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REAGENTS AND METHODS FOR
PRODUCING ERYTHROMYELOID
PROGENITOR CELLS, NK CELLS, AND
MEGAKARYOCYTES

FEDERALLY SPONSORED RESEARCH

[0001] This invention was made with government support
under HLL142665, ODO011106 and HIL.134655 awarded by
the National Institutes of Health. The government has cer-
tain rights in the invention.

STATEMENT REGARDING SEQUENCE
LISTING

[0002] A computer readable form of the Sequence Listing
is filed with this application by electronic submission and is
incorporated into this application by reference in its entirety.
The Sequence Listing is contained in the file created on Sep.
5, 2023, having the file name “22-0629-US.xml” and is 37
kb in size.

BACKGROUND OF THE DISCLOSURE

[0003] Elucidation of developmental pathways using
human embryonic stem cells and induced pluripotent stem
cells over the past 25 years have enabled production of
therapeutically useful amounts of specific cell types that can,
inter alia, provide allogenic sources of cells specific for
individual patients. A specific example of such cell types is
produced during hematopoiesis to provide a number of
important components of blood function and homeostasis,
including for example cells involved in immunological
surveillance and function. One such cell is the natural killer
or NK cell, a species of white blood cell in the lymphoid
lineage which is characterized by having granules contain-
ing enzymes that can kill tumor cells or cells infected with
a virus. Yet another are megakaryocytes, cells found in bone
marrow that are responsible for producing thrombocytes
(platelets).

[0004] Another consequence of the ability to study and
manipulate stem cells and particularly hematopoietic stem
cells has been an understanding of endogenous proteins
produced during differentiation that effect progression to
final effector cells like NK cells. These proteins, including
transcription factors are responsible for activating specific
genes in developmental pathways leading to particular dif-
ferentiation outcomes. One example of such transcription
factors is the SOXF family of transcription factors, com-
prising SOX7, SOX17 and SOX18, that have been recog-
nized as critical regulators of angiogenesis, cardiovascular
and hematopoietic development. See, for example, Lilly et
al,, 2017 SOXF transcription factors in cardiovascular
development. Seminars in cell & developmental biology 63:
50-57.

[0005] Murine embryonic studies have shown that Sox7 is
required for formation of the earliest multipotent hematopoi-
etic progenitor cells (HPs) with erythro-myeloid potential.
Gandillet et al., 2009, Sox7-sustained expression alters the
balance between proliferation and differentiation of hema-
topoietic progenitors at the onset of blood specification.
Blood.114: 4813-4822. Forced expression of Sox7 in cells
from E7.5 mouse embryo or from in vitro differentiated
mouse embryonic stem cells (ESCs) promotes self-renewal
of early CD41* hemogenic progenitors with erythro-my-
eloid potential and blocks their differentiation. Lilly et al.,
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2016, Interplay between SOX7 and RUNXI1 regulates
hemogenic endothelial fate in the yolk sac. Development
143: 4341-4351. A similar phenotype was observed follow-
ing overexpression of Sox18 in in vitro-differentiated mouse
ESCs. Serrano et al., 2010, Contrasting effects of Sox17- and
Sox 1 8-sustained expression at the onset of blood specifi-
cation. Blood 115: 3895-3898. SOX17 has been shown using
human embryonic stem cells to be a master regulator of
HOXA and arterial programs in hemogenic endothelium
(HE) and is required for the specification of HE with robust
lympho-myeloid potential and DLL4*CXCR4* phenotype
resembling arterial HE at sites of HSC emergence. Jung et
al., 2021, SOX17 integrates HOXA and arterial programs in
hemogenic endothelium to drive definitive lympho-myeloid
hematopoiesis. Cell Rep. 34(7):108758.

[0006] There is a need in this art to further elucidate
functions of transcription factors in the SOXF family to
develop reagents and methods for manipulating hematopoie-
sis in human stem cells to produce cells for therapeutic
intervention and other purposes.

SUMMARY OF THE DISCLOSURE

[0007] Provided herein are reagents and methods for
manipulating pluripotent stem cells, and particularly human
stem cells, for producing specific cell types resulting from
hematopoietic differentiation. In specific embodiments, such
cells are natural killer (NK) cells. In other specific embodi-
ments are megakaryocytes. Specific embodiments of the
methods provided herein result in enforced SOX18 expres-
sion in stem cells and hemogenic endothelial cells during the
endothelial-to-hematopoietic transition. In particular, such
enforced SOX18 expression produces preferential commit-
ment to NK progenitor cells. In specific embodiments such
NK progenitor cells are derived from multipotent hema-
topoietic progenitors having a phenotype of CD34*CD43™
CD235a/CD41aCD45". In particular embodiments the
invention provides such cells, inter alia, for use in immu-
notherapy.

[0008] Yet another aspect of the disclosure provides a
pharmaceutical composition comprising NK cells produced
by forced expression of SOX18 in hemogenic endothelium.
In some embodiments the NK cell is a genetically modified
cell such as a CAR-NK cell. In certain embodiments,
CAR-encoding expression constructs are introduced into
pluripotent stem cells (PSCs) and those cells differentiated
to CAR-NK cells by forced expression of SOX18. In alter-
native embodiments NK cells are produced from PSCs and
CAR-encoding expression constructs introduced into the
NK cells thereby produced.

[0009] In still further aspects of the disclosure are pro-
vided megakaryocytes through forced expression of SOX18
in mesoderm and hemogenic endothelium.

[0010] These and other features, objects, and advantages
of the present invention will become better understood from
the description that follows. In the description, reference is
made to the accompanying drawings, which form a part
hereof and in which there is shown by way of illustration,
not limitation, embodiments of the invention. The descrip-
tion of preferred embodiments is not intended to limit the
invention to cover all modifications, equivalents, and alter-
natives. Reference should therefore be made to the claims
recited herein for interpreting the scope of the invention.
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DESCRIPTION OF THE DRAWINGS

[0011] The disclosure will be better understood and fea-
tures, aspects, and advantages other than those set forth
above will become apparent when consideration is given to
the following detailed description thereof. Such detailed
description refers to the following drawings.

[0012] FIG.1 is a diagram of vectors used in the PiggyBac
system to generate DOX-inducible SOX18 in an H1 hESC
line.

[0013] FIGS. 2A-21 show the effects of SOX-18-enforced
expression on hematopoietic differentiation of human
pluripotent stem cells (hPSCs). FIG. 2A is a diagram of a
timeline of hematopoietic differentiation, wherein D repre-
sents day of differentiation. Cell types arising after treatment
of developing cell cultures set forth horizontal are shown at
each developmental day underneath the timeline. FIG. 2B is
a diagram of the experimental design. Cells were differen-
tiated following DOX treatment as indicated. Floating HPs
were collected on D8 of differentiation and evaluated for
phenotype, CFC and lymphoid potential. FIG. 2C shows
flow cytometric counter plots illustrating a phenotype of
hematopoietic progenitors isolated form D8 differentiation
cultures of DOX-induced SOX18 hPSCs. FIG. 2D illustrates
percentages of CD34+CD43+ cells and composition of
CD34+CD43+ subsets on D8 of differentiation (results are
mean +SD, n=5 for two independent experiments performed
in triplicate and duplicate). *p<0.05, **p<0.01 and ***p<0.
001, one-way ANOVA, Tukey’s multiple comparisons test.
FIG. 2E is a graph showing CFC potential of D8 HPs,
wherein results shown are mean +SD, n=2. **p<0.01, two-
way ANOVA. FIG. 2F shows Flow cytometric analysis of T
cell differentiation induced by DOX on differentiating
human pluripotent stem cells (hPSCs). FIG. 2G shows the
total number of T cells generated from 104 of D8 CD43+
cells and percentages of CD5+CD7+ and CD4+CD8+ cells
(results are means +SD, n=5 experiments). *p<0.05, **p<0.
01 ***p<0.001, and ****p<0.0001, one-way ANOVA, Dun-
nett’s multiple comparisons test. FIG. 2H shows flow cyto-
metric analysis of NK cell differentiation induced by DOX
on differentiating hPSCs. FIG. 21 is a graphical represen-
tation showing the total number of CD56+cells generated
from 104 CD43+ cells and the expression of CD94 and
CD16 by NK cells (results are means +SD, n=6 for two
independent experiments performed in triplicate). *p<0.05,
¥Ep<0.01, ***p<0.001, and ****p<0.0001, one-way
ANOVA, Dunnett’s multiple comparisons test.

[0014] FIGS. 3A-3E show experimental results showing
that SOX18 has a limited effect on specification of hemo-
genic endothelium. FIG. 3A shows flow cytometric results
demonstrating expression of arterial markers and Venus in
VEC* SOXI18 cells on day 4 of differentiation with or
without DOX. FIG. 3B and FIG. 3C are graphical represen-
tations showing percentages and total number of VEC™ cells,
DLL4+CXCR4"* and VEC+DLL4"CXCR4™ cells generated
from 10,000 hPSCs on day 4 of differentiation, wherein the
results are shown as mean =SD, n=3. ***p<(.001, t-test.
FIG. 3D shows flow cytometric results demonstrating
expression of arterial markers and Venus in VEC+iSOX18
cells on D4 of differentiation with or without DOX. FIG. 3E
and FIG. 3F are graphical representations showing percent-
ages and total number of VEC+ cells, VEC+DLL4+
CXCR4+ and VEC+DLL4+CXCR4- cells generated from
10*hPSCs on D5 of differentiation with or without DOX
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(wherein results are shown as the mean +SD, n=3). ***p<0.
001, t-test, and **p<0.01, two-way ANOVA, Sidak’s mul-
tiple comparisons test.

[0015] FIGS. 4A-4F show results of experiments illustrat-
ing that SOX 18 overexpression affects lymphoid specifica-
tion from HE cells by shifting the balance of NK and T
lymphocyte differentiation. FIG. 4A is a schematic diagram
illustrating the experimental design as set forth in Example
3. FIG. 4B is a graphical representation of CFC potential of
HP generated from D4 HE after coculture on OP9 or
DLL4-0P9 for 5 days with or without DOX, the results
expressed as mean £SD, n=2. **p<0.01 and ****p<0.0001,
two-way ANOVA, Tukey’s multiple comparisons test. FIG.
4C is a graphical representation of total number of CD4*
CDB8* T cells generated from 10,000 CD43™ cells, the results
expressed as mean *SD, n=4. ****p<(0.0001, two-way
ANOVA, Sidak’s multiple comparisons test. FIG. 4D shows
flow cytometric results demonstrating the effect of SOX18
overexpression on T cell differentiation from hemogenic
endothelium. FIG. 4E is a graphical representation of the
total number of CD56* NK cells generated from 10,000
CD43* cells, the results expressed as mean +SD, n=4.
*EEEH<(0.0001, two-way ANOVA, Sidak’s multiple com-
parisons test. FIG. 4F shows flow cytometric results dem-
onstrating the effect of SOX18 overexpression on NK cell
differentiation from hemogenic endothelium.

[0016] FIGS. 5A-5G illustrate characterization of NK cell
potential in iISOX 18 hPSCs. FIG. 5A is a diagram of the
experimental design showing DOX treatment schedule and
cell subsets analyses as set forth in Example C. FIG. 5B
shows flow cytometric results demonstrating NK cell dif-
ferentiation potential of cell subsets isolated from cultures in
the presence and absence of DOX. FIG. 5C is a graphical
representation of total number of CD56™ NK cells generated
from 10,000 cells from the indicated cell subset, the results
expressed as mean =SDs, n=4. ****p<(0.0001, one-way
ANOVA, Tukey’s multiple comparisons test. FIG. 5D is a
graphical representation of the total numbers of CD56+cells
in cultures from No DOX and DOX2-8 HP after 1- and
4-weeks differentiation in NK cultures (results are means
+SDs, n=10-11). ****p<(0.0001, two-way ANOVA, Sidak’s
multiple comparisons test. FIG. 5E is a graphical represen-
tation of a growth curve of CD56+ cells in NK differentia-
tion cultures initiated from D8 CD43+ cells generated in No
DOX and DOX2-8-treated cultures. Cell cultures were
started with 10°CD43+ cells and continued for 5 weeks
(results are means +SDs, n=2). FIG. 5F is a graphical
representation of a cytotoxicity assay against K562 targets.
Different amount of target cells plated with CD56+cells
(effector: target ratio from 1:1 to 5:1) for 4 h (Results are
means +SDs, n=2 experiments). FIG. 5G is a flow cytomet-
ric counter plot shows CDI107a and interferon gamma
(IFNy) expression by CDS56+cells after K562 stimulation.
FIG. 5H is a graphical representation of percentages of
CD107a+IFNy- or CD107a-IFNy+ cells after PMA/iono-
mycin stimulation. The results are expressed as mean +SD,
*p<0.05, t-test.

[0017] FIGS. 6A-6E illustrate molecular profiling of HE,
HPs and NK cells generated from iSOX18 hPSCs. FIG. 6A
shows flow cytometric results illustrating cell populations
isolated for RNAseq analysis. FIG. 6B is a graphical rep-
resentation showing the number of DEGs in indicated cell
populations. FIG. 6C is a heatmap showing differentially
expressed genes in D4 HE P1 population from cultures with
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and without DOX. FIG. 6D shows bar plots illustrating the
presence of significantly enriched KEGG pathways in
selected differential expression comparisons. The y axis
shows the enriched pathway categories and x axis shows the
number of significantly genes in each pathway. FIG. 6E is a
bar graph that shows significantly enriched KEGG pathways
in selected differential expression comparisons. The y axis
shows the enriched pathway categories and x axis shows the
number of significantly enriched genes in each pathway.
FIG. 6F shows the fold changes of selected genes in the two
KEGG pathways that are significantly enriched in D8 P1
DOX+ cells over D8 P1 No DOX cells.

[0018] FIGS. 7A-7D illustrate generation of DOX-induc-
ible SOX18 in H1 hESC line. FIG. 7A shows a flow
Cytometric analysis in undifferentiated iSOX18 cells cul-
tured with or without DOX. FIG. 7B are fluorescent images
show the expression of Venus reporter in undifferentiated
1SOX18 cells cultured with or without DOX. Scale bars are
200uM. FIG. 7C shows a qRT-PCR analysis shows SOX18
expression in D4 HE generated in iSOX18 hPSCs differen-
tiation cultures with or without DOX. Results are mean +-
SD (N=9). ****p<(0.0001, t-test. FIG. 7D is a western blot
showing upregulation of SOX18 expression in undifferen-
tiated iISOX18 cells 24 hours after DOX treatment and D5
differentiated iISOX18 hPSCs treated with DOX at D2-D5.
[0019] FIGS. 8A-8C provide results of an in-depth analy-
sis of D8 CD43" subsets collected from cultures without and
with D2-8 DOX using t-distributed stochastic neighbor
embedding algorithm (t-SNE). FIG. 8A is an overlayed
t-SNE plot of No DOX and DOX2-8 CD43+ subsets at DS.
Each dot represents one cell. FIG. 8B shows that No DOX
or DOX2-8 samples created single tSNE with single surface
marker in each plot. Expression levels of marker defines
with a continuous grayscale scale. FIG. 8C shows tSNE
maps generated for the No DOX or DOX2-8 subsets. Each
shade indicates No DOX or DOX2-8 cells at D8 CD43*.
Each dot represents one cell and cells are shaded according
to their assigned subsets. Cell populations were defined by
the manual gating strategy.

[0020] FIGS. 9A-9C show the effect of SOX18 overex-
pression on development of megakaryocytes and hemangio-
blasts (HBs). FIG. 9A show counter plots demonstrating
expression megakaryocytic markers in megakaryocyte dif-
ferentiation cultures initiated using CD43+cells collected
from No DOX and DOX2-8 cultures at D8. FIG. 9B is a
graphical representation of the percentage of megakaryo-
cytic cells generated in these cultures. The results are
presented as mean +SD, n=3. ** p<0.01 and ***p<0.001,
t-test. FIG. 9C is a graphical representation of the HB-CFC
potential of iISOX18 cells. Cells were collected from D3
differentiation without DOX or with D2-3 DOX treatment.
The graph shows number of HB colonies per 10,000 cells
collected on D3 of differentiation. The results are presented
as the mean =SD, n=2. **p<0.01, t-test.

[0021] FIGS. 10A-10D illustrate the impact of SOX18
overexpression on cell cycle and apoptosis. FIG. 10A shows
an analysis of gene enrichment in GO “Apoptosis”. FIG.
10B shows the analysis of gene enrichment in GO “Regu-
lation of Cell Population Proliferation” gene sets in indi-
cated cell subsets in DOX-treated and untreated cultures.
Shaded areas indicates significant enrichment in DOX-
treated over untreated cultures. FIG. 10C show representa-
tive dot plots of flow cytometric analysis of cell cycle in the
D5 HE in DOX and No DOX iSOX18 hPSC cultures. FIG.
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10D is a bar graph showing the means +- SD (D) of
duplicated experiments of the flow cytometric analysis of
cell cycle in the D5 HE in DOX and No DOX iSOX18 hPSC
cultures. ***p<0.001 , and ****p<0.0001, one-way
ANOVA Dunnett’s multiple comparisons test.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0022] The present disclosure is based, at least in part, on
experimental demonstration that forced SOX18 expression
in cells in the hematopoietic lineage preferentially promotes
formation of progenitors of natural killer cells and mega-
karyocytes.

[0023] For the purposes of promoting an understanding of
the principles of the disclosure, reference will now be made
to embodiments and specific language will be used to
describe the same. It will nevertheless be understood that no
limitation of the scope of the disclosure is thereby intended,
such alteration and further modifications of the disclosure as
illustrated herein, being contemplated as would normally
occur to one skilled in the art to which the disclosure relates.

Definitions

[0024] As used in the specification, articles “a” and “an”
are used herein to refer to one or to more than one (i.e., at
least one) of the grammatical object of the article. By way
of example, “an element” means at least one element and
can include more than one element.

