagtyaagiicaglaggagrgcagacgoe
ceegoegtaccageagggocagaaccageictataacgageticaatctaggacgaagaga
geagtacgatgittiggacaagagacgiggccggeacceigagatggeooeaaagecg
agaaggaagaacccicaggaaggocigtacaatgaactgecagaaagataagatggrgoa
ggectacagtgagattggpatgaaaggegagegeoggaggggeaaggggcacgatgg
cetttaccagggicicagtacagecaccaaggacacctacgacgeocticacalgeagge
cetgeccectegetga

66

Nucleic acid
sequence of anti-
FLT3 CAR with 20
aminge acid linker
{Signal peptide-
finker- sAh1978-
30.11 VL~ 1%aa
Huker- sAbL1978-
30.11 VH- linker-
CD8ahinge-
CD8aTM- CD28-
41BB- CD3zeta)
encoded by
HG-CAR-TG105-
EF1_CAR3a_20aal
inker plasmid

atggocttaccagtgaccgecttgetectgeegetggoctigetgetecacgecgeoagge
cgggatccgacaiccagatgacceagagecceiccictitatcegecteigigggcgacay
agtgaccatcactigtegtgecagecaagaaatetecggetatetgictiggeigeageaga
agcccggtaaggctatcaagagacteatctacgeegecageactitacagageggagtac
ctageagatttageggctcicgtageggoagegattatactitaaccatetectetttacagee
cgaagactitgctacctactactgtitacagtacgecagetaccecticaccticggtcaaggt
accaagetggagatcaaaggtpacggegacteigeeggegatoocictggcgpcggiy
gotecggeggtogtoatagecaagttacecicaaggagageggececacitiagigaage
ctacccagactitaactitaactigtaccticageggetictetitaageacctiecacaatggge
giggacigaatcagacagecicecggaaggetciggagiggctggeccacatectotgg
aacgacageaagagglacaaccecictttaaagtctcgictgaceatcaccaaggacacct
ccaagaagcaagtigtgctgaccatgaccaatatggaccecgtggacaccgecacetatia
cigegetegtategtgtactactecacctacgigggetacticgacgictggggacaaggia
ccaccgigacegigageteiggatectiegigeoggicticctgecagegaageccaccac
gacgecagegeegegaccaccaacaceggegeccaccategegtegeageocctgice
ctgcgeccagaggogtgcoggeeageggeggegggcgeagigeacacgagggggct
ggacttegeotgtgatatctacatetgggogecctiggecgggactigtggggtoctictoct
gteactggtiatcacectitacigeaaccacaggaacaggagtaagaggageaggetectyg
cacagtgactacatgaacatgacteccogeegeocegggeccaccegeaageattacea
gecctatgecccaccacgegacitogeagectategetecaaacgggpcagaaagaaact
cetgtatataticaaacaaccatitaigagaccagiacaaactacicaagaggaagatggct
glagetgecgatticcagaagaagaagaaggaggatgtgaacigagagtgaagticagea
gpagegeagacgeccocgogtaccageagggccagaaccagetctataacgagetcaa
telaggacgaagagaggagtacgaigittiggacaagagacgtiggecgggaccetgagat
gegggpagagecgagaaggaagaacectcaggaaggectgtacaatgaactgeagaaa
gataagatggcggaggcectacagigagaligegalgaaaggegagleccgeageagca
aggggcacgatggectttaccagggictcagtacagecaccaaggacacctacgacgee
cticacatgcaggecectgoeoecctegetpga

Nucleic acid anti-
FLT3 CAR with 20

atggecttaccagtgaccegoctigetcctgeegetggectigetigetecacgoegecagge
cgggatccgacatccagatgacccagageeccicctetitaiccgecictgtgggocgacag
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amino acid linker
{Signal peptide-
linker- sAb1978-
3011 VL- 19%aa
linker- sAb1978-
30.11 VH- Hoker-
CD8ahinge-
Ch8aTM- CD2B-
CD3zeta) encoded
by
CAR3a-20aalinker-
NG-41BB plasmid

agtgaccatcacttgtegtgecagecaagaaatetecggetatetgtctiggetgcageaga
agcecggtaaggetatcaagagactcatctacgecgecageactitacagagoeggagtys
clageagatitageggeictegtagegecagegattatactttagccatetectetitacagee
cgaagacttigetacctactactgiitacagtacgecagetaceecticaceticggicaaggt
accaagetggagatcaaaggtggcgucggcictggegacgatggciciggeggcagig
gotecggeggiggtggtagecaagitacecicaaggagageggecccactiiagtgaage
ctacceagactitaactitaactigiaceitcageggettctctitaageacetccacaatggge
gtggoctguaicagacagecteceggcaaggctciggagtugctggccacatectelgg
aacgacagcaagaggtacaaccceictitaaagictegictgaccatcaccaaggacacct
ccaagaagcaagitgtpctgaccatgaccaatatggaceeegiggacaccgecacctatia
ctgcgelegtategtgtactactecacclacgtgggotacticgacgiciggggacaaggta
ceaccgtgacegtgageictggatecticgigeeggtettcctgecagegaagooecaccac
gacgecagegoecgegaccaccaacaccggegeceaceatcgegtegeagecectgtec
clgegeecagaggogtereggocageggeggggggcgcagtgcacacgagggggct
geacticgectgtgatatctacaictggacgecctipgecggpactigtpggatecttctect
gicactggitatcaccetitactgeaaccacaggaacaggagiaagaggagcaggciccty
cacagtgactacatgaacatgactececgeegeecegggeecaceegeaageattacea
geectatgeeccaccacgegacticgeagectategeticcagagtgaagticageaggag
cgeagacgeoccegegtaccageagggicagaaccageiciataacgageteaatciag
gacgaagagaggagtacgatgttiiggacaagagacgtggecgggaccetigagatgge
gggaaageCgagaaggaagaaccetcaggaaggectglacaalgaactigeagaaagal
aagatggeggaggcctacagigagatiggealgaaagecgagegccggagggecasg
ggecacgatggectitaccagggtictcagiacagocaccaaggacacetacgacgeccit
cacatgceaggecectgeeceeicgetga

68

Nuclete acid
sequence of anti-
FLT3 CAR with 19
amino acid linker
(Signal peptide-
finker- sAb1978-
3011 VL- 1%aa
tinker- sAH1978-
30.11 VH- linker-
CD8ahinge-
CD8aTM- 41BB-
CD3zeta) encoded
by
CAR3a-19aahinker-
NO-CD28 plasmid

atggecttaccagtgacegeetigetcctgecgetiggectigeigetecacgeegecagge

cgggatccgacatccagatgacccagageceotecictitatecgectcigiggecgacag
agigaccaicactigtcgtgecagecaagaaatetccggotateigictiggeigeageaga
agecoggtaaggctatcaagagacteatetacgoegecageactitacagagoeggagtoc
ctagcagattiagepgetcicgtageggoagogattataciitaaccatctectcttiacagee
cgaagactitgetacciactactgtitacagtacgecagetaccecticaccitcggtcaaggt
accaagetggagatcaaaggtggeggeggotetggeggeggtegctetggggtggctc
cggeggtastogtagecaagtiaceeticaaggagageggccceactiiagigaagectac
cagactitaactttaactigtaccticageggetictetttaageacctocacaatgggegly

rectpgateagacagecteccggraaggeteiggagtogctpocccacatecteiggaac

g0 G

gacagcaagagetacaaccocictitaaagictegicigaceatcaccaaggacaccicca
agaagceaagtigtgctgaccatgaceaatatggaccoeegiggacacegecacctattactg
cgetcgtategiptactaciccacctacgigggotacticgacgictgggeacaaggtacea
cogtgaccgtgagetctggatecticgigeegotcttceigcagegasgeecaccacgac
geeagegeegegaceaccaacaccggegeocaccategegicgeagecectgiecctyg
CCCCagaggealgcg ccageageaggegacycagigeacacgagggegctaga
cticgectgtgatatctacalotgggegeccttggccgeeacitgtggoaicctictectgte
actggttatcaccctitactgeaaccacaggaacaaacgggecagaaagaaaciceigtat
atattcaaacaaccatttatgagaceagtacaaactactcaagaggaagatggoigtagelg
cegatttccagaagaagaagaaggaggatgigaactgagagtgaagticageaggageg
cagacgeeccegegtaccageaggoccagaaccageictaiaacgagetcaaictagea
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cgaagagaggagtacgatgtittggacaagagacgtggecgggaceotgagatggeeg
gasageogagaaggaagaaccetcaggaagecctgtacaatgaacigeagaaagataa
gatggeggaggectacagigagattgggalgaaageceagegccggagegecaagges
geacgatggectitaccagggtetcaglacagooaccaaggacacctacgacgooctica
catgcaggeccetgeeceetegetga

69

Nucleie acid
sequence of anti-
FLT3 CAR with 8
amingo acid lnker
{Signal peptide-
linker- sABH1978-
30.11 VL- 19%aa
linker- sAb1978-
30.11 VH- linker-
CD8ahinge-
CD8aTM- CD2R-
CD33zeta) encoded
by
CARZa-Saalinker-
NO-41BB

atggocttaccagtgacegectigeicctgecgciggoctigeigetccacgeegocagge
cgggatecgacatccagatgacccagagoecciccictttatccgectetgtgggegacag
agtgaccatcactigtegigecagecaagaaatetecggetaictgicitgactgcageaga
ageccggtaaggctatcaagagactcatctacgecgecageactitacagageggagiae
ctagcagattiageggctcicgtageggcagegattatactitaaccatetectetttacagec
cgaagactiigetacetactactgittacagtacgecagetaceecticaccticggicaaggt
accaageiggagatcaaaggiggeggrgacict
caagitaccotcaaggagageggcecceactitagigaagectacccagacittaactitaac
tigtaccttcageggotictetttaageacciccacaatgggegtgggctggalcagacage
cteceggeaaggetetggagtgectgecccacatectetggaacgacageaagaggtac
aaccecictitaaagictcgictgaccatcaccaaggacacciccaagaageaagtigioot
gacecatgaccaatatggacceegtggacacegecacotattactgegetegtategtgtact
actccacctacgigggctacticgacgictgeggacaaggtaccaccgtgacegtgageic
fggatccticgigccgeicticctgrcageeaageccactcacgacgecageaccgrgace
accaacaccggegeecaccategegtegeageceetgteectgegeecagaggegigee
ggecageggegeggpocgcagigeacacgaggeggcigeacticgecigigatateta
catctgggegeccttggecgggactigtggogicctictectgicactggtiatcacectitac
tgcaaccacaggaacaggagtaagaggagcaggetcctgeacagtgactacatgaacat
gacteecogeogeccoegggeccaccegeaageatiaccageccialgeoccaccacgeg
acticgcagcectategeticcagagigaagticageaggagegeagacgeocecgegtace
ageagggecagaaccageictataacgagetcaatctaggacgaagagaggagtacgat
gtittgeacaagagacglgeccgeuaccetgagalggeeoraaagecgagaaggasga
acccteaggaaggoctgtacaatgaactgeagaaagataagatggeggaggectacagt
gagattgggalgaaaggcpagogocggagggucaaggogecacgatggecittaccagy
gictcagtacagecaccaaggacacctacgacgeccticacatgeaggeectgececcte
gotga

Nucleic acid
sequence of anti-
FLT3 CAR with 19
amino acid linker
and GFP {Signal
peptide- linker-
sAbT978-30.11
Vi~ 19aa linker-
sAb1978-30.11
VH- linker-
CDRahinge-
CD8aTM- CD2&-
41BB- CD3zeta-

atggecttaccagtgacegectigetectgoegetggectigetgoiccacgocgecaggo

cgggatecgacatecagatgacccagageccctectctitatcegecictgtgggegacag
agtgaccatcacttgtegtgecagecaagaaatetceggetatetgtetiggoetgcageaga
agoecggtaaggciatcaagagacteatetacgecgecageactitacagagoggagtod
clageagatitageggeictegtagegecagegattatactttagccatetectetitacagee
cgaagactttgetacctactactgtitacagtacpecagetaceccticaccticggicaaggt
accaagetggagatcaaaggtogcggcggcictgacgacagtgacicigacggiggcic
cggeggtggteatagecaagitacecteaaggagageggecceactiagtgaagectac
ccagactifaactitaactigtaccticageggeticictitaagcacctecacaatgggogie

soctggalcagacagectcecggeaaggetctiggagiggctggeccacatectelggaac
gacagceaagaggtacaaccectctttaaagtctegictgaccatcaccaaggacaceicca

agaagcaagtigtgcigaccatgaccaatatggaccecgiggacaccgecacciatiactg
cgetegtategiglactactccacctacgiggactacticgacgictggegacaaggiacca
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T2A-GFP) encoded
by pCDH-EF1-
CAR3a 19aa
linker T2A GFP

cegtgacegtgagotetggatecttcgtgecggtoticotgecagogaageecaccacgac
goeagegecgogaccaccaacaccggegeccaccatcgegtegeagecccigteectg
cgeccagaggegtgoeggccageggeggggeacgcagigeacacgaggggactoga
cticgectgtgatatetacatctgggegeoetiggeogggacitgiggggtecttcioctgte
actggtiatcacectitacigeaaccacaggaacaggagiaagaggageaggeicctgea
cagtgactacalgaacaigacteceegeogleocgggoccaceegeaageattaccage
cetatgecccaccacgegacticgeagectalcgetecaaacggggcagaaagaaacice
tgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggeigta
getgecgatticcagaagaagaagaaggaggatgigaactgagagtoaagticageagy
agegeagacgeccecgegtaccageagggecagaaccagetctataacgagetcaatet
aggacgaagagaggaglacgatgittiggacaagagacgiggecgggaccetgagateg
gggeaaagoecgagaaggaagaacceicaggaaggectgtacaatgaactgeagaaaga
taagatggeggaggeciacagigagatiggpalgaaaggrgageaccggageescaag
gggcacgatggoctiiaccagggictcaglacagecaccaaggacacctacgacgeoctt
cacatgeaggecectgeecectegeGCGGCCGCTGAGGGCAGAGGAA
GTOTTCTAACATGCOGTOALOTGCAGGAGAATCLCGLC

CCITCCGGAATGGAGAGCGACGAGAGCGGCCTGLCCG
CCATOGGAGATCGAGTGCCGCATCACCGGCACCUTGAA
CGOCOTOGGAGTTCGAGCTGGTOGGCGOCGGAGAGGGT
ACCCCCAAGCAGGGCCGCATGACCAACAAGATGAAGA
GCACCAAAGGUGCCCTGACCTTCAGUCCCCTACCTGOTG
AGCCACGTGATGGGCTACGGUTTCTACCACTTCGGCALC
CTACCCCAGCGGCTACGAGAACCCCTTICCTGCACGCCA
TCAACAACGGUGGUTACACCAACACCCGUATCGAGAA
OTACGAGGACGGCGGCGTGCTGCACGTGAGCTTICAGC
TACCGCTACGAGGCCGGUCGCGTGATCGGCGACTTICAA
GGTGOTGOGCACCOGCTTCCCCGAGGACAGCGTGATCT
TCACCGACAAGATCATCCGCAGCAACGCCACCGTGGA
GCACCTGCACCCCATGOGCGATAACGTGCTGOTGGHO
AGCTTCGCCCGCACCTTCAGCCTGCGCGACGGCGGCTA
CTACAGCTTCGTGGTGGACAGCCACATGCACTTICAAGA
GCGCCATCCACCCCAGCATCCTGCAGAACGGGGGCCC
CATOGTTCGCCTTCCGCCOUCGTGGAGGAGCTGCACAGCA
ACACCOAGCTGOGCATCGTGGAGTACCAGCACGCCTTC
AAGACCCCCATCGCCTTCGCCAGATCCCGCGUTCAGTC
OQTCCAATTCTGCCOTGGACGGCACCGCCOGACCCGGCT
CCACCGGATCTCGUTAG

Araino Acid
sequence of a
Signal Peptide

MALPVTALLLPLALLLHAARP

Amino Acid
sequence of CD8a
Hinge region

FVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAG
GAVHTRGLDFACD

~3
L8]

Amino acid
sequence of CD8a

IYTWAPLAGTCOVLLLSLVITLYCNHRN

146
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transmembrane
domain

74 Amino acid CD2Z8 | RSKRSRELLHSDYMNMTPRRPGPTRKHYGPYAPPRDFAAY
co-stimulatory RS
domain

75 Amino acid 4-1BB | KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
co-stimulatory EL
domain

76 Amino acid RVKFSRSADAPAYQOGONQLYNELNLGRREEYDVELDKR
CD3zeta activation | RGRDPEMGGKPRRKNPOEGLYNELQKDKMAEAYSEIGM
domain KGERRRGKGHDGLYQGLSTATKDTYDALHMOALPPR

77 Nuclectide atggecttaccagtgacegecttgetoctgecgotegecttgeigctccacgeegreagge
sequence of Signal | cg
Peptide

78 Nucleotide ttegigeeggtcticetgecagegaageecaceacgacgeeagegoeogegaceaccaac
sequence of CD8a | accggegeccaccatcgegtegeagecostgtcocigegeccagaggegtaeoggeca
Hinge region goegocgooooococagtocacacgagggaactogacticgccigigat

79 Nucleotide atctacaictgggcgecciiggccgggactigtggagicctictcetgicactggttaicace
sequence of CDBa | citfactgcaaccacaggaac
transmembrane
domain

&0 Nucleotide aggagtaagaggageaggctectgeacagigactacatgaacatgacicceegecgeee
sequence of CD28 | cgggeccacecgeaageattaccageoctaigecceaccacgegacticgeagectateg
co-stimulatory ctee
domain

&1 Nucleotide aaacggggcagaaagaractccigtatataticanacaaccattiatgagaccagtacaaa
sequence of 4-1BB | ctactcaagaggaagatggotgiagetgecgatticcagaagaagaagaaggaggaigig
co-stimulatory aactg
domain

&2 Nucleotide agagteaagiicaglaggagegCagacgcecorglgiaccageagegaccagaaccag
sequence of cictataacgagotcaatctaggacgaagagaggagtacgatgitittggacaagagacgty
CD3zeta activation | googggaccctgagatggeegoaaagecgagaaggaagaaccotcaggaaggoctgt
domain acaatgaactgcagaaagataasgatggcggaggcciacagtgagatigggatgaaagge

gagegeoggagggecaaggggcacgatggectitaccagggtcteagtacagecacea
aggacacctacgacgccciicacatgcaggoccigooeectese

83 Nucleotide ggaageggacacggragesoaagtctictaacatgegggpacgiggaggaaaatoccy
sequence of T2A geeeea
Cleavage peptide

84 Nucleotide Tgecttetectggigacaagecttctgeictgtgagttaccacacccageattecteotigatee

sequence of EGFRt

cacgcaaagtgtgtaacggaataggtatiggtoaatttaaagactcactetocataaatgeta
cgaatatiaaacacticaaaaactgeacctecatcagtggegatciccacateotgecggty
geatttaggggteactecticacacatactectectetggatccacaggaactggatatictg
aazaccgtaaaggaaatcacagggtitttgcigaticaggctiggocigaaaacaggacgg
acciccatgectttgagaacctagaaaicatacgeggeaggaccaageaacatggteagit
tictettgeagtegicagectgaacataacatoctigggatiacgetecctoaaggagataag
tgataoaaatateataatiicaggaaacaaaaatitatgctatgcaaatacaataaactggaa




WO 2023/023491

PCT/US2022/074984

aaaacigtttgggacctecggicagaaaaccaaaatiataageaacagaggtgaaaacag
ctgcaaggocacaggecaggicigecatgectigtgeteccecgagggotectgggace
cggageccagggactgegictetigecggaatgicagecgaggcagggaatgegtggac
aagtgeaaccticiggagggigagecaagggagtitgtecagaacictgagtgeatacagt
gecacccagagigectgecicaggecatgaacaicaccigeacaggacggegaccaga
caactgtatccagtgtgeccactacatigacggoceccacigegicaagacetgeecggea
gpagicatgggagaaaacaacaccetggtetggaagtacgcagacgooggecatgtaty
ceaccigigecatccaaactgeacetacggatgeacigggecaggtctigaaggctgteca
acgaatgggcctaagatecogiccategecactgggatggtggegeccctectettgetge
tpgtpgtagocceigoooatcpaccicticalgipaa

Nuclectide
sequence of iCasp9

ATGGGAGTGCAGGTGGAAACCATCTCCCCAGGAGACG
GGCGCACCTTCCCCAAGCGCGGCCAGACCTGLGTGHTG
CACTACACCGGOATGCTTGAAGATGGAAAGAAAGTGE
ATTCCTCCCGGGACAGAAACAAGCCCTTTAAGTTTATG
CTAGGCAAGCAGOAGGTGATCCGAGGUTGGGAAGAAG
GGGTTGCCCAGATGAGTGTGOGTCAGAGAGCCAAALCT
GACTATATCTCCAGATTATGCCTATGGTGCCACTOGEC
ACCCAGGCATCATCCCACCACATGCCACTCTCEGTCTIC
GATGTGGAGCTTCTAAAACTGGAATCTGGAGGAGGTTC
TACTAACAGGCAAGCAGCAAAGTTGTCGAAGCCAACC
CTAGAAAACCTTACCCCAGTGOTGCTCAGACCAGAGAT
TCGCAAACCAGAGOTTCTCAGACCGGAAACACCCAGA
CCAGTGGACATTGGTTCTGCGAGGATTTGGTGATOTCGG
TGCTCTTGAGAGTTTGAGGGGAAATGCAGATTTGGCTT
ACATCCTGAGCATOGCGAGCCCTGTGGCCACTGCOTCATY
ATCAACAATGTGAACTTICTOGCCGTGAGTCCGGGLTCCG
CACCCGCACTGGCTCCAACATCGACTGTGAGAAGTTGC
GGCGTCGCTTCTCCTCGUTGCATTTCATGGTGGAGGTG
AAGGGCGACCTGACTGCCAAGAAAATOGTGCTGGCTT
TGCTOGGAGCTGGCGCAGCAGGACCACGGTGCTCTGGA
CTGCTGCOTGOTGGTCATICTCTCTCACGGUTGTCAGG
CCAGCCACCTGCAGTTCCCAGGGGUTGTCTACGGCACA
GATGGATGCCCTGTGTCOGTCOAGAAGATTGTGAACAT
CTTCAATGGOACCAGCTGCCCCAGCCTGGGAGGGAAG
CCCAAGCTCTTTTTCATCCAGGCCTGTGGTGGGGAGCA
GAAAGACCATGOGTTTGAGGTGGCCTCCACTTCCCCTG
AAGACGAGTCCCCTGGCAGTAACCCCGAGCCAGATGC
CACCCCGTTCCAGGAAGOTTTGAGGACCTTCGACCAGC
TOGGACGCCATATCTAGTTTGCCCACACCCAGTGACATC
TTTGTGTCCTACTCTACTTTCCCAGGTTITTIGTITTCCTGG
AGGGACCCCAAGAGTGGCTCCTGOTACGTTGAGACCCT
GGACGACATCTTTCGAGCAGTOGGCTCACTCTGAAGACT
TCGCAGTCCCTCOCTGCTTAGGOTCGCTAATGCTIGTITTICG
GTGAAAGOGATTTATAAACAGATGCCTGGTTGCTTTAA
TTTCCICCGGAAAAAACTTTITCTTTAAAACATCA
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86

