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(57) ABSTRACT

Compositions of transcription factor cocktails including
engineered SOX17 factor (eSOX17), together with one or
more of OCT4, KLF4, and C-MYC, and vectors carrying
one or more of these transcription factors suitable for
delivery to donor somatic cells for generating induced
expanded potential stem cells iIEPSCs) or induced neural
stem cells (iNSCs) are provided. The disclosed composi-
tions deliver reprograming of human somatic cells into a
totipotency-like, or multipotency-like state with improved
efficiency. Compositions of eSOX17-derived iEPSCs and
iNSCs generated according to the described methods are
also described. The methods engineer somatic cells to
express one or more markers of pluripotency or neural stem
cells. Methods of using iIEPSCs or iNSCs in studying early
human development and in cell therapy are also provided.

Specification includes a Sequence Listing.
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METHODS TO CONVERT SOMATIC
HUMAN CELL TO A TOTIPOTENCY-LIKE
STATE WITH ENGINEERED SOX17

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of and priority to
U.S. Patent Application No. 63/373,441, filed on Aug. 24,
2022, the contents of which is hereby incorporated by
reference herein in its entirety.

REFERENCE TO SEQUENCE LISTING

[0002] The Sequence Listing submitted as a text file
named “UHK_01200_ST26.txt,” created on Aug. 11, 2023,
and having a size of 62,000 bytes is hereby incorporated by
reference pursuant to 37 C.F.R. § 1.834(c)(1).

FIELD OF THE INVENTION

[0003] The invention is generally directed to compositions
and methods for reprogramming human somatic cells into
cells with characteristics of totipotent stem cells, and more
specifically to induced expanded potential stem cells (iEP-
SCs) and/or induced neural stem cells (iNSCs) derived from
somatic cells and methods of use thereof.

BACKGROUND OF THE INVENTION

[0004] Cell-fate conversion can be induced through forced
expression of defined transcription factor cocktails in
somatic cells (Takahashi K, et al., Cell. 2007;131(5):861-72;
Takahashi and Yamanaka, Cell. 2006;126(4):663-76).
Yamanaka factors, the four-factor transcription factor cock-
tail of OCT4, SOX2, KLF4 and C-MYC, have been reported
to direct human and mouse induced pluripotent stem cell
(iPSC) reprogramming. However, speed, efficiency, and
reproducibility of pluripotent stem cells by reprogramming
methods are still poor and pose great hurdle to translate
somatic cell reprogramming in clinical studies.

[0005] Human embryonic stem cells (ESCs) are derived
from pre-implantation embryos with self-renewal capacity
in long term cultures and the potential to differentiation to all
embryonic cell lineages (Thomson J A, et al., Science.
1998;282(5391):1145-7). However, human ESCs and iPSCs
represent a post-implantation or ‘primed’ state that is much
less efficient to generate extra-embryonic tissues that give
rise to placenta or yolk sac. Hence, the early stages of human
development and implantation cannot be easily studied with
these cells.

[0006] Therefore, it is an object of the invention to provide
improved compositions and methods of use thereof for
reprogramming human somatic cells to induce totipotency-
like features with improved efficiency, speed, and reproduc-
ibility.

[0007] It is another object of the invention to provide
compositions and methods of cell models suitable for use in
preclinical study of infertility-related diseases and early
human development.

[0008] It is a further object of the invention to provide
compositions and methods for providing in vitro drug
screening platforms for development of therapeutic agents/
compounds for the treatment of infertility-related diseases.
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SUMMARY OF THE INVENTION

[0009] Compositions and methods are disclosed for
improving reprogramming of human somatic cells into
totipotent-like cells. The disclosed methods overcome the
inadequacy of prior art methods by adopting an engineered
SOX17 transcription factor along with OCT4, KL.LF4 and
C-MYC, allowing for improved reprogramming of human
somatic cells. As demonstrated in the Examples, the dis-
closed methods are useful to reprogram human somatic
cells, such as human adult dermal fibroblasts.

[0010] Typically, the methods for reprogramming human
somatic cells into human induced expanded potential stem
cells (iIEPSCs) include one or more steps of (i) introducing
exogenous transcription factors to the human somatic cells,
wherein the exogenous transcription factors include an engi-
neered SOX17 factor, and (ii) culturing the population in an
expanded potential stem cell medium (EPSCM).

[0011] In some forms, the engineered SOX 17 factor
(eSOX17) includes the amino acid sequence of any one of
SEQ ID NO:1 or SEQ ID NO:5-20, or an amino acid
sequence having at least 70%, 75%, 80%, 85%, 90%, 95%,
or 99% sequence identity to SEQ ID NO:1 or SEQ ID
NO:5-20, or a fragment variant thereof. In other forms, the
engineered SOX 17 factor (eSOX17) includes the amino
acid sequence of any one of SEQ ID NO:2 or SEQ ID
NO:38-54, or an amino acid sequence having at least 70%,
75%, 80%, 85%, 90%, 95%, or 99% sequence identity to
SEQ ID NO:2 or SEQ ID NO:38-54, or a fragment variant
thereof. In other forms, the engineered SOX 17 factor
(eSOX17) includes the amino acid sequence of any one of
SEQ ID NO:4 or SEQ ID NO:21-37.

[0012] In preferred forms, the exogenous transcription
factors include OCT4, KLLF4, and C-MYC. Preferably, the
exogenous transcription factors are encoded as nucleic
acids. In some forms, the nucleic acids encoding the exog-
enous transcription factors are incorporated into a vector, for
example, an integration-free system such as episomal vec-
tors, minicircle vectors, integration-deficient lentivirus, and
Sendai viral vectors, or an integration viral vector such as
retrovirus, lentivirus, adenovirus, or herpes virus.

[0013] In some methods, the eSOX17 includes the amino
acid sequence of SEQ ID NO:1-2, or SEQ ID NO:4-54, the
exogenous transcription factors are OCT4, KLF4 and
C-MYC; and the cells are eSOX17-derived induced
expanded potential stem cells (EPSCs). In some methods,
the eSOX17 includes the amino acid sequence of SEQ ID
NO:1-2, or SEQ ID NO:4-54, the exogenous transcription
factor is C-MYC; and the cells are induced neural stem cells
(iNSCs).

[0014] Generally, the EPSCM includes one or more of a
RAS-ERK inhibitor, a Src Kinase family (SFK) inhibitor, a
GSK3 inhibitor, a Wnt inhibitor, a p38 inhibitor, and a INK
inhibitor (Gao, et al., Nature Cell Biology. 2019;21(6):687-
699). The methods are effective to provide EPSC-like colo-
nies are produced in less than 6 days after culturing in
EPSCM. In some forms, the methods further include the step
of picking EPSC-like colonies to generate single cell iEPSC
clone. In other forms, the methods further include adapting
iEPSCs to feeder-free condition. In further forms, the meth-
ods expand iEPSCs for more than 20 passages, for example,
for up to 25 passages in cell culture. In some forms, the
methods further include differentiating iEPSCs into tropho-
blasts and/or blastoids.
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[0015] The iEPSCs can be obtained by induced pluripo-
tent cells, or partially or completely differentiated cells
obtained from a mammal such as any mammal (e.g., bovine,
ovine, porcine, canine, feline, equine, primate), preferably a
human. Sources include cells of hematological origin, skin
derived cells, adipose cells, epithelial cells, endothelial cells,
cells of mesenchymal origin, parenchymal cells, neurologi-
cal cells, and connective tissue cells. In one form, the human
somatic cells are dermal fibroblasts. In another form, the
human somatic cells are peripheral blood cells. In some
forms, the human somatic cells are reprogramming-resistant
cells such as high passage senescent fibroblasts. In other
forms, the human somatic cells are reprogramming-resistant
cells where OCT4, KLLF4, and C-MYC in combination with
SOX2 fails to induce pluripotency or totipotency-like states.
[0016] Also provided are human totipotent-like and/or
multi-potent stem cells obtained by the disclosed methods,
characterized in that they express at least the core pluripo-
tency transcriptional factors engineered SOX17, OCT4,
KLF4, and C-MYC. In some forms, the disclosed human
totipotent-like stem cells are cryopreserved for later use. In
other forms, the eSOX17-derived cells are induced neural
stem cells (iNSCs). Typically, the iNSCs are tri-potent cells.
[0017] Methods of using the disclosed human totipotent-
like stem cells are also described. In some forms, the iEPSCs
are suitable for use in study of reproductive human disorders
such as preeclampsia as cell models for implantation and
early human development without embryo destruction. In
further forms, the iEPSCs provide therapeutic use in ame-
liorating human reproductive disorders such as preeclampsia
or uterine disorders such as endometriosis.