[0025] “About” is used to provide flexibility to a numeri-
cal range endpoint by providing that a given value can be
“slightly above” or “slightly below” the endpoint without
affecting the desired result. The term “about” in association
with a numerical value means that the numerical value can
vary by plus or minus 5% or less of the numerical value.
[0026] Throughout this specification, unless the context
requires otherwise, the word “comprise” and “include” and
variations (e.g., “comprises,” “comprising,” “includes,”
“including”) will be understood to imply the inclusion of a
stated component, feature, element, or step or group of
components, features, elements, or steps but not the exclu-
sion of any other integer or step or group of integers or steps.
[0027] As used herein, “and/or” refers to and encompasses
any and all possible combinations of one or more of the
associated listed items, as well as the lack of combinations
where interpreted in the alternative (“or”

[0028] Recitation of ranges of values herein are merely
intended to serve as a succinct method of referring individu-
ally to each separate value falling within the range, unless
otherwise indicated herein. Furthermore, each separate
value is incorporated into the specification as if it were
individually recited herein. For example, if a range is stated
as 1 to 50, it is intended that values such as 2 to 4, 10 to 30,
or 1 to 3, for example, are expressly enumerated in this
disclosure. These are only examples of what is specifically
intended, and all possible combinations of numerical values
between and including the lowest value and the highest
value enumerated are to be considered to be expressly stated
in this disclosure.

[0029] The term “contacting” includes the physical con-
tact of at least one substance to another substance.

[0030] As used herein, “treatment” refers to the clinical
intervention made in response to a disease, disorder, or
physiological condition of the subject or to which a subject
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can be susceptible. The aim of treatment includes the
alleviation or prevention of symptoms, slowing or stopping
the progression or worsening of a disease, disorder, or
condition and/or the remission of the disease, disorder, or
condition.

[0031] The terms “effective amount” or “therapeutically
effective amount” refer to an amount sufficient to effect
beneficial or desirable biological and/or clinical results. In
other words, a “therapeutically effective” amount is an
amount that will provide some alleviation, mitigation, or
decrease in at least one clinical symptom in the subject.
[0032] The terms “express” or “expression” refer to tran-
scription and translation of a nucleic acid coding sequence
resulting in production of the encoded polypeptide.
“Express” or “expression” also refers to antigens that are
expressed on cell surfaces.

[0033] Unless otherwise defined, all technical terms used
herein have the same meaning as commonly understood by
a person of ordinary skill in the art to which this disclosure
belongs.

[0034] As used herein, the term “subject” refers to both
human and nonhuman animals. The term “nonhuman ani-
mals” of the disclosure includes all vertebrates, e.g., mam-
mals and non-mammals, such as nonhuman primates, sheep,
dog, cat, horse, cow, chickens, amphibians, reptiles, and the
like. The human subject can be of any age (e.g., an infant,
child, or adult).

[0035] The term “construct” refers to an artificially-de-
signed segment of DNA that can be used to incorporate
genetic material into a target cell (e.g., an hPSC).

[0036] The term “sequence identity” refers to the number
of identical or similar nucleotide bases on a comparison
between a test and reference oligonucleotide or nucleotide
sequence. Sequence identity can be determined by sequence
alignment of a first nucleic acid sequence to identify regions
of similarity or identity to second nucleic acid sequence. As
described herein, sequence identity is generally determined
by alignment to identify identical residues. Matches, mis-
matches, and gaps can be identified between compared
sequences by techniques known in the art. Alternatively,
sequence identity can be determined without taking into
account gaps as the number of identical positions/length of
the total aligned sequence x100. In one embodiment, the
term “at least 90% sequence identity to” refers to percent
identities from 90 to 100%, relative to the reference nucleo-
tide sequence. Identity at a level of 90% or more is indicative
of the fact that, assuming for exemplary purposes a test and
reference polynucleotide sequence length of 100 nucleotides
are compared, no more than 10% (i.e., 10 out of 100) of the
nucleotides in the test oligonucleotide differ from those of
the reference oligonucleotide. Differences are defined as
nucleic acid substitutions, insertions, or deletions.

[0037] Any appropriate method can be used to detect
expression of biological markers characteristic of cell types
described herein. For example, the presence or absence of
one or more biological markers can be detected using, for
example, RNA sequencing (e.g., RNA- seq), immunohisto-
chemistry, polymerase chain reaction, quantitative real time
PCR (qRT-PCR), or other technique that detects or measures
gene expression. RNA-seq is a high-throughput sequencing
technology that provides a genome-wide assessment of the
RNA content of an organism, tissue, or cell. Alternatively, or
additionally, one can detect the presence or absence of, or
measure the level of, one or more biological markers of
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HPCs using, for example, Fluorescence in situ Hybridization
(FISH; see W098/45479 published October 1998), Southern
blotting, Northern blotting, or polymerase chain reaction
(PCR) techniques, such as qRT-PCR. In exemplary embodi-
ments, a cell population obtained according to a method
provided herein is evaluated for expression (or the absence
thereof) of biological markers of HPCs such as CD34,
CD45, CD43, and CD90. Quantitative methods for evalu-
ating expression of markers at the protein level in cell
populations are also known in the art.

[0038] The term “genetically engineered” as used herein
refers to cells that have been manipulated using biotechnol-
ogy to change the genetic makeup of the cells, including the
transfer of genes within and across species boundaries to
produce improved or non-naturally occurring cells. A human
pluripotent stem cell, hemogenic endothelium, megakaryo-
cytes or NK cells that contains an exogenous, recombinant,
synthetic, and/or otherwise modified polynucleotide is con-
sidered to be a genetically engineered cell and, thus, non-
naturally occurring relative to any naturally occurring coun-
terpart. In some cases, genetically engineered cells contain
one or more recombinant nucleic acids. In other cases,
genetically engineered cells contain one or more synthetic or
genetically engineered nucleic acids (e.g., a nucleic acid
containing at least one artificially created insertion, deletion,
inversion, or substitution relative to the sequence found in its
naturally occurring counterpart). Procedures for producing
genetically engineered cells are generally known in the art,
for example, as described in Sambrook et al, Molecular
Cloning, A Laboratory Manual (Fourth Edition), Cold
Spring Harbor Press, Cold Spring Harbor, N.Y. (2012) and
Doudna et al., CRISPR-Cas, A Laboratory Manual, Cold
Spring Harbor Press, Cold Spring Harbor, N.Y. (2016).

[0039] A genetically engineered cell can be a cell that has
been modified using a gene editing technique. Gene editing
refers to a type of genetic engineering in which DNA is
inserted, deleted, modified, or replaced in the genome of a
living cell. In contrast to other genetic engineering tech-
niques that can randomly insert genetic material into a host
genome, gene editing can target the insertions to site specific
locations (e.g., AAVSI alleles). Examples of gene editing
techniques including, but are not limited to, restriction
enzymes, zinc finger nucleases, TALENs, and CRISPR-
Cas9.

[0040] A genetically engineered cell can be a stem cell
(e.g., a human pluripotent stem cell) or any of their differ-
entiated progeny cells (e.g., mesoderm cells, hemangioblast
cells, hemogenic endothelium cells, hematopoietic progeni-
tor cells, megakaryocytes and NK cells) that have been
modified to express. Any of the cells described herein can be
genetically engineered. In some embodiments, a genetically
engineered cell refers to a cell that is differentiated from a
cell that has been genetically engineered.

[0041] The term “tumor cell” as used herein refers to
abnormal cells that divide continuously. In some embodi-
ments, the tumor cell is a solid tumor cell. A solid tumor is
an abnormal mass of cells that typically does not contain
cysts or a liquid area. Examples of solid tumors include, but
are not limited to, sarcomas and carcinomas. Cancers of the
blood (e.g., leukemias) typically do not form solid tumors.
In some embodiments, the “tumor cell” is not a blood cancer
cell. “Tumor cells” as used herein refers to a group of tumor
cells and/or a single tumor cell.
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[0042] Human pluripotent stem cells (hPSCs), either
embryonic or induced, provide access to the earliest stages
of human development and offer a platform on which to
derive a large number of hematopoietic progenitor cells or
blood cells for cellular therapy and tissue engineering.
Accordingly, the methods provided herein can comprise
differentiating human pluripotent stem cells under condi-
tions that promote differentiation of mesodermal cells (e.g.,
arterial endothelial cells) into hematopoietic progenitor cells
into megakaryocytes and NK cells.

[0043] Methods of differentiating hPSCs into progenitor
mesoderm, hemogenic endothelium and hematopoietic pro-
genitors are known in the art. In exemplary embodiments the
culture medium to be used in any of the above-described
differentiation methods comprises an IF9S medium, as
described herein. In one embodiment, the IF9S medium to
be used is the IF9S medium having the formulation set forth
in Table 2. In some embodiments, any of the above-refer-
enced cells (e.g., human pluripotent stem cells) are cultured
on Tenascin C. In some embodiments, any of the referenced
cells are seeded on a substrate treated with an amount of
Tenascin-C sufficient to adhere 10,000 cells/cm® to the
substrate. In some embodiments, the Tenascin-C to be used
is human Tenascin C. In some embodiments, the substrate is
treated with Tenascin C at a concentration of at least about
0.25 pg/em? to 1 pg/cm?, e.g., 0.4 ug/em?, 0.5 ug/em?, 0.7
pg/em?, 0.8 pg/cm?, or another concentration from at least
about 0.25 ug/cm? to 1 ug/ecm?. In a preferred embodiment,
the cells are cultured on plates coated with Collagen IV, as
described in Uenishi et al., 2014, Stem Cell Reports 3:
1073-1084 and U.S. Pat. No. 9,938.499.

[0044] In some embodiments, in the cell culture medium
to be used in the differentiation methods set forth herein, the
concentration of: BMP4 is about 50 ng/ml to about 250
mg/ml; Activin A is about 10 ng/ml to about 15 ng/ml; FGF2
is about 10 ng/ml to about 50 ng/ml; LiCl is about 1 mM to
about 2 mM; VEGF is about 20 ng/ml to about 50 ng/ml;
SCF is about 50 ng/ml to about 100 ng/ml; TPO is about 50
ng/ml to about 100 ng/ml; IL-6 is about 50 ng/ml to about
100 ng/ml, and IL-3 is about 5 ng/ml to about 15 ng/ml.

[0045] In some embodiments, any of the above-referenced
cells are cultured in a xeno-free cell culture medium. Of
central importance for clinical therapies is the absence of
xenogenic materials in the derived cell populations, i.e., no
non-human cells, cell fragments, sera, proteins, and the like.
Preferably, the present invention arrives at xenogen-free
differentiated cells by use of Tenascin C or Collagen IV as
aplatform, which essentially replaces contact with OP9 cells
used in earlier differentiation systems. In addition, the media
disclosed herein are chemically defined and, in some
embodiments, are made xeno-free, and incorporate human
proteins, which can be produced using recombinant tech-
nology or derived from placenta or other human tissues in
lieu of animal-derived proteins. In some embodiments, all
proteins added to the medium are recombinant proteins.

[0046] As used herein, the term “mesoderm cell” refers to
a cell having mesoderm-specific gene expression, capable of
differentiating into a mesodermal lineage such as bone,
muscle such as cardiac muscle, skeletal muscle, and smooth
muscle (e.g., of the gut), connective tissue such as the dermis
and cartilage, kidneys, the urogenital system, blood or
hematopoietic cells, heart, and vasculature. Mesoderm-spe-
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cific biomarkers include Brachyury (7). Culturing can take
place on any appropriate surface (e.g., in two-dimensional or
three-dimensional culture).

[0047] Medium and substrate conditions for culturing
pluripotent stem cells, as used in the methods described
herein, are well known in the art. In some cases, pluripotent
stem cells to be differentiated according to the methods
disclosed herein are cultured in mTESR-1 medium (Stem-
Cell Technologies, Inc., Vancouver, British Columbia.), E8
medium, or Essential 8 medium (Life Technologies, Inc.) on
a MATRIGEL™ substrate (BD Biosciences, NJ) or Vit-
ronectin (Life Technologies) according to the manufactur-
er’s protocol.

[0048] As used herein, the term “albumin-free conditions™
indicates that the culture medium used contains no added
albumin in any form including, without limitation, Bovine
Serum Albumin (BSA), any form of recombinant albumin,
or any other animal albumin.

[0049] As used herein, the terms “chemically-defined
medium” and “chemically-defined culture medium” also
refer to a culture medium containing formulations of fully
disclosed or identifiable ingredients, the precise quantities of
which are known or identifiable and can be controlled
individually. As such, a culture medium is not chemically-
defined if (1) the chemical and structural identity of all
medium ingredients is not known, (2) the medium contains
unknown quantities of any ingredients, or (3) both. Stan-
dardizing culture conditions by using a chemically-defined
culture medium minimizes the potential for lot-to-lot or
batch-to-batch variations in materials to which the cells are
exposed during cell culture. Accordingly, the effects of
various differentiation factors are more predictable when
added to cells and tissues cultured under chemically-defined
conditions.

[0050] As used herein, the term “serum-free” refers to cell
culture materials that do not contain serum or serum replace-
ment, or that contains essentially no serum or serum replace-
ment. For example, an essentially serum-free medium can
contain less than about 1%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%,
0.4%, 0.3%, 0.2%, or 0.1% serum. “Serum free” also refers
to culture components free of serum obtained from animal
(e.g., fetal bovine) blood or animal-derived materials, which
is important to reduce or eliminate the potential for cross-
species viral or prion transmission. For avoidance of doubt,
serum-containing medium is not chemically-defined.

[0051] Human pluripotent stem cells (e.g., human ESCs or
iPS cells) can be cultured in the absence of a feeder layer
(e.g., a fibroblast feeder layer), a conditioned medium, or a
culture medium comprising poorly defined or undefined
components. As used herein, “feeder-free” refers to culture
conditions that are substantially free of a cell feeder layer.
Cells grown under feeder-free conditions can be grown on a
substrate, such as a chemically-defined substrate, and/or
grown as an adherent culture. Suitable chemically-defined
substrates include vitronectin.

[0052] A method of producing a hematopoietic progenitor
cell can comprise culturing human pluripotent stem cells in
a serum-free, albumin-free, chemically-defined culture
medium that promotes differentiation to mesoderm. In this
manner, pluripotent stem cell-derived mesodermal cells are
differentiated according to the HPC differentiation methods
provided herein, thus producing pluripotent stem cell-de-
rived HPCs.
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[0053] As used herein, “pluripotent stem cells” appropri-
ate for use according to a method of the invention are cells
having the capacity to differentiate into cells of all three
germ layers. Suitable pluripotent cells for use herein include
human embryonic stem cells (hESCs) and human induced
pluripotent stem (iPS) cells. As used herein, “embryonic
stem cells” or “ESCs” mean a pluripotent cell or population
of pluripotent cells derived from an inner cell mass of a
blastocyst. See Thomson et al., Science 282:1145-1147
(1998). These cells can express Oct-4, SSEA-3, SSEA-4,
TRA-1-60, and TRA-1-81. Pluripotent stem cells appear as
compact colonies comprising cells having a high nucleus to
cytoplasm ratio and prominent nucleolus. ESCs are com-
mercially available from sources such as WiCell Research
Institute (Madison, WL.).

[0054] As used herein, “induced pluripotent stem cells” or
“iPS cells” refers to pluripotent cell or population of pluripo-
tent cells that can vary with respect to their differentiated
somatic cell of origin, that can vary with respect to a specific
set of potency-determining factors and that can vary with
respect to culture conditions used to isolate them, but
nonetheless are substantially genetically identical to their
respective differentiated somatic cell of origin and display
characteristics similar to higher potency cells, such as ESCs,
as described herein. See, e.g., Yu et al., Science 318:1917-
1920 (2007).

[0055] Induced pluripotent stem cells exhibit morphologi-
cal properties (e.g., round shape, large nucleoli, and scant
cytoplasm) and growth properties (e.g., doubling time of
about seventeen to eighteen hours) akin to ESCs. In addi-
tion, iPS cells express pluripotent cell-specific markers (e.g.,
Oct-4, SSEA-3, SSEA-4, Tra-1-60, or Tra-1-81, but not
SSEA-1). Induced pluripotent stem cells, however, are not
immediately derived from embryos. As used herein, “not
immediately derived from embryos” means that the starting
cell type for producing iPS cells is a non-pluripotent cell,
such as a multipotent cell or terminally differentiated cell,
such as somatic cells obtained from a post-natal individual.

[0056] As set forth herein, NK cells and megakaryocytes
can be preferentially produced, compared with T cells, by
inducing expression in SOX18 in progenitor cells. Gener-
ally, preferential differentiation can be achieved by overex-
pressing SOX18 at a specific time (i.e., starting at day 2) and
for a defined period (i.e., 2-8 days) during differentiation.
SOX18 is a member of the Sry-related high mobility group
domain (SOX) family of transcription factors and is key
developmental regulator of endothelial and hematopoietic
lineages. In the methods of the present invention, differen-
tiating hPSCs are forced to overexpress SOX18 during the
mesoderm differentiation by introducing an inducible
SOX18 transgene into the population of progenitor cells.

[0057] The SOX18 transgene used with the present inven-
tion can comprise any nucleic acid sequence encoding the
SOX18 protein. For example, the SOX18 transgene can be
obtained by amplifying the SOX18 gene sequence from the
genomic locus in human cells or by amplifying SOX18
mRNA from hPSCs differentiated into endothelial and blood
cells and converting it into cDNA. Alternatively, genomic
DNA or cDNA clones can be obtained commercially (e.g.,
from Sino Biological, Origene, or IDT). In some embodi-
ments, the transgene comprises SEQ ID NO.:16, a cDNA
sequence encoding the human SOX18 protein (having an
amino acid sequence set forth in SEQ ID NO: 17).
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[0058] In some embodiments, the SOX18 transgene fur-
ther comprises a vector sequence that can be used to drive
the expression of the SOX18 transgene within the cells. In
these embodiments, the transgene is introduced by into the
population of hPSCs by transducing the cells with said
vector. As used herein, the term ““vector” refers to a nucleic
acid molecule capable of propagating another nucleic acid to
which it is linked. The term includes the vector as a
self-replicating nucleic acid structure as well as the vector
incorporated into the genome of a host cell into which it has
been introduced. Certain vectors are capable of directing the
expression of nucleic acids to which they are operatively
linked. Such vectors are referred to herein as “expression
vectors”.