Amino acid
sequence of VL
CBR1

QEISGY

Amino acid
sequence of VL
CDR2

AAS

&8

Amino acid
sequence of VL,
CDR3

LOYASYPET

89

Arnino acid
sequence of VH
CDRI

GFSLSTSTMG

30

Amino acid
sequence of VH
CDR2

HLWNDSK

Aming acid
sequence of VH
CDR3

ARIVYYSTYVGYFDY

92

Nucletc acid
sequence of pCDH-
EF1-

CAR3a_ 19aalinker
_T2A_GFP
plasmid

ACGCOTGTAGTCTTATGCAATACTCTTGTAGTICTTGCA
ACATGOGTAACGATGAGTTAGCAACATGCCTTACAAGG
AGAGAAAAAGCACCGTGCATGCCGATTGOTGGAAGTA
AGGTGGTACGATCGTGCCTTATTAGGAAGGCAACAGA
COGOTCTGACATGGATTGGACGAACCACTGAATTGCCG
CATTGCAGAGATATTOTATTTAAGTGCCTAGCTCGATA
CATAAACGGGTCTCTCTOGGTTAGACCAGATCTGAGCCT
GGGAGUTCTCTGGCTAACTAGGGAACCCACTGCTTAAG
CCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTG
TGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCC
TCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGT
GGCGCCCGAACAGGGACTTGAAAGCGAAAGGGAAACC
AGAGGAGCTCTCTCCACGCAGGACTCOGUTTGCTGAA
GCGCGCACGGCAAGAGGCOAGGGGCGGCGACTGGTGA
OTACGCCAAAAATTTTGACTAGCGGAGGCTAGAAGGA
GAGAGATGOGTCCGAGAGCGTCAGTATTAAGCGHGHG
AGAATTAGATCGCGATGOGGAAAAAATTCGGTTAAGGC
CAGGGGOAAAGAAAAAATATAAATTAAAACATATAGT
ATGOGCAAGCAGGGAGCTAGAACGATTCGCAGTTAAT
CCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACAAA
TACTGGGACAGCTACAACCATCCCTTCAGACAGGATCA
GAAGAACTTAGATCATTATATAATACAGTAGCAACCCT
CTATTGTOTGCATCAAAGGATAGAGATAAAAGACACC
AAGGAAGUTTTAGACAAGATAGAGOGAAGAGCAAAACA
AAAGTAAGACCACCGCACAGCAAGCGGCCACTGATCT
TCAGACCTGGAGGAGUOAGATATGAGGGACAATTGGAG
AAGTGAATTATATAAATATAAAGTAGTAAAAATTGAA
CCATTAGGAGTAGCACCCACCAAGGCAAAGAGAAGAG
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TGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAG
CTTTGTTCCTTOGOTTICTTGGUAGCAGCAGGAAGLACT
ATGGGCGCAGUGTCAATGACGCTGACGGTACAGGCCA
GACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAAT
TTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCA
ACTCACAGTCTGGOGGCATCAAGCAGCTCCAGGCAAGA
ATCCTGGUTGTGGAAAGATACCTAAAGGATCAACAGC
TCCTGGOGGATTTGGGGTTOGCTCTGGAAAACTCATTTGCE
ACCACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATAA
ATCTCTGGAACAGATTTGGAATCACACGACCTGGATGG
AGTGGGACAGAGAAATTAACAATTACACAAGCTTAAT
ACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAA
AAGAATGAACAAGAATTATTGOAATTAGATAAATGGE
CAAGTTTGTGOAATTGOTTTAACATAACAAATTGGCTG
TGGTATATAAAATTATTCATAATGATAGTAGGAGGCTT
GGTAGGTTTAAGAATAGTTTTTGCTGTACTTTCTATAGT
GAATAGAGTTAGGCAGGGATATTCACCATTATCGTTIC
AGACCCACCTCCCAACCCCGAGGGGACCCGACAGGCC
COGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGACAG
AGACAGATCCATTICGATTAGTGAACGGATCTCGACGHT
ATCGGTTAACTTTTAAAAGAAAAGGGGGGATTGGEGE
GTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCA
ACAGACATACAAACTAAAGAATTACAAAAACAAATTA
CAAAATTCAAAATTTTATCGATACTAGTGGATCTGCGA
TCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGC
CCACAGTCCCCGAGAAGTTOGGGOGAGOGGTCGGCAA
TTGAACGGOTGCCTAGAGAAGGTOGCGCGGOGGTAAAL
TGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTITCC
CGAGOGGTOGOGLEAGAACCGTATATAAGTGCAGTAGTC
GCCOTGAACGTTCTTTITTICGCAACGGGTTTGCCGCCAG
AACACAGCTGAAGCTTCGAGGGGCTCGCATCTCTCCTT
CACGCGCCCGLCGCCCTACCTGAGGCCGCCATCCACGC
CGOTTGAGTCGCGTICTGCCGCCTCCCGLCTGTGETEE
CTCCTGAACTGCGTCCGCCGTCTAGGTAAGTTITAAAGC
TCAGOTCGAGACCOGGGCCTTTGTCOGGCGOTCCCTTO
AGCCTACCTAGACTCAGCCGGCTCTCCACGCTTTGCCT
GACCCTOGCTTGOTCAACTCTACGTCTTTIGTTICGTTTIC
TCTTCTGCGCOOTTACAGATCCAAGCTGTGACCGGOGC
CTACTCTAGAATGGCCTTACCAGTGACCGCCTTGCTCC
TGCCGCTGOCCTTGUTOCTCCACGUCGCCAGGCCGGHA
TCCGACATCCAGATGACCCAGAGCCCCTCCTICTTTATC
COCCTCTGTOGOCGACAGAGTGACCATCACTTOTCGTG
CCAGCCAAGAAATCTCCGOCTATCTGTCTTGGUTGCAG
CAGAAGCCCGOTAAGGCTATCAAGAGACTCATCTACG
CCGCCAGCACTTTACAGAGCGUGAGTGCCTAGCAGATTT
AGCGGCTCTCGTAGCGGCAGCGATTATACTITAACCAT
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CTCCTCTTTACAGCCCGAAGACTTTGCTACCTACTACTG
TTTACAGTACGCCAGUTACCCCTTICACCTTCGOTCAAG
OGTACCAAGUTGCGAGATCAAAGGTGGCOGGUGGUTCTOE
COGCGGTOGCTCTOGCGGTGGCTCCGOCGETGOTGGTA
GCCAAGTTACCCTCAAGGAGAGCGGUCCCACTTTAGTG
AAGCCTACCCAGACTTITAACTTTAACTTGTACCTTICAG
CGOCTICTCTTTAAGCACCTCCACAATGGGCGTOGECT
GGATCAGACAGCCTCCCGGUAAGGCTCTGGAGTGGLT
GGCCCACATCCTICTGGAACGACAGCAAGAGGTACAAL
CCCTCTTTAAAGTICTCGTCTGACCATCACCAAGGACALC
CTCCAAGAAGCAAGTTGTGCTOACCATGACCAATATGE
ACCCCGTOGGACACCGCCACCTATTACTGCGCTCGTATC
GTGTACTACTCCACCTACGTGGOCTACTTCGACGTCTG
GGGACAAGGTACCACCOGTGACCGTGAGCTCTGOATCCT
TCGTGCCOGTCTTCCTGUCAGCGAAGCCCACCACGACG
CCAGCGUCOCGACCACCAACACCOGCGUCCACCATCG
CGTCGCAGCCCCTGTCCCTGCGCCCAGAGGCGTGCCGEH
CCAGCOGGLOGGOGHGUGCAGTGCACACGAGGLGGLTGE
ACTTCGCCTGTGATATCTACATCTGGGCGCCCTTOGUC
GGGACTTGTGGOGTCCTTCTCCTGTCACTGGTTATCAC
CCTTTACTGCAACCACAGGAACAGGAGTAAGAGGAGC
AGGCTCCTGCACAGTGACTACATGAACATGACTCCCCG
CCGLCCCOGOCCCACCCGCAAGCATTACCAGCCCTATG
CCCCACCACGCGACTTCGCAGCCTATCGCTCCAAACGG
GGCAGAAAGAAACTCCTGTATATATTCAAACAACCATT
TATCGAGACCAGTACAAACTACTCAAGAGGAAGATGGC
TCGTAGCTGCCGATTTCCAGAAGAAGAAGAAGGAGGAT
GTGAACTGAGAGTGAAGTTCAGCAGGAGCGCAGACGC
CCCCGCGTACCAGCAGOGGUCAGAACCAGCTCTATAALC
GAGCTCAATCTAGGACGAAGAGAGGAGTACGATGTTY
TGGACAAGAGACGTGGLCGGGACCCTGAGATGRGGGE
AAAGCCGAGAAGGAAGAACCCTCAGGAAGGCCTGTAL
AATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACA
GTGAGATTGOGATGAAAGGCGAGCGCCOGGAGGGGCAA
GGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCCA
CCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTG
CCCCCTCGUGCGGLOGCTGAGGGLCAGAGGAAGTCTTCT
AACATGCGOTGACGTGGAGGAGAATCCCGGCCCTTCC
GGAATGGAGAGCGACGAGAGCGGCCTGUCCGLCATGG
AGATCGAGTGCCGCATCACCGGUACCCTGAACGGCGT
GGAGTTCGAGCTCGOTGGOCGGCGGAGAGGGLACCCCC
AAGCAGGOCCGCATGACCAACAAGATGAAGAGCACCA
AAGGCGCCCTGACCTTCAGCCCCTACCTGCTGAGECAL
GTGATGOGCTACGGCTTCTACCACTTCGGCACCTACCC
CAGCGGCTACGAGAACCCCTTCCTGCACGCCATCAACA
ACGGCGGCTACACCAACACCCGCATCGAGAAGTACGA
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GGACGGCGGCGTGCTGCACGTGAGCTTCAGCTACCGCY
ACGAGGUCGOHCCGUGTGATCGGCGACTTCAAGGTGET
GGGCACCGGCTTCCCCGAGGACAGUGTGATCTTCACCG
ACAAGATCATCCGCAGCAACGCCACCGTGGAGCACCT
GCACCCCATGGOCGATAACGTOCTGOTGGGCAGUTTCG
CCCGCACCTTCAGCCTGCGUCGACGGUCGGCTACTACAGC
TTCGTGOTGGACAGCCACATGCACTTCAAGAGCGCCAT
CCACCCCAGCATCCTGCAGAACGGGGGLCCCATETTCG
CCTTCCGCCOUGTOGAGOGAGCTGCACAGCAACACCGA
GCTGOGUCATCGTGGAGTACCAGCACGCCTTCAAGACCC
CCATCGCCTTCGCCAGATCCCOGCGUTCAGTCGTCCAAT
TCTGCCOTGGACGGCACCGCCGGACCCOGLTCCACCGG
ATCTCGCTAGAGCTGAATCTAAGTCOACAATCAACCEC
TGGATTACAAAATTTGTGAAAGATTGACTGGTATTICTT
AACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCT
TTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGOT
TTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCT
CTTTATGAGGAGTTOTGGCCCGTTGTCAGGUAACGTGG
COTGOTGTGCACTOTGTTTGCTGACGCAACCCCCACTG
OTTGGGGCATIGCCACCACCTGTCAGCTCCTTTCCGOG
ACTTTCOCTTICCCCOTCCCTATTGCCACGGUGGAALTC
ATCGCCOCCTGCCTTGCCCGCTGLTGGACAGGGGCTCG
GUTGTTGGOGCACTCGACAATTCCGTIGOTGTTGTCGGGGA
AATCATCGTCCTTTCOTTGGCTGCTCGCCTGTGTTGECA
CCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTICCCTT
COGCCCTCAATCCAGCGGACCTTICCTTICCCGCGGCCTG
CTGCCGOCTCTGCGGLCTCTTCCGCGTCTTCGCCTTEGC
CCTCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCC
GCCTGGTACCTTTAAGACCAATGACTTACAAGGCAGCT
GTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACT
GGAAGGGCTAATTCACTCCCAACGAAAATAAGATCTG
CTTTTTGCTTGTACTGGOGTCTICTCTGGTTAGACCAGATC
TCGAGCCTGGOAGCTCTCTGGCTAACTAGGGAACCCACT
GUTTAAGUCTCAATAAAGCTTGCCTTGAGTGCTTCAAG
TAGTGTOTGCCCOGTCTGTTGTOTGACTCTGOTAACTAG
AGATCCCTCAGACCCTTTTAGTCAGTOTGGAAAATCTC
TAGCAGTAGTAGTTCATGTCATCTTATTATTICAGTATTT
ATAACTTGCAAAGAAATGAATATCAGAGAGTGAGAGG
AACTTOGTTTATTGCAGUTTATAATGGTTACAAATAAAG
CAATAGCATCACAAATTTCACAAATAAAGCATTTITIT
CACTGCATTCTAGTTOTGOTTTGTCCAAACTCATCAAT
GTATCTTATCATGICTGGCTCTAGCTATCCCGCCCCTAA
CTCCOGCCCATCCCOCCOCTAACTCCOCCCAGTTCCGCC
CATTCTCCGCCCCATGGCTGACTAATTTITITTITATTITAT
GCAGAGOCCGAGGCCGCCTCGGLCTCTGAGCTATTCCA
GAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGACTTTT
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GCAGAGACCAAATTCGTAATCATGTCATAGCTGTTTCC
TGTGTGAAATTGTTATCCGCTCACAATTCCACACAACA
TACGAGCCGGAAGCATAAAGTGTAAAGCCTGGOGOETOO
CTAATGAGTGAGCTAACTCACATTAATTIGCGTTGCGCT
CACTGCCCGUTTTCCAGTCGGGAAACCTOTCGTGCCAG
CTGCATTAATGAATCOGGCCAACGUGUCGOGGAGAGGLCG
GTITGCGTATTGOGGCGCTCTICCGUTTCCTCGUTCACTG
ACTCOGCTGOGCTCGGTCGTTCOGUTGCGGUGAGCGGTA
TCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGA
ATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAA
GGCCAGCAAAAGGCCAGGAACCGTAAAAAGOCCGCET
TGCTGGCOTTTTTCCATAGGCTCCGCCCCCCTGACGAG
CATCACAAAAATCOACGUTCAAGTCAGAGGTGGLGAA
ACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCY
GGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCC
GCTTACCGGATACCTOTCCGCCTTTCTCCCTTCGGGAA
GCOGTGGCGCTTTICTCATAGCTCACGCTGTAGGTATCTC
AGTTCOGTOTAGGTCOTTCGCTCCAAGCTGOGOTOTGT
GCACGAACCCCCCOTTCAGCCCGACCOGUTGCGCCTTAT
CCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACAC
GACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGAT
TAGCAGAGCGAGGTATOTAGGCGOTGCTACAGAGTTC
TTOGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAA
CAGTATTTGGTATCTGOGCTCTGUTGAAGCCAGTTACC
TTCGGAAAAAGAGTTGOTAGCTCTTGATCCGGCAAACA
AACCACCGCTGOTAGCGGTGOTTTTITTGTITTIGCAAGC
AGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGA
TCCTTTGATCTTTITCTACGGGGTCTGACGCTCAGTGGA
ACGAAAACTCACGTTAAGOGATTTITGGTCATGAGATTA
TCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAA
ATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAA
CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCA
CCTATCTCAGCGATCTGTCTATITCGTITCATCCATAGET
GCCTCACTCCCCGTCOTGTAGATAACTACGATACGGGA
GGGUTTACCATCTGGCCCCAGTGCTGCAATGATACCEC
GAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATA
AACCAGCCAGCCGGAAGGOCCGAGCGUAGAAGTGGTC
CTGCAACTTTATCCGUCTCCATCCAGTCTATTAATTOTT
GCCOGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAG
TTTGCGCAACGTTGTTGCCATTGCTACAGGLCATCGTGG
TGTCACGCTCGTCOTTTGGTATGGCTTCATTICAGCTCCG
GTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATG
TTGTGCAAAAAAGUCGGTTAGCTCCTTCOGTICCTCLGAT
CGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCA
TGGTTATGGCAGCACTGCATAATTICTCTTACTGTCATG
CCATCCGTAAGATGCTTTITCTGTGACTGGTGAGTACTC
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AACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCG
AGTTOCTCTTGCCCGGCGTCAATACGOGATAATACCGC
GCCACATAGCAGAACTTTAAAAGTGCTCATCATIGGAA
AACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCG
CTGTTGAGATCCAGTTCGATGTAACCCACTCGTGUACC
CAACTGATCTTICAGCATCTTTITACTITCACCAGCGTTTC
TCGGOTGAGCAAAAACAGOGAAGGCAAAATGUCGCAAAA
AAGGGAATAAGGGCGACACGGAAATGTTGAATACTCA
TACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGG
GTTATTGTICTCATGAGCGGATACATATTTGAATGTATTT
AGAAAAATAAACAAATAGGGGTTCCGCGCACATTTICC
CCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTA
TCATGACATTAACCTATAAAAATAGGCGTATCACGAGG
CCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAA
CCTCTCGACACATGCAGCTCCCGGAGACGGTCACAGCTT
GTCTOTAAGCGGATGCCGHGGAGUAGACAAGCCCGTCA
GGGCGCGTCAGCGOGTOTTGGCGGOTETCGGHGLTGG
CTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGT
GCACCATATGUGGTOGTGAAATACCGCACAGATGCGTA
AGGAGAAAATACCGCATCAGGCGCCATTCGCCATTCA
GGCTGCGUAACTOTTGGGAAGGGCGATCGHTGLGGEC
CTCTTCGCTATTACGCCAGCTGGUGAAAGGGGGATETG
CTGCAAGGCGATTAAGTTGGOTAACGCCAGGOTTTTICC
CAGTCACGACGTTGTAAAACGACGGUCAGTGCCAAGC
TG

(ad

Nucleic acid
sequence of pCDH-
EF1-

CAR3a 19aalinker-
plasroid

TATAAATATAAAGTAGTAAAAATTGAACCATTAGGAG
TAGCACCCACCAAGGCAAAGAGAAGAGTGGTGCAGAG
AGAAAAAAGAGCAGTGGGAATAGGAGCTTTOTTCCTT
GGOTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAG
CCTCAATGACGCTGACGOTACAGGUCCAGACAATTATIC
TCTGGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGC
TATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCT
GGGOGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTOT
GGAAAGATACCTAAAGGATCAACAGCTCCTGGGGATY
TGOGOTTGUTCTGGAAAACTCATTTGCACCACTOOTGT
GCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAAC
AGATTGGAATCACACGACCTGGATGOAGTGGGACAGA
CAAATTAACAATTACACAAGCTTAATACACTCCTTAAT
TCGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAA
GAATTATTGGAATTAGATAAATGOGGCAAGTTTGTGGAA
TTGGTTTAACATAACAAATTGGCTGTGGTATATAAAAT
TATTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAGA
ATAGTTTTTGCTOTACTTICTATAGTGAATAGAGTTAG
GCAGGOATATTCACCATTATCGTTTCAGACCCACCTCC
CAACCCCGAGGGUACCCGACAGGCCCGAAGGAATAGA
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AGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCATT
CGATTAGTCGAACGGATCTCGACGOTATCGGTTAACTTY
TAAAAGAAAAGGGGGOATTGGGGOGTACAGTGCAGGG
GCAAAGAATAGTAGACATAATAGCAACAGACATACAAA
CTAAAGAATTACAAAAACAAATTACAAAAATTCAAAA
TTTTATCGATACTAGTAAGGATCTGCGATCGCTCCGGT
GCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCC
CCGAGAAGTTGGGOOGAGGGGTCGGUAATTGAACGHG
TGCCTAGAGAAGGTGGCGCGGGGTAAACTGOGAAAGT
GATGTCGTGTACTGGCTCCGCCTTTTICCCGAGGOTGE
GGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAAL
GTTCTTTTTCOGCAACGGOTTTGCCGCCAGAACACAGCT
GAAGCTTCGAGGGGCTCGCATCTCTCCTTCACGCGCCC
GCCGCCCTACCTGAGGCCOGCCATCCACGCCOGTTGAGT
COGCETTCTGCCGCCTCCCGCCTGTGGTGCCTCCTGAAL
TGCGTCCGCCGTCTAGOTAAGTTTAAAGCTCAGGTCGA
GACCGGGUCTTTGTCCGGCGCTCCCTTGGAGCCTACCT
AGACTCAGCCGGCTCTCCACGUTTTGCCTGACCCTGET
TGCTCAACTCTACGTCTTITGTTTICGTTTITCTOTICTGOG
CCOGTTACAGATCCAAGCTGTGACCGGCGCCTACTCTAG
AATGOCCTTACCAGTGACCGCCTTGCTCOTGCCGETOG
CCTTGCTGCTCCACGUCGUCAGGCCGGOATCCGACATL
CAGATGACCCAGAGCCCCTCCTCTTTATCCGCCTCTOT
GGGUGACAGAGTGACCATCACTTGTCGTGCCAGUCAA
GAAATCTCCGGCTATCTGTCTTIGGCTGCAGCAGAAGCC
COGTAAGGCTATCAAGAGACTCATCTACGCCGCCAGC
ACTTTACAGAGCGGAGTGCCTAGCAGATTITAGCGGCTC
TCGTAGCGGCAGCGATTATACTTTAACCATCTCCTCTTT
ACAGCCCCGAAGACTTTGCTACCTACTACTGTTTACAGT
ACGCCAGCTACCCCTTCACCTTCGOTCAAGGTACCAAG
CTGGAGATCAAAGGTGGCGGCGGUTCTGGLGGCGHTG
GCTCTGGCGOTGGCTCCGOGCGOTGGTGOTAGCCAAGTT
ACCCTCAAGGAGAGCGGCCCCACTTTAGTGAAGCCTAC
CCAGACTTTAACTTTAACTTGTACCTTCAGCGGCTTCTC
TTTAAGCACCTCCACAATOGOCGTGGGCTGGATCAGAC
AGCCTCCCGOCAAGGCTCTGGAGTGGCTGOCCCACATC
CTCTGGAACGACAGUCAAGAGGTACAACCCCTCTTTAAA
GTCTCGTCTGACCATCACCAAGGACACCTCCAAGAAGT
AAGTTGTGCTGACCATGACCAATATGCGACCCCGTGGAC
ACCOCCACCTATTACTGCGCTCGTATCGTGTACTACTC
CACCTACGTGGGCTACTICGACOTCTGGGGACAAGGTA
CCACCGTGACCGTCAGCTCTGGATCCTTCGTGLCGGTC
TTCCTGCCAGCGAAGCCCACCACGACGLCAGCOGLCGC
GACCACCAACACCGGCGCCCACCATCGCGTCGCAGCC
CCTETCCCTGCOLCCAGAGGCGTGCCGOCCAGUGGLG
GGGOGLGCAGTGCACACGAGGGGGETGGACTTCGECT
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GTGATATCTACATCTGGGCGCCCTTGGCCGGGACTTGT
GGGOTCCTTCTCCTGTCACTGGTTATCACCCTTTACTGE
AACCACAGGAACAGGAGTAAGAGGAGCAGGCTCCTGO
ACAGTGACTACATGAACATGACTCCCCGCCGCCCCGEE
CCCACCCGCAAGCATTACCAGCCCTATGCCCCACCACG
CGACTTCOGCAGCCTATCGCTCCAAACGGOGGLAGAAAG
AAACTCCTOTATATATTCAAACAACCATTTATGAGACC
AGTACAAACTACTCAAGAGGAAGATGGUTGTAGCTGC
COATTTICCAGAAGAAGAAGAAGGAGGATGTGAACTGA
GAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGLGTA
CCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAAT
CTAGGACGAAGAGAGGAGTACGATGTTITGGACAAGA
GACGTGGCCOGGACCCTGAGATGOGOGGAAAGCCGAG
AAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTG
CAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTG
GGATGAAAGGCGAGCGCCGGAGGGOCAAGGGGCACG
ATGGCCTTTACCAGGOTCTCAGTACAGCCACCAAGGAC
ACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCTCG
CGOGGCCGCTAGUTGAATCTAAGTCGACAATCAACCTC
TGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTT
AACTATOTTGCTCCTTTTACGCTATGTGGATACGCTGCT
TTAATGCCTTTGTATCATGCTATTGCTTCCOGTATGGOT
TTCATTTTICTCCTCCTTOTATAAATCCTOGTTGCTGICT
CTTTATGAGGAGTTOTGGCCCGTTOGTCAGGUAACGTGE
COTGOTGTGCACTOTGTITTGCTGACGCAACCCCCACTG
GTTOGOGCATTGCCACCACCTGTCAGCTCCTTTICCGGG
ACTTTCOCTTTCCCCCTCCCTATTOGCCACGGUGGAALTC
ATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCG
GETGTTGGOGCACTGACAATTCCGTGOTGTTGTCGGOGA
AATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTITGECA
CCTGGATTCTGCGCGOGACGTCCTTCTGCTACGTCCCTT
COGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCOTG
CTGCCGGCTCTGCGGCCTCTTCCGCOTCTTCGCCTTCGC
CCTCAGACGAGTCOGGATCTCCCTTITGGOGCCGCCTCCOC
GCCTGGTACCTTTAAGACCAATGACTTACAAGGCAGCT
OTAGATCTTAGCCACTTTTITAAAAGAAAAGGGGGGACT
GGAAGGGCTAATTCACTCCCAACGAAAATAAGATCTG
CTITTTTGCTTOTACTGGOGTCTCTCTGOTTAGACCAGATC
TCGAGCCTGGOAGCTCTCTGGCTAACTAGGGAACCCALT
GUTTAAGUCTCAATAAAGCTTGCCTTGAGTGCTTCAAG
TAGTGTGTGCCCGTCTGTTGTOTGACTCTGGTAACTAG
AGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTC
TAGCAGTAGTAGTTCATGTCATCTTATTATTCAGTATTT
ATAACTTGCAAAGAAATGAATATCAGAGAGTGAGAGG
AACTTGTTTATTGCAGUTTATAATGGTTACAAATAAAG
CAATAGCATCACAAATTITCACAAATAAAGCATITITIT
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CACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAAT
GTATCTTATCATGTCTGGUTCTAGCTATCCCGCCCCTAA
CTCCGCCCAGTTCCGUCCATTCTCUCGCCCCATGOGCTGA
CTAATTTTTTTTATTITATGCAGAGGCCGAGGCCGCCTC
GGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTT
TTGGAGGUCTAGACTTTTGCAGAGACGGCCCAAATTCG
TAATCATGOTCATAGUTGTTITCCTOTGTGAAATTGTTAT
CCGUTCACAATTCCACACAACATACGAGUCGGAAGCA
TAAAGTGTAAAGCCTGGOGTOGCCTAATGAGTGAGCTA
ACTCACATTAATTGCGTTGUGCTCACTGUCCGLUTTICCA
GTCGGGAAACCTOTCOGTGUCAGCTOGCATTAATGAATCG
GCCAACGCGCGGGGAGAGGCGOTTTGCGTATTGGGCG
CTCTTCCGCTTCCTCOCTCACTOACTCGCTGCGOTCGET
COGTTCOGOCTGCGOCGAGCGGTATCAGCTCACTCAAAGG
COGTAATACGOGTTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATOTOAGCAAAAGGUCAGCAAAAGGC
CAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTITTTCC
ATAGGUTCCGCCCCCCTGACGAGCATCACAAAAATCG
ACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTA
TAAAGATACCAGGCGTTICCCCCTGGAAGCTCCCTCGT
GCGETCTCCTOTTCCGACCCTGCCGUTTACCGGATACC
TCTCCGCOTTTICTCCCTTCGGGAAGCOTGGCGEUTTTICTC
ATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTC
GTTCGCTCCAAGUTOGOCTGTGTGCACGAACCCCCOGT
TCAGCCCGACCGCTGCOGCCTTATCCGGTAACTATCGTC
TTGAGTCCAACCCGOTAAGACACGACTTATCGCCACTG
GCAGCAGCCACTGOTAACAGGATTAGCAGAGCGAGOT
ATGTAGGCOGGTGCTACAGAGTTCTTGAAGTGGTGGCCT
AACTACGGUTACACTAGAAGGACAGTATTTGGTATCTG
CGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTG
GTAGCTCTTGATCCGGUAAACAAACCACCGUTGGTAGC
GGTGOTTTTTTIGTTTGCAAGCAGCAGATTACGCGCAG
AAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTA
CGOGOTCTGACGUTCAGTGGAACGAAAACTCACGTTA
AGGGATTTTGGTCATGAGATTATCAAAAAGGATCTITCA
CCTAGATCCTTTTAAATTAAAAATGAAGTTTITAAATCA
ATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTA
CCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCT
GICTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTICG
TGTAGATAACTACGATACGGGAGGOCTTACCATCTGEC
CCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACC
GGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGA
AGGGCCOAGCGLAGAAGTGOTCCTGCAACTTTATCCGC
CTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAG
TAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTT
GCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTT
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TGGTATGGCTTCATTICAGCTCCGGTTCCCAACGATCAA
GGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCG
GTTAGCTCCTTCGOGTCCTCCGATCOTTGTCAGAAGTAA
OTTGGCCGCAGTGTTATCACTCATGOTTATGGCAGCAC
TGCATAATTCTCTTACTGTCATGCCATCCGTAAGATOCT
TTTCTGTCGACTGOTGAGTACTCAACCAAGTCATTCTGA
GAATAGTGTATGCGGCGACCGAGTTGUTCTTGCCCGGE
GTCAATACUGGGATAATACCGCGUCACATAGCAGAACT
TTAAAAGTGCTCATCATTGGAAAACGTTCTICGGGOLG
AAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTT
COGATGTAACCCACTCGTGCACCCAACTOATCTTCAGCA
TCTTTTACTTTCACCAGCGTTTCTOGGTGAGCAAAAAC
AGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGEC
GACACGGAAATGTTGAATACTCATACTCTTCCTTTTTC
AATATTATTGAAGCATTTATCAGGGTTATTGTCTCATG
AGCGGATACATATTITGAATGTATTTAGAAAAATAAACA
AATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCAC
CTGACGTCTAAGAAACCATTATTATCATGACATTAACC
TATAAAAATAGGCGTATCACGAGGUCCTTTCOGTCTCGE
GCGTTTCGGTGATGACGOTGAAAACCTCTGACACATGC
AGUTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGAT
GCCGOGAGCAGACAAGCCCOTCAGGGCGLCOTCAGCGE
GTGTTGGCGGOTGTCGGGGCTGGCTTAACTATGCGGCA
TCAGAGCAGATTGTACTGAGAGTGCACCATATGCGHTGC
TCGAAATACCGCACAGATGUGTAAGGAGAAAATACCGC
ATCAGGCGCCATTCGCCATTCAGGUTGCGCAACTGTTG
GGAAGGGCCGATCGOTGUGGGCCTCTTCGUTATTACGCC
AGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAG
TTGGOTAACGCCAGGOTTTTCCCAGTCACGACGTTGTA
AAACGACGGCCAGTGCCAAGCTG