[0018] Compositions of engineered SOX17 {factors
(eSOX17) are also provided. Typically, the compositions of
eS0X17 include the amino acid sequence of any one of SEQ
1D NO:1-2 or SEQ ID NO:4-54, or an amino acid sequence
having at least 70%, 75%, 80%, 85%, 90%, 95%, or 99%
sequence identity to SEQ ID NO:1-2, or SEQ ID NO:4-54,
or a fragment variant thereof. In some forms, compositions
of eSOX17 include a nucleic acid encoding a polypeptide
the amino acid sequence of any one of SEQ ID NO:1-2 or
SEQ ID NO:4-54, or an amino acid sequence having at least
70%, 75%, 80%, 85%, 90%, 95%, or 99% sequence identity
to SEQ ID NO:1-2, or SEQ ID NO:4-54, or a fragment
variant thereof. Lentiviral vectors expressing or encoding an
eS0X17 including the amino acid sequence of any one of
SEQ ID NO:1-2 or SEQ ID NO:4-54, or an amino acid
sequence having at least 70%, 75%, 80%, 85%, 90%, 95%,
or 99% sequence identity to SEQ ID NO:1-2, or SEQ ID
NO:4-54, or a fragment variant thereof are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1A is a schematic outlining steps involved in
human EPSC somatic reprogramming; FIG. 1B shows pri-
mary iEPSC colonies grown on MEF-feeders; FIG. 1C
shows Alkaline Phosphatase (AP) staining of reprogrammed
cells at day 24; FIG. 1D shows EPSC colony count during
reprogramming over a period of 17 days in OKMS2 and
OKMSOXI17FNV; FIG. 1E is a graph of reprogramming
efficiency (0-3%) at day 16 in iEPSC reprogramed by
SOX17FNV from different passages of human fibroblasts
(HDF P6 and senescent HDF P17), respectively.

[0020] FIGS. 2A-2D are photograph images of iEPSC
colonies (SOX2-derived iEPSCs and SOX17FNV-derived
iEPSCs, respectively) grown on each of feeder cells (FIGS.
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2A-2B) and Matrigel (FIGS. 2C-2D), respectively. FIGS.
2E-20 are bar graphs of expression of pluripotency and
lineage differentiation marker genes relative to GADPH
expression for each of OCT4 (FIG. 2E); NANOG (FIG. 2F);
SOX2 (FIG. 2G); LIN28 (FIG. 2H); T (FIG. 2I); HNF4A
(FIG. 2J); HANDI1 (FIG. 2K); FOXA2 (FIG. 2L); PAX6
(FI1G. 2M); GBX2 (FIG. 2N); and DES (FIG. 20), respec-
tively, in each of human SOX2-derived iEPSC clones and
SOX17FNV-derived iEPSC clones under either MEF feeder
condition or feeder-free condition (Matrigel), respectively.
[0021] FIGS. 3A-3E are bar graphs showing relative
mRNA levels of trophoblast-related marker genes including
CDX2 (FIG. 3A); GATA3 (FIG. 3B); KRT8 (FIG. 30C);,
KRT18 (FIG. 3D); and HANDI1 (FIG. 3E) in the established
feeder-free SOX2-derived iEPSCs and SOX17FNV-derived
iEPSCs with or without TGFP inhibitor (SB431542) treat-
ment, respectively.

[0022] FIGS. 4A-4E are graphs showing expression of
blastocyst and trophoblast related marker genes, including
CDX2 (FIG. 4A); GATA3 (FIG. 4B); KRT8 (FIG. 40C);
KRTI18 (FIG. 4D); and TRAP2C (FIG. 4E) in each of
parental EPSC and in iEPSCs upon spontaneous differen-
tiation (Diff. rep. 1 and Diff. rep. 2), respectively. FIGS.
4F-4G are images showing the blastocyst-like structure
generated from iEPSCs upon spontaneous differentiation
under light microscopy (FIG. 4F); and staining using DAPI
(FIG. 4G), respectively. FIG. 4H is a graph showing diam-
eters of induced blastoids (0-400 for n=24) under PALLY
method using human iEPSCs including each of feeder-free
EPSC clones: SOX2-derived clones (S2-1, S2-2) and
SOX17FNV-derived clones (FNV3 and FNVR8), respec-
tively, with cell seeding number 200 or 400 as indicated.
[0023] FIG. 5A is a schematic outlining steps in the
generation of iNSCs with eSOX17FNV from human blood
cells, showing reprogramming of human erythroid progeni-
tor cells (EPCs) into hiNSCs. FIG. 5B is a graph of PC
analysis of global gene expression profiles determined by
RNA-seq, showing PC2 (31.2%) over PC1 (40.2%) for each
of the indicated samples. FIG. 5C is a graph of Gene
ontology (GO) analysis performed using top 300 up-regu-
lated DEGs in hiNSCs compared with EPCs, showing count
(26-38) over gene ratio (0.09 to 0.13) for each of the
indicated biological functions. FIG. 5D is a heat map-
representation of the Mean expression of selected NSC, PSC
and EPC lineage markers, represented as log2 transformed
read counts, for each of human induced pluripotent stem
cells (hiPSC), H1-ESC, erythroid progenitor cells (EPC),
H1-ESC-NPC, hiNSC-014HC1, hiNSC-014HC2, hiPSC-
NPC, and hiNSC-C275 samples, respectively. FIG. 5E is a
heat map-representation of Mean expression of selected
forebrain, midbrain, hindbrain, spinal cord, dorsal and ven-
tral regional identity genes represented as log2 transformed
read counts, respectively.

[0024] FIGS. 6 A-6C are bar graphs showing eSOX17FNV
and C-MYC are sufficient to reprogram human blood cells
into iNSCs. FIG. 6A is a graph of Gene expression of
M/eSOX17FNV reprogrammed 2F-hiNSCs detected by
qRT-PCR, showing expression of each of NES, SOX1,
SOX2, PAX6, FABP7, and HESS relative to H9-NSC for
each of Neonatal human dermal fibroblasts (HDFn), EPCs,
hiPSCs, H9-NSCs and EPC-hiNSC, respectively. FIG. 6B is
a graph of Gene expression of M/eSOX17FNV repro-
grammed 2F-hiNSCs detected by qRT-PCR, showing
expression of each of CD71, and CD117 relative to EPC for
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each of Neonatal human dermal fibroblasts (HDFn), EPCs,
hiPSCs, H9-NSCs and EPC-hiNSC, respectively. FIG. 6C is
a graph of Gene expression of M/eSOX17FNV repro-
grammed 2F-hiNSCs detected by qRT-PCR, showing
expression of each of POUSF1, and NANOG relative to
hiPSC for each of Neonatal human dermal fibroblasts
(HDFn), EPCs, hiPSCs, H9-NSCs and EPC-hiNSC, respec-
tively.

DETAILED DESCRIPTION OF THE
INVENTION

1. Definitions

[0025] The term “totipotency” (or totipotent), as used
herein refers the potential of a cell to differentiate into
extraembryonic cells such as trophectoderm (precursor of
the placenta) or extraembryonic endoderm (precursor of the
yolk sac). In addition, totipotent cells can give raise to all the
cells of the embryo proper reminiscent to pluripotent cells.
[0026] The term “pluripotency” (or pluripotent), as used
herein refers the potential of a cell to differentiate into any
of the three germ layers: endoderm (for example, interior
stomach lining, gastrointestinal tract, the lungs), mesoderm
(for example, muscle, bone, blood, urogenital), or ectoderm
(for example, epidermal tissues and nervous system). The
term “not pluripotent” means that the cell does not have the
potential to differentiate into all of the three germ layers. A
multipotent stem cell is less plastic and more differentiated,
and can become one of several types of cells within a given
organ. For example, multipotent blood stem cells can
develop into red blood cell progenitors, white blood cells or
platelet producing cells. Adult stem cells are multipotent
stem cells. Adipose-derived stem cells are multipotent.
[0027] “Reprogramming” refers to the conversion of a one
specific cell type to another.