[0059] Vectors suitable for use with the present invention
comprise a nucleotide sequence encoding a SOX18 trans-
gene and a heterogeneous sequence necessary for proper
propagation of the vector and expression of the encoded
polypeptide. The heterogeneous sequence (i.e., sequence
from a different species than the transgene) can comprise a
heterologous promoter or heterologous transcriptional regu-
latory region that allows for expression of the polypeptide.
Suitable vectors for the expression of the SOX18 transgene
include plasmids and viral vectors. In a preferred embodi-
ment, the vector comprises heterologous sequence that
allows the transient and/or Inducible expression of the
encoded SOX18 protein.

[0060] In some embodiments, the vector includes a trans-
posase system, such as the PiggyBac transposon system (see
Examples). The PiggyBac transposon is a TTAA-specific
mobile genetic element that efficiently transposes between
vectors and chromosomes via a “cut and paste” mechanism.
PiggyBac transposase recognizes transposon-specific
inverted terminal repeat sequences (ITRs) and moves the
intervening contents to a TTAA insertion site in a chromo-
some or another vector. Thus, inserting a gene of interest
between two ITRs in a transposon vector allows one to
efficiently insert the gene into a target genome. Other
suitable transposase systems for use with the present inven-
tion include, for example, Sleeping Beauty.

[0061] In other embodiments, the vector is a plasmid, a
viral vector, a cosmids, or an artificial chromosome. Suitable
plasmids include, for example, E. coli cloning vectors. Many
suitable viral vectors are known in the art and include, but
are not limited to, an adenovirus vector; an adeno-associated
virus vector; a pox virus vector, such as a fowlpox virus
vector; an alpha virus vector; a baculoviral vector; a herpes
virus vector; a retrovirus vector, such as a lentivirus vector;
a Modified Vaccinia virus Ankara vector; a Ross River virus
vector; a Sindbis virus vector; a Semliki Forest virus vector;
and a Venezuelan Equine Encephalitis virus vector. In one
particular embodiment, the vector comprises SEQ ID
NO:15.

[0062] In some embodiments, the vector is an expression
vector that comprises a promoter that drives the expression
of the SOX18 transgene, preferably transient or inducible
expression of the SOX18 transgene. As used herein, the term
“promoter” refers to a DNA regulatory region capable of
binding RNA polymerase in a cell and initiating transcrip-
tion of a coding sequence. Although promoters are most
commonly found immediately upstream of a coding
sequence, they can also be found downstream of or within
the coding sequence. Promoters can be derived in their
entirety from a native gene or can be composed of multiple
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elements, including elements derived from promoters found
in nature or elements comprising synthetic DNA sequences.
It is understood by those skilled in the art that different
promoters can direct the expression of a gene in different
tissues or cell types, at different stages of development, or in
response to different environmental conditions. Preferably,
the promoters used with the present invention are inducible
promoters. An “inducible promoter” is a promoter that is
activated (i.e., initiates transcription) only in the presence of
a particular molecule. Inducible promoters allow tight con-
trol the expression of a transgene within cells. Many suitable
inducible expression systems are known in the art and
include, for example, Tet-On gene expression systems that
allow one to induce the expression of a gene by adminis-
tering tetracycline (Tc) or tetracycline-derivatives like doxy-
cycline (DOX). Suitable Tet-On systems for use with the
present invention include, without limitation, Tet-On
Advanced and Tet-On 3G. Tet-On systems utilize several
promoters, including both minimal promoters (e.g., CMV)
flanked by a tetracycline response element (TRE) and engi-
neered Tet-inducible promoters (e.g., TRE2 and TREtight).
For instance, in the Examples, the SOX18 transgene is
inserted (i.e., via conventional cloning methods) down-
stream of the doxycycline-inducible TREtight promoter
within a vector. This vector was introduced into the hPSCs,
allowing the inventors to induce expression of the SOX18
transgene at the desired stage of differentiation by adding
doxycycline to the cell culture to activate expression from
the TREtight promoter. Those of skill in the art are aware of
many additional inducible gene expression systems, includ-
ing both chemical-inducible and temperature-inducible sys-
tems. Other suitable inducible gene expression systems for
use with the present invention include, without limitation,
the glucocorticoid-responsive mouse mammary tumor virus
promoter (MMTVprom), the tamoxifen-responsive hor-
mone-binding domain of the estrogen receptor (ERTAM),
the ecdysone-inducible promoter (EcP), heat shock induc-
ible promoters (e.g., Hsp70 or Hsp90- derived promoters),
and the T7 promoter/T7 RNA polymerase system (T7P). The
SOX18 transgene can be introduced into the hPSCs using
any suitable method, for example by transfection or trans-
duction. In one embodiment, the transgene is introduced by
transducing the hPSCs with a vector comprising the SOX18
transgene. In another embodiment, the hPSCs are transduced
with an exogenous SOX18 modified mRNA (mmRNA). In
yet another embodiment, the hPSCs are transduced with the
SOX18 protein. Typically, mmRNAs comprise (i) a 5' syn-
thetic cap for enhanced translation; (ii) modified nucleotides
that confer RNAse resistance and an attenuated cellular
interferon response, which would otherwise greatly reduce
translational efficiency; and (iii) a 3' poly-A tail.

[0063] As provided herein, SOX18 can be enforced in
progenitor cells by introduction of an inducible recombinant
genetic construct encoding human SOX18 having a nucleo-
tide sequence set forth herein. As used herein, the term
“enforced” when used with regard to SOX18 expression in
a progenitor cell for NK cells or megakaryocytes produced
according to the methods disclosed herein can be understood
by the skilled worker to mean that SOX18 expression in the
cell is increased over endogenous SOX18 expression in the
cell by introduction therein of an exogenous SOX18-encod-
ing construct wherein SOX18 expression is controlled by an
inducible promoter. Endogenous SOX18 can be enforced,
inter alia, using reagents and methods known in the art,
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including but not limited to disclosure in U.S. Patent Appli-
cation Nos. U.S. 2018/0010124 and 2018/0142207, the
disclosures of which are expressly incorporated by reference
herein. Such techniques and methodologies can comprise
enforced expression of SOX18 in said cells.

[0064] As used herein, the term “forced expression ” refers
to inducing an increase in the level of a protein of interest
(e.g., a transcription factor) in a population of host cells, e.g.,
hPSCs. Forced expression can include one or more of the
following in any combination: introducing exogenous
nucleic acids encoding the protein of interest (e.g., by viral
transduction, plasmid expression vector transfection, or
modified mRNA transfection); protein transduction;
genomic modification of a host cell, e.g., replacing a pro-
moter to increase the expression of an endogenous (native)
gene; and contacting host cells with a small molecule that
induces increased expression of an endogenous protein.

Pharmaceutical Formulations and Methods of
Treatment

[0065] Administration of a therapeutically effective
amount of NK cells or megakaryocytes provided herein into
the recipient subject is generally effected using methods well
known in the art, and usually involves directly injecting or
otherwise introducing a therapeutically effective dose of NK
progenitor cells into the subject using clinical tools known
to those skilled in the art (e.g., U.S. Pat. Nos. 6,447,765;
6,383,481; 6,143,292; and 6,326,198). For example, intro-
duction of NK cells or megakaryocytes of the present
invention can be injected locally or systemically via intra-
vascular administration, such as intravenous, intramuscular,
or intra-arterial administration, intraperitoneal administra-
tion, and the like. Cells can be injected into an infusion bag
(e.g., Fenwal infusion bag (Fenwal, Inc.)) using sterile
syringes or other sterile transfer mechanisms. The cells can
then be immediately infused via IV administration over a
period of time, such as 15 minutes, into a free flow IV line
into the patient. In some embodiments, additional reagents
such as buffers or salts are provided to the recipient subject
concurrently with the cells.

[0066] Various exemplary embodiments of compositions
and methods according to this invention are now described
in the following non-limiting Examples. The Examples are
offered for illustrative purposes only and are not intended to
limit the scope of the present invention in any way. Indeed,
various modifications of the invention in addition to those
shown and described herein will become apparent to those
skilled in the art from the foregoing description and the
following examples and fall within the scope of the
appended claims.

EXAMPLES

[0067] The Examples set forth herein incorporate and rely
on certain experimental and preparatory methods and tech-
niques preformed as exemplified herein.

Materials and Methods

[0068] Cell Culture. Wild type H1 and human pluripotent
stem cells (hPSCs) were obtained from WiCell (Madison,
WD.

[0069] Construction of vectors, generation, and validation
of iSOX18 hPSC line. A doxycycline (DOX)-inducible
SOX18 H1 hESC line was generated using the PiggyBac
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system disclosed in Park et al., 2018, Curr. Protoc. Stem Cell
Biol. 47: €63 and illustrated in FIG. 1. Human SOX18 CDS
was cloned into PiggyBac transposon vector (Transposagen)
downstream of TREtight promoter of pTRE-P2A-Venus-
rpEFla-Zeo plasmid, and co transfected with pEF
1a-M2rtTA-T2A-Puro and transposase plasmid into H1
cells using human stem cell nucleofector kit 2 (Lonza). Cells
were selected in Zeocin (0.5 pg/ml, Thermofisher) and
Puromycin (0.5 pg/ml, Sigma) for 10 days and resistant
clones screened by Venus expression with DOX (Sigma)
treatment.

[0070] hPSC maintenance and hematopoietic differentia-
tion. hPSCs were maintained and passaged on Matrigel in
mTeSR1 media (WiCell). Hematopoietic differentiation was
performed on collagen IV (CollV)-coated plate in chemi-
cally defined serum-free medium as previously described as
disclosed in Uenishi et al., 2014, Stem Cell Reports 3:
1073-1084. The iISOX18 H1 line from hPSCs (H1 hESC line
from WiCell) was maintained and passaged on Matrigel in
mTeSR1 media (WiCell). The cell lines were differentiated
on a collagen IV (CollV)-coated plate. Briefly, to initiate
differentiation, cells were plated at 5,000 cells/cm? onto 6
well plates with E8 media and 10 pM Rock inhibitor
(Y-27632, Cayman Chemicals). This media was changed the
following day to IF9S media with 50 ng/ml FGF2 (Pepro-
Tech), 50 ng/ml BMP4 (PeproTech), 15 ng/ml Activin A
(PeproTech), and 2 mM LiCl (Sigma), and cells were
cultured in hypoxia (5% CO2, 5% O,). On day 2, the media
was changed to IF9S media with 50 ng/ml FGF2, 50 ng/ml
VEGF (PeproTech), and 2.5 pM TGF-f3 inhibitor (SB-
431542, Cayman), and cells were cultured in hypoxia (5%
CO,, 5% O,). On days 4 and 6, the media was changed to
IF9S media with 50 ng/ml FGF2, 50 ng/ml VEGF, 50 ng/ml
TPO (PeproTech), 50 ng/ml I1L-6 (PeproTech), 20 ng/ml
SCF (PeproTech), and 10 ng/ml IL.-3 (PeproTech), and cells
were cultured in normoxia (20% CO,, 5% O,).

[0071] Isolation and culture of hemogenic endothelium
and hematopoietic progenitors. CD31* cells from day 4 (D4)
cultures of iSOX18 cells were isolated by magnetic acti-
vated cell sorting (MACS) using CD31 antibodies. In D4
differentiation cultures almost all CD31* cells co-express
VE-cadherin. Selected cells were plated on OP9 or DLL4-
0P9 in 10% a-MEM with 10% FBS (Hyclone) with TPO,
SCF (50 ng/ml), IL-6 (20 ng/ml), IL-3 and FLT3L (10
ng/ml). Medium was changed on the following day and extra
medium was added on the 3rd day of OP9 co-culture. After
5 days in secondary culture, cells were collected and
assessed for colony-forming cells (CFCs), T, and NK poten-
tial. Hematopoietic precursor cells (HPs) generated from
iSOX18 cells were collected at day 8 (DS8) of differentiation.
Four different subsets of CD34+CD43+ population CD235a/
CD41a-CD45- (P1 subset), CD235a/CD41a+CD45- (P2),
CD235a/CD41a+CD45+ (P3) and CD235a/CD41a-CD45+
(P4) were isolated using a MA900 cell sorter (Sony Bio-
technology) and cultured on OP9-DLIL4 in NK cell differ-
entiation conditions.

[0072] Hemangioblast (HB)-CFC and hematopoietic CFC
assay. HB-CFC were detected as described in Vodyanik et
al., 2010, A mesoderm-derived precursor for mesenchymal
stem and endothelial cells, Cell Stem Cell 7: 718-729.
Hematopoietic CFCs were detected using serum containing
H4435 MethoCult (Stem Cell Technologies). HB-CFCs
were detected using a semisolid colony-forming serum-free
medium (CF-SFM) containing 40% ES-Cult M3120 meth-
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ylcellulose (2.5% solution in IMDM, Stem Cell Technolo-
gies), 25% StemSpan serum-free expansion medium
(SFEM, Stem Cell Technologies), 25% human endothelial
serum-free medium (ESFM, ThermoFisher), 10% BIT 9500
supplement (Stem Cell Technologies), GlutaMAX (1/100
dilution, ThermoFisher), Ex-Cyte (1/1000 dilution, Mil-
lipore), 100 mM MTG, 50 mg/ml ascorbic acid and 20
ng/ml, FGF (Peprotech)

[0073] Megakaryocyte differentiation. Floating hema-
topoietic cells from iISOX18 hPSC cultures were collected at
D8 of differentiation and cultured in StemSpan serum-free
expansion medium (SFEM, Stem Cell Technologies) with
20 ng/ml SCF, TPO, and IL-11 on an ultra-low attachment
6- well plate for 5 days. Fresh media (2 mL) was added
every 2 days. All cytokines were purchased from PeproTech.
[0074] NK-cell differentiation. For NK cell differentiation,
floating hematopoietic cells from D8 primary cultures or day
4+5 secondary OP9/0P9-DLIL4-cocultures were cultured in
a-MEM (Invitrogen) with 20% FBS (Hyclone), 25 ng/ml
SCF, 5 ng/ml FLT3L, IL-3 and IL.-7 and 10 ng/ml 1L-15
(PeproTech) on OP9-DLL4 for 5 days. Cells were then
cultured in the same media without IL-3 for 3-4 weeks. Cells
were passaged weekly onto fresh DLI4-0P9 cells and
analyzed by flow cytometry for NK cell surface markers
after 3-4 weeks.

[0075] Functional analysis of NK cells. To assess cyto-
toxicity, CD56" cells were isolated using a MA900 cell
sorter and incubated with K562-GFP target cells for 4 hours
at37° C., at effector:target (E:T) ratios of 1:1,2.5:1, and 5:1,
in 96-well plates. Cells were collected in FACS buffer and
stained using 7-Aminoactinomycin D (7-AAD) and Annexin
V (BD). Specific killing was calculated by subtracting
spontaneous K562 death (7-AAD+ cells in no effector
control). Production of IFNy and CD107a expression in
isolated CD56" cells was assessed after incubation with
Phorbol 12-myristate 13-acetate (PMA) and ionomyocin
(1:500) (BiolLegend) for 4 hours. Brefeldin A (1:1000;
ThermoFisher) was added at the beginning of the stimula-
tion. Cells were washed with FACS buffer and stained with
Live/dead violet 540 (TONBO Bioscience) with CD107a
antibody (BD). Cells were treated with fixation/permeabi-
lization buffer (eBioscience) and stained for intracellular
IFNy (BD).

[0076] T-cell differentiation. For T cell differentiation,
floating hematopoietic cells from D8 of primary differen-
tiation cultures or day 4+5 secondary OP9/0P9-DLIL4-
cocultures were cultured in a-MEM (Invitrogen) with 20%
FBS (Hyclone), 10 ng/ml SCF, 5 ng/ml FLT3L and IL-7
(PeproTech) on OP9-DLL4 for 3 weeks. Cells were pas-
saged weekly onto fresh OP9-DLL4 cells. Cells were ana-
lyzed by flow cytometry for T cell surface markers after 21
days. All cytokines were purchased from PeproTech.
[0077] Flow cytometry and t-distributed stochastic neigh-
bor embedding algorithm (tSNE) analysis. Flow cytometric
analysis was performed using antibodies listed in Table 1
with MACSQuant Analyzer 10 (Miltenyi Biotech) and
FlowlJo software (FlowJo LLC). For tSNE analysis, indi-
vidual DOX2-8 and No DOX fcs files were imported into
FlowlJo to exclude doublets, debris, and dead cells. A subset
or 11,000 CD43™* cells were selected for each sample and
concatenated. To generate a tSNE map, the concatenated
data were analyzed with the parameters 30 perplexity, 550
iteration number and 1540 learning rate (Eta). Concatenated
cells were divided manually into No DOX or DOX2-8 and
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cell subsets were defined by the manual gating. First, cells
CD34* or CD34~ were gated and then gated into CD235a/
CD41a"CD457, CD235a/CD41a™*“CD45~,CD235a
CD41a~CD45-, CD235a/CD41a-CD45*, or CD235a/
CD41a*CD45" cells.

[0078] Apoptosis and cell cycle analysis. Apoptosis was
detected by flow cytometry using Annexin V (BD). For
cell-cycle analysis, D5 cells were incubated in culture
medium with bromodeoxyuridine (BrdU) (10 uM, BD
Pharmingen) for 2 hours and stained with antibodies. For
BrdU detection, the BrdU flow kit with 7 AAD was used and
performed per the manufacturer’s instructions. Fluorescent
reagents used for analysis, cell viability, apoptosis, and
proliferation are listed in Table 2.

[0079] Real Time Quantitative Polymerase Chain Reac-
tion (qPCR). RNA was extracted from D4 CD31" cells
isolated from control and DOX-treated cultures of iISOX18
of iISOX173 hPSCs using the RNeasy Plus Micro Kit
(QIAGEN). RNA was reverse transcribed into cDNA using
random hexamer primers (QIAGEN) with SMART MMLV
reverse transcriptase (TaKaRa). gQPCR was conducted using
TB Green Advantage qPCR Premix (TaKaRa). RPL13A was
used as the reference gene to normalize the data. Primer
sequences are listed in Table 2.