Nucleic Acid
sequence of

EF1 CAR3a 1%aa
linkerT2Aicasp9 V
B200623-257Twvv
Plasnud

aatgtagtctiatgeaatactettgtagictigeaacatggtaacgatgagttageaacatgee
ttacaaggagagaaaaagceaccgigeatgeogatiggtggaagtaaggtogtacgaicgt
gecttattaggaaggeaacagacgggtctgacalggatiggacgaaccactgaatigeeg
cattgcagagatatigtatttaagtpcctagetcgatacataaacgggictetctggttagace
agatcigagectgggageictcigectaactagggaacceacigettaagectcaataaag
cttgectigagtgeticaagtagtgtgtgecoegtetgtigtgtgactetggtaactagagatee
ctecagaccecttitagtcagtotpgaaaatcictageagiggegeccgaacagggactigaa
agegasagggaaaccagaggagctetctcgacgeaggacteggetigetlgaagegoge
acggceaagaggegaggegoggegaciggtgagtacgccaaaaatitigactageggag
gctagaaggagagagatgeatucuagagcegicagtaliaageggyopagaatiagateg
cgatgggaaaaaaticggttagggecagegegaaagaasaaaiataaattagaacatata
gtatggocaageagggagciagaacgaticgcagttaaicciggectgttagaaacatcag
aaggctgtagacaaatactgggacagctacaaccaicccticagacaggateagaagaad
ttagatcattatataatacagtageaaccctctatigigigeatcaaaggatagagataaaaga
caccaaggaagcittagacaagalagagoaapagcaaaacaaaagiaagaccaccgca
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cageaageggeogetgatettcagacctggaggaggagatatgagggacaatiggagaa
gtoaattatataaatataaagtagiaaaaatigaaccattaggagiageacceaccaaggea
asgagaagagtggtacagagagaaassagageagigggaataggagetitgticcttgg
gticttggoagcagcaggaagcactatgggecgcagegicaatgacgetgacggtacagg
ccagacaatiatigictogtatagigcagcageagaacaattigetgagggctaitgagocs
caacageatcigitgeaactcacagtciggggcatcaageagetecaggeaagastecig
gctgtggaaagatacctaaaggatcaacagetccigggepatttppoottocictggaaaac
tcattigeaccactgetgigectiggaatgctagitggagtaataaaliciciggaacagaitty
gaatcacacgacctggatggagtgggacagagaaattaacaatiacacaagctiaatacac
tceitaattgaagaatcgeaaaaccageaagaaaagaatgaacaagaatiattggaatiaga
taaatgggcaagtiigiggaatiggitiaacataacaaatiggctgiggtatataaaattatica
taatgatagtaggaggctigetaggtitaagaatagtiittgctgtactiictatagtgaataga
gtiaggcaggeoataitcaccattategtifcagacccacctcocaaccecgaggegacceg
acaggeccgaaggaatagaagaagaagetygagagagagacagagacagateeaticg
attagtgaacggatctcgacggiatcgetagetittaaaagaaaaggegggatigoocoot
acagigcaggggaaagaatagtagacataatagcaacagacatacaaactaaagaatiac
aaaaacaaattacaaaaattcaaaatittactagtgatiatcggatcaactitgtatagaaaagt
tggociccggtpecogicagiggpcagagegcacatcgeccacagiceecgagaagity
gyggoogooooicgocaatigagceggigectagagaaggiggcgcggggtasaciggg
aaagtgatgtegigtaciggetcegecitiiicecgagggiggapgagaacegtatataagt
geagtagicgecgigaacgticititicgeaacgggiitgccgecagaacacaggtaagiae
cgtgtgtagticccgeggecciggectetitacgggtiatggccettgegtgecttgaattact
teccaccetggetgcagtacgtgatictigatccegageticgggttgeaagtonetoogaga
gticgaggcctigegettaaggagecceticgectegigetigagtigaggectggoctgy
gegctgppoccgecgegigegaatetggtgecaccticgegectgietegetgetticgat
aagtcictagecatitaaaattittgatgacctgeigegacgctitititctggcaagatagictt
gtaaatgegggecaagaictgeacactigglatttcggiitiiggoaccgrggacggcgacy
gggocegigegtcccagegeacatgiicgeegagecgaaacetaeRagoriggerac
cgagaatcggacggeggtagtcicaagetgaccggocigetctggtgoctggtoicgege
cgeegtgtategecoegeoctgggeggeaaggetggeecggteggeaccagtigegtga
cggaaagatggocgeticceggeccigetgeaggpageicaaaalpgaggacgegsc
ctegggagagegggcgeatgagicacecacacaaaggaaagggcctiicegtecica
geogtegeticatgtgactecacggagtacegggegecgtecaggeacctegattagtict
cgagctitigeagtacgtegiciitaggtiggopogagooatitiiatgegatggagtitccee
acactgagigggtggagactgaagtiaggecageitggeacttgatgtaattctectiggaat
ttgeoctittigagtitggatcitggticaticicaagectcagacagtggticaaagtittittctt
ccaiticaggigicgtgacaagtiitgiacaaaaaageaggctgecaccatggecttaccagt
gaccgecttgetectgecgetggectigeigetecacgeogecaggecgggatecgacal
ccagatgacccagageccectecictitatecgecictgiggpcegacagagtgaccatcactt
gtegigecagecaagaaatctocggetatetgtctiggetgcageagaageccgglaagg
ctatcaagagactcatctacgeegecageactitacagageggagtgcctageagatitag
cggctcicgtagegpcagegattatactitaaccateiccicttiacageeegaagacitiget
acclactactgttiacagtacgecagetaccecticaccticggicaaggtaccaagetgga
gatcaaaggtegoeggeggotctggeggeggtegetotgecggtagcteeggeggtggte
gtagecaagtiacccicaaggagageggeoccacttiagtgaagectacecagactitaac
titaacttgtaccticageggcticictitaageacctccacaatggocstoooctooalcag

g2 e
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acagecteceggeaaggotctggagtggeiggeccacatectetggaacgacageaaga
ggtacaaccecictitaaagiciegictgaccatcaccaaggacacetecaagaageaagtt
gtactgaccatgaccaatatggaccecgiggacacegecacciattactgegetegtategt
gtactactecacctacgtgggetacticgacgteiggggacaaggtaccaccgigacegty
ageteiggatecticgtgeeggicticetgocagegaagoccaccacgacgocagegecg
cgaccaccaacaccggegeccaccatcgegicgeageecetgtecctgegeecagagg
cglgoeggecageggcggppapcpcagigeacacgagggpactgeacticgecigiy
atatciacatcigggegeccitggecgggactigtggagicctictectgtcactggtiaicac
cctitactgeaaccacaggaacaggagtaagaggeageagactoctgeacagtgactacat
gaacatgactececgecgoceogggoceaceogoaageattaceageeciatgececac
cacgcgacttegeagectategotccaaacggggcagaaagaaactectgtatataticaa
acaaccatttatgagaccagtacaaactactcaagaggaagatggotgtagetgecgatite
cagaagaagaagaaggageatoteaactgagagigaagitcageaggagcgcagacge
ceccgegtaccageagggecagaaccagetclataacgagotcaatelaggacgangag
aggagtacgatgtittggacaagagacgtpgecggpacceigagatgggpooaaagec
gagaaggaagaaccoicaggaaggecigiacaatgaacigeagaaagataagaiggeg
gaggectacagtgagatigggatgaaaggegagegeoggagggacaaggggcacgat
gpocittaccagpgtcicagtacagecaccaaggacacctacgacgeccticacatgeag
gooctgeoceeicgoggaageggagagagcaggegaagtctictaacalgigggacg
tgaggaaaatcceggoeccaigggagtgcaggtggaaaccatetccccaggagacgg
gegcaccHcoecaagogeggecagacetgegtggtacactacaccgggatgetigaag
atggaragaaagtggaticcteccgggacagaaacaagecctitaagtitalgetaggcaa
gcaggaggetgatccgaggcigooaagaagoootiscccagatgagigiogetcagaga
gocaaacigactatatciccagatiatgectalggigecacigggeacccaggcateaioce
accacatgecactetegicttegatgiggagetictagaactggaatciggaggaggiictac
taacaggcaagcageaaagiigicgaagecaacectagaaaaccttaceccagiggioet
cagaccagagaticgeaaaccagaggticicagacoeggaaacacceagaccagiggaca
ttggttctiggaggattigetgatotogatactetigagagtttgaggggaaatgeagatitgs
citacatccigageatggageoctgiggecactgecicatiatcaacaaigtgaactictgee
gtgagteogggceteegeaceegeactggelccaacategactigigagaagtigeggoegtc
gettctectegetgeatticatggtpgaggtgaaggpegacctgacigecaagaaaatggt
gctgactitgctggagetggogeageaggaccacggtgctetggactgeigegtgatoat
cattcictetcacggotgtcaggecagecacctgeagticccaggggetgictacggeaca
gatggatgcccigigicggicgagaagatigigaacatcticaatggpaccagetgececa
gectgggagggaageecaageictitticatecaggectgigglegggageagaaagace
atgggtitgaggtoccctecacticcccigaagacgagicccctggeagtaaceeegagee
agatgccacceegticcaggaaggttigaggaccticgaccageiggacgceatatetagt
ftgcccacacceagtgacatetttgtgtectacictactticecaggititgtitcciggaggga
cocccaagagtogcetectggtacgtigagaceeiggacgacatetiigageagiggactcac
teigaagacctgeagicectectgetiagggtegctaatgcigittcggigaaagggattiata
aacagatgeciggitgetitaatitecteccggaaaaaacttiictitaaaacatcatgaaceeag
ctiictigtacaaagtpgtgataategaaticcgataatcaaccictggattacaaaatttpiga
aagatigactggtattctiaactatgtigcicctittacgotatgtggatacgetgetitaatgect
ttgtatcatgetatigettecogtatggetiteattitetectectigtataaatectggtigetgtot
cittatgaggagttotooccegitgtcaggcaacgiggogtgatgiacactgiatitgcigac
geaacccccactggtigoeacattgecaccacctgicagetectitecgggactiicgetitc
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cecctecctatigecacggeggaactcategecgectgectigeecgetgotggacaggg
geteggetgtiggocactgacaaticegtggtatigicgeggaagetpacgtectiiccatg
gotgetegectgtettgccacctggatictgegegggacgtectictgetacgicecticgge
cetcaatecageggaccttecticecgeggectgeigecggceteigeggectettecegogtc
ficgecticgeccicagacgagicggaictoectiigggecgectceccgategggaatic
cegeggticgettiaagaccaatgacttacaaggcageligtagatetiagecactititaaaa
gaaaagggegeaciggaagggctaaticactcecaacgaagacaagatetgcttittpett
gtactgggtctctctggtiagaccagatetgagectgggagetctetggciaactagggaac
ccactgettaagectcaataaageitgectigagtocticaagtagigtetaccegtotgitet
gtgactctggtaactagagateccicagaccetiitagtcagigiggaaaatctciageagta
gtagttcatgteatctiatiattcagiatiiataactigeaaagaaatgaatateagagagtgag
aggaactigittattgeagcettataatggtiacaaataaageaatageatcacaaatticacaa
ataaagcatttitttcactgeatictagtigiggittgtccaaacteateaatglatettateatgtc
tggeictagetatecegecectaacteegeccateccgecectaactcegeccagticegee
catictcegecccatggcetgaciaatittiittaittaigeagaggecgaggoegecteggoct
ctgagctattccagaagtagigaggagacttittiggaggoctagggacgtacceaaticge
cetatagtgagtegtattacgegegeteactggecgtogttttacaacgtegtgactgggaa
aaccciggegttacceaacttaategectigeageacateceoctitcgecagetggogtaa
tagegaagaggeccgeaccgaicgeccticecaacagitgegeagectgaatggegaat
gggacgegeecigtageggegeattaagegegeegeatetootoottacgegeagegig
ac¢getacacttgecagegecctagegeccgetcctitcgeiticiteccticetticicgeca
cgttcgecggetticecegicaageictaaateggggacteecttiaggaitcegatttagly
ctttacggcacctcgacccecaaaaaacitgatiagggteatgpticacgtagigggccatcg
cectgatagacggtttttcgeecttigacgitiggagiccacgtictitaatagtggactciigitc
caaaciggaacaacactcaaccctateteggtctaticttitgattiataagggatittgecgatt
tcggectatiggtiaaaaaatgageigatitaacaaaaatttaacgegaattttaacaaaatatt
aacgcttacaattiaggiggeacitttcggggaaatgtgegeggaaccociatitgtttatitit
ctaaatacattcaaatatgtatcegetcatgagacaataaccctgataaatgottcaataatatt
gaaaaaggaagagiatgagtaticaacatitcogigicgeccitaticecitttigeggcatttt
gecttectgtitiigeteacecagaaacgetggigaaagtaaaagatectgaagatcagtiog
gipcacgagigoegttacatcgaaciggatcicaacageggtaagaicctigagagtiitcge
cccgaagaacgtiticcaatgaigageacititaaagticigetaigigacacggtatiatcee
gagtactcaccagtcacagaaaageatcttacggatgpcatgacagtaagagaatiatgca
gtgctgecatagccatgagigataacactgeggecaacttaciictgacaacgateggagg
accgaaggagctaaccgeiititigeacaacatggggpatcatgtaactegectigategtty
ggaaccggageigaatgaagecataccaaacgacgagegigacaccacgatgecigtag
caaiggeaacaacgitgegeaaaciattagctggegaactactiacictageticecggcaa
caattaatagactggatgpaggcgpataaagtigeaggaccacticigegeteggeoctic
cggciggctggtttatigeigataaatciggageceggigagcgtgagictogeggiateatt
geageactggegccagatggtaageccicecgtategtagitatetacacgacggggagt
caggcaactatggatgaacgaaatagacagatcgetgagataggeigectcactgatiaage
attggtaactgicagaccaagitiacteatatatactitagatigatitaaaacticatititaaitia
aaaggatctaggtgaagatectitttgataatctcatgaccaaaatcectiaacgtgagitticg
ticcactgagegteagaceocgtagaaaagatcaaaggatetictigagatoctititttcige
gegtagtetgetgctigtaaacaaaaaaaccaccgctaccageggigaittetiteccgeat
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caagagctaccaactetititecgaaggtaactggeticageagagoegeagataccaaatac
tgttctictagigtagecgtagttagpecaccacticaagaacicigtageaccgectacata
cetegetetgetaatectgttaccagiggetgcigecagigacgataagicgigictiacegg
gtiggactcaagacgatagttaccggataaggegeageggiogggotigaacggpgggtt
cgtgcacacageecagetiggagegaacgacctacaccgaacigagatacetacagegt
gagctaigagagagegecacgoticcegasgagagaaaggeggacaggtatecggtaa
goggeagggeicggaacaggagagegeacgaggagcticcagggggaaacgeetggt
atcttiatagtectgtegggtitcgecaccictgactigagegtegattttigigatgcicgicag
geggacggagcctatggaaaaacgoecageaacgeggectitttacggticetggoctitiy
ctggectttigetcacatgtictitcctgegttatcoectgatictgiggataaccgtatiaccge
cttigagigagotgataccgeicgecgeageoegaacgaccgagegeagegagtcagiga
gogaggaageggaagagegeocaatacgeaaaccgecicieeccgegegtiggoecgatt
cattaatgcagotggeacgacaggtifcoegactggaaagegggcagtgagogaacge
aattaatgtgagttagetcacticattaggeaccecaggetttacactitatgettceggetogta
tptigigtgeaatigtgagogoataacaatitfcacacaggaaacagetatgaccatgatiacy
ccaagegegceaattaacectcactaaagggaacaaaagetggagoigeaagoit