[0028] For example, a human somatic cell that is not
pluripotent can be reprogrammed into a pluripotent cell.
Where the non-pluripotent cell is reprogrammed into a
pluripotent cell by exogenously introducing one or more
genes, the resulting cell is an induced pluripotent stem cell.
[0029] The term “induced pluripotent stem cells” refers to
pluripotent cells derived from a donor cell that is not
pluripotent, i.e., a multipotent or differentiated cell, by
engineering somatic cells to express one or more markers of
pluripotency including POUSF1/0CT4 (Gene ID; 5460) in
combination with, but not restricted to, SOX2 (Gene ID;
6657), KLF4 (Gene ID; 9314), cMYC (Gene ID; 4609),
NANOG (Gene ID; 79923), LIN28/LIN28A (Gene ID;
79727)). The expression can be induced for example by
forced gene expression or using small molecules, small
RNAs, non-integrating gene expression vectors, or proteins.
[0030] The term “induced extended pluripotent stem cell”
or “iEPSC” refers to a pluripotent stem cell with an
improved ability to generate extraembryonic lineages in
vitro or in vivo, by exogenously introducing one or more
genes (e.g., transcription factors SOX17 (including mutants
of SOX17, OCT4, KLF4, and/or C-MYC) into a donor cell
and cultured in defined medium composition.

[0031] The term “induced neural stem cells” or “iINSC”
refers to a neural stem cell with an ability to generate
neurons, astrocytes and oligodendrocytes in vitro and/or in
vivo. Typically, iNSCs are produced according to a method
of exogenously introducing one or more genes (e.g., tran-
scription factors SOX17 (including mutants of SOX17,
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C-MYC, and/or KLLF4) into a donor cell, and culturing the
cell in a culture medium having a composition suitable for
trans-differentiation into an iNSC.

[0032] As used herein “enhancing,” or “increasing” the
efficiency of reprogramming means reducing total repro-
graming time, enabling the reprogramming of challenging
cells (such as senescent cells), increasing the number of
reprogrammed cells obtained from the same starting cell
density cultured for the same length of time and/or improv-
ing the quality of reprogrammed cells, measured in terms of
characteristics selected from the ability of the cells to
differentiate into embryonic and extraembryonic tissues and
the number of passages in culture, when compared to those
using conventional SOX2 transcription factor.

[0033] The term “express” refers to the transcription of a
polynucleotide or translation of a polypeptide in a cell, such
that levels of the molecule are measurably higher in a cell
that expresses the molecule than they are in a cell that does
not express the molecule. Methods to measure the expres-
sion of a molecule are well known to those of ordinary skill
in the art, and include without limitation, Northern blotting,
RT-PCR, in situ hybridization, Western blotting, and immu-
nostaining such as FACS.

[0034] The term “culturing . . . with” is intended to include
incubating the component(s) and the cell/tissue together in
vitro (e.g., adding the compound to cells in culture) and the
step of “culturing . . . with” can be conducted in any suitable
manner. For example, the cells may be treated in adherent
culture, in suspension culture, or in 3D culture; the compo-
nents can be added temporally substantially simultaneously
(e.g., together in a cocktail) or sequentially (e.g., within 1
hour, 1 day or more from an addition of a first component).
The cells can also be contacted with another agent such as
a growth factor or other differentiation agent or environ-
ments to stabilize the cells, or to differentiate the cells further
and include culturing the cells under conditions known in
the art.

II. Compositions

[0035] Compositions of reagents for generating induced
expanded-potential stem cells (iEPSCs) are provided. Com-
positions of iEPSCs are also provided.

[0036] In some forms, the compositions include cell cul-
ture reagents. Engineered SOX17 (eSOX17) transcription
factors that enhance and induce cellular de-differentiation
are provided, including minimal eSOX17-derivatives.

[0037] Exemplary compositions of reagents include tran-
scription factor cocktails including engineered SOX17 fac-
tor, OCT4, KLF4, and C-MYC, and vectors carrying one or
more of these transcription factors suitable for delivery to
donor somatic cells for generating induced expanded poten-
tial stem cells (iEPSCs). iEPSCs generated according to the
cell culture systems, as well as differentiated cells derived
therefrom are also provided. In some forms, the methods
provide eSOX17-derived expanded potential stem cells
(iEPSCs). In some forms, the methods provide eSOX17-
derived multipotent induced neural stem cells (INSCs).
Evaluation of the determinants for improved pluripotency
induction and maintenance by engineered SOX17 is also
described in Hu, et al., Nucleic Acids Research, pp.1-23,
2023, the contents of which are incorporated by reference
herein in their entirety.
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A. Induced Expanded Potential Stem Cells (iEPSCs)
[0038] Compositions of Induced Expanded Potential Stem
Cells (iEPSCs) are described. In has been established that
the forcible expression of defined transcription factor (TF)
cocktails can effectively engage and reprogram the epigen-
ome of somatic cells, leading to drastic cell-fate conver-
sions. As demonstrated in the Examples, improved human
induced expanded potential stem cells (iIEPSCs) have been
generated from engineered SOX17 factor along with OCT4,
KLF4, and C-MYC.

[0039] Typically, the iEPSCs are distinguished from natu-
rally-occurring non-differentiated cells. In some forms, the
eSOX17-derived iEPSCs are Sox2+ cells generated from
embryonic, adult or aged “parent” cells. In some forms, the
eS0X17-derived iEPSCs do not express one or more genes
that are typically expressed by the somatic “parent” cell
from which they are derived.

[0040] Contrary to naturally occurring pluripotent cells
that can only be derived from human embryos, iEPSCs do
not require the destruction of human embryos as they can be
generated from somatic human cells such as skin biopsies,
blood or urine. Typically, the described eSOX17-derived
iEPSCs are molecularly and functionally equivalent to their
endogenous counterparts.

[0041] In some forms, the iEPSCs are human iEPSCs.
Therefore, the iEPSCs are derived from one or more human
cells. In some forms, the iEPSCs are formulated into a
pharmaceutical formulation for administration to a subject in
vivo. In other forms, when the iEPSCs are formulated into
a formulation for culturing and/or maintaining the cells in
vitro. In some forms, formulations of iEPSCs include exclu-
sively iEPSCs. Therefore, in some forms, the only viable
cells in formulations of iEPSCs are totipotent and/or mul-
tipotent cells derived from differentiated cells according to
the described methods. In other forms, formulations of
iEPSCs include one or more viable cells that are not toti-
potent and/or multipotent cells derived from differentiated
cells according to the described methods. Therefore, in some
forms, the amount of totipotent and/or multipotent cells
derived from differentiated cells according to the described
methods present in formulations of iEPSCs is less than
100% of the total number of viable cells in the formulation,
such as 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%,
90%, or less than 90%, such as e.g., at least 85%; at least
80%; at least 75%; at least 70%; at least 60%; at least 50%,
or less than 50%, such as 40%, 30%, 20%, 10%, 5%, 1% ,
or less than 1% of the total number of viable cells in the
formulation. In some forms, when the iEPSCs are formu-
lated into a pharmaceutical formulation for administration to
a subject in vivo, the iEPSCs are autologous, i.e., the iEPSCs
are derived from cells obtained from the same subject that is
the recipient of the iEPSCs. In other forms, when the iEPSCs
are formulated into a pharmaceutical formulation for admin-
istration to a subject in vivo, the iEPSCs are not autologous,
i.e., the iEPSCs are derived from cells obtained from a
different subject from the recipient of the iEPSCs. In some
forms, formulations of iEPSCs for administration to a sub-
ject in vivo include a mixture of autologous an non-autolo-
gous iEPSCs.

[0042] In some forms, the iEPSCs are derived from engi-
neered transcription factors, such as engineered SOX17
(eSOX17), for example, according to the methods described
herein. Therefore, eSOX17-derived iEPSCs are provided.
Typically, the described eSOX17-derived iEPSCs have a
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lower tumorigenic risk in a differentiated cell population as
compared to that of induced pluripotent stem cells (iPSCs)
reprogrammed via other means, such as the overexpression
of Oct4, Sox2, Kif4 and c-Myc (OSKM).