[0080] RNA-Seq data processing and analysis. One hun-
dred nanograms of total RNA was used to prepare sequenc-
ing libraries following the Ligation Mediated Sequencing
(LM-Seq) protocol (see, Gandillet et al., 2009, Blood 114:
4813-422) and quantified with a Qubit fluorometer (Life
Technologies). Final cDNA libraries were quantitated with
the Quant-iT PicoGreen Assay Kit (ThermoFisher Scien-
tific), multiplexed, loaded at a final concentration of 1 nM or
2.5 nM, and sequenced as single reads on the NextSeq 2000
(Illumina), respectively. RNA-seq reads were aligned by
STAR (version 2.5.2b) to the human genome (version hg38)
with GENCODE basic gene annotations (version 38). Gene
expression levels were quantified by RSEM (version 1.3.0),
and differential expression was analyzed by edgeR (version
3.34.1). A differentially expressed gene was required to have
at least two-fold changes and an adjusted p-value <0.05.
Gene set enrichment analysis was performed by fgsea (ver-
sion 1.18.0) with KEGG gene sets from the Molecular
Signatures Database (version 7.1). RNA-seq data has been
deposited to GEO with the accession code GSE195670 and
a review token as yfefeuuwtvefnex.

[0081] Western Blot. For Western Blot experiment,
iSOX18 hPSCs were cultured with (2 pg/ml) and without
DOX for 24 hours and harvested. In a similar manner, total
cells from iISOX18 hPSC differentiation cultures with (D2-
D5) and without DOX were collected at day 5 of differen-
tiation. The cells were lysed using Pierce IP lysis buffer with
Pierce protease inhibitors. For cell lysate analysis, protein
levels were quantified using the Pierce BCA Assay kit
(Thermo Fisher, Waltham, MA) and normalized to 8ug of
total protein (depending on the individual blot) prior to
running on pre-cast 4-12% gradient SDS-PAGE gels and
subsequent transfer to PVDF membranes using Bio-Rad
Trans-Blot Turbo Transfer System. The membrane was
blocked with 5% BSA (Fisher Scientific, BP1600-100) and
5% Difco Skim Milk (BD, 232100) in TBST (1%) for
human SOX18 antibody (R&D Systems, 1:1000) and anti-
GAPDH (Santa Cruz Biotechnology, 1:5000) probing
respectively. The membranes were incubated with primary
antibodies overnight at 4° C. after blocking with mild
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agitation. The membranes were blotted with their corre-
sponding HRP-linked secondary antibodies at room tem-
perature for one hour. The antibodies were diluted in 1%
BSA and 1% milk in TBST for SOX18 and GAPDH
detection respectively. 1% TBST was used to wash the
membranes for three times at 5 minutes intervals. Sheep and
rabbit HRP-linked secondary antibodies were purchased
from R&D Systems and Santa Cruz Biotechnology. Images
were collected using Bio-Rad ChemiDoc XRS+.

[0082] Statistical analysis. Data were analyzed using
GraphPad Prism version 9 (GraphPad Software Inc.) and
Microsoft Excel (Microsoft Corporation). Tests for statisti-
cal significance are listed with each experiment; these
included two-sided Student’s t-tests for paired analyses and
one-way ANOVAs, and two-way ANOVAs for experiments
with multiple comparisons of variables or grouped variables,
accompanied by the Tukey and Sidak post-hoc test, as
inferred to be most appropriate by the software.

Example 1

SOX18-Enforced Expression Enhances Production
of Erythromyeloid Progenitors

[0083] To determine the impact of SOX18 overexpression
on hematopoietic development in humans, H1 hESCs car-
rying doxycycline (DOX)-inducible SOX18-P2A-Venus
were generated (FIGS. 1 and 7) and these cells differentiated
under a chemically defined culture system in which all
stages of hematopoietic development are temporally, phe-
notypically, and functionally defined (FIG. 2A), as
explained with more specificity in Example 2.

[0084] To determine the stages of hematopoietic develop-
ment sensitive to SOX18 modulation and the optimal dura-
tion of SOX18 overexpression to achieve a maximal effect
on hematopoietic output, hESC differentiation cultures were
treated with DOX at different times and the phenotype and
colony-forming cell (CFC) potential of hematopoietic cells
collected on day 8 (D8) of differentiation were analyzed
(FIG. 2B). As shown in FIGS. 2C-2D, treatment of cultures
with DOX from day 2 (D2) through D8 (DOX2-8) resulted
in the highest percentages of CD34*CD43* HPs and CFCs.
This treatment also increased the proportion of CD235a/
CD41-CD45~ progenitors (D8 P1 population) within the
CD33*CD43™ cell population and decreased a proportion of
CD235a/CD41a*CD45* progenitors (D8 P3 population).
Although a similar effect on subset composition within
CD34+CD43™" progenitors was observed in DOX6-8 and to
a lesser degree in DOX4-6 cultures, DOX treatments at these
stages of differentiation had a minimal effect on the per-
centages of CD34+CD43+ cells therein. In contrast, earlier
and shorter treatments (DOX2-4) mildly increased CD34+
CD43+ cells but had a minimal effect on their composition.
These findings suggested that SOX18 has the most profound
effect on hematopoietic differentiation when continuously
upregulated from D2 through D8 of differentiation. Analysis
of colony forming unit (CFC) potential revealed that SOX18
had the most significant effect on GM -and E-CFCs. This
was the most pronounced in DOX2-6 and DOX2-8 cultures
(FIG. 2E). DOX-treated cultures also had a higher mega-
karyocytic differentiation potential than non-treated controls
(FIG. 9A). These observations indicated that SOX18 over-
expression predominantly promoted erythromyeloid pro-
genitors.
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[0085] To visualize the in-depth phenotype of D8 hema-
topoietic cells from No DOX and DOX2-8 cultures, CD43+-
gated cells were analyzed using the t-distributed stochastic
neighbor embedding algorithm (tSNE) which showed dis-
tinct single cell deposition between No DOX and DOX2-8
(FIG. 8A). tSNE analysis also highlighted a suppression of
CD45* populations and enrichment of CD45~ and CD235a/
41a” populations following DOX treatment. In addition,
DOX treatment reduced populations with CD235a/41a""
meaCD34~ phenotype (FIGS. 8B-8C) corresponding to more
mature erythromyeloid progenitors. This observation was
consistent with prior findings in murine systems, which
demonstrates blocking effect of Sox18 on differentiation of
ESC™ and yolk sac-derived HPs (see, Serrano et al., 2010,
Blood 115: 3895-3898).

Example 2

SOX18-Enforced Expression Promotes
Megakaryocyte Production

[0086] To determine the impact of SOX18 overexpression
on hematopoietic development in humans, H1 hESCs car-
rying doxycycline (DOX)-inducible SOX18-P2A-Venus
(FIGS. 1 and 7) were generated and these cells differentiated
under a chemically defined culture system in which all
stages of hematopoietic development are temporally, phe-
notypically, and functionally defined. In this differentiation
system, the most primitive hemogenic cells with FGF2-
dependent hemangioblast colony-forming cell (HB-CFCs)
potential are detected on day 3 (D3) of differentiation. The
first immature/primordial VEC*CD43-CD73"NOTCHI1*
HE cells expressing high levels of HANDI1 mesodermal
gene and lacking arterial and venous gene expression arise
on D4 (D4 HE). Subsequently on D5, HE specifies into
DLL4*CXCRA4*~ arterial-type HE with definitive lympho-
myeloid potential and DLL4~ non-arterial-type HE with
myeloid-restricted potential (FIG. 2A). D5 DLL4*CXCR4*
HE is highly enriched in lymphoid-myeloid progenitors and
expresses the highest levels of HOXA and arterial genes,
including SOX17 and NOTCH4, as compared to other
DLL4* and DLL4~ HE populations. All hematopoietic pro-
genitors derived from hPSC cultures on D8 of differentiation
can be identified by CD43 expression (Vodyanik et al.,
Blood 108:2095-2105 (2006); Choi et al., Stem Cell 27:559-
567 (2009)) D8 CD34*CD43* HPs are composed of at least
three major subpopulations: (1) CD235a*CD41a*CD45~
progenitors enriched in erythro-megakaryocytic cells, (2)
CD41a°CD235a*"CD45" progenitors with erythro-my-
eloid potential, and (3) CD235a"CD41a~CD43*CD45* mul-
tilineage progenitors that are lacking lineage markers, and
display CD90*CD38~CD45RA™ phenotype (Vodyanik et al.,
Blood 108:2095-2105 (2006); Choi et al., Stem Cell 27:559-
567 (2009); Suknuntha et al. Stem Cell Res. 15:678-693
(2015); Mesquitta et al. Sci. Rep. 9:6622 (2019)) typical for
human hematopoietic stem/progenitor cells (HPSCs)
Ivanovs et al., Stem Cell Rep. 2:449-456 (2014). In addition,
it has been shown that SOX18 expression is initiated on D4
differentiation in HE and remains present in D5 HE and D8
HPs.

[0087] To determine the stages of hematopoietic develop-
ment sensitive to SOX18 modulation and the optimal dura-
tion of SOX18 overexpression to achieve a maximal effect
on hematopoietic output, hESC differentiation cultures were
treated with DOX at different time points and the phenotype
and CFC potential of hematopoietic cells collected on D8 of
differentiation analyzed (FIG. 2B). As shown in FIGS.
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2C-2D, treatment of cultures with DOX from D2 through D8
(DOX2-8) resulted in the highest percentages of CD34*
CD43* HPs and CFCs. This treatment increased proportion
of CD235a/CD41a~CD45~ progenitors (D8 P1 population)
within CD34"CD43* population and decreased a proportion
of CD235a/CD41a*CD45" progenitors (D8 P3 population).
Although a similar effect on subset composition within
CD34*CD43™ progenitors was observed in DOX6-8 and to
a lesser degree in DOX4-6 cultures, DOX treatments at these
stages of differentiation had a minimal effect on the per-
centages of CD34*CD43" cells. In contrast, earlier and
shorter treatments (DOX2-4) mildly increased CD34*
CD43* cells but had a minimal effect on their composition.
These findings suggested that SOX18 had the most profound
effect on CD34*CD43* HPs and CFCs when continuously
upregulated from D2 through D8 of differentiation.

[0088] Analysis of CFC potential revealed that SOX18 has
the most significant effect on GM- and E-CFCs. This was the
most pronounced in DOX2-6 and DOX2-8 cultures (FIG.
2E). Furthermore, DOX treated cultures were found to have
a higher megakaryocytic differentiation potential than non-
treated controls FIGS. 9A-9B). These observations indicated
that SOX18 overexpression starting from D2 of differentia-
tion predominantly promoted erythromyeloid progenitors.

Example 3

SOX18-Enforced Expression Suppresses T Cell
Differentiation and prOmotes NK Cell Production

[0089] To evaluate the effect of SOX18 on lymphoid
differentiation, cultures were treated with DOX as shown in
FIG. 2B and T cell and NK cell potential of HPs generated
on day 8 of 9 differentiation were evaluated. Treatment of
differentiation cultures with DOX suppressed T cell poten-
tial of day 8 HPs. This suppression of T cell potential was
more pronounced in cultures treated with DOX from D2
through D8 (FIG. 2F-2G). However, HP from DOX-treated
cultures were able to produce CD56™ NK cells, of which the
output increased most dramatically following prolonged
SOX18 upregulation during hematopoietic differentiation
(DOX2-6 and DOX2-8 cultures; FIGS. 2H-2I). These DOX
treatments also increased expression of CD16 by CD56*
cells, while CD94 expression increased during D2-4 or D2-6
but decreased during D2-8 DOX treatment. Overall these
findings suggested that SOX18-enforced expression during
day 2-8 (D2-8) of differentiation promotes NK cell devel-
opment and slightly affects the expression of CD16 and
CDY%4.

Example 4

SOX18-Enforced Expression Promotes HB-CFCs
but Have a Limited Effect on Specification of
Hemogenic Endothelium Formation

[0090] To determine stages of hematopoiesis mostly
affected by SOX18 overexpression, the effect of DOX
treatment on the formation of the hemangioblast (HB)
colonies and HE, including arterial HE specification were
analyzed. Enforced expression of SOX18 on D2 of differ-
entiation resulted in almost 3-fold increase in the numbers of
HB colonies (FIG. 9B). However, SOX18 overexpression
had a limited effect on HE formation and arterial HE
specification on D4 and D5 of differentiation (FIGS. 3A-3F).
Although a slight increase in the proportion of VE-cadherin™
(VEC*) endothelial cells in DOX-treated cultures was
observed, no significant differences were observed in the
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proportion of DLL4*CXCR4*~ arterial HE in DOX and No
DOX cultures. Formation of a DLL4-CXCR4" population in
DOX-treated D4 cultures was also observed. However,
transcriptional profiling of DLL4 CXCR4" and DLL4~
CXCR47 D4 VEC* populations revealed no differentially
expressed genes (as set forth below).

[0091] To assess the effect of SOX18 on HE, D4 HE
generated in No DOX and DOX conditions were isolated
and cultured on OP9 or OP9-DLL4 in presence or absence
of DOX (FIG. 4A). Analysis of CFC potential DOX treat-
ment had the most profound effect on HE cultured on
OP9-DLLA4. In these cocultures, continued treatment with
DOX significantly increased CFC formation, while HE from
primary differentiation cultures pretreated with DOX
(DOX2-4) without additional DOX treatment during cocul-
tures generated fewer CFCs as compared to No DOX
controls (FIG. 4B).

[0092] Analysis of T cell potential revealed that HE from
DOX2-4 treated cultures demonstrated decreased total T cell
output when cultured on OP9 and OP9-DLL4. This effect
was more pronounced when DOX treatment was initiated on
D4 in coculture of HE with OP9 or OP9~ DLL4, or in
DOX2-8 treatment cultures (FIGS. 4C-4D). In contrast,
treatment of HE in OP9 or OP9-DLL4 cultures markedly
increased NK cell potential of D8 HPs, while D2-4 DOX
treatment of primary differentiation cultures had no effect on
NK cells (FIGS. 4E-4F). These findings suggested that
SOX18 overexpression predominantly affected lymphoid
specification from HE by shifting the balance of NK versus
T lymphocyte differentiation potential.

Example 5

SOX18-Enforced Expression Promotes Expansion
of CD34+CD43+CD235a/CD41a-CD45- (D8 P1)
Population Enriched in NK cell Potential

[0093] As shown in FIGS. 2C and 2D, D2-D8 SOX18
overexpression significantly promoted development of
CD235a/CD41aCD45~ (D8 P1) populations and inhibited
development of CD45*populations, including CD235A/
CD41la™ (D8 P3) and CD235a/CD41a” (D8 P4) populations
within CD34*CD43* HPs. To define cell populations
enriched in NK cells following DOX treatment, major
populations of HPs formed on D8 of culture were isolated
and their NK cell potential assessed (FIG. 6A). As shown in
FIG. 6B and 6C, in control cultures NK cell potential was
mostly detected in D8 P1 and P4 populations, while P2
population failed to produce NK cells. Although CD235a/
CD41a*CD45* (D8 P3) cells were capable of producing NK
cells, the total NK cell output from this subset was negli-
gible, as compared to the P1 and P4 populations. Due to
dramatic inhibition of CD45*cell development in DOX
treated cultures, the NK cell potential of only two major
populations were evaluated: i) the D8 P1 population which
markedly expanded following DOX treatment and ii) the D8
P2 population. These studies revealed that, in DOX treated
cultures, NK cell potential was restricted to the D8 P1
population and that this population possessed much stronger
NK cell differentiation potential as compared to the NK-
producing populations in the control No DOX cultures (FIG.
5B and 5C). Overall, HPs collected from DOX2-8 treated
cultures expanded more rapidly and longer in NK cell
differentiation cultures and were able to generate up to
5-fold more NK cells as compared to the control (FIG. 5D).
Although differences in cytotoxic potential against K562
cells of NK cells generated from DOX+ and DOX- condi-
tions were not observed (FIG. 5E), in response to PMA, NK
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cells from DOX-treated cultures exhibited robust IFNy pro-
duction, but slightly decreased degranulation response as
compared to NK cells from non-treated cultures (FIG. 5F
and 5G). Overall, these studies indicated that enforced
SOX18 expression predominantly expanded an CD34*
CDA43*CD235a7/CD41a"CD45~ (D8 P1) HP population
with superior NK cell potential.