a5

Nucleic Actd
sequence of

BF1 CAR3a 19aal
inkerT2Aegfit VB
200623-1259%gkz-
Plasmid

aatgtagtctiatgeaatacictigtagtettgeaacatggtaacgatgagitageaacatgec
ttacaaggagagaaaaageaccgigeatgecgatiggiggeaagtaaggtgetacgategt
gecttattaggaaggcaacagacgggictgacatggatigeacgaaccactgaatigeeg
cattgeagagatatigtatitaagtgectagetcgatacataaacgggtetetetggtiagace
agaictgagoetgggagctcictggctaactagggaacccacigetiaagecicaataaag
cligectigagtgcticaagtagigtgigeccgictgtigigigactctggtaactagagatce
cteagacccttitagtcagigiggaaaatctctageagiggegeocgaacagggactitgas
agegaaagggaaaccagaggageictcicgacgeaggactoggotigetgaagegcgd
acggeaagaggegagggecggegactggtgastacgecaaaaatittgactageggay
gctagaaggpagagagatgggtocgagagegtcagtatiaageggaogaagaattagatcy
cgatgggaaaaaattcggitaagoccaggggoaangaaaaaatataaattaaaacatata
gtatgggcaageagggagcetagaacgaticgeagttaatoctggectgitagaaacatcag
aaggctgtagacaaatactggeacagetacaaccatcecticagacaggaicagaagaac
ttagatcattatataatacagtageaacceictattgtgtgcatcaaaggatagagataaaags
caccaaggaagcetitagacaagatagaggaagageaaaacaaaagtaagaccaccgea
cageaageggecgetgatcitcagacctggaggaggagatatgagggacaatiggagaa
gtgaattatatanatatasagtaglaaaaatigaaccatiaggagtageacccaccaaggea
aagagaagagtogigeagagagaaaaaagageagigppaataggagetiigticeiiyg
gitctigggagcagcaggaageactatgggegeagegicaatgacgctgacggtacagg
ceagacaattattgtetggtatagtgeageageagaacaattigeigagggetatigaggeg
caacagcatcigtigeaactcacagiciggpacatcaageagetecaggeaagaatecig
golgtggaaagatacctaaaggatcaacageicclggggatiiggagitectetggaanac
teatttgeaccactgetgigectiggaatgotagtiggagtaataaatcictggaacagatity
gaatcacacgacciggatggagiggeacagagaaattaacaatiacacaagetiaatacac
tccttaatigaagaategeaaaaccageaagaaaagaatgaacaagaattaitggaattaga
taaatgggcaagtitgigoaatigptitaacataacaaatiggctatggtatataaaattatica
taatgatagtaggaggoctiogiagatitaagaatagittitgctgtacitictalagtgaataga
gttaggcagggataticaccatiaicgtitcagacocaccioctraacsregaggeegaceey
acaggcccgaaggaalagaagaagaagetooaoaoapapacagagacagatccaticg
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attagtgaacggatcicgacggtategetagettitaaaagaaaaggggggattgeggoot
acagipcaggppaaagaatagtagacataatageaacagacatacaaactaaagaattac
assaacaaattacaaaaaticaaaattttactagtgatiateggatcaactitgtatagaaaagt
tggectceggiceccgicagiggecagagegeacategeccacagicccegagaagiiy
gggggaggggicgpcaaligaaccgaigectagagaaggiypcgegregiaaaciypg
aaagigatgicgtgtactggctecgectitticecgagggtggggoagaaccgtatataagt
gcagtagtcgeogtgaacgtictitticgeaacgggtttgecgccagaacacaggtaagiod
cglgigtooticecgegagectggcecicttiacggatiatggccctigegtgecitgaatiact
tecacctggetgeagtacgigaticttgatecegagetteggatiggaagieggiogaaga
gticgaggectigegettaaggagecccticgectegigetigagtigagaocciggoctog
gegetgggaccgeigegigegaatetggiggcacciicgegectgtotegetgetitegat
aagtctctagecatitaaaatitiigatgacetgetgegacgetitittictggeaagatagtett
gtaaatgcggoccaagateigcacactgglatitcggtittiggooccgiggocgscoacg
gggeccgtgegteccaglgracalghicgeegaggiegeecciergagegeggccac
cgagaatcggacgggggtagicicaageiggecggectgoiciggigeciggictcgege
cgecgtgtatcgooccgeceigggeggeaaggetggcccggicggcaccagtigegtga
geggaaagatggecgettceeggeoctgeigeagggageteaaaalggageacgeggc
geteggeagagegpgegggeigagicacccacacaaaggaaaaggacctitecgicctea
gocgiegetteatgtgacticeacggagtacegggegcegiceaggeacctegattagiict
cgagctttiggagtacgtegictitaggitpgecooagoootiitatgegatgeagtitccce
acactgagtgggtogagactgaagttaggccagetiggcactigatgtaatictecttggaat
ttgccctititgagtitggatctiggiteatictcaagectcagacagtggticagagtitttitctt
ccatticaggtgtcgtgacaagtitgtacaaaaaageaggetgecaccatggecttaccagt
gaccgectigetecigecgetggectigetgetccacgecgecaggecgggatecgacat
ccagatgacceagagecectectctitatecgectetgtggecgacagagtgaccateactt
gicgtgccagecaagaaatciccggctatetgictiggetigeageagaageccggtaage
ctatcaagagactcaictacgeegecageactitacagageggagigectageagattiag
cggcictegtageggeagegaitatactitaaccatetectetttacageccgaagactiiget
acctactactgittacagtacgccagetaccecttcaccticggicaaggtaccaagetgga
gatcaaaggtggeggeggcictggcggeggtegctetggeggigactecggeggtggty
gtagccaagttacecicaaggagageggccocactitagigaagectacceagactitaac
fttaactigtaccticageggoticictitaageacctccacaaigggogigggciggateag
acagecteceggeaaggotctggagtggeiggeccacatectetggaacgacageaaga
ggtacaaccccicittaaagictegictgaccatcaccaaggacacctccaagaageaagtt
gtecigaceatgaceaatatggaccecgiggacaccgecacctattactgegcetegtategt
gtactactecacctacgtgggetacticgacgteiggggacaaggtaccaccgigacegty
agetciggatecitcgtgccggicticctgocagegaageicaceacgacgicagrgecy
cgaccaccaacaccggegeecaccatcgegicgeageecetgteectgegeecagagg
cgteccggecageggcgggopocpcagigeacacgagggpactggacticgectgly
atatciacatcigggoegeccitggecgggactigtggggicctictectgicactggtiaicac
cetttactgeaaccacaggaacaggagtaagageageaggcetectgeacagigaciacat
gaacatgactccccgeogoecegggoccaccegeaageatiaccagecciatgeoecac
cacgegacttegeagectategetccaaacggggoagaaagaaactecigtatataticaa
acaaccatttatgagaccagtacaaactactcaagaggaagatggotgtagetgecgatite
cagaagaagaagaaggageatotoaactgagagioaagiicagcaggagcgcagacge
coccgegtaccageagggecagaaccagetctataacgagetcaatetageacgangag
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aggagtacgatgtttiggacaagagacgiggecgggaccotgagatggooooaaagce
gagaaggaagaaccctcaggaaggecigtacaatgaactgeagaaagataagatggeg
gaggectacagtgagattgggatgaaaggrgagegoecggaggggcaaggggeacgat
ggoctitaccagggictcagtacagecaccaaggacacetacgacgeccticacatgeag
gecctgeeeceicgeggaageggagaggecagguoaagicticlaacatgegggegacg
tggaggaaaatcceggecccaigeticiectggtgacaageciteigeictgtgagitacea
cacceageaticetectgateccacgeaaagigigtaacggaataggtatigetoaatiiaaa
gactcacictccataaatgetacgaatatiaaacacticaaaaactgeacetecateagiggc
gatctecacatectgecggtggeatitagggateactecticacacatactectcciciggat
ccacaggaactggataticigaaaaccgtaaaggaaaicacagggittitgctigaticagge
ttggoctigaaaacaggacggacciccaigectiigagaacctagaaatcatacgeggoeag
gaccaageaacatggteagtittetetigeagtegtcagectgaacataacatectigggatt
acgeteccticaaggagataagtgatggagatytgataatitcaggaaacaaaaatitgtgot
atgcaaatacaataaactggaaaasactgittgggaccicoggteagaanaccaaaattata
agcaacagaggipaaaacageigeaaggecacaggecaggictgecatgectigigete
cccegagggcigctggaaccoggageccagagactgogictetigecggaatgicaged
gaggeagggaatgegtggacaagtgeaacctictggagggtgagecaagggagtttaty
goacaggacgggoaccagacaactgtatecagtgtgeccactacatigacggeccecact
gegtcaagacctgecoggeaggagicatgggagaaaacaacaceetggictggaagtac
geagacgoeggecatgigigecacctigigecatecaaactgeacciacggatgcactggg
ccaggtcttgaaggctgiccagcgaatgggcctaagatecegtecategecacigggalg
gtggoooccciccictigeigetggtpatogeccigggealcggeciciicatgtgaacee
agetttciigtacaaagiggteataatcgaaticcgataatcaaccictggatiacaaaattigt
gaaagattgactggtaticttaactatgitgctoctitiacgetatgtggatacgetgetitaatg
cctitgtatcatgotatigeticocegtatggotticatttictectectigtataaatectggtiget
gictciitatgaggagtigtggcocgtigtcaggraacgiggegiggigtigeacigigtttget
gacgeaacecccactggtiggggcattgecaccacetigtcagetectiteegggactticge
tifccecctecctatigecacggeggaacteatogeogectgoctigeecgetgetggacag
gegcteggctgtiggecactgacaaticeglggigtigicggegaageigacgiectiteca
tgpctgetegectgtgttgecacctggatictgegogggacgtoctictgetacgteccticg
geccteaatecageggaccticeticecgeggectgetgecggctcigeggectceticoge
gicttegecticgeccteagacgagtoggatcteectitgggecgecteceegeateggga
attccegeggticgetitaagaccaatgacttacaaggeagceigiagatctiagecactitita
aaagaaaaggggeoactggaagggetaaticacicccaacgaagacaagateigotitity
ctigtactgggteictetggttagaccagatetgagectgggagetcictgectagetaggga
ac¢eactgettaagecicaataaagettgectigagtgcticaagtagtotgtgoecgtoigit
gigteactetggtaactagagaiccctcagaccettitagteagiglggaaaatctclageag
tagtagticatgicatcitatiaticagtatitataaciigeaaagaaatgaatatcagagagiga
gaggaacttgtitatigeagetiataatggtiacaaataaageaatageaicacaaatifcaca
aataaagcattittticactgeatictagtigiggtitgtccaaacicatcaatgtatetiatcatgt
ctggctetagetateccgeccoiaacicegeccatececgeccetaactcocgoocagticege
ceaticteegecccatggotgactaattttititatitatgeagaggeegaggoogecteggee
tetgagetaticcagaagtagtgagoagectiittiggaggectagggacgtacecaatteg
cectatagigagtogtattacgegegetcactggecgicgtttiacaacgtegtgactggea
asaccciggegttacccaacttaategectigeageacatececctitegecagetggegta
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atagcgaagaggoocgeaccgategeocticecaacagttgegeagectgaatggegaat
gggacgegoccigtagegecgeatiaagegeggegpptgtgptgptiacgegcagegic
accgetacactigecagegecctagegecegeteetticgettictteecticctiictegeca
cgticgecggetticecegicaagetctaaateggggaeteccttiagggttcogatitagty
ctttacggcaccicgaccecaaaaaacttgaitagggioatggticacgtagtgggecateg
cectgatagacggtitticgeccittgacgtiggaagiccacgitciitaatagtggacictigtic
caaaciggaacaacactcaaccctatcteggictatictitigatiiataagggattitgecgatt
tcggectaltggttanaaaaigagetgaitiaacaaaaattiaacgegaattitaacaaaatatt
aacgetiacaatitaggtogeacititcggggaaatgigegeggaaccoctatitgtitatitit
ctaaatacattcaaatatgtatccgetcatgagacaataaccoigataaatgcticaataatatt
gadaaaggaagagtalgagtaticaacatticogtgtegecctiattcecttittigeggeattit
geottectgtitttgeteacceagaaacgotggtygaaagtaaaagatgctgaagateagitae
gtgcacgagtggettacatcgaactggatetcaacageggtaagatecitgagagtittcge
cocgaagaacgiiticcaatgatgageacttitaaagitctgetatgtggegeggtattaicee
gtatigacgecgggcaagageaactcggicgeogeatacactaticicagaatgacttggtt
gagtactcaccagicacagaaaageatctiacggatggcatgacagtaagagaatiaigea
gtgcetgccataaccatgagtgataacactgeggecaacttactictgacaacgateggagg
accgaaggagcetaacegotitittgcacaacatgggoggatcatgtaacicgectigateptie
ggaaccggageigaaigaagecataccaaacgacgagegigacaccacgatgectglag
caatggcaacaacgtigegeaaaciatiaaciggegaactactiactetagettcecggeaa
caaitaatagactggalggaggcggataaagitgeaggaccactictgegetcggecctic
cggctggctggtitatigeteataaatctiggagecggigagegtggetetcgeggtaicatt
gcageactggpoccagatggtaageectcecgtategtagtiatctacacgacggggagt
caggcaactatggatgaacgaaatagacagaicgetgagataggtgccicacigattaage
attggtaactgicagaccaagtttacicatatatactitagatigatttaaaacticatititaatita
aaaggatctaggteaagatecttitigataatcicatgaccaaaaicecttaacgigagtiiicg
ttccactgagegicagaceocgtagaaaagatcaaaggatcticttgagatectitttitetge
gegtaatetgetgotigeaaacaaaaaaaccaccgoetaccageggtogttiptitaccggat
caagagctaccaacictitttccgaaggtaactggcticageagagegeagataccaaatac
tgtictictagtgtagecgtagitaggccaccacticaagaactetgtageacegectacata
cetegetetgetaatectgitaccagiggectoetgecagtpgegataagtegtgictiacegg
gitggactcaagacgatagtiaccggataaggcacagoggicgggeigaacggaogeatt
cgtgcacacageccagetiggagegaacgacetacaccgaactigagatacctacagegt
gagctatgagaaagegecacgeticecgaagagagaaagaopgacaggtatocggtaa
geggeagggicggaacaggagagigracgagggageticcagggggaaacgeciggt
atcttiatagtectgtegggtitegecaccictgactigagegtogatitiigtgatgetogicag
ggggucggagcciatggaaaaacgecageaacgeggcctiittacggiiceiggedttitg
ctggcctittgeticacatgttcittectgegttateccectgatictgtggataacegiattacege
cittgagtgagctpataccgetcgoecgeagoecgaacgaccgagegeagegagicagtpa
gegaggaageggaagagegoocaatacgeaaaccgeciciceecgegegtiggecgatt
cattaatgeagetggeacgacaggtitcccgactggaaagegggeagigagegeaacge
aattaatgtgagttagcicactcatiaggcaccocaggctitacacttiatpeticeggetegta

tgttgtatggaatigtgageggataacaatitcacacaggaaacagetatgaccatgattacg

ccaagegegeaattaaceetcactaaagggaacaaaagetggagetgeaagett
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aatgtagtcttatgeaatactettgtagtictigeaacatggtaacgatgagttageaacatgee
ttacaaggagagaaaaagcaccgigeatgecgatigptgpaagtaaggtpotacgategt
gecttatiaggaaggeaacagacgggtctgacalggatiggacgaaccactgaatigeeg
cattgeagagatattgtatitaagtgectagetcgatacataaacgggictctetggtiagace
agatcigagectgggagciciciggetaactagggaacceacigetiaagectcaataaag
cttgectigagtgeticaaglagtgtglgeccgicigtigtgtgactctggtaactagagatee
ctcagacccttitagtcagtgtpgaaaatcictageagiggogoeccgaacagggactigaa
agcegaaagggaaaccagaggagoteictcgacgeaggacicgaetigetgaagcgcgs
acggceaagaggegagggocgacagctggtpagtacgecaaaaatitigactageggag
gctagaaggeagagagatgpotucuagagegicagtatiaageggeupapaattagalcg
cgatgggaanaaaticggitaaggecagggegaaagaaaaantataaattaaaacatata
gtatggocaageagggagoetagaacgaticgeagttaatectggoctgttagaaacateag
aaggcetgtagacaaatactgggacagctacaaccaicccticagacaggateagaagaad
ttagatcattatataatacagtageaaccotctatigigtgcatcaaaggatagagatagaaga
caccaaggaagetttagacaagatagaggaagagcaaaacaaaagiaagaccaccgca
cageaageggecgetgaicticagacciggageaggagatatgagegacaatiggagaa
gigaattatataaatataaagtagtaaaaatigaaccattaggagtageacceaccaaggea
aagagaagagtggtecagagagaaaaaagageagigegaataggagottigticctigy
gticitgggagcageaggaageactatgggegeagegicaatgacgetgacggiacagg
ccagacaatiatigictggtatagtgcageageagaacaatiigeigagggctattgaggeg
caacagcatcigitgeaacteacagtciggggcatcaageagetecaggeaagaatocig
geigtgcaaagatacclaaaggatcaacagetectggegattiggggtigeictggaaaac
tcattigcaccactgetgigectiggaatgctagtipgagtaataaatctetggaacagattiy
gaatcacacgacciggatggagigggacagagaaatiaacaattacacaagcetiaatacac
tecitaattgaagaateogcaaaaccageaagaaaagaatgaacaagaatiatiggaattaga
taaatgggceaagtitgtogaatigetttaacataacaaatiggetgigotatataaaattatica
taaigatagtaggaggcettgetaggtitaagaatagtitttgetgtactiictatagtgaataga
gitagecaggeatattcaccatiategtitcagacccaccteccaaceecgaggggaceeg
acaggcccgaaggaatagaagaagaaggtysagagagagacagagacagateeaticg
altagtgaacggatcicgacggtatcgetagetitiagaagaaaaggegegatiggogoat
acagigcagggeaaapaatagtagacataatagcaacagacatacaaactaaagaattac
aaaaacaaattacaaaaattcaaaattttactagigattaicggatcaactitgtatagaaaagt
tgggctceggtgeoogicagigggcagagegeacategeccacagtoceegagaagity
geragaggecatcgocaatigaaceggigcctagagaaggigocgegggetaaactgge
aaagigatgtegigtaciggetecgectttitcccgagagigegggagaaccgtatataagt
geagtagicgecgigaacgticttittegeaacgggttigeegecagaacacaggtaagtoc
cgtgigtgaticcogegggcciggecictitacgggatiatggcocitgegtgocttgaattact
tccacctggctigeagtacgtgattcitgatecegageticgggttggaagigagtgooaga
gticgaggcectigegettaaggagecceticgectegigetigagtigaggoctggocctgy
gegeiggguccgeegegtgogaalctggiggcaccticgegectgietcgetgetticgat
aagtctctagecatitagaatiittgatgaccigetgegacgetitititctggeaagatagictt
gtaaatgeggoccaagatcigeacactiggtatiicggtititggooccoeggecegcacy
gggoecgtgegteccagegeacatglicggegaggeggagectycgagegeggrrac
cgagaatcggacgggegptagictcaagetggecggecigeteiggtigoctggicicgege
cgoegigtategeccegeectgggoggoaaggciggcecggtcggeaccagtigegtga
geggaaagatgeccgeticceggoccigelgtageeagcteasaalggageacgges
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getegggagageggecgeateaoteacccacacanaggaaaagggecttteegiceica
geegicgceticatgtgactccacggagtacegggegoegiccaggcaccicgatiagite!
cgagetttiggagtacgiegictiiaggttggogoeagooatittatgegatggagtiiceee
acactgagigggiggagactgaagttaggecagetiggeactigatgtaaticiectiggaat
figcoctttitgagtiiggatctiggticatictcaagectcagacagtggticaaagtitttitcn
ceatttcaggigtcgtgacaagttigiacaaagaageaggetgecaccatggecttaccagt
gaccgectigetectgecgetggectigetgctecacgecgecaggocgggatecgacat
ceagatgacccagagoccectecicittaiecgecictgtgggegacagagtgaceatcactt
gtegtgecagecaagaaateteccggetatetgictiggetgcageagaageccggtaagg
ctatcaagagactcatctacgecgecageactitacagageggagtacctageagatitag
cggctcicgtageggcagegattatactitaaccateicctetitacageccgaagaciitgot
acctactactgttiacagtacgecagetaccecticaccticggicaaggtaccaagetgga
gatcaaaggtegoggegucicteaagitaceotecaaggagagoggeoccactifagigaa
gectacccagactttaactttaactigtaccticageggcetictettiaageacctecacaaigg
gegtogectppatcagacagectecoggoaaggciciggagigoctpacceacatectct
ggaacgacageaagaggtacaaccectetitaaagictegteigaccatcaccaaggaca
cetecaagaageaagtigtgetgaccatgaccaatatggaccecgtggacaccgeeacet
attactgegctegtategigtactactecacctacgigggctacttcgacgictggagacaag
gtaccacegigaccgigageictggatecticgtgecggteticeigecagegaageocac
cacgacgecagegecgegaccaccaacaceggegeecaceategegtegeageccety
1CCetgeaeocagageegtiagccgeicagleecaegeeaceagiocacacgagegss
getggacticgectgigatatctacatetgggogecctiggoecgggacttgtgggotoctict
cctgtcactggtiatcacectitactgeaaccacaggaacaggagtaagaggageagectc
cigcacagigactacatgaacatgacicecegecgeccegggeccacecgeaageatiac
cageoctatgecccaccacgoegacticgeagectategeticcaaacggggeagaaagaa
actcctgtatataticaaacaaccaittatgagaccagtacaaactacicaagaggaagatgy
ctgtagetgecgaittccagaagaagaagaaggaggatgtgaactgagagtgaagticag
caggagegeagacgooccegegtaccageagggoecagaaccagetctataacgagete
aatctaggacgaagagaggagtacgatgtittggacaagagacgtggccgggaccotga
galggggogaaagecgagaaggaagaacceicaggaaggocigtacaatgaactecag
aaagataagatggcegaggectacagioagatigeuateaaaggepagrgregeages
gcaaggpocacgatggectitaccagggtctcagiacagecaccaaggacacetacgac
geocticacatgeaggecctgeccoetegetgaacccagetiictigtacaaagtggtgata
atcgaattccgataaicaaccictgpatiacaaaatitgtpaaagatipaciggtaticttaact
atgttgctecttitacgetatgtggatacgetgeittaatgectitgtaicatgetatigeticeeg
tatggetticatitictectecttgtataaatectggtigetgtcictitatgaggagtigiggece
gitgtcaggcaacgtiggegtggigigeactgigittgeigacgeaacceccactggtigee
geattgecaccaceigicagetectticegggactiicgetiteccectecctatigecacgge
ggaactcatcgecgectgectigeccgetgetggacagggacteggctatigpocaciga
caattcegtggigttgicggegaagetgacgicctticcaiggetgctegectgtgtigecac
ctggattctgegegggacgicctictgetacgteocticggoecticaatecageggacctic
cticccgeggocigetgecggoictgeggecicticcgegtcticgecticgecetcagacg
agtcggatcteectitgggocgecticcecgeategggaattcccgeggttegettiaagace
aatgacitacaaggeagcigtagatcttagecactiittaaaagaaaagggoppaciggeaa
ggoctaattcactcecaacgaagacaagatetgetititactigtactgggicictoiggitag
accagatcigagectegoageictetgactaactagggaacecactgctiaagecteaata
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aagcttgectigagtgettcaagtagtgtgtgecegtetgtigtgtgactetggtaactagaga
tcccteagacoctittagtcagtgtogaaaatctctageagtagtagttcatpteatctiatiatt
cagtattiataactigeaaagaaatgaatatcagagagigagaggaaciigtitatigeagett
ataatggttacaaataaagcaatageatcacaaatitcacaaataaageatititticacigeat
fctagigtggtiigiccaaacicatcaatgtalctiatcalgictggctictagetatecegecce
faactecgeecatecegeccctaactecgeccagticegecestictecgeeccatggetigs
ctaatittitttatttatgeagaggecgaggecgecicggectctgagotaticcagaagiagt
gaggaggoctitittggagacctagggacgiacccaaticgecctatagtgagicgtatiacg
cgegceteactggeogicgttitacaacgtcgtgactgggaaaaccctggegitacecaactt
aatcgectigeagceacatcooectitcgecagetggegtaatagegaagaggrocgeace
gatcgeeeticecaacagttgegeagectgaatggegaatgggacgegeoectgtageggce
geattaagegeggecgggatetootoottacgegeagegtgaccgetacactigecagegee
ctagegecegcetectitcgotttcttcoettecttteicgocacgticgeeggctticeccogica
agcictaaatcgggggetcectttagggticegatitagigettiacggeacetegaccecas
aaaactigattaggptpatggttcacgtagtogeccatcgeccigatagacggittticgece
fitgacgttggagtccacgtictttaatagiggactcitgticcaaactggaacaacacicaac
cotateteggtctatictittgatitataagggattttgecgatitcggectattggtiaaaaaaty
agctgattiaacaaaaattiaacgopaattttaacaaaatattaacgcettacaatitagpigpca
cltttcggggaaatgtgcgeggaaccectatiigitiattittictagatacaticaaatatgtatce
geteatgagacaataacectgataaatgoticaataatatigaaaaaggaagagtatgagtat
fcaacatitceglgicgeecitaticecitititgeggcatittgeeticetgtititgeicacceag
aaacgetggteaaagtaaaagatgctyaagatcagtigggigcacgaglgggtiacaicgsa
actggatctcaacageggtaagatectigagagtiticgccccgaagaacgtiticcaatgat
gagcacttitaaagitctgetatgtggcgoggtattaicceglattgacgeegggcaagage
aacteggtegecgeatacactattetcagaatgactiggtigagtacicaccagtcacagaa
aagcatcttacggatgpcaigacagtaagagaatiatgeagigetgecataaccatgagtg
ataacactgeggecaacttacticigacaacgatcggaggacegaaggagetaacegotit
tttgcacaacatgggggatcatgtaactegectigategtigggaaccggagctgaatgaa
gecataccaaacgacgagegtgacaccacgatgecigiageaatggcaacaacgtigeg
caaactattaactggegaactacttactctageticeceggeaacaattaatagactggatega
gecggataaagtipcaggaccactictgegeicggeccttccggetggctggttiatipeig
ataaatctggagecggtaagegtgpatcicgcagtateatigeageactggggecagatg
gtaageocteecgtategtagitatetacacgacggggagtcaggeaactatggatgaacg
aaatagacagatcgetpagataggtoectcacigatiaageatipgtaacigicagaccaag
tttactcatatatacttiagatigatitasaacitcatitttaatitanasggatciaggigaagatc
ctitttgataatctcatgaccaaaatecctiaacgigagitticgitccactgagegtcagacee
cgtagaaaagatcaaaggateticiigagatectiitttictgegeglaatcigetgetigeaas
caaaagaaccaccgelaccagegglggitigittgccggatcaagagetaccaactetttite
cgaaggtaactggcticageagagegeagataccaaatactgtictictagigtagoeegtag
ttaggecaccacticaagaacteigiagoacegectacatacctegetetgetaatectgtia
ccagiggctgetgecagtggegataagtegigicttacegggitogacicaagacgatagtt
accggataaggegcageggtcgegctogaacgggpooticgtocacacageccagotig
gagegaacgacetacacegaactgagatacctacagegtgagetatgagaaagegocac
gettecegaagagagaaaggoeggacaggtatccggtaageggeagegicggaacagga
gagegeacgagggageticcagggegaaacgoctggtatetitatagtectgtegggtitc
gecacctcigactigagegtegattttigigatocicgtcaggoooocoaaacciatogaan