B. Induced Neural Stem Cells (iNSC)

[0043] Induced Neural Stem Cells (iNSC) generated with
transcription factors, such as engineered SOX17 (eSOX17)
are described. Exemplary iNSCs are multipotent iNSCs,
such as tripotent iNSCs. For example, in some forms, iNSCs
are derived by trans-differentiation of somatic cells, such as
blood cells. The iNSCs directly generated with eSOX17
factors from aged human blood cells show the potential to
avoid full epigenetic rejuvenation. This designates iNSCs as
a more suitable cell source than pluripotent stem cells
(PSCs) to model aging-related neurodegenerative diseases.

[0044] In some forms, eSOX17-derived iNSCs are not
pluripotent. The three major cell types in the CNS arise from
NSCs in a temporally defined sequence, with neurons
appearing first, followed by astrocytes, and then oligoden-
drocytes. Therefore, in some forms, the described eSOX17-
derived iNSCs are tri-potent iNSCs, i.e., having the ability
to differentiate into neurons, astrocytes, and oligodendro-
cytes in vitro and/or in vivo, for example, upon exposure to
the appropriate culture conditions/media.

[0045] Typically, eSOX17-derived iNSCs exhibit different
gene expression analysis as compared with parent somatic
cells from which they are derived, and also as compared
with pluripotent stem cells (PSC). In some forms, eSOX17-
derived iNSCs exhibit an enrichment for neuronal functions
such as synapse organization, axonogenesis, and regulation
of' neurogenesis. In some forms, the eSOX17-derived iNSCs
express the NSC markers NESTIN, SOX1, SOX2, PAX6,
and FABP7 at protein and transcript levels. In some forms,
the eSOX17-derived iNSCs do not express one or more
genes that are typically expressed by the somatic “parent”
cell from which they are derived. In some forms, the
eSOX17-derived iNSCs do not express one or more genes
associated with pluripotency. In some forms, the eSOX17-
derived iNSCs do not express one POUSF1 and/or NANOG.

[0046] The iNSCs directly generated with eSOX17 factors
from aged human blood cells show the potential to avoid full
epigenetic rejuvenation. Therefore, in some forms, iNSCs
produced according to the described methods provide a
more suitable cell source than pluripotent stem cells (PSCs)
to model aging-related neurodegenerative diseases. Lineage
tracing and time-resolved transcriptomics show that emerg-
ing iNSCs do not transit through a pluripotent state.

[0047] Unlike iPSC-derived neurons, induced neurons
(iNs) are generally barely rejuvenated and closely reflect the
transcriptional and epigenetic signatures of aging. The
described eSOX17-derived iNSCs are tripotent and are
readily produced at scale or used as starting materials for
organoids. Thus, in some forms, eSOX17-derived iNSCs are
models for aging-related neurodegenerative diseases.

[0048] Neural stem cells naturally occur in the central
nervous system such as human brains or spinal cords. It is
practically impossible to obtain these cells from live indi-
viduals via surgical procedures. As described herein,
eSOX17-derived iNSCs can be directly generated from
somatic human blood, skin or urine cells. Typically, the
described eSOX17-derived iNSCs are molecularly and func-
tionally equivalent to their endogenous counterparts.
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C. Reagents for Inducing Totipotency/Multipotency

[0049] Compositions of reagents for generating, and/or
maintaining Induced Expanded Potential Stem Cells (iEP-
SCs) are described. Typically, the reagents include engi-
neered transcription factors. An exemplary engineered tran-
scription factor includes SOX17 (eSOX17). Typically,
engineered transcription factors, such as eSOX17 are admin-
istered into target cells within a suitable vector for expres-
sion of the engineered transcription factor within a target
cell. Therefore, suitable vectors encoding and/or expressing
the engineered transcription factors, for delivery and/or
expression of engineered transcription factors into cells are
also provided.

1. Engineered SOX17 (eSOX17)

[0050] Engineered SOX17 transcription factors are pro-
vided. An earlier study using an approach termed directed
evolution of reprogramming factors by cell selection and
sequencing (DERBY-seq) identified engineered transcrip-
tion factors (Veerapandian V, et al., Stem Cell Reports.
2018;11(2):593-606).

[0051] It has been established that engineered SOX17
(eSOX17) factors can substantially enhance the reprogram-
ming efficiency of human induced expanded potential stem
cells (iEPSCs) which represent a state reminiscent to toti-
potent cells. eSox17FNV efficiently drives iNSC reprogram-
ming while Sox2 or Sox17 fail. eSox17FNV acquires the
capacity to bind different protein partners on regulatory
DNA to scan the genome more efficiently and possesses a
more potent transactivation domain than Sox2. Therefore, in
some forms, eSox17FNV functions to change protein part-
ners and scans chromatin to a greater extent as compared to
wild-type Sox2 and/or wild-type Sox17.

[0052] It has also been established that eSOX17 functions
to transdifferentiate somatic cells, such as human blood
cells, into multipotent induced neural stem cells (INSCs)
without detour to pluripotency.

[0053] Compared to conventionally used SOX2, eSOX17
converts cells more rapidly and efficiently and even repro-
grams recalcitrant cells such as high passage senescent
fibroblasts where SOX2 fails. These eSOX17-derived
induced iEPSCs are more likely to form blastoids suggesting
more complete reprogramming and more pronounced toti-
potency features.

[0054] Built upon the concept of directed biomolecular
evolution in protein engineering to tailor and enhance
enzymes and antibodies, several candidates were identified
and validated based on high throughput screen of SOX17
protein libraries in mouse fibroblast reprogramming.
[0055] In some forms, eSOX17 has an increased prefer-
ence for binding to the canonical Sox2:0ct4 motif in chro-
matin rather than the compressed Sox2:0ct4 motif in chro-
matin. In some forms, eSOX17 has an increased preference
for binding to the canonical Sox2:Oct4 motif in chromatin as
compared to wild type SOX17. Therefore, in some forms,
eSOX17 includes one or more mutations that enhance
preference for binding to the canonical Sox2:0ct4 motif in
chromatin as compared to wild type SOX17.

[0056] In some forms, eSOX17 cooperatively dimerizes
with other factors more tightly and/or with greater affinity as
compared with wild type SOX17. For example, in some
forms, eSOX17 cooperatively dimerizes with the neural
POU factor Brn2 on the canonical SoxOct motif to a greater
extent than the corresponding dimerization of the neural
POU factor Brn2 with wild type SOX17. Therefore, in some
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forms, eSOX17 includes one or more mutations that
enhance the dimerization with the neural POU factor Brn2
relative to wild type SOX17.
[0057] In some forms, eSOX17 includes mutation of one
or more amino acids in the DNA-binding domain (DBD)
that affects protein partnerships and co-binding to DNA that
profoundly change diffusion, chromatin scanning and/or
dwell time as compared with wild type SOX17. For
example, in some forms, eSOX17 includes mutation of one
or more amino acids in the DNA-binding domain (DBD)
that enhances the efficiency to search for target genes as
compared with wild type SOX17.
[0058] In some forms, eSOX17 includes mutation of one
or more amino acids in the C-terminal transactivation
domain (TAD) that enhances one or more functions of
eS0X17, as compared with wild type SOX17.
[0059] In preferred forms, the engineered SOX17 factor
includes the wild-type SOX17 polypeptide, including triple
amino acid substitutions, i.e., at positions L111F, V118N,
and E122V (termed “SOX17FNV”). As set forth in the
Examples, B/K/M/eSox17FNV efficiently generated Sox2-
GFP+ colonies, whereas no Sox2-GFP+ colonies were gen-
erated with the neural stem cell factor Sox2 or the endoder-
mal gene Sox17. In an exemplary form, the engineered
SOX17FNV factor has the following amino acid sequence:
[0060] MSSPDAGYASDDQSQTQSAL-
PAVMAGLGPCPWAESLSPIGDMKVKGEA-
PANSGA PAGAAGRAKGESRIRRPM-
NAFMVWAKDERKRLAQQNPDLHNAELSKML-
GKSWKALTFAE KRPFNEE-
AVRLRVQHMQDHPNYKYR-
PRRRKQVKRLKRVEGGFLHGLAEPQAAALG-
PEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHY-
RDCQSLGAPPLDGYPLPTPDTSPLDGVD PDPAF-
FAAPMPGDCPAAGTYSYAQVSDYAGPPEP-
PAGPMHPRLGPEPAGPSIPGLLAPP
SALHVYYGAMGSPGAGG-
GRGFQMQPQHQHQHQHQHHPPGPGQPSPP-
PEALPCRDGTDPS QPAELLGEVDR-
TEFEQYLHFVCKPEMGLPYQGHDSGVNLPDS-
HGAISSVVSDASSAVYY CNYPDV* (SOX17FNV,
SEQ ID NO:1), or an amino acid sequence having at
least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 20 97%,
at least 98%, at least 99%, or 100% sequence identify
with SOX17FNV of SEQ ID NO:1, or a fragment
thereof.
[0061] It has been established that the amino acid at
position 57 (bolded and italicized) of the HMG box of the
mature protein has to be mutated to convert SOX17 into an
inducer of pluripotency and to generate eSOX17 variants.
Accordingly, eSOX17 transcription factors are defined as
artificial factors that have a high sequence similarity to
wild-type SOX17, but which contain mutations of the amino
acid at position 57 (of the HMG box. Mutations of position
53 to N and position 46 to F are also indicated in bold text.
[0062] An exemplary HMG polypeptide sequence of
SOX17FNV includes:

(SEQ ID NO: 4)
SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKS

WKALTFAEKRPFNEEAVRLRVQHMODHPNYKYRPRRRKQ .



US 2024/0084265 Al

[0063] Engineered SOX17 polypeptides include a muta-
tion of the amino acid at position 57 of the wild-type SOX17
protein. Typically, eSOX17 polypeptides include substitu-
tion of the naturally occurring glutamate residue, for
example, with a valine (V).

[0064] SOX17FNV is one example of an eSOXI17.
SOX17FNV contains an E57V mutation. However, eSOX17
variants having any other mutations at this position are also
contemplated. SOX17FNV contains additional accessory
mutations at position 46 and 53 of the HMG box. In some
forms, the engineered SOX17 polypeptide is a variant of
SOX17 including a non-acidic amino acid such as alanine
(A), arginine (R), asparagine (N), cysteine (C), glutamine
(Q), glycine (G), histidine (H), isoleucine (I), leucine (L),
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lysine (K), methionine (M), phenylalanine (F), serine (S),
threonine (T), tryptophan (W), and tyrosine (Y), instead of
the naturally occurring glutamate residue at position 57 of
the HMG box of the wild-type SOX17 protein. In some
forms, the eSOX17 is a variant having an amino acid
sequence having at least 95% sequence identity to SEQ ID
NO: 1. In some forms, a derivative of eSOX17, named as
minimal SOX, is a variant with full deletion of the N-ter-
minus amino acids and partial deletion of the C-terminus
amino acids of eSOX17, which confer similar degree of
pluripotency as full-length engineered SOX17 factors, such
as SOX17FNV. Exemplary variants of eSOX17are indicated
below, with each mutation at position 57 indicated in bold,
italic text. The variant eSOX17 sequences include:

MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

(SOX17E57A; SEQ ID NO:

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAE

KRPFVEEAARLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG

RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQSLGAPPLDGYPLPTPDTSPLDGVD

PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPSIPGLLAPP

SALHVYYGAMGS PGAGGGRGFQMQPQHQHQHQHQHHPPGPGQPSPPPEALPCRDGTDPS

QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY

CNYPDV ;

(SOX17E57R; SEQ ID NO:

MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAE

KRPFVEEARRLRVOHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG

RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQSLGAPPLDGYPLPTPDTSPLDGVD

PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPSIPGLLAPP

SALHVYYGAMGS PGAGGGRGFQMQPQHQHQHQHQHHPPGPGQPSPPPEALPCRDGTDPS

QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY

CNYPDV ;

(SOX17E57N; SEQ ID NO:

MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA
PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQQONPDLHNAELS KMLGKSWKALTLAE
KRPFVEEANRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQS LGAPPLDGY PLPTPDTSPLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPS IPGLLAPP
SALHVY YGAMGS PGAGGGRGFQMOPQHOHQOHOHQHHPPGPGQPSPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGATSSVVSDAS SAVYY
CNYPDV ;

(SOX17E57C;
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAE
KRPFVEEACRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQSLGAPPLDGYPLPTPDTSPLDGVD

PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPSIPGLLAPP

SEQ ID NO:
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-continued
SALHVY YGAMGS PGAGGGRGFQMOPQHOHQOHOHQHHPPGPGQP SPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY
CNYPDV;

(SOX17E57Q; SEQ ID NO: 9)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQQONPDLHNAELS KMLGKSWKALTLAE
KRPFVEEAQRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQS LGAPPLDGY PLPTPDTS PLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPS IPGLLAPP
SALHVY YGAMGS PGAGGGRGFQMOPQHOHQOHOHQHHPPGPGQP SPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY
CNYPDV;

(SOX17E57G; SEQ ID NO: 10)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQQONPDLHNAELS KMLGKSWKALTLAE
KRPFVEEAGRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQS LGAPPLDGY PLPTPDTS PLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPS IPGLLAPP
SALHVY YGAMGS PGAGGGRGFQMOPQHOHQOHOHQHHPPGPGQP SPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY
CNYPDV;

(SOX17E57H; SEQ ID NO: 11)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQQONPDLHNAELS KMLGKSWKALTLAE
KRPFVEEAHRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQS LGAPPLDGY PLPTPDTS PLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPS IPGLLAPP
SALHVY YGAMGS PGAGGGRGFQMOPQHOHQOHOHQHHPPGPGQP SPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY
CNYPDV;

(SOX17E57I; SEQ ID NO: 12)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAE
KRPFVEEAIRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQSLGAPPLDGYPLPTPDTSPLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPSIPGLLAPP
SALHVYYGAMGS PGAGGGRGFQMQPQHQHQHQHQHHPPGPGQPSPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY

CNYPDV;
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-continued
(SOX17E57L; SEQ ID NO: 13)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQQONPDLHNAELS KMLGKSWKALTLAE
KRPFVEEALRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQS LGAPPLDGY PLPTPDTS PLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPS IPGLLAPP
SALHVY YGAMGS PGAGGGRGFQMOPQHOHQOHOHQHHPPGPGQP SPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY
CNYPDV;

(SOX17E57K; SEQ ID NO: 14)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQQONPDLHNAELS KMLGKSWKALTLAE
KRPFVEEAKRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQS LGAPPLDGY PLPTPDTS PLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPS IPGLLAPP
SALHVY YGAMGS PGAGGGRGFQMOPQHOHQOHOHQHHPPGPGQP SPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY
CNYPDV;

(SOX17E57M; SEQ ID NO: 15)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQQONPDLHNAELS KMLGKSWKALTLAE
KRPFVEEAMRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQS LGAPPLDGY PLPTPDTS PLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPS IPGLLAPP
SALHVY YGAMGS PGAGGGRGFQMOPQHOHQOHOHQHHPPGPGQP SPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY
CNYPDV;

(SOX17E57F; SEQ ID NO: 16)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQQONPDLHNAELS KMLGKSWKALTLAE
KRPFVEEAFRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQS LGAPPLDGY PLPTPDTS PLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPS IPGLLAPP
SALHVY YGAMGS PGAGGGRGFQMOPQHOHQOHOHQHHPPGPGQP SPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY
CNYPDV;

(SOX17E57S; SEQ ID NO: 17)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAE
KRPFVEEASRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQSLGAPPLDGYPLPTPDTSPLDGVD

PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPSIPGLLAPP
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-continued
SALHVY YGAMGS PGAGGGRGFQMOPQHOHQOHOHQHHPPGPGQP SPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY
CNYPDV;

(SOX17E57T; SEQ ID NO: 18)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQQONPDLHNAELS KMLGKSWKALTLAE
KRPFVEEATRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQS LGAPPLDGY PLPTPDTS PLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPS IPGLLAPP
SALHVY YGAMGS PGAGGGRGFQMOPQHOHQOHOHQHHPPGPGQP SPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY
CNYPDV;