Example 6

Molecular Characterization of SOX18-Induced
Changes in HE and Blood Cells

[0094] To define changes in transcriptional program
induced by enforced SOX18 expression, RNAseq analysis
was performed on D4 HE, D8 CD34+CD43+ subsets and
NK cells generated from No DOX and DOX-treated cultures
(FIG. 6A). Only 15 differentially expressed genes (DEGs)
were detected in the D4 DLL4-CXCR4-VEC+ population
(D4 P1 population) following D2-DOX treatment (FIG. 6B),
suggesting minimal effect of SOX18 on D4 HE. In contrast
to prior findings of D2-4 SOX17 overexpression (see, Jung
et al.,, 2021, Cell Rep. 34: 108758), RNAseq analysis of
SOX18 D4 HE from No DOX and DOX cultures showed no
significant increase in expression of HOXA genes, CDX2, or
genes involved in NOTCH signaling pathways (FIG. 6C).
These findings were confirmed using qPCR analysis of
selected genes in D4 HE cells isolated from control and
D2-4 DOX-treated differentiation cultures of iSOX17 and
iSOX18 hPSCs (FIG. 6D). Since flow cytometric analysis
showed that SOXI18 overexpression induced DLL4-
CXCR4+ subset within D4 HE (FIG. 3A and 6A), DEGs
were analyzed in DLL4-CXCR4+ (D4 P1) and DLIL4-
CXCR4- (D4 P2) populations from DOX-treated cultures.
These studies revealed no DEGs in these subsets including
expression of arterial genes, thus suggesting that CXCR4
expression in D4 HE without co-expression of DLL4 does
not reflect activation of arterial program. The most signifi-
cant changes in transcriptional program were observed in the
D8 P1 multipotent HP population and in CD56+NK cells
which showed 209 and 811 DEGs in their corresponding
DOX treated and untreated cultures (FIG. 6B). Gene set
enrichment analysis (GSEA) in D8 P1 cells revealed enrich-
ment in Kyoto Encyclopedia of Genes and Genomes
(KEGQG) categories related to T cell receptor (TCR) and Toll
like receptor (TLR) signaling pathways (FIG. 6E), suggest-
ing that SOX18 overexpression has a major effect on estab-
lishing T lymphoid transcriptional program in the D8 P1
multipotent HPs arising from HE. As shown in FIG. 6F,
downregulated genes in these categories included CD3
complex genes, CD4, APl complex genes JUN and FOS, PI3
signaling genes and the majority of TLR genes, while
upregulated genes included IFNG, TICAM2, TLRS and
TLRY. D8 P2 population in DOX+ and DOX- conditions
showed only 79 DEGs enriched in extracellular matrix
(ECM) receptor interactions KEGG categories (FIG. 6E).
GSEA in NK cells generated from DOX treated and
untreated cultures demonstrated enrichment in KEGG cat-
egories related to glyoxylate and dicarboxylate metabolism,
one carbon pool by folate, and PPAR signaling pathway
(FIG. 6E). However, no differential expression of NK cell
activating receptors KLRK1, NCR2, NCR1 or key NK cell
transcription factors EOMES and TBX21 was observed
between NK cells from DOX - treated and untreated cultures
(Data S1). These findings indicated that overexpression of
SOX18 during endothelial-to-hematopoietic transition
(EHT) has a major impact on the transcriptional program
regulating metabolism of NK cells.
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[0095] To determine whether SOX18 overexpression
affects proliferation and apoptosis in major cell subsets, gene
sets enrichment analysis was performed in GO categories
related to “Regulation of Cell Population Proliferation™ and
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TABLE 2-continued

List of Primer Pairsg used for RT-gPCR

« e .. SEQ Forward SEQ Reverse
“Apoptosis”. The first GO gene set was .51gmﬁcantly altered D Sequence ID  Sequence
in D4 and D8 P1 subsets and NK cells in DOX+ versus No NO. Gene (57-37) NO. (57-237) Purpose
DOX comparisons, whereas apoptotic genes were mostly
affected in D8 P1 subset (FIG. 10A and 10B). To confirm the 9 HOXA9  GCGCCTTCTC 10  CAGTTCCAGG gPCR
effect of SOX18 on cell proliferation, we performed cell- TGRARACRAT CTCTCETCTT
cygle analysis of D5 d.lﬂ“erentlgted cells using br.omodeoxy.u- 11 HOXAL0 GCAAAGAGTG 12 CGCTCTCGAG gBCR
ridine (BrdU). Consistent with gene expression analysis, GTCGGAAGA TARGGTACAT
SOX18 overexpression led to a significant cell-cycle shift 2 ATTG
from GO/G1 to S phases in HE cells and emerging CD43+
HPs (FIG. 10C and 10D). 13 RPL13A CCTGGAGGAG 14 TTGAGGACCT qPCR
AAGAGGARA CTGTGTATTT
TABLE 1 G
GAGA TCAA
List of antibodies used in this disclosure
19 SOX18  GGCARAGCGT 20 CGGCCGGTAC
Antigen Conjugate Source Clone Cat No. GGAAGGA TTGTAGTTG
CD4 APC BD Biosciences  RPA-T4 555349
CD5 PE-Vio770  Miltenyi Biotec ~ REA782  130-111-109
CcD7 FITC BD Biosciences M-T701 555360
CD8 PE BD Biosciences  HITBa 555635 22-0629-US-PRO_Sequence-Listing ST25
CD18 APC BD Biosciences  3G8 561248 1. PiggyBack-SOX18 construct sequences
CD31 MicroBeads Miltenyi Biotec ~ N/A 130-091-935 (SEQ ID NO.: 15)
CD34 PE BD Biosciences 581 555822 ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTG
CD4la APC BD Biosciences  HIP8 559777
CD4la  PerCP-Cy5.5 BD Biosciences ~ HIP8 340930 TCTCATGAGCGGATACATATTTGAATGTATTTAGAARAATARACA
CD42b PE BD Biosciences  HIP1 555473
CD43 APC-Vio770 Miltenyi Biotec  DF-T1 130-101-174 AATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTARATT
CD43 BV421 BD Biosciences ~ 1G10 562916
CD45 PE-Vio770  Miltenyi Biotec ~ 581 130-113-119 GTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAA
CD56 PE BD Biosciences  B159 555516
CD36 PE-cy7 BD Biosciences ~ B159 560916 ATCAGCTCATTTTTTAACCAATAGGCCGARATCGGCARAATCCCT
CD61 APC BD Biosciences VI-PL2 564174
CD73 Bv421 BD Biosciences ~ AD2 562430 TATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCA
CD9% FITC BD Biosciences HP-3D9 555888
CDi44  BV42] BD Biosciences  55-7H1 565670 GTTTGGAACAAGAGTCCACTATTARAGAACGTGGACTCCARCGTC
CD144  PE Miltenyi Biotec ~ REA199  130-118-495
CD184  PE-Vio770  Miltenyi Biotec =~ REA649  130-120-797 AAAGGGCGAARAACCGTCTATCAGGGCGATGGCCCACTACGTGAR
CD235a  APC BD Biosciences  GA-R2 551336
(HIR2) CCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTARAGCA
CD309  PE BD Biosciences 89106 560494
DLL4 APC Miltenyi Biotec ~ MHD4-46 130-096-560 CTARATCGGAACCCTAAAGGGAGCCCCCCATTTAGAGCTTGACGE
Ghost Violet TONBO 13-0879-T100
dye 540 Biosciences GGAARGCCGGCGAACGTGGCGAGAARGGARGGGAAGARAGCGAAA
GGAGCGGGCGCTAGGGCGC TGGCAAGTGTAGCGETCACGCTGCGEE
TABLE 2 GTAACCACCACACCCGCCGCGCTTAATGCGCCGC TACAGGGCGCE

Ligst of Primer Pairs used for RT-gPCR

SEQ Forward SEQ Reverse
iD Sequence ID Sedquence
NO. Gene (57-37) NO. (57-37) Purpose
1 CDX2 CCGAACAGGG 2 AGGTTGGCTC gPCR
ACTTGTTTA TGGCATTTAT
A
GAG G
3 DLL4 CAGTGGGCAG 4 ACAGGCAGTG dgPCR
CGAAGCTAC GTAGCCATCC
A TC
5 HEY1l GGACTATCGG 6 TGGGAAGCGT gPCR
AGTTTGGGA AGTTGTTGAG
TTT
7 HOXA7 AGGTCCAGGA 8 CCAGAGAAGG gPCR
TCAGGGTAT AGGGATTGAT
T TC

TCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCG

GTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGT

GCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCA

CGACGTTGTAAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCAC

GTTTTTGAACCCGTGGAGGACGGGCAGACTCGCGGTGCAAATGTG

TTTTACAGCGTGATGGAGCAGATGAAGATGCTCGACACGCTGCAG

AACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGACG

TACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATC

GGTCTGTATATCGAGGTTTATTTATTAATTTGAATAGATATTAAG

TTTTATTATATTTACACTTACATACTAATAATAAATTCAACAAAC

AATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCA

AAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAG
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CCCGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGC
CCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGGCAGCAGC
GAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCC
CCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGG
CACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCC
TGCAGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGC
TTCCCACAATAAGTTGGGTGAATTTTGGCTCATTCCTCCTTTCTA
TAGGATTGAGGTCAGAGCTTTGTGATGGGAATTCTGTGGAATGTG
TGTCAGTTAGGGTGTGGAAAGTCCCGCGATCGATCCTAGCTTCGT
GAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAG
TCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCT
AGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGTCGTGTACT
GGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATAAGTG
CAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCA
GAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCT
TTACGGGTTATGGCCCTTGCGTGCCTTGAATTACTTCCACCTGGC
TCCAGTACGTGATTCTTGATCCCGAGCTGGAGCCAGGGGGGGGCT
TTGCGCTTTAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTG
GCCTGGGCGCTGGGGCCGCCGCGTGCGAATCTGGTGGCACCTTCG
CGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATTTAARATTT
TTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGT
ARATGCGGGCCAGGATCTGCACACTGGTATTTCGGTTTTTGGGCC
CGCGGCCGGCGACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGC
GAGGCGGGGCCTGCGAGCGCGGCCACCGAGAAT CGGACGGGGGTA
GTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCCGCC
GTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCACC
AGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGCTCCAGG
GGGCTCAAAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGA
GTCACCCACACAAAGGAAAAGGGCCTTTCCGTCCTCAGCCGTCGC
TTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGGCACCTCGA
TTAGTTCTGGAGCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGGA
GGGGTTTTATGCGATGGAGTTTCCCCACACTGAGTGGGTGGAGAC
TGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCGTTGGAATT
TGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTCAGAC
AGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCGTGAACACG
TGGTCGCGGCCATCTAGAGCAACTAGCATGGCCAAGTTGACCAGT
GCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGCGGTCGAG
TTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGAC

GACTTCGCCGGTGTGGTCCGGGACGACGTGACCCTGTTCATCAGC

13
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GCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTG
TGGGTGCGCGGCCTGGACGAGCTGTACGCCGAGTGGTCGGAGGTC
GTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCGAG
ATCGGCGAGCAGCCGTGGGGGGGGAGTTCGCCCTGCGCGACCCGG
CCGGCAACTGCGTGCACTTCGTGGCCGAGGAGCAGGACTGAATCT
AAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTG
ARAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATT
TGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACRATTG
CATTCATTTTATGT TTCAGGT TCAGGGGGAGGTGTGGGAGGTTTT
TTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGA
TCCGGCTGCCTCGCGCATGCATCATAGAGCCCACCGCATCCCCAG
CATGCCTGCTATTGTCTTCCCAATCCTCCCCCTTGCTGTCCTGCC
CCACCCCACCCCCCAGAATAGAATGACACCTACTCAGACAATGCG
ATGCAATTTCCTCATTTTATTAGGAAAGGACAGTGGGAGTGGCAC
CTTCCAGGGTCAAGGAAGGCACGGGGGAGGGGCAAACAACAGATG
GCTGGCAACTAGAAGGCACAGTCGAGGCTGATCAGCCCATGATTA
CTTGTACAGCTCGTCCATGCCGAGAGTGATCCCGGCGGCGGTCAC
GAACTCCAGCAGGACCATGTGATCGCGCTTCTCGTTGGGGTCTTT
GCTCAGGGCGGACTGGTAGCTCAGGTAGTGGTTGTCGGGCAGCAG
CACGGGGCCGTCGCCGATGGGGGTGTTCTGCTGGTAGTGGTCGGC
GAGCTGCACGCCGCCGTCCTCGATGTTGTGGCGGATCTTGAAGTT
GGCCTTGATGCCGTTCTTCTGCTTGTCGGCGGTGATATAGACGTT
GTGGCTGTTGTAGTTGTACTCCAGCTTGTGCCCCAGGATGTTGCC
GTCCTCCTTGAAGTCGATGCCCTTCAGCTCGATGCGGTTCACCAG
GGTGTCGCCCTCGAACTTCACCTCGGCGCGGGTCTTGTAGTTGCC
GTCGTCCTTGAAGAAGATGGTGCGCTCCTGGACGTAGCCTTCGGG
CATGGCGGACTTGAAGAAGTCGTGCTGCTTCATGTGGTCGGGGTA
GCGGGCGAAGCACTGCAGGCCGTAGCCCAGGGTGGT CACGAGGGT
GGGCCAGGGCACGGGCAGCTTGCCGGTGGTGCAGATCAGCTTCAG
GGTCAGCTTGCCGTAGGTGGCATCGCCCTCGCCCTCGCCGGACAC
GCTGAACTTGTGGCCGTTTACGTCGCCGTCCAGCTCGACCAGGAT
GGGCACCACCCCGGTGAACAGCTCCTCGCCCTTGCTCACCATGGG
TCCAGGGTTCTCCTCCACGTCTCCAGCCTGCTTCAGCAGGCTGAA
GTTAGTAGCTCCGCTTCCGTATACGCCGGAGATGCACGCGCTGTA
ATAGACCGCGCTGCTGGCGTCCGACAGCGCGGAGATCAGGCTGCT
CTCCTCTGGGCAGGACATGGCGCGCGGGCCCAGTTTGGCCAGTGC
CACGTGGTACGGGAGCCCGGGGGCGTCGGGCCGAGTCCGGCTGCA
GTTGAGGTACTGGTCGAACTCGGTGAGGTCCACGTCGGCCCACAG

ATCGGCGGCGGGCCCCAGCGGCTCGGCGCTCTCCAGCGGCGGGGT
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CTCGGGCGGCGGCGACAGCGGGCCGGGGTACGGGCCGGGCGTGCC
CAGGGTGCCGTAGTACAGGCCAGCGAGCGGCGCCGCGGEEGEGLGT
GGTCCTGAGCGCCTCCGCCAGGGGAGCCCCGTAGCAACCGCCGGG
GTCCCGCGACAACTCGGTGGGCGCGTAGGGCGCGCGGAAGGGCCG
CAGCGCGCAGTCCTCGGGCGCCGCGGGCGGTGGGAAGAAGGCAGC
CTCGCCGGGCTCCAGGCCGTCCAGAGGCGAGCGCTCGGGCGTGGG
CAGCCCCAGGCCGTCGAACTCGGCGCCCAGCGGGGGCAGCTCGCG
GAAGGCGCGAGCCGAGCCAGACGCCGCGGGGAAAGGCTCGGGCGGE
TGGCTGCGGGGGCGCTAATCCCGGGAGCAGGAGGCCGGGCTCCAG
CCGCCGGGCCTTGCGCGCCTGCTTCTTGCGGCGCGGCCGGTACTT
GTAGTTGGGGTGGTCGCGCAAGTGCTGCACGCGCAGCCGTTCGGC
TTCCTCCACGAAGGGCCGCTTCTCCGCCGCGTTCAGCTCCTTCCA
CGCTTTGCCCAGCATCTTGCTGAGCACCGCGTTGTGCAGGTCCGG
GTTCTGCTGAGCCAGCCGCTTGCGCTCGTCCTTTGCCCACACCAT
GAAGGCGTTCATGGGCCGCCGGATGCGCGACTCGTCTGCCGCCTG
GCGTTCCCCGCGGCCGGCCGGGCTGAGGCCATAGCGCCCCGGCTC
GGGGCTGCGCGGGGGACTGCGCTGCGGGCTGGGCGGCGAGGCGGE
CGCGGCGGGCGCGGCGAGGGCGEGCGEGEGCCGGCGGCGAGGCCGCG
CGTGTCAGCGGCGGCCCCGTGTCCCGGGGCCCATGCACAGTCGCG
GCGGGCGGGCGGGETCGTCCTGTGCGCCGTAGCCGGGCGGCGATCT
CTGCATGGATCCTCCAGGCGATCTGACGGTTCACTAAACGAGCTC
TGCTTATATAGGCCTCCCACCGTACACGCCTACCTCGACATACGT
TCTCTATCACTGATAGGGAGTAAACTCGACATACGTTCTCTATCA
CTGATAGGGATAAACTCGACATACGTTCTCTATCACTGATAGGGA
GTAAACTCGACATACGTTCTCTATCACTGATAGGGAGTAAACTCG
ACATACGTTCTCTATCACTGATAGGGAGTAAACTCGACATCGTTC
TCTATCACTGATAGGGAGTAAACTCGACATACGTTCTCTATCACT
GATAGGGAGTAAACTCGCTCGAGACGCGTATACCTAGGATCCGGC
CGGCCTGCAGGTGTCCTCACAGGAACGAAGTCCCTAAAGARAACAG
TGGCAGCCAGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAG
GGCCCATTGGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGC
AGGCTCAAAGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGT
GCCACCTTCCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCG
GGGATGCGGGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGECGGCT
CGCTGCTGCCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGG
GGCTTTGGGGGGGGGCTGTCCCTCTAGAGCGGCCGCCACCGCGGT
GGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGT TAATTAGATCTT
AATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCG

AGGTCGACGGTATCGATAAGCTTGATATCTATAACAAGAAAATAT

14
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ATATATAATAAGTTATCACGTAAGTAGAACATGAAATAACAATAT
AATTATCGTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATC
ATGCGTCATTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTG
ACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGG
CGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTA
GAAAGAGAGAGCAATATTTCAAGAATGCATGCGTCAATTTTACGC
AGACTATCTTTCTAGGGTTAATCTAGCTGCATCAGGATCATATCG
TCGGGTCTTTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATC
TGGGCATCGGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTG
AAGCGGCATGGAAAGAGTTTGCCGAGGATGACTGCTGCTGCATTG
ACGTTGAGCGAAAACGCACGTTTACCATGATGATTCGGGAAGGTG
TGGCCATGCACGCCTTTAACGGTGAACTGTTCGTTCAGGCCACCT
GGGATACCAGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGG
TCAGCCCGAAGCGCATCAGCAACCCGAACAATACCGGCGACAGCC
GGAACTGCCGTGCCGGTGTGCAGATTAATGACAGCGGTGCGGCGC
TGGGATATTACGTCAGCGAGGACGGGTATCCTGGCTGGATGCCGC
AGAAATGGACATGGATACCCCGTGAGTTACCCGGCGGGCGCGCTT
GGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCC
GCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAA
AGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTT
GCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCT
GCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTAT
TGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGT
CGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAAT
ACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTG
AGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTT
GCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATA
AAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCC
TGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCC
TTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGA
ACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCG
TCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGC
AGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGC
TACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAG
GACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGG
AAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGG

TAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAA
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AAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGA
CGCTCAGTGGAACGAAAACT CACGT TAAGGGAT TTTGGTCATGAG
ATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATG
AAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGA
CAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTG
TCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGAT
AACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAAT
GATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAAT
AAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAAC
TTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAG
AGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCAT
TGCTACAGGCATCGTGGTGTCACGCTCGTCGTT TGGTATGGCTTC
ATTCAGCTCCGGTTCCCAACGAT CAAGGCGAGTTACATGATCCCC
CATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGT
TGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGC
AGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTT
TTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTG
TATGCGGCGACCGAGTTGCTCTTGCCCGECGTCAATACGGGATAA
TACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAA
ACGTTCTTCGGGGCGAAAACTCTCAAGGATC TTACCGCTGTTGAG
ATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGC
ATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAG
GCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGARATGTTG
AATACTCAT
1A.