WO 2023/023491

PCT/US2022/074984

aacgecageaacgeggecttittacggticetggecettitgetggectittgetcacatgtictt
tectgegtiatoeectgatictgtggataacegtattacegecttitgagtgagetgatacegct
CECCELageegRICEaccgageeragegaglicagigageyageaagCegangagcy
cceaatacgeaaaccgecictececgegegtiggecgaticatiaatgeagetggeacgac
aggtitcecgactiggaaagegoocagtgagegcaacgeaatiaatgigagliagetcacte
attaggceaccccaggetttacactitatgeticeggetegtatgttgtgiggasttgigagegg
ataacaatticacacaggaaacagctatgaccatgatiacgecaagegegcaatiaacecte
actaaagguaacaaaagctggagctgcaagott

~~3

Nugcleic Acid
Sequence of HG-
CAR-TG103-

EF1 CAR3a 10za
linker plasmid

aatgtagtctiatgeaatacictigtagictigeaacatggtaacgatgagttagcaacatgee
ttacaaggagagaaaaagcaccgigeatgecgatiggtppaagiaaggtogtacgategt
gocttatiaggaaggoaacagacgggicigacatggatiggacgaaccacigaatigecg
cattgcagagatatigtatitaagtgectagetcgatacataaacgggictetetggtiagace
agatctgagcectgggageicteigectaactagggaacceacigetiaagectcaataaag
cttgectigagtgeticaagtagtgtglgecegtcigtigtgtgactictggtaactagagatee
cteagacecttttagtcagtgtggaaaateictageagiggegeccgaacagggactigaa
agcgaaagggaaaccagaggagcelctcicgacgeaggacicggctigetgaagegoge
acggeaagaggegagggeecegegactggtgagtacgecadaaatitigactageggag
gctagaageagagagatgpotgcgagagceicagtatiaageggeppapaattagatcg
cgatggpaaaaaaticggttaagoccaggeggaaagaaaaaatataaatiaaaacatata
glatggecaagcagggagetagaacgaticgeagttaatectggoctgttagaaacateag
aaggcigtagacaaatactgggacagetacaaccaicecticagacaggaticagaagaac
ttagatcattatataatacagtagcaacccictatigtgtgcatcaaaggatagagatagaaga
caccaaggaageitiagacaagatagaggaagagraaaacaaaaglaagaceaccgoa
cagraageggecgetgaicticagacceiggaggaggagatalgagggacaatiggagaa
gtgaatiatataaatatanagtagtaaaaattigaaccattaggagtageaceccaccaaggea
aagagaagagiggtgcagagagaaaaaagageagigegaatageagcitigticctigg
gticttggoagcageaggaageactatgggegcagegicaaigacgetgacggiacagg
ccagacaatiatigictggtatagtgcageageagaacaatiigetgagggctatigagaeg
caacageatcigtigeaactcacagiciggggecatcaageagetecaggeaagaatocty
getgtocaaagatacctaaaggatcaacagetcotggggattigggotigetctgganaac
teatttgeaccactgetgtgectiggaatgetagttggagtaataaatctetggaacagattiy
gaaicacacgacciggatggagigggacagagaaatiaacaattacacaagettaatacac
tecttaattgaagaategeaaaaccageaagaaaagaatgaacaagaattatiggaattaga
taaatgggcaagtitgtogaatiggittaacataacaaatiggeigtgetatataaaattatica
taatgatagtaggagectigotagotitaagaatagitttigeigtactitctatagtgaataga
gitaggeagggatattcaccattategtitcagacccacciCocaaceecgaggRgacceg
acaggceccgaaggaatagaagaagaaggigeagagagagacagagacagatecaticg
altagtgaacggatcicgacggtategetagetittagaagaaaaggggagatiggogant
acagigcagggeaaagaatagtagacataatageaacagacatacaaactaaagaattac
aaaaacaaattacaaaaattcaaaatittactagigattaicggatcaacttigiatagaaaagt
tgggctccggigeccgicagigggcagagegeacaicgeccacagiceccgagaagity
gegggaggegicggeaatigaaccggtecciagagaaggtogrgcggggtaaacigeg
aaagtgatgicgigtaciggcticcgectitiicecgagagioggouagaaccgtatataagt
geagtagtcgeogtgaacgticttittegeaacgggtttgeegocagaacacaggtaagtoc
cgtgtgteoticccgeggeccigoccicittacgeettatggcoctigegtiocciigaatiact
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tecacctggetgeagtacgtgatictigatccegageticgggitocaagtggotagoaga
gticgaggectigegcettaaggagecceticgoctegigettgagtigaggeoctpacciey
gegcigggacogecgegigegaaictggtggcaccticgegectgietegeigetticgat
aagtetctagecatitaaaattitigatgaccigetgegacgctitititetggeaagatagictt
gtaaatgegggccaagaictgcacactggtatticggittiigggaccgeggecgacgacy
gggeccgtgegteccagigeacatglicggegagecegagCetgcgagegeggecac
cgagaatcggacgggoptagicicaagetgaccggocigeictggigocigptoicgepe
cgeocgtgtategecccgeectgggcggcaaggetggeccggteggcaccagtigegtga
geggaaagatggecgeticeeggecctgetgeagggagetcaaaatggaggacgogge
getcggpagagegoocgpotpastcacccacacaaaggaaaagggecctticegtectica
geegtegettcatgigactecacggagtaccgggegecgiccaggeaccetegattagtict
cgagetitigeagtacgtogtctitaggtiggopooagooaitttatgcgatggagittccce
acactgagigggiggagactgaagiiaggcecageitggcacitgatgtaatictectiggaat
ttgecctittigagtttggatettggticatictcaagectcagacagtggticanagittittet
ccatticaggigicgtpacaagtiigiacaaaaaageaggceigecaccatggoctiaccagt
gaccgoctigetectgecgetggectigetgetecacgoogecaggecgggatecgacatl
ccagatgacccagageccctectetttaicogecictgigggegacagagtgaccateactt
gtegigecagocaagaaatciceggetatetptottggetgcageagaageccggtaagy
ctatcaagagacteatctacgecgecageactitacagageggagtgcclageagaittag
cggetctegtageggcagegatiatactitaaccatctectctitacageccgaagacitiget
acclactactgttiacagtacgecagetaceccticaccticggicaaggtaccaageigga
gatcaaaggtegcggcgaciciggcggeggigacictcaagitacectcaaggagagey
geoccactttagtgaagectacccagactitaacitiaactigtaccticageggeticicttta
agcacctecacaatgggcgtgggctggateagacageciceeggeaaggctoiggagty
getggeccacateciciggaacgacageaagaggtacaaceccictitaaagictegtelg
accatcaccaaggacacctecaagaageaagtigigetpaccatgaccaatatggaccce
giggacacegecacctatiactgegetegtaicgtgtactactecacctacgigggetactic
gacgictgggoacaaggtaccacegigacegtgagetetggatecttegtgeoggtottee
{gCCagegaagrecactacgacgreagegecgegaccaccaataccggegeccacea
tCgCalcgeagelectgiceciggrecagaggegigreggriaglgeegsgesecy
cagtgcacacgaggppactgpacitcgecigigatatctacateiggecgeectiggecg
ggactigtgggatoecticicctgicactggtiateaccetttacigeaaccacaggaacagga
gtaagaggageaggetectgeacagtgactacatgaacatgactoccCgeogeeeeggs
cecacccgceaageattaccageectatgececaccacgegacticgeagectategetee
azacgggacagaaagaaacicctgtatataticaaacaaccatifaigagaccagiacaaa
ctactcaagaggaagatggcigtagctgecgatiiccagaagaagaagaaggaggatety
aacigagaglgaagticageageagcalagacgriceegeglaccageagggeccagaa
ccagetctalaacgageicaaictaggacgaagagaggagtacgatgttttiggacaagaga
CgleoccgeeacceigagatppeooranapCcgagaageaagaaccetcageanggec
cigtacaalgaacigcagaaagataagatggcggaggacctacagigagatigggaigaaa

ccaaggacacctacgacgoccticacatgeaggecctgeccoetegetgaacceagetttc
{tgtacaaagiggigataatcgaaticcgataatcaaccictggatiacaaaattigtgaaaga
ttgactggtattcttaactatgtigetectttiacgetatgtggatacgetgetitaatgecttigta
tcatgetattgeitecogtatggotitcatitictcotectigiataaatectggttgetgteteitta
tgaggagitgtoaccegtigicaggcaacgtgeoatggtatacactgtgtitgctgacgcaa
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cecccactggtiggggeattgecaccacctgteagetectttcegggacttiegettteceee
tccctatigocacggeggaactcatogocgectgectigeoegetgetegacagggecte
ggctgtigoecactgacaaticegtggtgtigicggegaagotgacgioctitccatggetg
ctegectgigitgecacctggatictgegegggacgtocticigetacgicocticggeccic
aatccageggaccitceticeegeggectgoigecggctcigeggectcticegegicticg
ccticgeccicagacgagicggatcicectitgggecgecicccegeategggaaticecg
cggticgctitaagaccaatgactiacaaggcagetgtagatctiagecacttittaaaagaa
aaggggggactiggaagggctaaticacicccaacgaagacaagaictigetititgetigtac
tgggtctetctggtiagaccagateigagectggragetctctggetiaactagggaacceac
tgcttaagecicaataaagetigectigagtacticaagtagigintoccegictgiigiotea
ctelgglaaciagagateccteagacecitttagicagtgiggaaaatetctageagtagtagt
tcatgtcatettattaticagtatitataactigeaaagaaatgaatatcagagagtoagaggaa
citgttiattgcagettataatggtiacaaataaageaatageatcacaaatticacaaataaag
catttitttcactgeattctagtigtggtitgtccaaactcatcaatgilatettateatgtetiggoetet
agctatecegeccctaactecgoccateccgeecciaactecgeccagticegeccaticte
cgccccatggctgactaatitiititatitatgcagaggeogaggecgecteggecicigage
tattccagaagtagtgaggaggctittttggaggectagggacgtacccaattegeoctata
gtgagicgtatiacgegegetcactggeegtogtitiacaacgtcgigaciggpaaaaccot
ggcgttacceaactiaategecttgeageacatecoectticgecagetggcgtaatagega
agaggecegeacegategecciteccaacagitgegeagectgaatggegaatggeacyg
cgeccigtageggogeattaagegeggegggigigaiogitacgegeagegigaceget
acactigecagegecctagegeccgetectitegetticticeetectitciogecacgiicyg
ceggetticeccgicaageictaaatoggpggctcectitagggaticegattiagigctttacy
geaccicgaccocaaaaaactigatiagggtoatogitcacgiagiggoccalcgecciga
tagacggitittcgeccttigacgtiggagtccacgtictitaatagtggactcitgitccaaact
geaacaacacicaaccctaictoggictatictittgatitataagggatitigocgatitcggc
ctattggttanaaantgagetgatttaacaanaatiiaacgegaattitaacaaaatattaacge
ttacaatttaggtogcactiticggggaaatgtgegeggaaccectatitgtttattitictaaat
acattcaaatatgtaiccgetcatgagacaataacccigataaatgeticaataatatigaaaa
aggaagagtatgagtattcaacatticegtgtcgecetiatticoctititigeggcatittgectt
cetgittitectcacccagaaacgciggtgaaagtaaaagatgetgaagatcagtiggptec
acgagtgggttacatcgaactggaictcaacageggtaagatectigagagtittcgeoccg
aagaacgtiticcaatgatgageacttitaaagttctgetatgtggegeggtatiatcecgtatt
gacgeegggeaagageaacteggicgecgcatacactaticicagaatgactiggtipagt
actcaccagicacagaaaageatcttacggatggeatgacagtaagagaattatgeagtge
tgccataaccatgagtgataacactgeggccaactiactictgacaacgateggaggaccyg
aaggagctaaccgeltttitgcacaacalggggpatcatgtaactegecttgaicgitggga
accggageigaatgaagecataccaaacgacgagegigacaccacgatgectgtageas
tggcaacaacgtigegeaaactatiaactggegaactacttacictagettcecggeaacaa
ttaatagactggatggaggcggataaagtigcaggaccacticigegeteggeccticegg
ctggcetggtitatigetgataaatetggagecggigagegtgggictegeggtateatigeag
caciggggccagatggtaageccicecgtatcgtagitatciacacgacgggogagicagg
caactatggatgaacgaaatagacagatcgelgagataggtgectcactgattaageatig
gtaactgtcagaccaagtitactcatatatactttagattgatitagaacticatitttaatitaaaa
ggatctaggtoaagaicctittigataaictcatgaccaaaatcectiaacgtgagitticgttc
cactgagegtcagaccocgtagasaagatcaaaggatctictigagatectitittictgege
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gtaatctgetgetigearacaaaaaaaccaccgetaccageggtegtttgtitgecggatea
agagctaccaactettittccgaaggtaactggeticageagagegeagataccaaatacty
ticttctagtgtageogtagtiageocaccacticaagaacteigtageacegectacatacet
cgetetgetaatectgitaccagtggetgetgecagiggegataagiogigictiaceggatt
ggactcaagacgatagitaccggataaggegeageggicgggctgaacggggugticgt
geacacageccagettggagoegaacgacctacaccgaacigagatacctacagegtgag
ctatgagaaagegecacgeticeegaagagagaaaggceggacaggtatceggtaageg
geagggteggaacaggagagogeacgagggageticcagggggaaacgectggtaict
ttatagteotgteggtitcgecacctetgactigagoegtegatittigigatgetogicaggg
geocggagcctatggaaaaacgecageaacgeggecttttiacggticetggectitiget
ggocttitgeteacatgtictitoctgegitateeccigattcigtgaataacegtattacegoct
ttgagtgagcetgatacegetegeocgeageegaacgaccgagogeagegagtcagtgage
gaggaageggaagagegeocaatacgeaaaccgectcteoecgegegtiggocgatica
ttaatgcagetggeacgacaggiticecgaciggaaagegggeagigagegeaacgeaat
taatgtgagttagetcactcattaggeaccecaggetttacactitatgettcecggetcgtatgt
tgtotooaatigtpagcegataacaatitcacacaggaaacagetatgaccatgattacgec
aagegegeaattaacecicactaaagggaacaaaagoiggagotgcaagott

98

Nucleic Acid
sequence of HG-
CAR-TG104-

FF1 CAR3a 15aa
finker-plasmid

aatgtagtctiatgeaatacictigiagictigeaacatggtaacgatpagttagecaacatgee
ftacaaggagagaaaaageaccgigeatgeegatiggiggaagtaaggtagtacgategt
geottattaggaaggeaacagacgggtetgacatgeattggacgaaccactgaatigeeg
cattgcagagatatigtatitaagtgectagetcgatacataaacgggictetctggtiagace
agatctgagectgggageicictggctaactagggaacceactgetiaagecicaataaag
ctigectigagtecticaagtagigtgtgeccgictgtigigtgactetggtaactagagatee
cteagacccititagicagtatggaaaateictageagiggegecegaacagggacitgaa
agegaaagggaaaccagaggagcicteicgacgeaggacteggeitgetgaagegege
acggcaagaggoegaggpecgacgactggtigagtacgccaaaaatitigactageggag
gclagaaggagagagaiggoiocgagagegicagialtaageggeggagaatiagatcy
cgatgggaaaaaaticggitaaggccagggggaasgaaaaaatataaatiaaaacatata
gtatggocaageagggagctagaacgaticgeagtiaateetggectgitagaaacatcag
aaggctgtagacaaatactgggacagetacaaccatcecttcagacaggaicagaagaac
ttagatcattatataatacagtageaaccetetattgtgtgeatcaaaggatagagataaaaga
caccaaggaagcettiagacaagatagaggaagagcaaaacaaaagiaagaccaccgea
cageaageggecgetgatceticagacctggaggageagatatgagooacaatiggagaa
gtoaatiatataaatataaagtagtaaaaatigaaccatiaggagtagcacccaccaaggea
aagagaagagiggtocagagagaaaaaagageagtggoaatageagcttigitceitag
giictigggageageaggaageactatgggegeagegtcaatgacgetgacggtacagg
ccagacaatiattgtetgetatagigcageageagaacaattigetgagggctatigaggeg
caacageatctgtigeaacicacagictggggcatcaageageiocaggeaagaatecty
getgtggaaagatacctaaaggateaacageioctggggatitgggattectetggaanac
fcaittgcaccacigetgtgectiggaatgetagiiggagtaataaatclictggaacagattig
gaatcacacgacctggatggagigggacagagaaatiaacaatiacacaagetiaatacac
tccttaatigaagaatcgeaaaaccageaagaaaagaatgaacaagaattatiggaattaga
taaatggucaagittgtggaatiggtiiaacataacaaatiggctatggtalataaaatiatica
taatgataglageagoctigptaggtitaggaatagtititgeigtaciticiatagtgaataga
ettagocaggaataticaccatialcgiticagacccaccicraacceegaggoeaceeg
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acaggeccgaaggaatagaagaagaaggtggagagagagacagagacagatecaticg
attagtgaacggatctegacggtategetagetitiaaaagaaaaggppggatigupooot
acagtgcagggeaaagaatagtagacataatageaacagacatacaaaciaaagaattac
aaaaacaaatiacaagaaticaaaattttactagigatiatcggatcaactitgtatagaaaagt
fgggctceggigccegicagigggeagagegeacategeccacagicecegagaagitg
gggegaggoctcgocaattgasccggtecclagagaaggtggcgcggestanaciggs
aaagtpatgicgtatactggctecgectititceegagggtoggegoagaaccytatataagt
geaglagtcgecgigaacgtictitticgeaacgggttigecgecagaacacaggiaagtyd
cgtgtgtggticecgegggectggectcittacgggttatggcoctigegtgectigaatiact
tccacctggetgeagtacgigaticttgatcecgagettcgggttgpaagtegotoooaca
giicgaggectigegettaaggagecccticgectegigetigagtigaggectigaecigy
gegetggegecgoogegigegaatetggtggeaccticgegectgictegetgetitogat
aagictotagecatttaaaatitttgatgaccigetgegacgctitittictggeaagatagictt
gtaaatgeggeccaagatetgeacactgglatticggtiittgggeccgegggrggrgacy
gegeccgtgogteccagogoacatgiicgecagpeggeecctycgagcecggeccad
cgagaatcgoacgoggegtagtcicaagetggocggectgeictggtgcciggictegoge
cgecgtgtategececgeectgggeggeaaggotggeceggtoggeaccagttgegtaga
geggaaagatpgpecgettcceggoccigetgeagggagcicaaaatggaggeacgegge
gotegggagagegggeggagigagicacceacacaanggasaagggectitecgtectes
geegtegetteatgtgaciceacggagtacegggegeegtecaggeacctegattagtict
cgagctittggagtacgicgicittaggtigggguoagooattiiatgcgalggagtiicece
acactgagtgegtogaoactgaagitaggccagetiggcactigatigtaatictecttggaat
ttgeccttttigagtiiggatctiggticatictcaagectcagacagtigaticaaagtittitictt
ceatticaggtgtegigacaagtitgtacaaaaaageaggctgecaccatiggecttaccagt
gacegeotigetectgeogetggectigetgetecacgeegecaggeegggatecgacat
ccagatgacceagageccetecictifatcegoctoigtgggecgacagagigaccatcactt
gicgteccagecaagaaateicoggotatotgictiggetgeageagaageeoggiaagg
ctatcaagagacteatetacgeegecageactitacagageggagtgectageagatttag
cggoictcgtageggacagegatiatactitaaccatetectetitacageccgaagacttige!
acctactactgtitacagtacgecagetacoccticaccticggicaaggtaccaageigga
gatcaaaggtppcggeggcteigecggcgeatoocictggoggogptgocticccaagtita
cecicaaggagagoggooccaciitagigaagectacecagacttiaactitaactigtaccet
tcageggcticictttaageacciccacaatgggegtgggctggateagacagecteeegg
caaggctciggagiggctpacccacateciciggaacgacageaagaggiacaaccecto
tttaaagictegictgaccatcaccaaggacacciccaagaageaagiigtgctgaccatga
ccaatatggaccccgiggacaccgocacctatiactgegetegtategigtactactecace
facgligggciacticgacgiciggggacaaggtaccaccgigaccgtgagetciggatect
fegteceggicttectgreaglgaageicaceacgacgeaglgiogigaccaccaaca