(SOX17E57W; SEQ ID NO: 19)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAE
KRPFVEEAWRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQSLGAPPLDGYPLPTPDTSPLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPSIPGLLAPP
SALHVYYGAMGS PGAGGGRGFQMQPQHQHQHQHQHHPPGPGQPSPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY

CNYPDV ;
and

(SOX17E57Y; SEQ ID NO: 20)
MSSPDAGYASDDQSQTQSALPAVMAGLGPCPWAESLSPIGDMKVKGEAPANSGA

PAGAAGRAKGESRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAE
KRPFVEEAYRLRVQHMODHPNYKYRPRRRKQVKRLKRVEGGFLHGLAEPQAAALGPEGG
RVAMDGLGLQFPEQGFPAGPPLLPPHMGGHYRDCQSLGAPPLDGYPLPTPDTSPLDGVD
PDPAFFAAPMPGDCPAAGTYSYAQVSDYAGPPEPPAGPMHPRLGPEPAGPSIPGLLAPP
SALHVYYGAMGS PGAGGGRGFQMQPQHQHQHQHQHHPPGPGQPSPPPEALPCRDGTDPS
QPAELLGEVDRTEFEQYLHFVCKPEMGLPYQGHDSGVNLPDSHGAISSVVSDASSAVYY

CNYPDV .

0065] In some forms, the eSOX17 is a variant having an osition 57 of the HMG box of the wild-type SOX17
2 p typ

amino acid sequence having at least 95% sequence identity protein. Therefore, eSOX17 variant proteins having an

to any one of SEQ ID NOs:5-20. HMG amino acid sequence including any of these substi-

[0066] In some forms, the eSOX17 is a variant having an tutions are provided.

HMG ami id havi t least 95%

. . Ao acid sequelice haviiig at feas ’ se.quence [0067] An exemplary HMG polypeptide sequence of

identity to SEQ ID NO:4. In some forms, the engineered SOX17E57A includes:

SOX17 HMG polypeptide is a variant of the HMG poly-

peptide of SOX17 including a non-acidic amino acid such as

alanine (A), arginine (R), asparagine (N), cysteine (C), (SEQ ID NO: 21)
glutamine (Q), glycine (G), histidine (H), isoleucine (1), SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKS
leucine (L), lysine (K), methionine (M), phenylalanine (F),

serine (S), threonine (T), tryptophan (W), and tyrosine (Y), WKALTLAEKRPFVEEAARLRVQHMQDHPNYKYRPRRRKQ ;

instead of the naturally occurring glutamate residue at
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[0068] An exemplary HMG polypeptide sequence of
SOX17E57R includes:

(SEQ ID NO: 22)
SRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKS

WKALTLAEKRPFVEEARRLRVQHMQDHPNYKYRPRRRKQ;

[0069] An exemplary HMG polypeptide sequence of
SOX17E57N includes:

(SEQ ID NO: 23)
SRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEKRP

FVEEANRLRVQHMQDHPNYKYRPRRRKQ;

[0070] An exemplary HMG polypeptide sequence of
SOX17E57C includes:

(SEQ ID NO: 24)
SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKSWKALTLAEKRP

FVEEACRLRVQHMODHPNYKYRPRRRKQ;

[0071] An exemplary HMG polypeptide sequence of
SOX17E57Q includes:

(SEQ ID NO: 25)
SRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEKRP

FVEEAQRLRVQHMQDHPNYKYRPRRRKQ;

[0072] An exemplary HMG polypeptide sequence of
SOX17E57G includes:

(SEQ ID NO: 26)
SRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEKRP

FVEEAGRLRVQHMODHPNYKYRPRRRKQ;

[0073] An exemplary HMG polypeptide sequence of
SOX17E57H includes:

(SEQ ID NO: 27)
SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKSWKALTLAEKRP

FVEEAHRLRVQHMQDHPNYKYRPRRRKQ;

[0074] An exemplary HMG polypeptide sequence of
SOX17E571 includes:

(SEQ ID NO: 28)
SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKSWKALTLAEKRP

FVEEAIRLRVQHMODHPNYKYRPRRRKQ;

[0075] An exemplary HMG polypeptide sequence of
SOX17E57L includes:

(SEQ ID NO: 29)
SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKSWKALTLAEKRP

FVEEALRLRVQHMQDHPNYKYRPRRRKQ;
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[0076] An exemplary HMG polypeptide sequence of
SOX17E57K includes:

(SEQ ID NO: 30)
SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKSWKALTLAEKRP

FVEEAKRLRVQHMQDHPNYKYRPRRRKQ ;

[0077] An exemplary HMG polypeptide sequence of
SOX17E57M includes:

(SEQ ID NO: 31)
SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKSWKALTLAEKRP

FVEEAMRLRVQHMQDHPNYKYRPRRRKQ ;

[0078] An exemplary HMG polypeptide sequence of
SOX17E57F includes:

(SEQ ID NO: 32)
SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKSWKALTLAEKRP

FVEEAFRLRVQHMODHPNYKYRPRRRKQ ;

[0079] An exemplary HMG polypeptide sequence of
SOX17E57S includes:

(SEQ ID NO: 33)
SRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEKRP

FVEEASRLRVQHMODHPNYKYRPRRRKQ ;

[0080] An exemplary HMG polypeptide sequence of
SOX17E57T includes:

(SEQ ID NO: 34)
SRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEKRP

FVEEATRLRVQHMQDHPNYKYRPRRRKQ ;

[0081] An exemplary HMG polypeptide sequence of
SOX17E57W includes:

(SEQ ID NO: 35)
SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKSWKALTLAEKRP

FVEEAWRLRVQHMODHPNYKYRPRRRKQ ;

[0082] An exemplary HMG polypeptide sequence of
SOX17E57Y includes:

(SEQ ID NO: 36)
SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKSWKALTLAEKR

PFVEEAYRLRVQHMQDHPNYKYRPRRRKQ;

and
[0083] An exemplary HMG polypeptide sequence of
SOX17E57V includes:

(SEQ ID NO: 37)
SRIRRPMNAFMVWAKDERKRLAQQNPDLHNAELSKMLGKS

WKALTLAEKRPFVEEAVRLRVQHMODHPNYKYRPRRRKQ .
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[0084] The engineered SOX17 factor(s) enhance the
reprogramming efficiency of EPSCs from somatic cells
(e.g., up to 5% efliciency in fibroblast reprogramming), and
show promising reprogramming capacity to senescent fibro-
blasts. These engineered SOX17 factors (eSOX17) outper-
form wild type SOX2 in pluripotency reprogramming as
shown below in Examples in terms of speed and efficiency.
Thus, in some forms, the engineered SOX17 factor in
combination with OCT4, KLLF4, and C-MYC can provide
more than 100% reprogrammed EPSCs compared to the
equivalent set-up but using a wild type SOX2 instead of the
engineered SOX17 factor.

[0085] These eSOX17-derived iEPSCs are more likely to
form blastoids suggesting their pronounced totipotency fea-
tures. eSOX17 derived iEPSCs are considered as the ideal
cell model in preclinical study of infertility-related diseases
and basic research of early human development to avoid the
ethical problems specific to the use of human embryo and
blastocysts. Further, the robust and efficient eSOX17-driven
iEPSC reprogramming provide opportunities to generate
personalized models for reproductive disorders using
patient-derived cells.

i. Minimal eSOX17 Protein

[0086] In some forms, the engineered SOX17 transcrip-
tion factor is a minimal SOX transcription factor
(miniSOX). Generally, the minimal, shortened version of
eSOX has up to 30% less protein mass/polypeptide length
than eSOX17. Therefore, in some forms, making it a more
viable option for delivery systems with size limitations. The
‘miniSOX’ retains the potency of SOX17FNV with only
70% of its amino acids. A potential application of miniSOX
in vivo could be in the emerging field of tissue regeneration
and rejuvenation.