Human SOX18 CDS (ORF)
(SEQ ID NO.:

* kK
ATGCAGAGATCGCCGCCCGGCTACGGCGCACAGGACGACCCGCCC
GCCCGCCGCGACTGTGCATGGGCCCCGGGACACGGGGCCGCCGCT
GACACGCGCGGCCTCGCCGCCGGCCCCGCCGCCCTCGLLCGCaLCe
GCCGCGCCCGCCTCGCCGCCCAGCCCGCAGCGCAGTCCCCCGLGC
AGCCCCGAGCCGGGGCGCTATGGCCTCAGCCCGGCCGGCCGCGGG
GAACGCCAGGCGGCAGACGAGTCGCGCATCCGGCGGCCCATGAAC
GCCTTCATGGTGTGGGCAAAGGACGAGCGCAAGCGGCTGGCTCAG
CAGAACCCGGACCTGCACAACGCGGTGCTCAGCAAGATGCTGGGC
AAAGCGTGGAAGGAGCTGAACGCGGCGGAGAAGCGGCCCTTCGTG
GAGGAAGCCGAACGGCTGCGCGTGCAGCACTTGCGCGACCACCCC
AACTACAAGTACCGGCCGCGCCGCAAGAAGCAGGCGCGCAAGGLCT

CGGCGGCTGGAGCCCGGCCTCCTGCTCCCGGGATTAGCGCCCCCG

CAGCCACCGCCCGAGCCTTTCCCCGCGGCGTCTGGCTCGGCTCGC

15
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GCCTTCCGCGAGCTGCCCCCGCTGGGCGCCGAGTTCGACGGCCTG
GGGCTGCCCACGCCCGAGCGCTCGCCTCTGGACGGCCTGGAGCCC
GGCGAGGCTGCCTTCTTCCCACCGCCCGCGGCGCCCGAGGACTGC
GCGCTGCGGCCCTTCCGCGCGCCCTACGCGCCCACCGAGTTGTCG
CGGGACCCCGGCGGTTGCTACGGGGCTCCCCTGGCGGAGGCGCTC
AGGACCGCGCCCCCCGCGGCECCGCTCGCTGGCCTGTACTACGGC
ACCCTGGGCACGCCCGGCCCGTACCCCGGCCCGCTGTCGCCGCCG
CCCGAGGCCCCGCCGCTGGAGAGCGCCGAGCCGCTGGGGCCCGLC
GCCGATCTGTGGGCCGACGTGGACCTCACCGAGTTCGACCAGTAC
CTCAACTGCAGCCGGACTCGGCCCGACGCCCCCGGGCTCCCGTAC
CACGTGGCACTGGCCAAACTGGGCCCGCGCGCCATGTCCTGCCCA
GAGGAGAGCAGCCTGATCTCCGCGCTGTCGGACGCCAGCAGCGCG

GTCTATTACAGCGCGTGCATCTCCGGC
**% = gtart (ATG) codon

S0X18 amino acid sequence

(SEQ ID NO.:
MORSPPGYGAQDDPPARRDCAWAPGHGAAADTRGLAAGPAALAAP
AAPASPPSPQRSPPRSPEPGRYGLSPAGRGERQAADESRIRRPMN
AFMVWAKDERKRLAQQONPDLHNAVLSKMLGKAWKELNAAEKRPFEFV
EEAERLRVQHLRDHPNYKYRPRRKKQARKARRLEPGLLLPGLAPP
QPPPEPFPAASGSARAFRELPPLGAEFDGLGLPTPERSPLDGLEP
GEAAFFPPPAAPEDCALRPFRAPYAPTELSRDPGGCYGAPLAEAL
RTAPPAAPLAGLYYGTLGTPGPYPGPLSPPPEAPPLESAEPLGPA
ADLWADVDLTEFDQYLNCSRTRPDAPGLPYHVALAKLGPRAMSCP
EESSLISALSDASSAVYYSACISG
2. PB-M2rtTA sequences (regulatory element
for DOX-inducible SOX18 expression)

(SEQ ID NO.:
ACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTG
TCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACA
AATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAAATT
GTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAA
ATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCT
TATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCA
GTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTC
AAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAA
CCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCA
CTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGG
GGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAR
GGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGC

GTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCG

TCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCG
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GTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGARAGGGGGATGT
GCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCA
CGACGTTGTAAAACGACGGCCAGTGAGCGCGCCTCGTTCATTCAC
GTTTTTGAACCCGTGGAGGACGGGCAGACTCGCGGTGCAAATGTG
TTTTACAGCGTGATGGAGCAGATGAAGATGCTCGACACGCTGCAG
AACACGCAGCTAGATTAACCCTAGAAAGATAATCATATTGTGACG
TACGTTAAAGATAATCATGCGTAAAATTGACGCATGTGTTTTATC
GGTCTGTATATCGAGGTTTATTTATTAATTTGAATAGATATTAAG
TTTTATTATATTTACACTTACATACTAATAATAAATTCAACAAAC
AATTTATTTATGTTTATTTATTTATTAAAAAAAAACAAAAACTCA
AAATTTCTTCTATAAAGTAACAAAACTTTTATCGAATTCCTGCAG
CCCGGGGGATCCACTAGTTCTAGAGGGACAGCCCCCCCCCAAAGC
CCCCAGGGATGTAATTACGTCCCTCCCCCGCTAGGGGGCAGCAGC
GAGCCGCCCGGGGCTCCGCTCCGGTCCGGCGCTCCCCCCGCATCC
CCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTGG
CACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCC
TGCAGACACCTGGGGGGATACGGGGAAAAGGCCTCCAAGGCCAGC
TTCCCACAATAAGTTGGGTGAATTTTGGCTCATTCCTCCTTTCTA
TAGGATTGAGGTCAGAGCTTTGTGATGGGAATTCTGTGGAATGTG
TGTCAGTTAGGGTGTGGAAAGTCCCGCGATCGTCGAGAGATTTCT
AGCTTCGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATC
GCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAAC
CGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGGAAAGTGATGT
CGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTA
TATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTT
TGCCGCCAGAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCC
TGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCTTGAATTACTTC
CACCTGGCTCCAGTACGTGATTCTTGATCCCGAGCTGGAGCCAGG
GGGGGGCCTTGCGCTTTAGGAGCCCCTTCGCCTCGTGCTTGAGTT
GAGGCCTGGCCTGGGCGCTGGGGCCGCCGCGTGCGAATCTGGTGG
CACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATT
TAAAATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGAT
AGTCTTGTAAATGCGGGCCAGGATCTGCACACTGGTATTTCGGTT
TTTGGGCCCGCGGCCGGCGACGGGGCCCGTGCGTCCCAGCGCACA
TGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCACCGAGAATCGGA
CGGGGGTAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTC
GCGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGGE
TCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCT

GCTCCAGGGGGCTCAAAATGGAGGACGCGGCGCTCGGGAGAGCGG

16
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GCGGGTGAGTCACCCACACAAAGGAAAAGGGCCTTTCCGTCCTCA
GCCGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGG
CACCTCGATTAGTTCTGGAGCTTTTGGAGTACGTCGTCTTTAGGT
TGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCACACTGAGTGG
GTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCG
TTGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAG
CCTCAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCG
TGAACACGTGGTCGCGGCCATCTAGAGCAACTAGCTTGGGCCCGG
GAATTAATTCACCATGTCTAGACTGGACAAGAGCAAAGTCATAAA
CGGCGCTCTGGAATTACTCAATGGAGTCGGTATCGAAGGCCTGAC
GACAAGGAAACTCGCTCAAAAGCTGGGAGTTGAGCAGCCTACCCT
GTACTGGCACGTGAAGAACAAGCGGGCCCTGCTCGATGCCCTGCC
AATCGAGATGCTGGACAGGCATCATACCCACTTCTGCCCCCTGGA
AGGCGAGTCATGGCAAGACTTTCTGCGGAACAACGCCAAGTCATT
CCGCTGTGCTCTCCTCTCACATCGCGACGGGGCTAAAGTGCATCT
CGGCACCCGCCCAACAGAGAAACAGTACGAAACCCTGGAARATCA
GCTCGCGTTCCTGTGTCAGCAAGGCTTCTCCCTGGAGAACGCACT
GTACGCTCTGTCCGCCGTGGGCCACTTTACACTGGGCTGCGTATT
GGAGGAACAGGAGCATCAAGTAGCAAAAGAGGAAAGAGAGACACC
TACCACCGATTCTATGCCCCCACTTCTGAGACAAGCAATTGAGCT
GTTCGACCGGCAGGGAGCCGAACCTGCCTTCCTTTTCGGCCTGGA
ACTAATCATATGTGGCCTGGAGAAACAGCTAAAGTGCGAAAGCGG
CGGGCCGGCCGACGCCCTTGACGATTTTGACTTAGACATGCTCCC
AGCCGATGCCCTTGACGACTTTGACCTTGATATGCTGCCTGCTGA
CGCTCTTGACGATTTTGACCTTGACATGCTCCCCGGGGAATTCGG
AAGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGA
GGAGAATCCCGGCCCTGATATCATGACCGAGTACAAGCCCACGGT
GCGCCTCGCCACCCGCGACGACGTCCCCCGGGCCGTACGCACCCT
CGCCGCCGCGTTCGCCGACTACCCCGCCACGCGCCACACCGTCGA
CCCGGACCGCCACATCGAGCGGGTCACCGAGCTGCAAGAACTCTT
CCTCACGCGCGTCGGGCTCGACATCGGCAAGGTGTGGGTCGCGGA
CGACGGCGCCGCGGTGGCGGTCTGGACCACGCCGGAGAGCGTCGA
AGCGGGGGCGGTGTTCGCCGAGATCGGCCCGCGCATGGCCGAGTT
GAGCGGTTCCCGGCTGGCCGCGCAGCAACAGATGGAAGGCCTCCT
GGCGCCGCACCGGCCCAAGGAGCCCGCGTGGTTCCTGGCCACCGT
CGGCGTCTCGCCCGACCACCAGGGCAAGGGTCTGGGCAGCGCCGT
CGTGCTCCCCGGAGTGGAGGCGGCCGAGCGCGCCGGGGTGCCCGC
CTTCCTGGAGACCTCCGCGCCCCGCAACCTCCCCTTCTACGAGCG

GCTCGGCTTCACCGTCACCGCCGACGTCGAGGTGCCCGAAGGACC
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GCGCACCTGGTGCATGACCCGCAAGCCCGGTGCCTGATAAGATAC
ATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAAL
TGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACC
ATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCAT
TTTATGCTTCAGGT TCAGGGGGAGGTGTGGGAGGTTTTTTAAAGC
AAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGATCCGGCT
GCCTCGCGCGGTACGACGCGTATACCTAGGATCCGGCCGGCCTGC
AGGTGTCCTCACAGGAACGAAGTCCCTAAAGAAACAGTGGCAGCC
AGGTTTAGCCCCGGAATTGACTGGATTCCTTTTTTAGGGCCCATT
GGTATGGCTTTTTCCCCGTATCCCCCCAGGTGTCTGCAGGCTCAA
AGAGCAGCGAGAAGCGTTCAGAGGAAAGCGATCCCGTGCCACCTT
CCCCGTGCCCGGGCTGTCCCCGCACGCTGCCGGCTCGGGGATGCG
GGGGGAGCGCCGGACCGGAGCGGAGCCCCGGGCGGCTCGCTGCTG
CCCCCTAGCGGGGGAGGGACGTAATTACATCCCTGGGGGCTTTGG
GGGGGGGCTGTCCCTCTAGAGCGGCCGCCACCGCGGTGGAGCTCC
AGCTTTTGTTCCCTTTAGTGAGGGTTAATTAGATCTTAATACGAC
TCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGTCGAC
GGTATCGATAAGCTTGATATCTATAACAAGAAAATATATATATAA
TAAGTTATCACGTAAGTAGAACATGAAATAACAATATAATTATCG
TATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCA
TTTTGACTCACGCGGTCGTTATAGTTCAAAATCAGTGACACTTAC
CGCATTGACAAGCACGCCTCACGGGAGCTCCAAGCGGCGACTGAG
ATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGA
GAGCAATATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATC
TTTCTAGGGTTAATCTAGCTGCATCAGGATCATATCGTCGGGTCT
TTTTTCCGGCTCAGTCATCGCCCAAGCTGGCGCTATCTGGGCATC
GGGGAGGAAGAAGCCCGTGCCTTTTCCCGCGAGGTTGAAGCGGCA
TGGAAAGAGTTTGCCGAGGATGACTGCTGCTGCATTGACGTTGAG
CGAAAACGCACGTTTACCATGATGATTCGGGAAGGTGTGGCCATG
CACGCCTTTAACGGTGAACTGTTCGTTCAGGCCACCTGGGATACC
AGTTCGTCGCGGCTTTTCCGGACACAGTTCCGGATGGTCAGCCCG
AAGCGCATCAGCAACCCGAACAATACCGGCGACAGCCGGAACTGC
CGTGCCGGTGTGCAGATTAATGACAGCGGTGCGGCGCTGGGATAT
TACGTCAGCGAGGACGGGTATCCTGGCTGGATGCCGCAGARATGG
ACATGGATACCCCGTGAGTTACCCGGCGGGCGCGCTTGGCGTAAT
CATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAA
TTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGG
GTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCAC

TGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAAT
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GAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCT
CTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGC
TGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTAT
CCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAARG
GCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGT
TTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGAC
GCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACC
AGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGA
CCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAA
GCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGG
TGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCG
TTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGT
CCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTG
GTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGT
TCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTAT
TTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAARAAGAG
TTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTG
GTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAANAGGAT
CTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGT
GGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAA
AAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTA
AATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACC
AATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTC
GTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGA
TACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGC
GAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGC
CAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCG
CCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTA
GTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAG
GCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGT
GCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAA
GTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGC
ATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGA
CTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGC
GACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGC
CACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTT
CGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTT

CGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTA
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CTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATG

CCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCA

T

[0096]

All publications, patents, and patent applications

mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publica-
tion, patent, and patent application was specifically and
individually indicated to be incorporated by reference.

Mar. 14, 2024

[0097] While some embodiments have been illustrated
and described in detail in the appended drawings and the
foregoing description, such illustration and description are
to be considered illustrative and not restrictive. Other varia-
tions to the disclosed embodiments can be understood and
effected in practicing the claims, from a study of the
drawings the disclosure, and the appended claims. The mere
fact that certain measures or features are recited in mutually
different dependent claims does not indicate that the com-
bination of these measures or features cannot be used. Any
reference signs in the claims should not be construed as
limiting the scope.