cggeggugoocgcagtgeacacgagggeactggacitcgecigigataictacateigg
gegeecttggeegggactigtgeootcctictectgteactggttaicacectifactgeaac
cacaggaacaggagtaagaggagcaggotectgeacagtgactacatgaacatgactee
cegecgeeccgggeccacecgeaageatiaccagecctatgececaccacgegacticg
cagectategetccaaacggggeagaaagaaactcctgtatataticaaacaaceatitatg
agaccagtacaaactactcaagaggaagatggctgtageigecgatitccagaagaagaa
gaaggagealgigaacigagagieaagticagcaggageglagacgeCCorgegtace
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ageaggoccagaaccageictataacgageicaatetaggacgaagagaggagtacgat
gtiftggacaagagacgigeccggeacceigagatageoeraaagecpagaaggaaga
accctcaggaaggectgtacaatgaactgeagaaagataagatggeggaggectacagt
gagattggoatgaaagoegagegecggageoocaaggeacacgatgeceitiaccagg
gictcagtacagecaccaaggacacctacgacgeccticacatgeaggocctgoececcte
getgaacccagettictigtacaaagtggtaataatcgaaticcgataatcaacctciggatia
caaaatttgtgaaagattgactgptaticttaactatgtigetectittacgetatgtggatacge
tgctitaatgectttgtatcatgctatigetticecgtatggetttcatitictectocttigtataaale
ctggttgetgtcictitatgaggagtigtggocegtigtcaggcaacgiggcgtoototocac
tgtgtitacigacgeaacceccactggtignggecatigecaccaccigicagetoctiicegy
gactticgetitcceccteectatigecacggeggaactcaicgecgectgectigeccgotg
ctggeacagggecicggeigitggecacigacaattecgiggtatigicggagaagetgac
gtectticcatggetgctcgeetglgttgecacciggaticigegegggacgtccitetgetac
gteectteggeccteaatecageggaccticettecegeggectgetgeeggeteigegge
ctettecgegicticgecticgeccicagacgagicggateteoctitgggeopecicoceg
catcgggaattccegegattegetttaagaccaatgacitacaaggcagetgtagateitag
ccactititaaaagaaaagggeegcactpgaagggctaaticacteccaacgaagacaaga
tetgetiitigettptacigggtcicictggtiagaccagatetgagoctigggagcicictgget
aactagggaacccacigettaagectcaataaagetigectigagigeticaagtagigigty
ceegtctgtigtgtgacictggtaactagagateccicagacecttifagtcagigigeaaaat
ctclageagtagtagttcatgteatctiattaticagtatttataactigeaaagaaatgaatatc
agagagtgagaggaactigtitatigeagctistagtggitacaaataaageastageatcac
aaatticacaaataaagcatttititcactpcatictagtiptgptitgtccaaacicatcaatgta
tcttatcatgtctggetetagetaiceogeccetaactecgeccateecgecectaacicoge
ccagttecgeocaticteogocccatggotgactaatittiittattiatgcagaggecgagge
cgecteggecicigagetattccagaagtagigaggaggcittitiggaggcctagegacgt
acceaattegecctatagtgagicgtatiacgegegeicactggeegtegtittacaacgteg
tgactgggaaaaccetiggegttacecaacttaategecttgeageacateeeeciticgeca
gelggegtaatagegaagaggeccgeacegalcgeccitoccaacagitgegeagectg
aatggcgaatgggacgegeoctglageggegoatisagegeggoggetatagtaatiac
gegeagegigacegetacactigecagegeoctagegeccgetectticgatitcticectic
cttictegecacgticgecggctiiccocgicaagetctaaategggggctecctitaggatt
cegatttagtgetitacggeacctegaccccaaaaaactigattagggtgategttcacgtag
tgggccategeocigatagacggtitttcgeoctitgacgtiggagtecacgtictitaatagt
ggacicttgticcaaactggaacaacactcasccctateicggtotattcittigatttataagy
gattitgecgatttcggectatiggitaagaaatgagctgatitancaaaaatiiaacgegaatt
ftaacaaaatatiaacgctiacaatiiaggtggcacitiicggggaaatgtycgeggaaccee
tatitgtttattiticiaaatacaticaastatgtatcegetcatgagacaataacectgataaaty
cticaataatatigaaaaaggaagagtatgagiaticaacatticegigtegeecttattccetit
titgeggeatittgocticetglititgcteacceagaaacgetggtgaaagiaaaagaigetyg
aagatcagtigggtgcacgagtggattacatcgaactggatetcaacageggtaagatectt
gagagtiticgccocgaagaacgitiiccaatgatgageactiitaaagitctgetatgtggcg
cggtatiatcccglatigacgecgggeaagagcaacicggicgeogeatacactaticteag
aatgacttggttzagtactcaccagtcacagadaageatcettacggatggeatgacagtaag
agaattatgcagtgcigecataaccatgagigataacacigeggecaacttactteigacaa
cgatcggagaaccegaaggagctaaccgetititigeacaacatggegaateatgtaactog
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cetigategtigggaaccggagetpaatgaagecataccaaacgacgagegtgacaccac
gatgectgtageaatggcaacaacgiigegoaaactattaactpgepgaactactiacictag
cliccoggeaacaattaatagaciggatggagacgeataaagtigeaggaccactictgeg
cteggeecticeggetggetggtitatigetgataaatotggageeggtgagegiggatctc
gegglatcattgeageactggggccagatggtaageccicecgtategtagtiatetacacy
acgggeagicaggcasctaiggatgaacgasatagacagaicgcigagataggtgectcs
ctgattaagcatiggtaactgtcagaccaagtitactcatatatactttagatigatitaaaactt
catttitaaittanaaggatctaggtgaagaicctititgataatcteaigaccaaaatcectiaa
cgtgagitttegticcactgagegicagaccocgtagaaaagatcaaaggatcticitgagat
cetttttitctgogogtaatctgetgettigcaaacaaaaaaaccacegetaccagegggatit
gittgccggatcaagagetaccaacicttiticegaagglaactggeticageagagegcag
ataccaaatactgtictictagtgtagecgtagitaggoecaccacticaagaactetgtageac
cgectacataccicgetetgetaatecigitaccagtggctgoigecagiggogataagtegt
gtettaccgggtigeacteaagacgatagttaceggataaggegeageggicgggotgaa
cggegggaticgtpcacacageccagetiggagegaacgacctacaccgaactgagatac
ctacagegtgagetatgagaaagegecacgeticecgaagagagaaaggcggacaggt
atceggtaageggeeagggtoggaacaggagagegcacgagggageitccagggggaa
acgectggtatctitatagicctgtegegtttcgecaccictpacttgagogtegattitatgat
gotegtcaggggoocgagocctatggadanacgecageaacgeggecttitacggtice
tggectittgetggoctittgeteacatgitetttcetgegttatecceigatictgtggataacey
fattaccgoctiigagigagetgataccgolcgeogragecgaacgaccgagegeagega
gicagigaglegaggaageggaagagegoccaatlacgeaaaccgectietececgegegtt
ggccgaticattaatgeagetggcacgacaggtitccegactggaaagoeggegcagingage
geaacgceaattaatgtgagttagetcactcattaggcaceccaggeittacactitatgeitee
gectogtatgtigigtggaatigigageggatagcaatiicacacaggaaacagetatgace
atgattacgccaagegegcaattaacecicactaaagggaacaaaageiggagceigeaag
cit
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Nucleie Actd
sequence of HG-
CAR-TGI105-

EF1 CAR3a 20aa
Hinker-plasmid

aatgtagtctiatgeaatacictigtagtetigeaacatggtaacgatgagitageaacatgee
ttacaaggagagaaaaageaccgigeatgecgatiggigeaagtaaggtggtacgatcgt
gecttattaggaaggeaacagacgggictgacatggatiggacgaaccactgaatigeeg
cattgeagagatatigtatitaagtgectagetcgatacataaacgggtetetetggtiagace
agaictgagccteggoagcicictggctaactagggaacceactgetiaagecicaataaag
cligectigagtgcticaagtagigtgtgeccgictgtigigtgactetggtaactagagaice
cteagaccecttttagtcagigtegaaaatcictageagtggepecegaacagggaciipaa
agcgaaagggaaaccagaggagctcteicgacgeaggacteggoitgetgaageacge
acggceaagagpegagggreggegactggtgagtacgecanaaatitigactageggag
gctagaagpagagagatgggtocgagapgegtcagiatiaageggageagaattagatcy
cgatgggaaaaaattcggtisaggccaggggearagaaanaatalaaatiaaaacatata
gtatggpcaageagggagctagaacgaticgeagttaatectggectigitagaaacateag
aaggctglagacaaatacigggacagetacaaccaicecticagacaggaicagaagaac
ttagatcatiatataatacagtageaacceictatigigtgeatcagaggatagagatanaags
caccaaggaagettiagacaagatagaggaagageaaaacaaaagiaagaccaccgea
cagcaageggecgetgatolicagacctygaggaggagatatgagooacaatiggagaa
gteaatiatataaatatagagtagtaaaaattgaaccatiaggagtageacecaccaaggea
aagagaagagtootocagagagaaaaaagageagigpoaatagoagctiieitecitog
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gtictigggageageaggaageactatgggegeagegtcaatgacgetgacggtacagg
ccagacaatiattgtetggtatagtgeageageagaacaattigeigagggtatigaggeg
caacageatetgtigeaactcacagtctggggcateaageagetecaggeaagaalectg
getgtggaaagatacctaaaggatcaacageioctggggatitgggattectetggaanac
fcaittgcaccacigetgigectiggaatgetagiiggagtaataaatcictggaacagattig
gaatcacacgacctggatggagigggacagagaaatiaacaatiacacaagetiaatacac
tccttaatigaagaatcgoeaaaaccagoaagaaaagaatgaacaagaattatiggaatiaga
tagatgggcaagitigtggaatiggttiaacataacaaatiggetgtggtatataaaattatica
taatgataglageagoectigptaggtitaggaatagtititgeigtaciticiatagigaataga
gitagpcagggatattcaccatiatcgiitcagacccaceicrcaaccocgaggguaccey
acaggeccgaaggaatagaagaagaaggiggagagagagacagagacagalecaticg
attagtgaacggatctcgacggtategetagetittaaaagaaaagggggeatigggogot
acagigcagggoaaagaatagtagacataatageaacagacatacaaactaaagaattac
asaaacaaattacaaaaaticaaaatittactagtgatiatcggateaactitgtatagaaaagt
tgpgctecggtoceegicagigoecagagepcacatcgeccacagiccccgagaagiie
gegguaggostcgocaatigaaccgatocciagagaaggtggcgcgguotaaaciggy
aaagtgatgtegtatactggctecgoctiittcecgagggtggeggagaaccgtatataagt
geagtagtcgoogigaacgtictitttcgeaacgggttigecgecagaacacaggtaagiod
cglgigigaticecgegggectggecictiiacgggttaiggecctigegtgectigaattact
tecacctggetgeagtacgigatictigatecoegageticggatiggaagiggatagoaga
gitcgaggectigegcitaaggagecccticgecicgigettgagitgaggectggoetag
gegetgggaccgecgegigegaatetggtggcaccitcgegectgtotegetgetitegat
aagtctctagecatttaaaatttiigatgacctgctgegacgetitittictggcaagatagictt
gtaaatgcgggccaagatcigeacactigglatitcggtittiggggccgegggcggcgacg
gggecegtgegteccagegeacatgiicgeegaggeg gegcctgrgagegeggrcad
cgagaatcggacgggegtagtoicaagetggocggectgeictggtgeciggictcgege
cgecgtgtategececgecctgggeggeaaggotggcceggicggeaccagtigestega
geggaaagatggecgettceoggeoctgetgeagggageteaaaatggaggacgogge
getcgggagagegggcgggigagicacecacacaaaggaaaaggacctitccgicctea
geeglegettcatgtgactecacggagtaccgggegeegtecaggeacctegattagtict
cgagctittgpagtacgicgictitaggttogosorasppottitatgcgatogagtiicece
acactgagtggotooanactgaagitaggccagetiggeactigaigtaatictectiggaat
ttgecctttitgagtitggatettggticatictcaagectcagacagtegttcaaagtitititett
ccatticaggigtcgigacaagtitgtacaaaaaageaggcigecaceatggectiaccagt
gacegectigetecigeegetggectigetgeiccacgeegecaggecgggatecgacat
ccagatgacccagagecectecictitateogectetgtggecgacagagtgaccatcactt
gicgtoccagecaagaaatciceggctatetgictiggcigeagcagaageccggtaagg
ctatcaagagacteatctacgecgecageactitacagageggagigectageagatiiag
cggcictcgtageggcagegattatactitaaccateiccictitacageccgaagactiiget
acctactactgittacagtacgecagetaceccticaccticggicaaggtaccaageigea
gatcaaaggtggoeggeggctetggeggeggtooctetggeggrggiggetoeggegat
getootapccaagtiacectcaaggagageggccccactitagtgaagectacccagactt
taactitaactigtaccticageggetictetttaageacctecacaatgggegigggciggat
cagacagcecteceggeaaggetciggagigoctggcccacatectciggaacgacagea
agaggtacaaccccicttiaaagtetegteigaceatcaccaaggacacciccaagaagea
agitetectoaccatgaccaatatggacceegiggacacegecacctattacigegetegta
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tegtgtactactecacctacgtgggotacticgacgictgeggacaaggtaccacegtgac
geegegaccaccaacacoeggegeccaccategegtegeagecectgieectgegeces
gaggegtgecggeeageggoegggggocgeagigeacacgagggggciggacticgoee
fgtgatatctacatcigggegecctiggecgggactigiggggatecticiectgicaciggtia
fcacectitactgeaaccacaggaacaggagiaagaggageaggctccigeacagigact
acatgaacatgacicccegecgeeecgggoccacecgeaageatiaccagecctatgec
ceaccacgegacticgeagectatcgetccaaacggggcagaaagaaacicetgtatatat
tcaaacaaccattiatgagaccagtacaaactactcaagaggaagatggctgtagetgeeg
atticcagaagaagaagaaggageatotpaactgagagtgaagitcageaggagcegcag
acgececcgegtaccageagggecagaaccagetctataacgagetcaatelaggacga
agagaggeagtacgateititggacaagagacgtggecgggaccoigagatggeegoas
agocgagaaggaagaaccoicaggaaggecigtacaatgaacigeagaaagataagatg
geggaggoctacagligagaligeeatganaggCgagceCiggaggegcarsgegucac
gatgacctttaccagggictcagtacagecaccaaggacacctacgacgeccticacatge
aggcecctgeececicgetgaacceagetticttgtacaaagiogigataatcgaaticogata
atcaacctetggattacaaaattigtgaaagatigactggtatictiaactatgtigoetecttitac
gctatgtgpatacgctgotitaatgectitgtatcatgetatigeticoegtatggetttcattiict
cetectigtataaatectggttgctgictetttatgaggagttigiogcecgttgteaggcaacgt
ggcgtgetotocactgtatitgctgacgraacceccactggitgggecatigecaccacct
gicagcicctitecgggactitegetticecccicectatigecacggeggaacicategecg
cetgecttgecegetgetggacagggacticggctgtigaacactgacaaticegtggtatt
gtcgggeaagctgacgicctiiccatggetgctcgectgtptigecacciggaticigegeg
ggacgicctictgetacgicocticggooctcaatecageggaccticeticecgoggectg
ctgeeggetctgoggecteticegegicticgecticgecctcagacgagtcggatcteoctt
tgggccgecicccegeateggpaaticeegoggitegetttaagaccaatgaciiacaagg
cagetglagatcttagecacttittanaaganaaggggggaciggaagggctaaticactee
caacgaagacaagatctgetitttgetigtactgggtotetetggitagaceagatetgagoect
gegagetetctggctaactagggaacceactgeitaagectcaataaagettgecitgagtyg
clicaagtagtgtetgeccgtotgtigigtgactictggtaactagagatecetcagacectitta
gteagtgtegaaaatcictageagtagtagttcatgteatctiatiattcagtatitataactige
aaagaaatgaatatcagagagigagageaactigttiatigeagetiataatggitacaaata
aagcaatageatcacaaatitcacaaatagageatttttitcactgeatictagitgtagtitgtc
caaacicatcaatgtatctiateatgictggeictagetaticecgecectaactecgeecatee
cgecectaactecgeccagiicegeccatictecegecceatggeigaciaatitttiitatitat
geagaggocgaggoecgecteggectetgagetaticcagaagtagigaggaggctititte
gaggcctagggacgiaceeaaticgecctatagtgagicglatiacgegegeicaciggec
gicgttitacaacgicgigacigggaaaaccciggegitacecaacttaategectigeage
acatccecctticgecagetggegtaatagegaagaggeccgeaccgatcgeccticeca
acagttgcgeagectgaatggegaatgggacgegeoctiglageggegeatiaagegrgy
cgggtatggtastiacgegeagegtgacegetacactigecagegeoectagegeeegeto
ctiicgetttcticecticettictegecacgttcgeoeggctticeecgicaageictaaategg
gggciecctitagggticcgatitagtgetitacggeaccicgaccecaaaaaactigatiag
ggtgatggttcacgtagtgggecategeccigatagacggttiticgeocttigacgttggag
tecacgtictitaatagiggactciigttccaaactggaacaacactcaaccotatcteggicta
tictitteatitataagggatitigecgatitcggecctattgatisaaaaatgageteattiaacas
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aaatttaacgegaatittagcaaaatattaacgettacaatttaggtggeactittcggggaaat
gtgcgoeggaaccoctatitgtitatiittctaaatacaticaaatatgtateegetcatgagacaa
tagccoigataaatgoticaataatatigaaaaaggaagagiatgagtattcaacatitecgtyg
tegeectiattcecttitiigeggeatiitgocticetgiittigetcacccagaaacgetggiga
aagtanaagaigcigaagatcagitgpotecacgagigggtiacatcgaactggatcicas
cageggtaagatecitgagagtittcgecccgaagaacgttiiccaatgatgageactittaa
agtictgctatgiggegoggtattatcceglatigacgeegggeaagageaactoggioge
cgeatacactatictcagaatgactiggtigagiacicaccagicacagaaaageatctiacg
gatggcatgacagtaagagaatiatgeagigetgecataaccatgagigataacactgegg
ccaacttacticigacaacgatcggaggaccgaaggagctaacegeittittgcacaacatg
gggeatcatgtaactegectigategtiggganccggagotgaatgaagecataccaaac
gacgagegtgacaccacgatgectgtageaatggeaacaacgtigegraaactattaact
gecgaactacttacictagettccoeggoaacaatiaatagaciggatggagecggatanag
ttgcaggaccactictgegeteggeccticoggetggctggtitatigetgataaatetggag
ceggtgagegiegoictcgegptateatigeageactggggeccagatggtaageccicce
gtatcgtagttaictacacgacggggagtcaggcaactatggatgaacgaaatagacagat
cgotgagataggteocteactgattaageattggtaactgtcagaccaagittacteatatata
ctttagatigatttaaaacticatititaatitaaaaggaictaggteaagatcotttitgataatet
catgaccaaaatcectiaacgigagttticgttccactgagegicagacceogtagasaaga
tcaaaggatcitciigagatecttittiictgegegiaatetgetgetigeaaacaaaaaaacea
cegetaccageggtggtitgitigecggatcaagagotaccaactctitticcgaaggtaact
ggcttcageagagegcagataccaaatacigticttctagigtagecgtagtiaggecaces
cticaagaactctgtageaccgectacataceicgeteigetaatecigttaccagtogetget
gecagtggacgataagicgtgtcttacegggtiggacicaagacgatagitaccggataagg
cgeageggtegegctgaacgggrggticgtgeacacageccagoetiggagegaacgac
ctacaccgaactgagatacctacagegtgagctatgagaaagegecacgeticccgaaga
gagaaaggeggacaggiatecggiaagegeeaggetcggaacageagageacacgag
ggagcttceagggggaaacgectggtatetitatagtectgtoggetticgecaccictgact
tgagegicgatititgigatgcticgicaggaogegeggagcctalggaaaaacgecageaa
cgeggectttitacggticotggectitigetgeoctittgetcacatgiteittectgegttatee
cctgattetgigeataacegtattaccgectitgagigagetgataccgeticgecgeagecg
34Cgacegagegragegagicagtgagigageangcagaagagcgcccaatacgcaa
accgectetceccgegegtiggeegaticatiaatgeagetggeacgacaggtticecgact
gpaaageggecagigagegeaacgcaattaatgtgagttagetcacicattaggeaccce
aggcittacactitatgeticeggoteglatgtigigtggaatigigagcggataacaatiteac
acaggaaacagoetatgaccatgattacgecasgegegeaatisaceoicactaaagggaa
caaaagctggagcigeaagett
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Nucleic Acid
sequence of
CAR3a-5aalinker-
NG-41BB-plsmoid

aatgtagtcttatgeaatacictigtagtetigeaacatggtaacgatgagitageaacatgee
ttacaaggagagaaaaageaccgigeatgeegatiggiggeaagtaaggiggtacgategt
gecttattaggaaggeaacagacgggictgacatggatiggacgaaccactgaatigeeg
catigcagagatatigtatitaggtgectagetcgatacataaacgggtcictetggtiagace
agatctgagectgggagetcictgpctaactagggaacccactigetiaagecicaataaag
citgectigagtgcticaagtagigtgtgccegictgtigigtgactctggtaactagagaice
cteagacccttitagtcagigtggaaaatotctageagtggegcocgaacagggacitgaa
agegaaaggegeaaaccagageagcicictcgacgeaggactcgoctipcigaagcacac
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acggeaagaggpegaggggeggegaciggtgagtacgecaaaaatitigactageggag
gotagaaggagagagatgeetocgagascgicagtatiaageggggeagaatiagatcg
cgatgggaaaaaaticggiiaaggecagggggaaagaaaaaatatsaatiaaaacatata
gtatgggcaageagggagctagaacgaticgeagtiaatectggecigitagaaacatcag
aaggctgtagacaaatactgggacagetacaaccaicecticagacaggaicagaagaac
{tagaicatiataiaatacagtageaacceictattgtglgeatcasaggatagagataasags
caccaaggaagettiagacaagatagaggaagageaaaacaaaagiaagaccaccgea
cagcaageggecgetgatelicagacctygaggaggagatatgagooacaatiggagaa
gtgaattatataaatataaagtagtaaaaatigaaccattaggagtageacccaccaaggea
aagagaagagtggtocagagagaaaaaagageagigpgaataggagcttigttceitgg
gitctigggageageaggaageactatgggegeagegtcaatgacgetgacggtacagg
ceagacaattattgtetggtatagtgcageageagaacaattigetgagggetatigaggeg
caacagcatctgtigeaacicacagictgggacatcaageagetecaggeaagaalectg
gotgtggaaagatacctaaaggateaacageioctggggatitggegitocteiggeaaaac
tcatttgeaccactgetgtgecttpgaatgctagticgagtaataaateictggaacagatity
gaatcacacgacciggatggagigggacagagaaatiaacaatiacacaagetiaatacac
tecttaatigaagaatcgoeaaaaccagoaagaaaagaatgagcaagaattattggaatiaga
taaatgggcaagitigiggaatigpttiaacataacaaattggetgtgptatataaaatiatica
taatgatagtaggaggctigglaggtitaagaatagtititgetgtacttictatagtgaataga
gttaggcagggataticaccatiatcgtitcagacecaceteccaactorgagggegacceg
acaggeccgaaggaalagaagaagaaggiagagagagagacagagacagaliccaticg
attagigaacggatcicgacggiategetagettitaaaagaanagggggoatigeogoot
acagtgcaggppaaagaatagtagacataatageaacagacatacaaactaaagaatiac
aanaacaaattacaaaaaticaaaatiitactagigatiatcggalcaacittgtatagaaaagt
tgggctceggicecegicagiggecagagegeacategeccacagicccegagaagity
gggggaggpptcggcaatigaaccggipeciagagaaggiegogeggeataaaciges
aaagigatgicgtatactggctecgectitticecgagggtggggoagaaccgtatataagt
geagtagtegeogtgaacgtictitticgeaacgggttigecgecagaacacaggtaagtyge
cgtgiotoottcoegegggectggocictiiacggettatggecctigegtgectigaatiact
tecacctggetgeagtacgtgatictigatcccgagettegggtiggaagtggetegoaca
gttcgaggecttgogettaaggagooecticgectegtactigagitgaggectggoctyg
gegctggeaccgecgogiocgaatciggiggeacciicgegectgtetegetgotitegat
aagtctetagecatttaaaatittigatgacetgetgegacgetitititctggeaagatagictt
glaaatgegggccaagatetgeacactiggtatiteggtittiguopccgiggocgaogacg
gggecegtgegtoceaglgracalgiicggegaggeggeeccigrgagegegeccac
cgagaatcggacggeggtagteicaagetggoecggectgetciggigectiggtciogege
cgecglglatcgeeecgeccigggeggeaaggctygcceggicggeaccagiigoglaa
geggaaagatggecgeticecggeccigeigeagggageicaanalggagaacgeggc
goteggeagagepggegegetoagicacccacacaaaggaaaaggacctticegiceica
geogicgeticatgigaciccacggagtacegggegecgiccaggeaccicgatiagiict
cgagctitiggagtacgtegtetttaggttggeggoagaaatiitatgegatgeagtitccee
acactgagtegetpoapactgaagttageccagetiggcactigatgtaattctectiggaat
ftgeectttttgagtitggatotiggtteaticteaagecticagacagtggttcaaagtiitttictt
ceatticaggigicgteacaagitigtacaaaaaageaggeigecaccatggecttaccagt
gaccgectigetectgecgetggocitgetgeiccacgecgecaggocgggatecgacat
ceagatgacecagageocctectictitateogecictgtosocoacagagtaaccatcactt
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giegteccagecaagaaatetecggetatetgicttggetgeageagaageeeggtaagy
ctatcaagagactcatctacgecgecageactitacagagoggagigectageagattiag
cggeictegtageggcagegatiatactitaaccatetectetitacageocgaagacttiget
acciactactgtitacagtacgecagetaceecticacetteggicaaggtaccaagetigga
gatcaaaggtegcggcggcticicaagtiaccetcaaggagageggecceacttiagigaa
gectacccagactttaactitaacttgtaccticageggeticictitaageacctccacaatgg
gegtggoctigaatcagacagecteceggeaaggeicigpagiggctggoccacatecict
ggaacgacageaagaggtacaaccoeictitaaagictogictgaccatcaccaaggaca
cotecaagaageaagtigtgctgaccatgaccaatatggaceoegtggacacegeeacet
attactgegeicgtatcgigtaciactecacctacgtgggctacticgacgiciggggacaag
glaccaccgtgacegtgagetetggatecticgigeeggicticotgecagegaageocac
cacgacgeragegecgegaccaccaacaceggegeccaccategegtegeagoocetyg
tecctgegoccagaggogtgceggecagoggcgggogocacagigacacgaggog
gotggacttegectigtgatatetacatetgggegecctiggccgggactigigggaioctict
cetgicactggitatcaccetttactgcaaccacaggaacagpagtaagagoagcaggctc
ctgcacagigaciacatgaacatigacteccogoogoccoggaeccaccogeaageattac
cagecctatgececaccacgegacttegeagectategetccagagtgaagticageagg
agegeagacgeoeecgegtaccageaggegecagaaccagetctataacgagetcaatet
aggacgaagagagoagtacgatgttiiggacaagagacgtogoccgggaccetgagaigy
geggaaageigagaaggaagaacoecteaggaaggocigiacaatgaactgragaaaga
taagatggcgeagecctacagtgagaliggoeateaaageigageeccggaggeecaag
gggcacgatggectitaccagggictcagiacagecaccaaggacacetacgacgeectt
cacatgcaggecctgeceecicgeigaacceagettictigtacaaagtggigataatcgaa
ticcgataatcaaccictggatiacaaaattigigaaagaitgaciggiaticttaactatgitge
tecitttacgetatgtggatacgetgetitagigectiigtatcatgetatigeticocgtatgget
ticatttictectecttgtataaatectggitgetgtctetitatgaggaptigtggccegtigica
ggcaacgiggegiggigigeacigigittgeigacgeaaceeecactggtiggggcatige
caccacctgteagetectticegggactitcgettteccecteoctattgecacggeggaact
catcgoegectgectigeccgeigetggacaggggcicggctgitggucactgacaattce
gtagtotigicggegaagctgacgtoctiteccatggetgeicgectgigtigecacctggatt
ctgogeggpacgicctictgetacgtoocticggeocicaatocageggacettecticoeg
cggectgetgeegactcigeggeciciicegegicticgecticgeccicagacgagicag
atcteectitgggecgectecccgeategggaaticecgeggticgetitaagaceaatgac
ttacaaggceagcigtagatctiagecactititazaagaaaagggggpaciggaageecta
altcacicecaacgaagacaagatcigotittigetigtactgggtctetctggtiagaccaga
tetgagectgggageicteiggetaactagggaacceactgettaagocteaataaagotiy
cetigagtacticaagtagigigtgccegicigtigigigactciggtaaciagagateccica
gaccctittagicagtgtggaaaateictageagtagtagticatgicatctiattaticagtatit
ataacttgcaaagaaatgaatatcagagagtgagaggeaactigittattgcagettataatgy
ttacaaataaagcaatagcatcacaaatiicacaaataaagceatittiitcactgeatictagitg
tggtitgtccaaactcatcaatgtaictiateatgictggeictagetatecegeecctiaacice
geccatecogeccotaactecgeccagticogoecatictcegecccatggetgactaattit
ftttattiatgeagaggecgaggecgectoggectetgagotaticcagaagtagigaggag
getttittggaggectagggacgtacecaaticgecctatagtgagtegtattacgegegete
actggcegtogtittacaacgicgtgacigggaaaacectggcgttacccaactiaatecgee
tigcageacatccceetiicgecagciggestantagceaagaggecegcacegategee