[0087] In preferred forms, the engineered miniSOX factor
has the following amino acid sequence:

[0088] MSRIRRPMNAFMVWAKDERKR-
LAQQNPDLHNAELSKMLGKSWKA -
LTFAEKRPFNEEAVR  LRVQHMQDHPNYKYR-
PRRRKQVKRMKRVEGGFLHALVEPQAGALG-
PEGGRVAMDGLGLP FPEPGYPAGPPLMSPHMG-
PHYRDCQGLGAPALDGYPLPTPDT-
SPLDGVEQDPAFFAAPL PGDCPAAGTYTY-
APVSDYAVSVEPPAGPMRVGPDPSGPAMPGIL -
APPSALHLYYGAMGS PAASAGRGF-
HAQPQQPLQPQAELLGEVDR-
TEFEQYLPFVYKPEMGLPYQGHDCGVNL
(miniSOX; SEQ ID NO:2), or an amino acid sequence
having at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% sequence
identify with miniSOX of SEQ ID NO:2, or a fragment
thereof. Position 57 is indicated in bold and italic text.
Mutations of position 53 to N and position 46 to F are
also indicated in bold text.

[0089] An exemplary nucleic acid sequence for the mini-
mal eSOX17 coding sequence is:

(miniSOX DNA; SEQ ID NO: 3)
ATGTCTCGCATCCGGCGGCCGATGAACGCCTTTATGGTGT

GGGCCAAAGACGAACGCAAGCGGTTGGCACAGCAGAACCC

AGATCTGCACAACGCAGAGCTAAGCAAGATGCTAGGCAAG
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TCTTGGAAGGCGTTGACCTTTGCAGAGAAGCGGCCCTTCA

ATGAAGAGGCCGTGCGGCTGCGCGTGCAGCATATGCAGGA
CCACCCCAACTACAAGTACCGGCCGCGGCGGCGCAAGCAG
GTGAAGCGCATGAAGCGGGTGGAGGGAGGCTTCCTGCACG
CTCTCGTCGAGCCCCAGGCCGGCGCGCTTGGTCCCGAGGG
CGGCCGCGTGGCCATGGATGGCCTGGGTCTGCCTTTCCCG
GAGCCGGGCTATCCGGCCGGTCCTCCGCTGATGTCTCCGC
ACATGGGCCCCCACTATCGGGACTGCCAGGGACTGGGCGTC
TCCCGCGCTCGACGGCTACCCTCTGCCCACTCCGGACACA
TCCCCGCTGGATGGCGTGGAGCAGGACCCGGCTTTCTTTG
CAGCCCCGCTGCCAGGGGACTGCCCGGCGGCCGGCACCTA
CACTTACGCTCCAGTCTCGGACTATGCAGTGTCCGTAGAG
CCGCCCGCTGGCCCCATGCGAGTGGGGCCGGACCCCTCGG
GCCCTGCGATGCCGGGGATCCTGGCGCCCCCCAGCGCTCT
GCACCTGTACTACGGCGCGATGGGCTCGCCCGCCGCAAGT
GCGGGGCGCGGTTTCCACGCGCAACCCCAGCAGCCGCTGC
AACCGCAGGCAGAGCTCCTAGGGGAGGTGGACCGCACGGA
ATTCGAACAGTATCTGCCCTTTGTGTATAAGCCCGAGATG
GGTCTTCCCTACCAGGGACACGACTGCGGAGTGAACCTCT

AR,

[0090] In some forms, an Engineered SOX17 factor
(eSOX17) includes:

[0091] (i) the amino acid sequence of SEQ ID NO:1 or
SEQ ID NO:2, or an amino acid sequence having at
least 70%, 75%, 80%, 85%, 90%, 95%, or 99%
sequence identity to SEQ ID NO:1, or SEQ ID NO:2,
or a fragment variant thereof; or (ii) a nucleic acid
encoding a polypeptide having the amino acid sequence
of SEQ ID NO:1 or SEQ ID NO:2, or an amino acid
sequence having at least 70%, 75%, 80%, 85%, 90%,
95%, or 99% sequence identity to SEQ ID NO:1, or
SEQ ID NO:2, or a fragment variant thereof.

[0092] In some forms, the engineered minimal SOX poly-
peptide is a variant having an amino acid sequence having
at least 95% sequence identity to SEQ ID NO:2. In some
forms, the engineered minimal SOX polypeptide is a variant
of the miniSOX polypeptide including a non-acidic amino
acid such as alanine (A), arginine (R), asparagine (N),
cysteine (C), glutamine (Q), glycine (G), histidine (H),
isoleucine (I), leucine (L), lysine (K), methionine (M),
phenylalanine (F), serine (S), threonine (T), tryptophan (W),
and tyrosine (Y), instead of the naturally occurring gluta-
mate residue at position 57 of the HMG box of the wild-type
SOX17 protein. Therefore, engineered minimal SOX poly-
peptides having an amino acid sequence including any of
these substitutions are provided. Mutations of position 57
are indicated in bold and italic text.
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[0093] An exemplary
miniSOX17E57A includes:

polypeptide  sequence

(SEQ ID NO:
MSRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGK

38)

SWKALTLAEKRPFVEEAARLRVQHMQODHPNYKYRPRRRKQ
VKRMKRVEGGFLHALVEPQAGALGPEGGRVAMDGLGLPFP
EPGYPAGPPLMSPHMGPHYRDCQGLGAPALDGYPLPTPDT
SPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGSPAAS
AGRGFHAQPQOPLQPQAELLGEVDRTEFEQYLPFVYKPEM

GLPYQGHDCGVNL;

[0094] An exemplary
miniSOX17E57R includes:

polypeptide  sequence

(SEQ ID NO: 39)
MSRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEK

RPFVEEARRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGS PAASAGRGFHAQPQ
QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0095] An exemplary
miniSOX17E57N includes:

polypeptide  sequence

(SEQ ID NO: 40)
MSRIRRPMNAFMVWAKDERKRLAQQNPDLHNAEL SKMLGKSWKALTLAEK

RPFVEEANRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGS PAASAGRGFHAQPQ
QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0096] An exemplary
miniSOX17E57C includes:

polypeptide  sequence

(SEQ ID NO: 41)
MSRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEK

RPFVEEACRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGS PAASAGRGFHAQPQ

QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYOGHDCGVNL ;

of

of

of

of

12
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[0097] An exemplary of

miniSOX17E57Q includes:

polypeptide  sequence

(SEQ ID NO: 42)

MSRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEK
RPFVEEAQRLRVQHMQODHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGSPAASAGRGFHAQPQ

QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0098] An exemplary of

miniSOX17E57G includes:

polypeptide  sequence

(SEQ ID NO: 43)
MSRIRRPMNAFMVWAKDERKRLAQQONPDLHNAEL SKMLGKSWKALTLAEK

RPFVEEAGRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGSPAASAGRGFHAQPQ

QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0099] An exemplary of

miniSOX17E57H includes:

polypeptide  sequence

(SEQ ID NO: 44)
MSRIRRPMNAFMVWAKDERKRLAQQONPDLHNAEL SKMLGKSWKALTLAEK

RPFVEEAHRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGSPAASAGRGFHAQPQ

QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0100] An exemplary of

miniSOX17E571 includes:

polypeptide  sequence

(SEQ ID NO: 45)
MSRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEK

RPFVEEAIRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGSPAASAGRGFHAQPQ

QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;
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[0101] An exemplary
miniSOX17E57L includes:

polypeptide  sequence  of

(SEQ ID NO: 46)
MSRIRRPMNAFMVWAKDERKRLAQQNPDLHNAEL SKMLGKSWKALTLAEK

RPFVEEALRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGS PAASAGRGFHAQPQ
QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0102] An exemplary
miniSOX17E57K includes:

polypeptide  sequence  of

(SEQ ID NO: 47)
MSRIRRPMNAFMVWAKDERKRLAQQNPDLHNAEL SKMLGKSWKALTLAEK

RPFVEEAKRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGS PAASAGRGFHAQPQ
QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0103] An exemplary
miniSOX17E57M includes:

polypeptide  sequence  of

(SEQ ID NO: 48)
MSRIRRPMNAFMVWAKDERKRLAQQNPDLHNAEL SKMLGKSWKALTLAEK

RPFVEEAMRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCOGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGS PAASAGRGFHAQPQ
QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0104] An exemplary
miniSOX17E57F includes:

polypeptide  sequence  of

(SEQ ID NO: 49)
MSRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEK

RPFVEEAFRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGS PAASAGRGFHAQPQ
QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0105] An exemplary
miniSOX17E57S includes:

polypeptide  sequence  of

(SEQ ID NO: 50)
MSRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEK

RPFVEEASRLRVQHMODHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
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GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGSPAASAGRGFHAQPQ
QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0106] An exemplary
miniSOX17E57T includes:

polypeptide  sequence  of

(SEQ ID NO: 51)
MSRIRRPMNAFMVWAKDERKRLAQQONPDLHNAEL SKMLGKSWKALTLAEK

RPFVEEATRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGSPAASAGRGFHAQPQ
QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0107] An exemplary
miniSOX17E57W includes:

polypeptide  sequence  of

(SEQ ID NO: 52)
MSRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEK

RPFVEEAWRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGSPAASAGRGFHAQPQ
QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