Sequence total quantity:

SEQ ID NO: 1
FEATURE
source

SEQUENCE: 1
ccgaacaggy acttgtttag

SEQ ID NO: 2
FEATURE
source

SEQUENCE: 2
aggttggete tggeatttat

SEQ ID NO: 3
FEATURE
source

SEQUENCE: 3
cagtgggcayg cgaagctaca

SEQ ID NO: 4
FEATURE
source

SEQUENCE: 4
acaggcagtyg gtagecatcc

SEQ ID NO: 5
FEATURE
source

SEQUENCE: 5
ggactatcgg agtttgggat

SEQ ID NO: 6
FEATURE
source

SEQUENCE: 6
tgggaagcegt agttgttgag

SEQ ID NO: 7
FEATURE
source

SEQUENCE: 7
aggtccagga tcagggtatt

SEQ ID NO: 8
FEATURE
source

SEQUENCE LISTING

20

moltype = DNA 1length = 22
Location/Qualifiers

1..22

mol_type = other DNA

organism = synthetic construct
ag

moltype = DNA 1length = 22
Location/Qualifiers

1..22

mol_type = other DNA

organism = synthetic construct
ag

moltype = DNA length = 20
Location/Qualifiers

1..20

mol_type = other DNA

organism = synthetic construct
moltype = DNA 1length = 22
Location/Qualifiers

1..22

mol_type = other DNA

organism = synthetic construct
tc

moltype = DNA 1length = 22
Location/Qualifiers

1..22

mol_type = other DNA

organism = synthetic construct
tt

moltype = DNA length = 20
Location/Qualifiers

1..20

mol_type = other DNA

organism = synthetic construct
moltype = DNA length = 20
Location/Qualifiers

1..20

mol_type = other DNA

organism = synthetic construct
moltype = DNA 1length = 22
Location/Qualifiers

1..22

22

22

20

22

22

20

20
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-continued

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 8
ccagagaagg agggattgat tc 22
SEQ ID NO: 9 moltype = DNA length = 20
FEATURE Location/Qualifiers
source 1..20

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 9
gcgecttete tgaaaacaat 20
SEQ ID NO: 10 moltype = DNA length = 20
FEATURE Location/Qualifiers
source 1..20

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 10
cagttccagg gtctggtgtt 20
SEQ ID NO: 11 moltype = DNA length = 20
FEATURE Location/Qualifiers
source 1..20

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 11
gcaaagagtyg gtcggaagaa 20
SEQ ID NO: 12 moltype = DNA length = 24
FEATURE Location/Qualifiers
source 1..24

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 12
cgctctegag taaggtacat attg 24
SEQ ID NO: 13 moltype = DNA length = 23
FEATURE Location/Qualifiers
source 1..23

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 13
cctggaggag aagaggaaag aga 23
SEQ ID NO: 14 moltype = DNA length = 25
FEATURE Location/Qualifiers
source 1..25

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 14
ttgaggacct ctgtgtattt gtcaa 25
SEQ ID NO: 15 moltype = DNA length = 9190
FEATURE Location/Qualifiers
source 1..9190

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 15
actcttcctt tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata 60
catatttgaa tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa 120
agtgccacct aaattgtaag cgttaatatt ttgttaaaat tcgcgttaaa tttttgttaa 180
atcagctcat tttttaacca ataggccgaa atcggcaaaa tcccttataa atcaaaagaa 240
tagaccgaga tagggttgag tgttgttcca gtttggaaca agagtccact attaaagaac 300
gtggactcca acgtcaaagg gcgaaaaacc gtctatcagg gegatggecc actacgtgaa 360
ccatcaccct aatcaagttt tttggggtcg aggtgccgta aagcactaaa tcggaaccct 420
aaagggagcce cccgatttag agcttgacgg ggaaagccgg cgaacgtgge gagaaaggaa 480
gggaagaaag cgaaaggagc gggcgctagg gegctggcaa gtgtageggt cacgetgege 540
gtaaccacca cacccgecge gcttaatgeg ccgctacagg gegcegtcecca ttegecatte 600
aggctgcgea actgttggga agggcgatcg gtgcegggect cttegetatt acgecagetyg 660
gcgaaaggygyg gatgtgctge aaggcgatta agttgggtaa cgccagggtt tteccagtca 720
cgacgttgta aaacgacggc cagtgagcge gectegttea ttcacgtttt tgaaccegtg 780
gaggacgggce agactcgcegg tgcaaatgtg ttttacageyg tgatggagca gatgaagatg 840
ctecgacacge tgcagaacac gcagctagat taaccctaga aagataatca tattgtgacg 900
tacgttaaag ataatcatgc gtaaaattga cgcatgtgtt ttatcggtct gtatatcgag 960
gtttatttat taatttgaat agatattaag ttttattata tttacactta catactaata 1020
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ataaattcaa caaacaattt atttatgttt atttatttat taaaaaaaaa caaaaactca 1080
aaatttcttc tataaagtaa caaaactttt atcgaattcce tgcagcccgg gggatccact 1140
agttctagag ggacagcccce cccccaaage ceccagggat gtaattacgt cccteccceg 1200
ctagggggca gcagcgagcece geccgggget cegetceeggt ceggegetee cccegecatce 1260
ccgagecgge agegtgeggg gacageccgg geacggggaa ggtggcacgyg gatcegettte 1320
ctctgaacge ttctegctge tetttgagec tgcagacacce tggggggata cggggaaaag 1380
gcctecaagg ccagcttcecce acaataagtt gggtgaattt tggctcattce ctecttteta 1440
taggattgag gtcagagctt tgtgatggga attctgtgga atgtgtgtca gttagggtgt 1500
ggaaagtccecc gcgatcgate ctagecttegt gaggctceccecgg tgcccgtcag tgggcagage 1560
gcacatcgece cacagtccce gagaagttgg ggggaggggt cggcaattga accggtgect 1620
agagaaggtg gcgcggggta aactgggaaa gtgatgtcgt gtactggctc cgccttttte 1680
ccgagggtgg gggagaaccg tatataagtg cagtagtcge cgtgaacgtt ctttttegeca 1740
acgggtttge cgccagaaca caggtaagtg ccgtgtgtgg ttcecccgeggg cctggectet 1800
ttacgggtta tggcccttge gtgccttgaa ttacttceccac ctggctccag tacgtgatte 1860
ttgatcccga gcectggageca ggggcegggcece ttgecgcttta ggagecccctt cgectegtge 1920
ttgagttgag gcctggcctyg ggcgetgggg ccgccgegtyg cgaatctggt ggcacctteg 1980
cgectgtete getgettteg ataagtcectcet agccatttaa aatttttgat gacctgectge 2040
gacgcttttt ttectggcaag atagtcttgt aaatgcgggce caggatctgce acactggtat 2100
tteggttttt gggcccgegyg ccggcgacgg ggcccgtgeg tcccagcecgca catgttegge 2160
gaggcgggyge ctgcgagcege ggccaccgag aatcggacgg gggtagtcectce aagectggeecg 2220
gcctgetetyg gtgectggee tcecgegeccegece gtgtatcgee ccegecctggg cggcaaggct 2280
ggcceggteyg gcaccagttyg cgtgagcgga aagatggecg ctteceggec ctgectcecagg 2340
gggctcaaaa tggaggacgce ggcgetceggg agagcegggeyg ggtgagtcac ccacacaaag 2400
gaaaagggcc ttteccegtcect cagecgtege ttcatgtgac tceccacggagt accgggcegece 2460
gtccaggcac ctcgattagt tctggagett ttggagtacg tcegtctttag gttgggggga 2520
ggggttttat gcgatggagt ttccccacac tgagtgggtg gagactgaag ttaggccage 2580
ttggcacttg atgtaattct cgttggaatt tgcccttttt gagtttggat cttggttcat 2640
tctcaagect cagacagtgg ttcaaagttt ttttcttecca tttcaggtgt cgtgaacacg 2700
tggtcgegge catctagagce aactagcatg gccaagttga ccagtgccegt tccggtgecte 2760
accgegegeg acgtegecgg ageggtegag ttetggaceyg accggetegyg gtteteccegg 2820
gacttcgtgg aggacgactt cgceggtgtg gtccgggacyg acgtgaccct gttcatcage 2880
geggtecagyg accaggtggt gccggacaac accctggect gggtgtgggt gegeggectg 2940
gacgagctgt acgccgagtg gtcecggaggtce gtgtccacga acttccggga cgectccecggg 3000
ccggecatga ccgagatcegg cgagcagecg tgggggeggyg agttegecct gegegaccceg 3060
gccggcaact gegtgcactt cgtggccgag gagcaggact gaatctaaga tacattgatg 3120
agtttggaca aaccacaact agaatgcagt gaaaaaaatg ctttatttgt gaaatttgtg 3180
atgctattgce tttatttgta accattataa gctgcaataa acaagttaac aacaacaatt 3240
gcattcattt tatgtttcag gttcaggggg aggtgtggga ggttttttaa agcaagtaaa 3300
acctctacaa atgtggtatg gctgattatg atccggctge ctcecgecgcatg catcatagag 3360
cccaccgcat ccccagcatg cctgctattg tcttcecccaat cctecccectt getgtectge 3420
cccacccecac cccccagaat agaatgacac ctactcagac aatgcgatge aatttcecctca 3480
ttttattagg aaaggacagt gggagtggca ccttccaggg tcaaggaagg cacgggggag 3540
gggcaaacaa cagatggctg gcaactagaa ggcacagtcg aggctgatca geccatgatt 3600
acttgtacag ctcgtccatg ccgagagtga tccecggegge ggtcacgaac tccagcagga 3660
ccatgtgatc gecgcttcteg ttggggtcett tgctcaggge ggactggtag ctcaggtagt 3720
ggttgtcggg cagcagcacg gggccgtege cgatgggggt gttcectgetgg tagtggtcegg 3780
cgagctgcac geccgecgtece tegatgttgt ggcggatctt gaagttggcce ttgatgccegt 3840
tcttetgett gtecggeggtyg atatagacgt tgtggctgtt gtagttgtac tccagettgt 3900
gcceccaggat gttgececgtcee tecttgaagt cgatgeccctt cagectcgatg cggttcacca 3960
gggtgtcgece ctcgaactte accteggege gggtettgta gttgcecegtceg tceccttgaaga 4020
agatggtgcg ctcctggacg tagcecttcecgg gcatggcgga cttgaagaag tcgtgetget 4080
tcatgtggte ggggtagegg gcgaagcact gecaggccgta geccagggtyg gtcacgaggg 4140
tgggccaggg cacgggcagce ttgccecggtgg tgcagatcag cttcagggtce agcttgeccegt 4200
aggtggcatc gccctcecgecce tegceccggaca cgctgaactt gtggeccegttt acgtcecgecegt 4260
ccagectegac caggatggge accaccecgg tgaacagete ctegeccttyg ctcaccatgg 4320
gtccagggtt ctecteccacg tctecagect gettcagcag gcectgaagtta gtagetceccege 4380
ttecegtatac geccggagatg cacgcegetgt aatagaccge gctgectggeg tccgacageg 4440
cggagatcag gctgctctece tetgggcagg acatggcgcg cgggcccagt ttggeccagtg 4500
ccacgtggta cgggagcceg ggggcgtcecgg gccgagtecg gctgcagttg aggtactggt 4560
cgaactcggt gaggtccacg tcggcccaca gatcggegge gggecccage ggcteggege 4620
tctecagegyg cggggecteg ggcggeggeg acagegggece ggggtacggyg ccegggegtge 4680
ccagggtgee gtagtacagg ccagcgageg gegecgeggyg gggegeggte ctgagegect 4740
cecgecagggg ageccegtag caaccgecgyg ggtceccegega caacteggtyg ggcgegtagg 4800
gegegeggaa gggecgcage gcgcagtect cgggegecge gggceggtggg aagaaggcag 4860
cctegeeggg ctecaggecg tcecagaggeg agegeteggyg cgtgggcage cccaggecgt 4920
cgaactcgge gceccageggg ggcagetege ggaaggcegeg agcecgagceca gacgecgcegg 4980
ggaaaggcte gggeggtgge tgcgggggceg ctaatcccgg gagcaggagg ccgggctceca 5040
gcecgecggge cttgegegee tgettettge ggcgeggceeyg gtacttgtag ttggggtggt 5100
cgcgcaagtg ctgcacgege agccgttcegg cttectecac gaagggcecge ttcectecegeceg 5160
cgttcagectce cttceccacget ttgcccagca tcttgctgag caccgegttg tgcaggtceg 5220
ggttctgetyg agccagecge ttgcegctegt ccectttgccca caccatgaag gcgttcatgg 5280
geegecggat gegegacteg tetgecgect ggegttecce geggecggece gggetgagge 5340
catagegece cggetegggg ctgcgegggg gactgegetyg cgggetggge ggcgaggcegyg 5400
gegeggeggy cgeggegagg geggegggge cggeggegag gecgegegtg teageggegg 5460
cceegtgtee cggggeccat gecacagtege ggegggeggyg cgggtegtece tgtgegecgt 5520
agccgggegg cgatctcectge atggatccte caggcgatct gacggttcac taaacgaget 5580
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ctgcttatat aggcctccecca ccgtacacgce ctacctcgac atacgttctce tatcactgat 5640
agggagtaaa ctcgacatac gttctctatc actgataggg ataaactcga catacgttct 5700
ctatcactga tagggagtaa actcgacata cgttctctat cactgatagg gagtaaactc 5760
gacatacgtt ctctatcact gatagggagt aaactcgaca tcgttctcta tcactgatag 5820
ggagtaaact cgacatacgt tctctatcac tgatagggag taaactcgct cgagacgcgt 5880
atacctagga tccggecgge ctgcaggtgt cctcacagga acgaagtccce taaagaaaca 5940
gtggcagcca ggtttagcce cggaattgac tggattcctt ttttagggcce cattggtatg 6000
gctttttecee cgtatceccce caggtgtetg caggctcaaa gagcagcgag aagcegttcag 6060
aggaaagcga tccegtgeca cctteeceegt geccgggetyg teccegcacyg ctgecggete 6120
ggggatgcegyg ggggagcegee ggaccggage ggagcecccgg geggceteget getgeccect 6180

agcgggggag ggacgtaatt acatccectgg gggctttggg ggggggctgt cecctectagag 6240
cggccgecac cgcggtggag ctccagettt tgttcccttt agtgagggtt aattagatct 6300
taatacgact cactataggg cgaattgggt accgggccce ccctcgaggt cgacggtatce 6360
gataagcttyg atatctataa caagaaaata tatatataat aagttatcac gtaagtagaa 6420
catgaaataa caatataatt atcgtatgag ttaaatctta aaagtcacgt aaaagataat 6480
catgcgtcat tttgactcac gcggtcegtta tagttcaaaa tcagtgacac ttaccgcatt 6540
gacaagcacyg cctcacggga gctccaageg gcgactgaga tgtcctaaat gcacagcgac 6600
ggattcgege tatttagaaa gagagagcaa tatttcaaga atgcatgcgt caattttacg 6660
cagactatct ttctagggtt aatctagctg catcaggatc atatcgtcgg gtctttttte 6720
cggctecagte atcgeccaag ctggcgetat ctgggcateg gggaggaaga agcccgtgee 6780
tttteceegeg aggttgaage ggcatggaaa gagtttgccg aggatgactg ctgctgcatt 6840
gacgttgagc gaaaacgcac gtttaccatg atgattcggg aaggtgtggc catgcacgcce 6900
tttaacggtg aactgttcgt tcaggccacc tgggatacca gttcegtcecgeg gecttttecegg 6960
acacagttce ggatggtcag cccgaagege atcagcaacce cgaacaatac cggcgacage 7020
cggaactgcce gtgceggtgt gcagattaat gacagcggtg cggcegcetggg atattacgte 7080
agcgaggacg ggtatcctgg ctggatgccg cagaaatgga catggatacc ccgtgagtta 7140
cceggegggce gegcettggeg taatcatggt catagctgtt tectgtgtga aattgttate 7200
cgctcacaat tccacacaac atacgagccg gaagcataaa gtgtaaagcc tggggtgcct 7260
aatgagtgag ctaactcaca ttaattgcgt tgcgctcact gcccgettte cagtcecgggaa 7320
acctgtegtg ccagectgcat taatgaatcg gccaacgcge ggggagaggce ggtttgegta 7380
ttgggcgetce ttceccegecttece tegctcactg actecgctgeg cteggtegtt cggctgegge 7440
gagcggtatc agctcactca aaggcggtaa tacggttatc cacagaatca ggggataacg 7500
caggaaagaa catgtgagca aaaggccagce aaaaggccag gaaccgtaaa aaggccgcegt 7560
tgctggegtt tttccatagg ctceccgeccee ctgacgagca tcacaaaaat cgacgctcaa 7620
gtcagaggtyg gcgaaacccg acaggactat aaagatacca ggcgtttccce cctggaaget 7680
ccetegtgeg ctetectgtt ccgaccectge cgcttaccgg atacctgtee gectttetee 7740
cttcgggaag cgtggcgett tectcataget cacgctgtag gtatctcagt tecggtgtagg 7800
tcgttegete caagetggge tgtgtgcacg aacccccegt tcagecccgac cgctgegect 7860
tatccggtaa ctatcgtett gagtccaacc cggtaagaca cgacttatcg ccactggcag 7920
cagccactgg taacaggatt agcagagcga ggtatgtagg cggtgctaca gagttcttga 7980
agtggtggcce taactacggc tacactagaa ggacagtatt tggtatctge gctctgctga 8040
agccagttac cttcggaaaa agagttggta gctcttgatce cggcaaacaa accaccgctg 8100
gtagcggtgg tttttttgtt tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag 8160
aagatccttt gatcttttet acggggtctg acgctcagtyg gaacgaaaac tcacgttaag 8220
ggattttggt catgagatta tcaaaaagga tcttcaccta gatcctttta aattaaaaat 8280
gaagttttaa atcaatctaa agtatatatg agtaaacttg gtctgacagt taccaatgct 8340
taatcagtga ggcacctatc tcagcgatct gtctatttcg ttcatccata gttgecctgac 8400
tceecegtegt gtagataact acgatacggg agggcttacce atctggccce agtgctgcaa 8460
tgataccgeg agacccacgce tcaccggete cagatttate agcaataaac cagccagccg 8520
gaagggccga gcgcagaagt ggtcectgcaa ctttatccge ctceccatccag tctattaatt 8580
gttgccggga agctagagta agtagttcge cagttaatag tttgcgcaac gttgttgcca 8640
ttgctacagg catcgtggtg tcacgctcegt cgtttggtat ggcttcattce agctceceggtt 8700
cccaacgatc aaggcgagtt acatgatccc ccatgttgtg caaaaaagcg gttagctcct 8760
tcggtectee gatcgttgte agaagtaagt tggccgcagt gttatcactc atggttatgg 8820
cagcactgca taattctcectt actgtcatgce catccgtaag atgcecttttet gtgactggtg 8880
agtactcaac caagtcattc tgagaatagt gtatgcggcg accgagttge tcttgcccgg 8940
cgtcaatacg ggataatacc gcgccacata gcagaacttt aaaagtgctc atcattggaa 9000
aacgttecttc ggggcgaaaa ctctcaagga tcttaccgct gttgagatce agttcgatgt 9060
aacccactcg tgcacccaac tgatcttcag catcttttac tttcaccage gtttetgggt 9120
gagcaaaaac aggaaggcaa aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt 9180

gaatactcat 9190
SEQ ID NO: 16 moltype = DNA length = 1152

FEATURE Location/Qualifiers

source 1..1152

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 16
atgcagagat cgccgeccgg ctacggegea caggacgace cgceccgecceyg ccgegactgt 60
gecatgggceee cgggacacgg ggccgecget gacacgegeg gectcegecge cggecccegee 120
geectegeeyg cgeccgecge gcocegecteg cecgceccagee cgcagegeag tceccccegege 180
agccecgage cggggegeta tggcectcage ceggecggece geggggaacyg ccaggeggca 240
gacgagtcege gcatcecggeg gceccatgaac gecttecatgg tgtgggcaaa ggacgagege 300
aagcggcetgg ctcagcagaa cccggacctg cacaacgegg tgctcagcaa gatgetggge 360
aaagcgtgga aggagctgaa cgcggceggag aagcggcecect tegtggagga agccgaacgg 420
ctgcgegtge agcacttgceg cgaccacccee aactacaagt accggccgeyg ccgcaagaag 480
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caggcgegea aggceccggeg getggagece ggectectge tecegggatt agegeccceg 540
cagccaccge ccgagecttt ccccegeggeg tetggcetegyg ctegegectt ccegegagetyg 600
ccecegetgg gogecgagtt cgacggectyg gggetgcecca cgeccgageyg ctcegectetyg 660
gacggectygyg ageccggcega ggctgectte tteccaccge cegeggegec cgaggactge 720
gegetgegge ccetteecgege gecctacgeg cccaccgagt tgtcegeggga ceccggeggt 780
tgctacgggg ctccectgge ggaggegetce aggaccgege ccececgegge gcecgeteget 840
ggectgtact acggcaccct gggcacgccce ggcccgtace ceggecceget gtegecgeeg 900
ccegaggece cgcecgetgga gagcgecgag cegetgggge cegecgecga tcetgtgggee 960
gacgtggacce tcaccgagtt cgaccagtac ctcaactgca gecggacteg geccgacgee 1020
ccegggetee cgtaccacgt ggcactggece aaactgggece cgegegecat gtcectgecca 1080
gaggagagca gcctgatcte cgegetgteg gacgccagca gegeggtceta ttacagegeg 1140
tgcatcteceg ge 1152
SEQ ID NO: 17 moltype = AA length = 384
FEATURE Location/Qualifiers
source 1..384

mol type = protein

organism = synthetic construct
SEQUENCE: 17
MORSPPGYGA QDDPPARRDC AWAPGHGAAA DTRGLAAGPA ALAAPAAPAS PPSPQRSPPR 60
SPEPGRYGLS PAGRGERQAA DESRIRRPMN AFMVWAKDER KRLAQONPDL HNAVLSKMLG 120
KAWKELNAAE KRPFVEEAER LRVQHLRDHP NYKYRPRRKK QARKARRLEP GLLLPGLAPP 180
QPPPEPFPAA SGSARAFREL PPLGAEFDGL GLPTPERSPL DGLEPGEAAF FPPPAAPEDC 240
ALRPFRAPYA PTELSRDPGG CYGAPLAEAL RTAPPAAPLA GLYYGTLGTP GPYPGPLSPP 300
PEAPPLESAE PLGPAADLWA DVDLTEFDQY LNCSRTRPDA PGLPYHVALA KLGPRAMSCP 360
EESSLISALS DASSAVYYSA CISG 384
SEQ ID NO: 18 moltype = DNA length = 7741
FEATURE Location/Qualifiers
source 1..7741