WO 2023/023491

PCT/US2022/074984

cttecccaacagitgegeagectgaatggoegaatgggacgegeectgtageggogeattaa
gogeggegggtateategttacgegeagegtgaccgetacactigecagegeoctageg
ceegeteetitegetticttcoctiectitotegecacgticgecggetitececgicaagetota
aatcggggecicectitagggticegatitagigetttacggeacciogacceraaaaaacit
gattagggetgatggticacgtagiggaccaicgeccigatagacggittticgeccittgacg
ftggagtcecacgticttiaatagiggacicitgitecaaaciggaacaacactcaaceotaict
cggtctaticttitgatiiataagggatitigecgatttcgpcctatiggtiaaaaaatgageiga
titaacaaaaatttaacgcgaatitiaacaaaatatiaacgetiacaatitaggiggeactiticy
geggaatgtgegeggaaccoctattigtitatittictaaatacattcaaatatglateegeteat
gagacaataaccctgataaatgeticaataatatigaaaaaggaagagtatgagiaticaac
atticegtgtegeoctiattcoctitttigeggeattitgocticctgtitttigetcacecagaaac
gotggtoaaagtaaaagatgctgaagatcagtigggtgeacgagtgggttacategaactg
gatctcaacageggtaagateetigagagtiticgoeccgaagaacgttitceaatgatgag
cacttitaaagitctgetatgtggegeggtattatcecglatigacgecgggcaagageaact
cggtegecgeatacactaticteagaatgactiggtigagtacicaccagicacagaaaage
atcttacggatggcatgacagtaagagaattatgcagtagctgocataaccatgagigataac
actgeggecaacttactictgacaacgateggaggaccgaaggagetaacegottittigea
caacaiggggpatcatgtaactcgectigategttggpaaccggagetgaatgaagecata
ceaaacgacgagegtgacaccacgatgectgtageaatggcaacaacgitgegeasact
attaactggegaactacttactetageticecggeaacaatiaatagactggatggagecgg
ataaagttgcaggaccactictgegeteggeccitceggeiggctiggtitatigeigataaat
ctggagccggigagegigggictegoggtateatigeageactgggaccagatggtaagc
cctecegtatcgtagttatctacacgacgggpagicaggeaactatggatgaacgaaatag
acagatcgeigagataggigcctcactgatiaageaitggtaactgtcagaccaagtttacic
atatatactitagatigattiaaaacttcattttiaatitasaaggatctaggigaagatcctiitiy
ataatctcatgaccaaaatcccttaacgtgagtittcgticcactgagegtcagacceogtag
aaaagatcaaaggatotictigagatectittiticigegegtaatetgetgetitgeaaacaaaa
aaaccaccgctaccageggtggtitgtiicecggatcaagagetaccaactetitticegaa
ggtaactggcticageagagogeagataccaaatacigitetictagigiagecgtagitag
gecaccacticaagaactctgtageaccgectacataccicgetctectaatectgitaceag
tgpctgetgccagtggoegataagicgtietictiacegggttgpactcaagacgatagiiaccg
gataaggogeageggtcggactgaacggggggticgigcacacageccagetiggage
gaacgacctacaccgaactgagatacctacagegtgagetatgagaaagegocacgettc
ccgaagagagaaaggegeacaggiatccggtaageggeaggeicgeaacaggagage
geacgagggagettecagggggaaacgeciggtatetttatagicetgtegggiticgeca
ccageaacgcggecititiacggticctggecititgetggectitigeticacaigitetitecty
cgttatceectgaticigtggataaccgtattacegectitgagtgageigatacegeticgee
gragecgaacgaccgagegeagegagicagigagegaggaagegpaagagegeoca
atacgcaaaccgoectctecccgegegitggecgaticatiaatgeagetggeacgacaggt
ticecgactggaaagegggeagigagegeaacgoaattaatgtgagttageteacteatia
gecaccoeaggctitacacitiatgeticeggcetoglatgtigiotogaatigigageggata
acaatttcacacaggaaacagetatgaccatgattacgecaagegegeaatiaacceteact
aaagggaacaaaagetggagetgeaagett
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Nucleic Acid
sequence of
CAR3a-20aalinker-
NG-41BB plasmid

aatgtagtcttatgeaatactettgtagtictigeaacatggtaacgatgagttageaacatgee
ttacaaggagagaaaaagcaccgigeatgecgatigptgpaagtaaggtpotacgategt
gecttatiaggaaggeaacagacgggtctgacalggatiggacgaaccactgaatigeeg
cattgeagagatattgtatitaagtgectagetcgatacataaacgggictctetggtiagace
agatcigagectgggagciciciggetaactagggaacceacigetiaagectcaataaag
cttgectigagtgeticaaglagtgtglgeccgicigtigtgtgactctggtaactagagatee
ctcagacccttitagtcagtgtpgaaaatcictageagiggogoeccgaacagggactigaa
agcegaaagggaaaccagaggagoteictegacgeaggacicgaetigetgaagcgcgs
acggceaagaggegagggocgacagctggtpagtacgecaaaaatitigactageggag
gctagaaggeagagagatgpotucuagagegicagtatiaageggeupapaattagalcg
cgatgggaanaaaticggitaaggecagggegaaagaaaaantataaattaaaacatata
gtatggocaageagggagoetagaacgaticgeagttaatectggoctgttagaaacateag
aaggcetgtagacaaatactgggacagctacaaccaicccticagacaggateagaagaad
ttagatcattatataatacagtageaaccotctatigigtgcatcaaaggatagagatagaaga
caccaaggaagetttagacaagatagaggaagagcaaaacaaaagiaagaccaccgca
cageaageggecgetgaicticagacciggageaggagatatgagegacaatiggagaa
gigaattatataaatataaagtagtaaaaatigaaccattaggagtageaceeaccaaggea
aagagaagagtggtecagagagaaaaaagageagigegaataggagottigticctigy
gticitgggagcageaggaageactatgggegeagegicaatgacgetgacggiacagg
ccagacaatiatigictggtatagtgcageageagaacaatiigeigagggctattgaggeg
caacagcatcigitgeaacteacagtciggggcatcaageagetecaggeaagaatocig
geigtgcaaagatacclaaaggatcaacagetectggegattiggggtigeictggaaaac
tcattigcaccactgetgigectiggaatgctagtipgagtaataaatctetggaacagattiy
gaatcacacgacciggatggagigggacagagaaatiaacaattacacaagcetiaatacac
tecitaattgaagaateogcaaaaccageaagaaaagaatgaacaagaatiatiggaattaga
taaatgggceaagtitgtogaatigetttaacataacaaatiggetgigotatataaaattatica
taaigatagtaggaggcettgetaggtitaagaatagtitttgetgtactiictatagtgaataga
gitagecaggoatattcaccattategtttcagacecacctoecaaceocgaggreacceg
acaggcccgaaggaatagaagaagaaggtysagagagagacagagacagateeaticg
altagtgaacggatcicgacggtatcgetagetitiagaagaaaaggegegatiggogoat
acagigcagggeaaapaatagtagacataatagcaacagacatacaaactaaagaattac
aaaaacaaattacaaaaattcaaaattttactagigattaicggatcaactitgtatagaaaagt
tgggctceggtgeoogicagigggcagagegeacategeccacagtoceegagaagity
geragaggecatcgocaatigaaceggigcctagagaaggigocgegggetaaactgge
aaagigatgtegigtaciggetecgectttitcccgagagigegggagaaccgtatataagt
geagtagicgecgigaacgticttittegeaacgggttigeegecagaacacaggtaagtoc
cgtgigtgaticcogegggcciggecictitacgggatiatggcocitgegtgocttgaattact
tccacctggctigeagtacgtgattcitgatecegageticgggttggaagigagtgooaga
gticgaggcectigegettaaggagecceticgectegigetigagtigaggoctggocctgy
gegeiggguccgeegegtgogaalctggiggcaccticgegectgietcgetgetticgat
aagtctctagecatitagaatiittgatgaccigetgegacgotititttctggeaagatagictt
gtaaatgeggoccaagatcigeacactiggtatiicggtititggooccgcggecggcgacy
gggoecgtgegteccagegeacatglicggegaggeggagectycgagegeggrrac
cgagaatcggacgggegptagictcaagetggecggecigeteiggtigoctggicicgege
cgoegigtategeccegeectgggoggoaaggciggcecggtcggeaccagtigegtga
geggaaagatgeccgeticceggoccigelgtageeagcteasaalggageacgges
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getegggagagegggcgggtgagtcacecacacasaggaaaagggcectttcegioectea
geogtegceticatgigactecacggagtacegggogcegtocaggcaccicgatiagtict
cgagetttiggagtacgiegictiiaggttggogoeagooatittatgegatggagtiiceee
acactgagigggiggagactgaagttaggecagcetiggeactigatgtaatictectiggaat
figcoctttitgagtiiggatctiggticatictcaagectcagacagtggticaaagtitttitcn
ceatttcaggigtcgtgacaagttigiacaaagaageaggetgecaccatggecttaccagt
gaccgectigetectgecgeiggectigetgetccacgecgecaggocgggatecgacat
ceagatgacccagagoccectecicittaiecgecictgtgggegacagagtgaceatcactt
gtegtgecagecaagaaateteccggetatetgictiggetgcageagaageccggtaagg
ctatcaagagactcatctacgecgocageactitacagageggagtocctageagatitag
cggctcicgtageggcagegattatactitaaccateicctetitacageccgaagaciitgot
acctactactgttiacagtacgecagetaccecticaccticggicaaggtaccaagetgga
gatcaaaggiggoggcgucictggcgacgotuoctciggeggeggigactccggoggt
gotgotagecaagtiacectcaaggagagggecceactttagigaagectaccecagactt
taactitaactigtaccttcageggetictctttaageacctocacaatgggogtoggcioggat
cagacagecteccggeaaggoictggagigactggoecacaiccictggaacgacagoea
agaggtacagccccictitaaagtetegictgaceateaccaaggacacciocaagaagea
agitgtpctgaccatgaccaatatpgacceegtgpacacegecacctatiacigegetegia
tegtgtactactecacctacgtggectacticgacgiciggggacaaggtaccacegigac
cgigageictggatecticgiogccgetciicCigeeagegaagecaccacgacgocage
geegegaccaccaacaccggegeccaccategegicgeageecctgliecctgegecca
gaggceglgecggecageggcggggggcgcagigeacacgagggggctggacticgee
tgtgatatctacatciggpcgecctiggecgggactigtgpootectictectgicactggtita
teacccittactgeaaccacaggaacaggagtaagaggagcaggoicctgcacagtgact
acaigaacatgactccecgeegeccegggeccaccegeaageattaccagecctatgee
ccaccacgegacticgeagectategetecagagigaagitcageaggagegcagacgo
cecegegtaccageagggecagaaccageictalaacgageicaatctaggacgaagag
aggagtacgatgitiiggacaagagacgiggecgggaccotigagalgpggoaaaagce
gagaaggaagaacccicaggaaggectgtacaatgaactgcagaaagataagatggcy
gageoctacagigagattgggatgaaagacgagegoecggaggggcaaggggeacgat
gecctttaccagggicteagtacagecaccaaggacacetacgacgeccticacatgeag
geectgeeccoicgetgaaccoagetitcttgtacaaagtggigataatcgaaticcgataat
caaccictggattacaaaatitgtgaaagattgactggiaticttaactatgitgetectitiacg
ctatgtggatacgetgettiaatgecttigiatcatgetatigeticecgtatggotticattiicte
ctectigtataaatectggtigotgicictitatgaggagitgtggeccgitgicaggeaacgty
gegtgatatacactgtgtitectgacgcaacceccactggtiggggcattgecaccacctgt
cagetectiicegggactitcgeiticeecctecctattgecacggeggaacicategeogee
tgectigecegeigetggacaggggcteggctgtigggecacigacaaticegiggigitgtc
ggpoaageigacgtectitccatggctgeicgectgigitpccacciggaticigegeggga
cglectictgetacgtcceticggoectcaatecageggacoticcticcogeggectgetge
cggctetgeggectettcegegicticgecticgecctcagacgagteggatetecctitgg
geegecteccegeateggpaattccogeggticgetitaagaccaatgactiacaaggcag
ctgtagatctiagecactititanraagaanaggggeoaciggaagggctaaticacteecaa
cgaagacaagatctgottittgetigtactgggictetetggttagaceagatetgagectgg
gagcicteiggctaactagggaacccactgeitaagecticaataaagetigectigagtgcit
caagtagtateiocecgictgitgtataactcigglaactagagateccicagacectittagt




WO 2023/023491

PCT/US2022/074984

cagtgtggaaaatctetageagtagtagticatgteatettatiaticagtatitataactigeaa
agaaatgaatatcagagagipagaggaactigtitatigeagetiataatggitacaaataaa
geaatageatcacaaatitcacaaataaageatititttcactgeatictagttgtggtiteteca
aactcatcaatgtatctiateatgteiggetctagetatecegecectaactecgeecateceg
ccoctaacicegeccagtticcgecaticicegececatggeigactaatitittitatitatge
agaggecgaggecgecicggecictgagetaticcagaagiagtgaggagacttittigga
ggectagggacgtaccecaaticgecctatagigagicgtatiacgegegctcaciggecgt
cglittacaacgicgtgactgggaaaacceiggegitacccaactiaategecttgcageac
atceccctttegecagetggegtaatagegaagaggoccgoacegategeecticcoaac
agttgcgcagectgaatggegaatgggacgegeccigtageggegeatiaagogoggecg
ggtgiggtgatiacgegeagegtgaccgetacactigecagegecctagegeccgetectt
tegetticticecticetitctegecacgitcgecggetttcececgtcaagetciaaalegggg
geteectttagggttecgatttagigetitacggeacctcgaccecaaaaaactigattagggt
gatggticacgtagtgggaccategecctgatagacggtitttegecctitgacgtiggagice
acgtictttaatagiggactcligitccaaactggaacaacacicaaccctatctecggtetatic
fitigattiataagggaltitgocgatticggectatiggtiaaaaaatgagctgatitaacaaas
atttaacgogaattttaacaaaatattaacgetiacaatitaggtogeactiticggggaaatgt
gegeggaaccoctatitgtitatitiictaaatacaticaaatatgtatecgeicatgagacaata
accctgataaatgettcaataatatigagaaaggaagagtalgagtaticaacatiteegigtc
gecocttattcoctittitgeggeatittgecttectgttittacteacceagaaacgeiggigaaa
glaaaagatgctgaagateagiigagtacacgagigegitacaicgaaciggatcicaaca
geggtaagaicctigagagitticgecccgaagaacgiiticcanigatgageactitiaaag
tictgctatgtgpcgeggtattateccgtatipacgecgggraagagoaactcggiogeey
catacactatictcagaatgacttggtigagiactcaccagicacagaaaageatetiacgga
tggcatgacagtaagagaatiatgeagtgetgecataaccatgagigataacactgoggee
aacttacttctgacaacgaicggaggaccgaaggagcetaaccgctittiigeacaacaiggy
ggatcalgtaacicgectigategtigggaaccggagetgaatgaagecataccaracgac
gagegtgacaccacgatgoectgtageaatggeaacaacgitgegeaaactattaactgge
gaactacttacictageitcoceggcaacaatiaatagactggatggagecggataaagtitac
aggaccactictgegeteggeecticeggetggctegtitatigetgataaatctggageeg
gipagcoptgpatcicgeggtatcatigeageacigggeccagatggtaageccteecgiat
cgtagtiatelacacgacggggagicaggcaactatggatgaacgaaatagacagatcget
gagataggtgccteactgattaageatiggtaactgicagaccaagtitactcatatatacitta
gattgatitaaaacticatittiaatttaaaaggatctaggtgaagatectitiigataaicicaty
accaaratccctiaacgtgagtitcgticcacigagegtcagaccecgiagaaaagateaa
aggatcttetigagateottittiictgegegtaatetgetgetigeaaacaaaaaaaccaceg
ctaccageggtogtiigittgccggatcaagagctaccaacicttiticegaaggtaactggc
tftcageagagegeagataccaaatactgticttctagigtagecgtagtiaggecaceactic
aagaactctgtageaccgectacataccicgetcigetaatectgtiaccagtgactigeigoe
agtgocgataagicgtgtctiaccgggtiggactcaagacgatagitaccggataaggcge
ageggteggactgaacggggogticgigeacacageecagetiggagegaacgaceta
caccgaactgagatacctacagegigagcetaigagaaagogocacgettccogaagaga
gasaggeggacagglateogglaageggcagggicggancaggagagscgcacgagy
gagcttccaggggoaaacgeciggtatetitatagtecigicggettticgecacetctgactt
gagegtegattitigtgatgcticgteageggggcgpagectalggaaaaacgocageaac
geggectittiacggticetggectttigetgecctittgotcacatgictitecigegttatece
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ctgatictgtggataaccgtattaccgectitgagtgagetgatacegetegecgeageega
acgaccgagegeagegagicagigagegaggaagiggaagagegeccaatacgeaaa
cegecteteccogegegtiggecgatticattaaigeagetggeacgacaggtitceegact

geaaagegepcagigagegcaacgeaatiaatgigagttageicacicatiaggeaccee
aggctttacacittatgeticeggetegtatgtigtgtggaattgtgagcggataacaatitcac
acaggaaacagctatgaceatgatiacgecaagegogeaattaacccicaciasagggaa
caaaagctgeagetpcaagett