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 18
actcttcctt tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata 60
catatttgaa tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa 120
agtgccacct aaattgtaag cgttaatatt ttgttaaaat tcgcgttaaa tttttgttaa 180
atcagctcat tttttaacca ataggccgaa atcggcaaaa tcccttataa atcaaaagaa 240
tagaccgaga tagggttgag tgttgttcca gtttggaaca agagtccact attaaagaac 300
gtggactcca acgtcaaagg gcgaaaaacc gtctatcagg gegatggecc actacgtgaa 360
ccatcaccct aatcaagttt tttggggtcg aggtgccgta aagcactaaa tcggaaccct 420
aaagggagcce cccgatttag agcttgacgg ggaaagccgg cgaacgtgge gagaaaggaa 480
gggaagaaag cgaaaggagc gggcgctagg gegctggcaa gtgtageggt cacgetgege 540
gtaaccacca cacccgecge gcttaatgeg ccgctacagg gegcegtcecca ttegecatte 600
aggctgcgea actgttggga agggcgatcg gtgcegggect cttegetatt acgecagetyg 660
gcgaaaggygyg gatgtgctge aaggcgatta agttgggtaa cgccagggtt tteccagtca 720
cgacgttgta aaacgacggc cagtgagcge gectegttea ttcacgtttt tgaaccegtg 780
gaggacgggce agactcgcegg tgcaaatgtg ttttacageyg tgatggagca gatgaagatg 840
ctecgacacge tgcagaacac gcagctagat taaccctaga aagataatca tattgtgacg 900
tacgttaaag ataatcatgc gtaaaattga cgcatgtgtt ttatcggtct gtatatcgag 960
gtttatttat taatttgaat agatattaag ttttattata tttacactta catactaata 1020
ataaattcaa caaacaattt atttatgttt atttatttat taaaaaaaaa caaaaactca 1080
aaatttcttc tataaagtaa caaaactttt atcgaattcce tgcagcccgg gggatccact 1140
agttctagag ggacagcccce cccccaaage ceccagggat gtaattacgt cccteccceg 1200
ctagggggca gcagcgagcece geccgggget cegetceeggt ceggegetee cccegecatce 1260
ccgagecgge agegtgeggg gacageccgg geacggggaa ggtggcacgyg gatcegettte 1320
ctctgaacge ttctegctge tetttgagec tgcagacacce tggggggata cggggaaaag 1380
gcctecaagg ccagcttcecce acaataagtt gggtgaattt tggctcattce ctecttteta 1440
taggattgag gtcagagctt tgtgatggga attctgtgga atgtgtgtca gttagggtgt 1500
ggaaagtccc gcgatcgtcg agagatttcect agcecttegtga ggctceggtg ccegtcagtg 1560
ggcagagcege acatcgccca cagtccccga gaagttgggg ggaggggteg gcaattgaac 1620
cggtgcectag agaaggtggce gcggggtaaa ctgggaaagt gatgtcegtgt actggctcceg 1680
cctttttece gagggtgggyg gagaaccgta tataagtgca gtagtcgcecg tgaacgttet 1740
ttttcgcaac gggtttgceg ccagaacaca ggtaagtgce gtgtgtggtt cccgegggece 1800
tggcctettt acgggttatg gecccttgegt gcecttgaatt acttccacct ggcteccagta 1860
cgtgattett gatcccgage tggagccagg ggcgggcectt gegetttagg ageccectteg 1920
cctegtgett gagttgagge ctggectggg cgctggggce gccgegtgeg aatctggtgg 1980
caccttegeg cectgtcectege tgctttecgat aagtctctag ccatttaaaa tttttgatga 2040
cctgctgega cgettttttt ctggcaagat agtcttgtaa atgcgggcca ggatctgcac 2100
actggtattt cggtttttgg gcccgeggee ggcgacgggg cccgtgegte ccagegcaca 2160
tgtteggcega ggcggggect gecgagegegyg ccaccgagaa tceggacgggyg gtagtctcaa 2220
gctggeecgge ctgectetggt gectggecte gegcecegecgt gtatcgeccce gecectgggeg 2280
gcaaggctygyg ceceggtegge accagttgeg tgagcggaaa gatggecget tceccggecct 2340
gctecaggygy gctcaaaatyg gaggacgegg cgctegggag agegggeggyg tgagtcacce 2400
acacaaagga aaagggcctt tceccgtectca gcecgtcegett catgtgactce cacggagtac 2460
cgggcgecgt ccaggcacct cgattagttce tggagctttt ggagtacgtc gtctttaggt 2520
tggggggagg ggttttatgc gatggagttt ccccacactg agtgggtgga gactgaagtt 2580
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aggccagctt ggcacttgat gtaattctceg ttggaatttg ccctttttga gtttggatcet 2640
tggttcattc tcaagcctca gacagtggtt caaagttttt ttctteccatt tcaggtgtceg 2700
tgaacacgtg gtcgcggcca tctagagcaa ctagcttggg cccgggaatt aattcaccat 2760
gtctagactyg gacaagagca aagtcataaa cggcgctctg gaattactca atggagtcecgg 2820
tatcgaaggce ctgacgacaa ggaaactcgc tcaaaagctg ggagttgagce agcctacccet 2880
gtactggcac gtgaagaaca agcgggccct gcectcgatgec ctgccaatcg agatgctgga 2940
caggcatcat acccacttct gcccectgga aggcgagtca tggcaagact ttctgecggaa 3000
caacgccaag tcattccget gtgctcetect ctcacatcge gacggggcta aagtgcatcect 3060
cggcacccge ccaacagaga aacagtacga aaccctggaa aatcagcteg cgttectgtg 3120
tcagcaaggc ttcteccctgg agaacgcact gtacgctcetg tceccgeegtgg geccactttac 3180
actgggctge gtattggagg aacaggagca tcaagtagca aaagaggaaa gagagacacc 3240
taccaccgat tctatgcccecce cacttcectgag acaagcaatt gagcetgttcg accggcaggg 3300
agccgaacct gecttecttt teggectgga actaatcata tgtggectgg agaaacaget 3360
aaagtgcgaa agcggcgggce cggccgacgce ccttgacgat tttgacttag acatgctccece 3420
agccgatgece cttgacgact ttgaccttga tatgctgect gctgacgcte ttgacgattt 3480
tgaccttgac atgctcceceg gggaattcgg aagcggagag ggcagaggaa gtcttctaac 3540
atgcggtgac gtggaggaga atcccggcecce tgatatcatg accgagtaca agcccacggt 3600
gegectegee accegegacyg acgtceccceg ggccgtacge accctegecg cegegttege 3660
cgactaccee gccacgegee acaccgtecga ceeggaccege cacatcgage gggtcaccga 3720
gctgcaagaa ctettectca cgegegtegg gectcgacate ggcaaggtgt gggtecgegga 3780
cgacggegee geggtggegg tctggaccac gecggagage gtcgaagegyg gggeggtgtt 3840
cgecgagate ggcccgegca tggccgagtt gageggttece cggetggecyg cgcagcaaca 3900
gatggaaggce ctectggege cgcaccggcece caaggagcecce gegtggttec tggecacegt 3960
cggegteteg cccgaccace agggcaaggg tcetgggcage gecgtegtge tcecccggagt 4020
ggaggcggee gagegegecg gggtgeccge cttectggag acctcecegege cceccgcaacct 4080
ccecttetac gageggetceg gettcacegt caccgcecgac gtecgaggtge ccgaaggace 4140
gcgecacctgg tgcatgacce gcaagcccgg tgcctgataa gatacattga tgagtttgga 4200
caaaccacaa ctagaatgca gtgaaaaaaa tgctttattt gtgaaatttg tgatgctatt 4260
gctttatttyg taaccattat aagctgcaat aaacaagtta acaacaacaa ttgcattcat 4320
tttatgcttc aggttcaggg ggaggtgtgg gaggtttttt aaagcaagta aaacctctac 4380
aaatgtggta tggctgatta tgatccggct gcctcecgegeg gtacgacgcg tatacctagg 4440
atccggecegg cctgcaggtg tcectcacagg aacgaagtece ctaaagaaac agtggcagcece 4500
aggtttagcce ccggaattga ctggattcct tttttaggge ccattggtat ggctttttee 4560
cegtatccee ccaggtgtcet gcaggctcaa agagcagega gaagegttca gaggaaagceg 4620
atccegtgece accttcececeg tgccegggcet gtccccgcac gcectgeccgget cggggatgeg 4680
gggggagcege cggaccggag cggageccceg ggceggctege tgetgeccce tageggggga 4740
gggacgtaat tacatccctg ggggctttgg gggggggctyg tccctctaga gecggccgeca 4800
ccgeggtgga getccagett ttgttecctt tagtgagggt taattagatc ttaatacgac 4860
tcactatagg gcgaattggg taccgggccce ccecctcecgagg tcgacggtat cgataagett 4920
gatatctata acaagaaaat atatatataa taagttatca cgtaagtaga acatgaaata 4980
acaatataat tatcgtatga gttaaatctt aaaagtcacg taaaagataa tcatgcgtca 5040
ttttgactca cgcggtcgtt atagttcaaa atcagtgaca cttaccgcat tgacaagcac 5100
gectcacggyg agctccaage ggcgactgag atgtcctaaa tgcacagcega cggattcgeg 5160
ctatttagaa agagagagca atatttcaag aatgcatgcg tcaattttac gcagactatc 5220
tttctagggt taatctagcect gcatcaggat catatcgtcg ggtetttttt ccggctcagt 5280
catcgcccaa gcectggcecgceta tetgggcatce ggggaggaag aagceccgtge ctttteccge 5340
gaggttgaag cggcatggaa agagtttgcc gaggatgact gctgctgcat tgacgttgag 5400
cgaaaacgca cgtttaccat gatgattcgg gaaggtgtgg ccatgcacgce ctttaacggt 5460
gaactgtteg ttcaggccac ctgggatacc agttcgtcge ggctttteccg gacacagtte 5520
cggatggtca gcccgaageg catcagcaac ccgaacaata cceggcgacag ccggaactge 5580
cgtgceggtyg tgcagattaa tgacagcggt gcggcgetgg gatattacgt cagcgaggac 5640
gggtatcctyg gctggatgce gcagaaatgg acatggatac cccgtgagtt accceggeggg 5700
cgegettgge gtaatcatgg tcatagetgt ttectgtgtg aaattgttat ccgctcacaa 5760
ttccacacaa catacgagcc ggaagcataa agtgtaaagce ctggggtgcce taatgagtga 5820
gctaactcac attaattgcg ttgcgctcac tgcccgcttt ccagtcggga aacctgtcegt 5880
gccagctgceca ttaatgaatc ggccaacgceg cggggagagg cggtttgegt attgggeget 5940
cttecegette ctegectcact gactegetge gcteggtegt teggetgcegg cgageggtat 6000
cagctcacte aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga 6060
acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgeyg ttgetggegt 6120
ttttccatag gctceecgcecee cctgacgage atcacaaaaa tcgacgctca agtcagaggt 6180
ggcgaaaccce gacaggacta taaagatacc aggcgtttec ccctggaagce tcectegtge 6240
gctetectgt tecgaccctg cecgcettaceg gatacctgte cgectttete ccttegggaa 6300
gcgtggeget ttectcatage tcacgctgta ggtatctcag tteggtgtag gtegtteget 6360
ccaagcetggg ctgtgtgcac gaaccccccg ttcagcccga ccgetgegece ttatcecggta 6420
actatcgtct tgagtccaac ccggtaagac acgacttatce gccactggca gcagccactg 6480
gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg aagtggtgge 6540
ctaactacgg ctacactaga aggacagtat ttggtatctg cgctctgctg aagccagtta 6600
ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccgct ggtageggtg 6660
gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt 6720
tgatcttttc tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg 6780
tcatgagatt atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta 6840
aatcaatcta aagtatatat gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg 6900
aggcacctat ctcagcgatc tgtctatttc gttcatccat agttgecctga ctccecegteg 6960
tgtagataac tacgatacgg gagggcttac catctggcce cagtgctgca atgataccge 7020
gagacccacyg ctcaccggcet ccagatttat cagcaataaa ccagccagcc ggaagggcecg 7080
agcgcagaag tggtcctgca actttatccg cctceccatcca gtctattaat tgttgecggg 7140
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aagctagagt aagtagttcg ccagttaata gtttgcgcaa cgttgttgcc attgctacag 7200
gcatcgtggt gtcacgctcg tcecgtttggta tggcttcatt cagectccggt tcecccaacgat 7260
caaggcgagt tacatgatcc cccatgttgt gcaaaaaagc ggttagctcc ttcecggtceccte 7320
cgatcgttgt cagaagtaag ttggccgcag tgttatcact catggttatg gcagcactge 7380
ataattctct tactgtcatg ccatccgtaa gatgctttte tgtgactggt gagtactcaa 7440
ccaagtcatt ctgagaatag tgtatgcggc gaccgagttg ctcttgcceccg gegtcaatac 7500
gggataatac cgcgccacat agcagaactt taaaagtgct catcattgga aaacgttcett 7560
cggggcgaaa actctcaagg atcttaccgce tgttgagatce cagttcgatg taacccacte 7620
gtgcacccaa ctgatcttca gcatctttta ctttcaccag cgtttctggg tgagcaaaaa 7680
caggaaggca aaatgccgca aaaaagggaa taagggcgac acggaaatgt tgaatactca 7740
t 7741
SEQ ID NO: 19 moltype = DNA length = 17
FEATURE Location/Qualifiers
source 1..17

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 19
ggcaaagcgt ggaagga 17
SEQ ID NO: 20 moltype = DNA length = 19
FEATURE Location/Qualifiers
source 1..19

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 20
cggccggtac ttgtagttg 19

1. A method for increasing stem cell differentiation to
produce erythromyeloid progenitors, megakaryocytes and
NK cells but not differentiated T cells, comprising enforcing
expression of SOX18 in hemogenic endothelial cells during
their transition from endothelium to hematopoietic cell
progenitors.

2. The method of claim 1, wherein the cells produced are
enriched in NK progenitor cells.

3. The method of claim 2, wherein NK progenitor cell
production is increased about five-fold compared with

hemogenic epithelial cells wherein SOX18 production is not
enforced.

4. The method of claim 1, wherein SOX18 expression is
enforced after introduction of an inducible SOX18-encoding
expression construct.

5. The method of claim 1, wherein SOX18 expression is
enforced after introduction of a constitutively expressing
SOX18-encoding expression construct.

6. The method of claim 1, wherein SOX18 expression is
enforced by introducing a modified mRNA (mmRNA)
encoding SOX18 into the cell.

7. The method of claim 4, wherein the inducible SOX18
expression construct is enforced by contacting the cells with
doxycycline.

8. A NK progenitor cell culture produced by the method
of claim 1.

9. A composition comprising the NK progenitor cell
culture of claim 8.

10. A pharmaceutical composition comprising differenti-
ated NK cells produced from the composition of claim 9 and
pharmaceutically (or therapeutically) acceptable excipients
and adjuvants.

11. An immunotherapeutic method comprising adminis-
tration of a therapeutically effective amount of the pharma-
ceutical composition of claim 10 to an individual in need
thereof.

12. A megakaryocyte progenitor cell culture produced by
the method of claim 1.

13. A composition comprising the megakaryocyte pro-
genitor cell culture of claim 12.

14. A pharmaceutical composition comprising differenti-
ated megakaryocyte cells produced from the composition of
claim 13 and pharmaceutically (or therapeutically) accept-
able excipients and adjuvants.

15. An immunotherapeutic method comprising adminis-
tration of a therapeutically effective amount of the pharma-
ceutical composition of claim 14 to an individual in need
thereof.

16. A composition comprising a differentiated NK cell
population produced according to the method of claim 1.

17. A composition comprising a differentiated mega-
karyocyte cell population produced according to the method
of claim 1.