102

Nuecleic acid
sequence of Car3a-
19aalinker-NO-
CD28 plasmid

aatgtagtctiatgcaatacictigtagictigeaacatggtaacgalgagttagcaacatgec
ttacaaggagagaaagageacegtgcatgeegatiggtggaagtaaggtagtacgategt
gocttattaggaagpcaacagacgggictgacatgeatiggacgaaccactgaatigeeg
cattgcagagatatigtatitaagtgcoctageicgatacataaacgggatctcictggtiagace
agatctgagectgggagetcteiggctaactagggaacecactgetizagecicaataaay
ctigeotigagiocticaagtagtgtgtgccogicigtigtgtgactetggtaactagagatee
cteagaccecttttagtcagtgtggaaaateictageagiggegeccgaacagggaciigan
agogaaagggaaaccagaggageictetcgacgeaggacteggctigetgaagegoge
acggeaagaggegagggecgacgactggigagiacgccaaaaatitigactageggag
gctagaaggagagagatgggtocgagagogicagiatiaagegggggagaattagateg
cgatggpaaaaaattcggitaageccaggpgeaaagaaaaaatataaatiaaaacatata
glatggocaagcagggagctagaacgaticgcagtiaateetggectgttagaaacatcag
aaggctgtagacaaatactgggacagetacaaccateccttcagacaggateagaagaac
ttagatcattatataatacagtagcaacccictatigtgigeaicaaaggatagagataaaaga
caccaaggaagettiagacaagatagaggaagagtaaaacaaaagiaagaccaccgea
cageaageggecgetgateticagacetggaggageagatateagecacaattgeagan
gtgaatiatataaatataaagtagtaaaaatigaaccatiaggagiageacecaccaagaca
aagagaagagiggigeagagagaaaaaagageagigggaataggagettigitectiigy
gtictigggagcageaggaageactatggpcgcagegtcaatgacgetgacggtacagy
ccagacaattattgictggiatagtocageageagaacaatitgcigagggciatigaggeg
caacageatctgtigeaacteacagictggggoateaageagetecaggeaagaatectyg
getgtpsaaagatacctaaaggatcaacagetectggggatitgguotioctctggaaaac
teatttgeaccacigetgtgecttggaatgetagtiggagtaataaatelctggaacagattig
gaatcacacgacctggatggagtgggacagagaaatiaacaatiacacaagettaatacac
tccttaattgaagaatcgeaaaaccagoaagaaaagaatgaacaagaattatiggaatiaga
taaatgggcaagiitgtggaatiggitiaacataacaaatiggetigtggtaiataaaatiattca
taatgatagtaggagecttgptaggetitaagaatagtittigeigtacitictatagtgaataga
gitaggcagggatattcaccatiategiitcagacccacctieecaaccccgaggguaceeg
acaggeccgaaggaatagaagaagaagetggagagagagacagagacagatecaticg
attagtgaacggatcicgacggtatcgcetagetittaaaagaaaaggppggatigoopoot
acagtgcagggoaaagaatagtagacataatageaacagacatacaaaciaaagaattac
aaaaacaaattacaagaaticaaaatittactagigatiatcggatcaactitgtatagaaaagt
fgggcteeggigccegicagigggeagagegeacategeccacagicecegagaagity
gggggagggoicgecaatigasceggtecciagagaaggtgecgcggegtaaacteggg
aaagipgatgicgtptaciggctecgoctititcocgagggtggegoagaaccgtatataagt
gcaglagtcgcegigaacgticttittcgeaacggattigecgecagaacacaggiaagtyc
cgigigtggitccegegggeotggoctettiacgggttatggeoctigegtgoectigaattact
tccacctggotecagtacgioatictipatccegageticggotigpaagicoatoaoasy
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gttcgaggecttgegcetiaaggagececticgoctegtgettgagtigaggoctggecigy
gogetggggocgecgegigegaatctggiggeaccticgegectgictegotgetitegat
aagictetagecatitaaaatittigatgaccigetgegacgetitittictggcaagatagtott
gtaaatgegegccaagateigeacactggtatiicggtiittgeoeccgegeocggegacy
gggoccgtgogteccagigeacalglicggegagecggegecctycgagegeggecac
cgagaatcggacgggggiagicteaagetggocggectgetetggtgcciggictegege
cgecgigtategecoegeectgggoegpcaagectggeceggicggeaccagtigegipa
goggaaagatggecgeitcceggecctigeigeagggagcicaaaatggaggacgeggc
geteggragageggecgatoagteacccacacaaaggaaaaggegoectitcogtectes
geegtegettcatgigaciccacggagtacegggegecgiccaggcacctegattagtict
cgagctittgeagtacgicgtctitaggliggggeoagogottttatgcgatggagtttcoce
acactgagtgegotooacactgaagitaggccagotiggeacttgatgtaatictecttggaat
tigcectittigagittggatcttgpticatictcaagectcagacagiggticaaagitttitictt
ceatticaggtategtgacaagtitetacaaaaaageaggetgecaccatggoctiaccagt
gaccgectipetectgeogetggoctigetpeiccacgocgecaggecggpatecgacat
ccagatgacceagageccetecictitatcegecteigigggoegacagagtgaccatcactt
giegtgccagecaagaaatetecggetatetgtettggetgeagragaageocggtiaagg
ctatcaagagactcatciacgecgecageactttacagageggagigectageagatittag
cggelctegtageggeagegatiatactitaaccatctectetitacageecgaagacttiget
acciactactgtitacagtacgecagetaceccticacetteggicaaggtaccaagetigga
gatcaaaggiggeggeggeiciggeggrggtageictggeggtopciccggcegtagia
gtagecaagttaccetcaaggagageggccecactitagtgaagectacceagacttiaac
titaacttgtacciicageggcticictitaageacctccacaatggaegtgpaciggatcag
acagecteccggeaaggeictggagtgociggeccacalecictggaacgacageaaga
getacaaccectctitaaagictegtotgaccateaccaaggacacctecaagaageaagtt
gtoctgaccatgaccaatatggaccoeegiggacaccgecacctaitactgegetegtategt
glactactceacctacgtgggotacticgacgtolggggacaaggtaccaccgtgacegly
agotetggatecticgtgecggtotteotgocagegaageecaccacgacgeeagegocg
cgaccaccaacaccggegeccaccaicgegtcgeagecccigicoeigegeocagagg
cglgecgaecageggoegggggacgeagtgoeacacgagggeactgeacticgeciglg
cetttactgeaaccacaggaacaaacggggcagaaagaaactcetgtatataticaaacaa
ccatttatgagaccagtacaaactacicaagaggaagatggctgtagetgeegatitecaga
agaagaagaaggaggatgteaactgagagtoaagiiCageaggagegecagacgoeece
gegtaccageagggecagaaccagetctataacgagetcaatctaggacgaagagagea
gtacgatgtitiggacaagagacgtggocgggacceigagalggeeeeanageogagan
ggaagaacceicaggaaggcectgtacaalgaactigeagaaagatlaagatgglggaggd
ctacagtgagatigggalgaaaguegaglgerggagaggcaaggagcacgatggectt
taccagggtcicagtacagecaccaaggacaceiacgacgeccticacatlgeaggeccig
ceecciegetgaacccageiticitgtacaaagtggtgataalcgaaticegataatcaacct
ctggattacaaaatitgtgaaagatigaciggtatictiaactaigtigetectittacgoiatgtyg
gatacgctgctitaatgocttigtatcatgetatigeticeogtatggetiicatiticicctoctig
tataaatectggtigelgictetitatgaggagttatggccegttgteaggeaacgiggegty
gtgtecactgtgittgetgacgeaaccecccactggitgggecatigecaccacctgteaget
cetttccgggactticgetiiccocctoectatigecacggeggaacteatcgeegectgect
tgecegetgetggacaggoecticgocigiiceocactaacaaticegtgatgitetcgogs

186
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aagctgacgiectitecatggotgetegoctgtgtigecacetggatictgegegggacgic
cttetgetacgieccticggeccicaatecageggaccticeticecgeggectgetgecy
cictgeggectottcegegicticgecticgecctcagacgagtoggatetecctttgggecg
cetecccgeategggaaticeegeggttegetitaagaccaatgacitacaaggeagoetgta
gatctiagecactitttaaaagaaaagggggeaciggaagggectaaticactcccaacgasa
gacaagatctgeitttigettgtactgggtetcictggtiagaccagatetigagoctgggagct
cictggetaactagggaacceacigetiaagectcaataaagettgectigagtpeticaagt
agigigtocccgtcigtigigigaciciggtaactagagatecctcagacecittiagicagig
tggaaaatcictageagtagtagticatgicatcitatiaticagtatitataactigeaaagaaa
tgaatatcagagagtoagagpaacitgtitatigecagetiataatggttacaaataaagceaata
geatcacaaatttcacanataaageatttitticactgeatictagtigtggtitgtecanactcat
caatgtatcttateatgtetggetctagetatecegecectaactecgeecateeegecectaa
ciccgeccagticegeccattctecgecceatggctgactaatittittiatiiatgcagaggec
gaggocgecicggoctctgagetattccagaaglagigaggaggotitttiggaggectag
geacgtacccaattcgecctatagtgagtogtattacgegegetcactggecgtegttitaca
acgiogigactgggaaaaccoiggegitacecaactiaategectigeageacatcecoctt
tegecageiggegtaatagegaagaggeocgeacegategeocticecaacagitgegea
gectgaatggogaatgggacpegecetgtageggoegcatiaagegeggegggigiaoty
gttacgegeagegigacegetacactigecagegecctagegeecgetectitogetttctt
ceettecttictegecacgticgeeggetticeccgicaagetctaaategggggeteocttia
gggticcgaittagtgetitacggcaccicgaccecaaaaaactigatiagagigatggtica
cgtagtggeccategecctgatagacggtttitcgeccttigacgtiggagtccacgticttia
atagtppactctigiiccaaaciggaacaacactcaaccctatcicggtctatictitigatitat
aagggaititgecgatticggectatiggitaaaaaatgagctgatitaacasaaatitaacge
gaattttaacaaaatatiaacgcttacaatitaggtegcacitiicggggaaalgigrgoegga
accectatttptitatittictaaatacaticaaatatgtatecgetcatgagacaataacecigat
aaatgeticaataatatigagaaaggaagagtatgagtattcaacatticegtgicgeecttatt
coctittttgeggeattitgecticetgittiigetcacccagaaacgetggigaaagtaaaaga
tgcigaagatcagtigggtgcacgagtggettacatcgaactggatcicaacageggtaag
alcctigagagitticgeccegaagaacgiiticcaatgatgageactttiaaagtictgetatg
tppcgceggtattatcecgtattgacgecgggraagagcaacteggtegoegeatacactat
fctcagaatgactiggtigagtacicaccagicacagaaaageatctiacggatggeatgac
agtaagagaattatgeagtgctgecataaccatgagtgataacactgeggoeeaacttacitet
gacaacgatcggaggaccgaaggagetaacegetiitiigeacaacatggpagatcaigt
aactegectigategtigggaaceggagctgaatgaagocataccaaacgacgagoegiga
caccacgatgectgtageaatggeaacaacgitgegeaaactatiaactggegaactactta
ctctageticecggeaacaatiaatagactggatggaggcggataaagtigeaggaccact
fctgegeteggeccticeggetggotggitiattgcigataaatetggagecggigagegte
ggtetcgeggtatcatigeageaciggggocagatggtaageecteccgtategtagtiate
tacacgacggggagicaggcaactatggalgaacgaaatagacagategeigagataggt
gectcactgattaageatiggtaactgtcagaccaagtttactcatatatactitagatigatita
aaacticatttitaatttaaaaggatctaggtgaagalcctititgataatctcatgaccaaaate
cettaacgtgagttticgticeactgagegicagaceccgtagaaaagatcaaaggaicttet
tgagatecttitttictgegegtaatetgeigetigraaacaaaaaaaccaccgetaccageg
gtggtitettigecggateaagagetaccaacictitticcgaaggtaactggcticageaga
gegcagataccaaatactgtictictagtgtageegtaghiaggccaccacticaagaactet
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gtagcacegectacatacetegetetgetaatectgttaccagtggetgeigecagiggega
taagtcgtgictiaccgggtiggacicaagacgatagtiaccggataaggegcageggicg
ggctgageggeggaticgtygcacacageccagotiggagegaacgacctacaccgaact
gagatacctacagegtgagctatgagaaagegecacgottcecgaagagagaaaggecy
gacaggtatccgglaageggeagggicggaacaggagagegeacgagggageticea
gegggaaacgeciggtatctitataglecigicgggtttegecaccictgactigagegtegs
titttgtgatgctegicagggggecggagectalggaaaaacgccageaacgoggocttitt
acggitcciggectttigetggecititgetcacatgiictitectgegtiatcecctgatictgig
gataaccgtattaccgoctiigagtgagetgataccgeicgecgeagoeegaacgacegag
cgeagegagicaglpgagcgaguaagggaagagcsceeaatacgcaaaccgecicice
cegegegtiggecgaticatiaatgeageiggeacgacaggtticccgaciggaaagogy
geagigagegeaacgeaatiaatgigagttagetcacicatiaggeaccoecaggetitacac
titatgcitcoggoicgtalgiigtutooaatigtuagcogataacaatticacacaggaaaca
gctatgaccatgattacgecaagegegeaatiaacccicactagaggeaacaaaagoigg
agctgcaagcett

sequence of iCasp?

103 | Amino acid EGRGSLLTCGDVEENPGP
sequence of T2A
cleavage peptide
104 | Amino acid MLLLVTSLLLCELPHPAFLLIPREKVONGIGIGEFKDSLSINA
sequence of EGFRt | TNIKHFKNCTSISGDLHILPVAFRGDSFTHTPPLDPQELDIL
KTVKEITGFLLIGAWPENRTDLHAFENLEHRGRTKQHGO
FSLAVVSLNITSLGLRSLKEISDGDVISGNEKNLCYANTIN
WEKKLFGTSGOKTRIISNRGENSCKATGQVCHALCSPEGC
WGPEPRDCYSCRNVSRGRECVDKONLLEGEPREFVENSE
CIQCHPECLPOAMNITCTGRGPDNCIQCAHYIDGPHCVRT
CPAGVMGENNTLVWKYADAGHVCHLCHPNCTYGCTGP
GLEGCPINGPRIPSMIATGMVGALLLLEVVALGIGLEFM
105 | Amino acid QVETISPGDGRTFPKRGOQTCVVHY TOMLEDGKEKVDSSRE

RNKPFKFMLGKQEVIRGWEEGVAQMSVGORAKLTISPD
YAYGATGHPGHPPHATLVFDVELLKLESGGGSTNRQAAK
LSKPTLENLTPVVLRPEIRKPEVLRPETPRPVDIGSGGFGD
VGALESLRGNADLAYILSMEPCGHCLIINNVNFCRESGLR
TRTGSNIDCEKLRRRFSSLHFMVEVKGDLTAKKMVLALL
ELAQODHGALDCCVVVILSHGCOASHLOFPGAVYGTDG
CPVSVEKIVNIFNGTSCPSLGGKPKLFFIQACGGEQKDHGE
EVASTSPEDESPGSNPEPDATPFOEGLRTFDOLDAISSLPTP
SDIFVSYSTFPGFVSWRDPKSGSWY VETLDDIFEQW AHSE
DLOSLLLRVANAVSVKGIYKQMPGCFNFLRKKLFFKTS
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What is claimed is:

1. A humanized antibody or antigen binding fragment thereof that binds to human FLT3,
wherein the antibedy or fragment comprises:

. a light chatv variable region (VL) comprising an amino acid sequence with at
teast 95% identity to any one of the sequences selected from the group consisting
oft SEQ ID NG:1, SEQ ID NG:2, SEQ ID NO:29, SEQ ID NG:30, SEQ ID
NO:31, SEQ ID NO:32, SEQ D NG:33, SEQ ID NO:34, SEQ ID N{O:35, SEQ
IDNG36, SEQ ID NO:37, and SEQ ID NO:38; and/or

it a heavy chain variable region (VH) comprising an amino acid sequence with at
feast 95% identity to any one of the sequences selected from the group consisting
of SEQ ID NO-3, SEQ ID NO: 18, SEQ ID NO:19. SEQ ID NO-20, SEQ ID
NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO;24, SEQ ID NO:25, SEQ
D NG:26, and SEQ ID NO:27.

2. The humanized antibody or fragment of claim 1, wherein (1) the VL comprises
complementarity determining regions {CDRs) having at least 97%, 98%, 99% or 100%
identity to the amino acid sequences of CDR-L1 of SEQ ID NO:86, CDR-LZ of SEQ ID
NG: 87, and CDR-L3 of SEQ ID NG: 88, and (11} the VH comprises CIDRs having at
least 97%, 98%, 99% or 100% identity to the amino acid sequences of CDR-H1 of SEQ

1D NO: 89, CDR-H2 of SEQ 1D NO: 90, and CDR-L3 of SEQ ID NO:SL

W

The humanized antibody or fragment of claim 1, wherein the VL comprises the amino
acid sequence of SEQ ID NG 1, and the VH comprises the annno acid sequence of SEQ

ID NO:3.

4. The humanized antibody or fragment of claim 1, wherein the VL comprises the amino
acid sequence of SEQ 1D NO:2, and the VH comprises the amino acid sequence of SEQ

B NGO:3.
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10.

1t

A single chain variable domain (scFv) comprising an antigen binding fragment of any

one of claims 1-4.

The scFv of claim 5, which comprises a linker between the VL and the VH, wherein the

linker has the formula (Glys.a-Serhia.

The scFv of claim 5, wherein the scFv has the amino acid sequence selected from the
group consisting of. SEQ [D NO:4, SEQ ID NO:S, SEQ [D NO:44, SEQ ID NO-45, SEQ
D NG 46, SEG ID NG:47, and SEQ ID NG:49.

The scFv of claim 7, wherein the scFv has the amino acid sequence of SEQ 1D NO 4.
The scFv of claim 7, wherein the scFv has the amino acid sequence of SEQ 1D NO:S,

A chimeric antigen receptor (CAR), wherein the CAR comprises: (i} an extracellular
domain comprising (a) an antibody or fragment of any one of claims 1-4, or (b) an scFv
of any one of claims 5-9; (it} a transmembrane domain; and (ii1) an intracellular domain.
The CAR of claim 10, wherein the transmembrane domain s a CD3 transmembrane

domain, a CD4 transmembrane domain, a CDR transmembrane domain, or a CD28

transmembrane domain,

. The CAR of claim 10 or 11, wherein the tntracellular domain comprises an activation

domain, wherein, when the CAR is expressed in a T cell, the activation domain transmits

an activation signal after the extracellular domain binds FLT3,

. The CAR of claim 10 or 11, wherein the intracellular domain comprises an activation

domain, wherein the activation domain comprises an intracetlular signaling domain of

CD3zeta, CD3epsilon, or FcRgamma.

180
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14.

5.

16.
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18.

19.

20.

21

The CAR of claim 12 or 13, wherein the intracellular domain further comprises one or

more co-stimulatory domains.

The CAR of claim 14, wherein the one or more co-stimulatory domains are from one or

more of. CDI8, 4-1BB, CD27, GX40 or ICOS.

The CAR of claim 15, wherein the one or more co-stimulatory domains are from CD28

and/or 4-1BER.

. The CAR of any one of claims 10-16, wherein the CAR comprises a spacer or hinge

region between the extraceliular domain and the transmembrane domain.

The CAR of claim 17, wherein the spacer or hinge region is from the extracellular

domain of CDS.

The CAR of any one of claims 10-18, wherein the extracellular domain further comprises

a cleavable signal peptide.

The CAR of claim 10, wherein the extracellular domain comprises an scFv comprising
the amino acid sequence of SEG ID NO:4; the transmembrane domain comprises a CD8
transmembrane domain; and the iniracellular domain comprises an iutraceilular signaling

domain of CD3zeta and a co-stimulatory domain of CD28 and/or 4-1BB.

The CAR of claim 10, where the CAR comprises the amino acid sequence selected from
the group consisting of. SEQ 1D NG:6, SEQ ID NO:G, SEQ ID NO: 10, SEQ ID NGO 11,
SEQ ID NG:12, SEQ D NO13, SEQ D NG 14, and SEQ 1D NO:15,

. The CAR of any one of claims 10-20, which further comprises a safety switch

polypeptide, wherein the safety switch polypeptide is bound to the CAR by a self-

cleaving peptide.
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23.

26.

28.

39

31

[ 8]
3

The CAR of claim 22, wherein the safety swiich polypeptide is iCasp9 or EGFRY, and

wherein the self-cleaving peptide 1s T2A, PZA, E2A F2A or IRES.

24 The CAR of any one of claims 10-23, wherein a T cell expressing the CAR is activated or

stimulated to proliferate when the extracellular domain binds to FLT3.

3. The CAR of any one of claims 10-24, wherein the CAR, when expressed on the surface

of a T cell, directs the T cell to kill a cell expressing FLT3.

An immune cell expressing a CAR of any one of claims 10-25 or comprising a nucleic

acid encoding a CAR of any one of claims 10-25.

. The immune cell of claim 26, wherein the immune cellisa T cell, a NK cell, a

macrophage or a monocyte.

The immune cell of claim 26 or 27, wherein the immune cell is a T cell.

29. The imrmune cell of any one of claims 26-28, wherein the imomune cell comprises a

nucleic acid, wherein the nucleic acid comprises a sequence selected from the group
consisting of: SEQ ID NO:60, SEQ ID NG:63, SEGQ 1D NO:64, SEQ ID NO:65, SEQ ID
NG:66, SEQ ID NO:67, SEQ 1D NO:68, and SEQ ID NO:6S.

. The iroroune cell of any one of claims 26-29, wherein the iroroune cell has been derived

from a subject before introducing the CAR or the nucleic acid.

The immune cell of claim 30, wherein the subject is a human,

. The immmune cell of any one of claims 26-31, where the immune cell expressing the CAR

or comprising the nucleic acid is further expanded to generate a population of cells.
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37

39.

. A population of immune cells expressing a CAR of any one of claims 10-25 or

comprising a nucleic acid encoding a CAR of anv one of claims 10-25.

. A pharmacentical composition comprising (1) a2 humanized antibody or fragment of any

one of claims 1-4, an s¢Fv of any one of claims 5-9, an immune cell of any one of claims
26-32, or a population of immune cells of claim 33, and (i1} a pharmaceutically

acceptable carrier.

. A method of treating a hematologic cancer in a subject in need thereof, wherein the

method comprises administering to the subject a therapeutically effective amount of: (i)
an immune cell of any one of claims 26-32, (it} a population of immune celis of claim 33,

ot {ii} a pharmaceutical composition of claim 34.

. The method of claim 35, where the hematologic cancer 1s acute myeloid leukemia

(AML), acute lymphoblastic leukemia (ALL), chronic myeloid leukemia (CML), chronic
lymphocytic leukermia (CLL), blastic plasmacytoid dendritic cell neoplasm (BPDCN),
peripheral T cell lymphoma, follicular lymphoma, diffuse large B cell lymphoma,
Hodgkin lymphoma, non-Hodgkin lymphoma, neuroblastoma, a non-malignant inherited

or acquired marrow disorder, multiple myeloma, or a dendriiic cell neoplasm.

The method of claim 36, wherein the hematologic cancer 13 AML.

. The method of claim 36, wherein the hernatologic cancer is ALL.

The method of claim 36, wherein the hematologic cancer 1s a dendritic cell neoplasm.

. A method for preparing or conditioning a subject in need thereof for hematopoietic cell

transplantation, wherein the method comprises administering to the subject a
therapeutically effective amount of: (i} an immune cell of any one of claims 26-32, (i) a

population of tmmune cells of claim 33, or (it) a pharmaceutical composition of claim 34,
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. The method of claim 40, wherein the therapeutically effective amount reduces the cell

population expressing FLT3 by at least 90% in the subject.

. The method of claim 40 or 41, wherein the subject in need thereof has a hematologic

cancer.

. The method of claim 42, wherein the hematologic cancer is acute myeloid leukemia
(AML)}, acute lymphoblastic leukemia (ALL), chronic myeloid leukemia (CML), chronic
lymphocytic leukemia (CLL), blastic plasmacytoid dendritic cell neoplasm (BPDCN),
peripheral T cell lymphoma, follicular lymphoma, diffuse large B cell lymphoma,
Hodgkin lymphoma, non-Hodgkin lymphoma, neuroblastoma, a non-malignant inherited

ot acquired marrow disorder, multiple myeloma, or a dendritic cell neoplasm.

The method of claim 43, wherein the hematologic cancer is AML.

». The method of claim 43, wherein the hematologic cancer is ALL.

The method of claim 43, wherein the hematologic cancer is & dendritic cell neoplasm.

. The method of any one of claims 35-46, wherein the administering reduces circulating
myeloid lineages in the subject, optionally wherein the administering reduces circulating
myeloid lineages by at least 60%, at least 65%, at least 70%, at least 75%, at least 80%6 or

at least 83% relative o baseline levels,

The method of any one of claims 35-47, wherein the administering reduces bone marrow
lineage frequencies and numbers in the subject, optionally wherein the administering
reduces bone marrow frequencies and/or numbers by at least 50%, at least 55% or at least

60% relative to baseline levels.

The method of any one of claims 35-48, wherein the administering specifically targets

human CD347 hematopoietic stem cells and/or hematopoietic progenitor cells.
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The method of claim 49, wherein the administering reduces human CD34°CD387 cell
population in bone marrow mononuclear cells of the subject by at least 50%, at least
55%, at least 60% or at least 65% relative to baseline levels, and/or reduces human
CD347CD38 cell population in bone marrow mononuclear cells of the subject by at least
60%, at least 65%, at least 70%, at least 75%, at least 80% or at least 85% relative to

baseline levels.

. The method of any one of claims 35-50, which further comprises performing

hematopotetic cell transplantation to the subject after the administering.

. The method of claim 51, wherein the hematopoietic cell transplantation comprises

transplantation to the subject of hematopoietic stem cells and/or hematopoietic progenitor

cells.

. The method of claim 51 or 52, wherein the performing of the hematopoietic cell

transplantation occurs 5 days to 6 weeks after the administering.

4. The method of claim 53, wherein the performing of the hematopoietic cell transplaniation

occurs about 2 to 3 weeks after the administering,

. The method of any one of claims 35-54, wherein the therapeutically effective amount of

the immune cells or the population of insroune cells is a dose from about 50,000,000 to

10,000,000,000 celis.

The method of claim 55, wherein the therapeutically effective amount of the immune
cells or the population of immune cells is a dose from about 160,000,000 to

2,000,000,000 cells.

. The wethod of any ove of claims 35-56, wherein the administration 1s intravenous.

193



WO 2023/023491 PCT/US2022/074984

60.

61.

)
{v1)

The method of claim 57, wherein the intravenous administration is by infusion into the

subject.

. The method of any one of claims 35-58, wherein the administering cccurs once.

The method of any one of claims 35-58, wherein the administering is every 3-7 days for 2

to 3 weeks.

The method of any one of claims 35-60, wherein the method comprises the following
steps prior to the administering step:
collecting of blood from the subject;

isolating immune cells from the blood;

(vii} introducing a nucleic acid encoding a CAR of any one of claims 10-25 into the

isolated imumune cells; and

(viii}) expanding the isclated immune cells obtained in step (ii1), wherein the expanding

63.

64.

65.

vields the immune celis or the population of immune cells administered during the

administering step.

2. The method of any one of claims 35-61, which further comprises administering a

checkpoint inhibitor.

The method of claim 62, wherein the checkpoint inhibitor is an antagonist of FD1, PD-L1

or CTLA4

The method of claim 63, wherein the antagonist is an antagonistic antibody.

The method of any one of claims 35-64, wherein the subject is a human
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