[0108] An exemplary
miniSOX17E57Y includes:

polypeptide  sequence  of

(SEQ ID NO: 53)
MSRIRRPMNAFMVWAKDERKRLAQQONPDLHNAEL SKMLGKSWKALTLAEK

RPFVEEAYRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL
DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
PPAGPMRVGPDPSGPAMPGILAPPSALHLYYGAMGSPAASAGRGFHAQPQ
QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL ;

and
[0109] An exemplary
miniSOX17E57V includes:

polypeptide  sequence  of

(SEQ ID NO: 54)
MSRIRRPMNAFMVWAKDERKRLAQONPDLHNAELSKMLGKSWKALTLAEK

RPFVEEAVRLRVQHMQDHPNYKYRPRRRKQVKRMKRVEGGFLHALVEPQA
GALGPEGGRVAMDGLGLPFPEPGYPAGPPLMS PHMGPHYRDCQGLGAPAL

DGYPLPTPDTSPLDGVEQDPAFFAAPLPGDCPAAGTYTYAPVSDYAVSVE
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-continued
PPAGPMRVGPDPSGPAMPGILAPPSALHLY YGAMGS PAASAGRGFHAQPQ

QPLOPQAELLGEVDRTEFEQYLPFVYKPEMGLPYQGHDCGVNL

2. Vectors

[0110] It will be appreciated that eSOX17 can be admin-
istered to cells or a subject as a nucleic acid encoding protein
(transcribed RNA, DNA, DNA in an expression vector). For
example, a sequence encoding eSOX17 can be incorporated
into an autonomously replicating plasmid, a virus (e.g., a
retrovirus, lentivirus, adenovirus, or herpes virus), or into
the genomic DNA of a prokaryote or eukaryote. In some
forms, the transcription factor cocktail of OCT4, eSOX17
(such as SOX17FNV, an example described herein), KL.F4
and C-MYC are administered to cells or a subject as a
nucleic acid encoding each transcription factor on the same
vector or different vectors. In some forms, the nucleic acids
encoding each transcription factor are integrated into the
genome of the target or donor cells, for example, via a
lentiviral system. In preferred forms, the vectors are inte-
gration-free systems, such as episomal vector, minicircle
vectors, plasmids, protein expression vectors, integration-
free lentiviral vectors and Sendai viral system.

[0111] In some forms, an eSOX17 is encoded within a
lentivirus vector. For example, in some forms, an eSOX17
polypeptide, such as eSOX17FNV, or miniSOX is encoded
within nucleic acid of a lentivirus vector configured for
expression of the eSOX in a recipient target cell. In some
forms, the lentiviral vector is also configured to express one
or more additional factors in a host cell, in addition to the
eSOX17. For example, in some forms, the lentiviral vector
is configured to over-express one or more of KLF4, C-MYC,
and/or OCT4 in addition to eSOX17 in the host cell.
Exemplary Dox-inducible lentiviral particles encoding

human KLF4, C-MYC and eSOXI7FNV (K/M/
eSOX17FNV).
[0112] An exemplary lentivirus particle is a Dox-inducible

lentiviral particle that also encodes human KLF4, and/or
C-MYC. In other forms, two or more vectors are combined
in a composition. For example, in some forms, one or more
lentiviral vector(s) that is configured to over-express one or
more of KLF4, C-MYC, and/or OCT4 in a host cell is
combined in a composition with lentiviral vector that is
configured to over-express eSOX17 in the same host cell.
[0113] In some forms, a lentiviral encoding an engineered
SOX17 factor (eSOX17) includes:
[0114] (i) a nucleic acid encoding a polypeptide includ-
ing the amino acid sequence of SEQ ID NO:1 or SEQ
ID NO:2, or an amino acid sequence having at least
70%, 75%, 80%, 85%, 90%, 95%, or 99% sequence
identity to SEQ ID NO:1, or SEQ ID NO:2, or a
fragment variant thereof; and
[0115] (ii) a nucleic acid encoding a human KILF4,
and/or C-MYC.

C. Source of Cells

[0116] The iEPSCs can be obtained by reprogramming
human somatic cells, or partially or completely differenti-
ated cells obtained from a mammal such as any mammal
(e.g., bovine, ovine, porcine, canine, feline, equine, pri-
mate), preferably a human. Sources include bone marrow,
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fibroblasts, fetal tissue (e.g., fetal liver tissue), peripheral
blood, umbilical cord blood, urine, pancreas, skin or any
organ or tissue.

[0117] Insome forms, the iIEPSCs are derived from human
somatic cells. A somatic cell as would be understood by one
of ordinary skill in the art is any cell other than a gamete
(sperm or egg), germ cell (cells that go on to become
gametes), gametocyte or undifferentiated stem cell.

[0118] The somatic cells can be obtained from tissue such
as bone marrow, fetal tissue (e.g., fetal liver tissue), periph-
eral blood, umbilical cord blood, pancreas, skin or any organ
or tissue. In one form, the iEPSCs are derived from fibro-
blasts, adipose-derived cells, neural cells, or cells from the
intestinal epithelium. In another form, iEPSCs are obtained
from induced neonatal (for example foreskin) or adult
fibroblasts. However, iEPSCs can be obtained from other
cell types including but not limited to somatic cells of
hematological origin, skin derived cells, adipose cells, epi-
thelial cells, endothelial cells, cells of mesenchymal origin,
parenchymal cells (for example, hepatocytes), neurological
cells, and connective tissue cells.

[0119] In preferred forms, the iEPSCs are effectively gen-
erated from rare tissue specimen such as small tissue biop-
sies or a few drops of blood.

[0120] In some forms, cells are isolated by disaggregating
an appropriate organ or tissue which is to serve as the cell
source using techniques known to those skilled in the art.
For example, the tissue or organ can be disaggregated
mechanically and/or treated with digestive enzymes and/or
chelating agents that weaken the connections between
neighboring cells, so that the tissue can be dispersed to form
a suspension of individual cells without appreciable cell
breakage. Enzymatic dissociation can be accomplished by
mincing the tissue and treating the minced tissue with one or
more enzymes such as trypsin, chymotrypsin, collagenase,
elastase, and/or hyaluronidase, DNase, pronase, dispase etc.
Mechanical disruption can also be accomplished by a num-
ber of methods including, but not limited to, the use of
grinders, blenders, sieves, homogenizers, or pressure cells.

D. Formulations of iEPSCs

[0121] Cells derived from the iEPSCs can be formulated
for administration, delivery or contacting with a subject,
tissue, or cell to promote de-differentiation in vivo, in vitro,
or ex vivo, as well as served as personalized disease mod-
elling and in vitro platform for drug screening. Additional
factors, such as growth factors, other factors that induce
differentiation or dedifferentiation, secretion products,
immunomodulators, anti-inflammatory agents, regression
factors, biologically active compounds that promote inner-
vation, vascularization or enhance the lymphatic network,
and drugs, can be incorporated.

[0122] The induced totipotent-like stem cells can be
administered to a patient by way of a composition that
includes a population of iEPSCs or progeny thereof alone or
onor in a carrier or support structure. In many embodiments,
no carrier will be required. The cells can be administered by
injection onto or into the site where the cells are required. In
these cases, the cells will typically have been washed to
remove cell culture media and will be suspended in a
physiological buffer.

[0123] In other forms, the cells are provided with or
incorporated onto or into a support structure. Support struc-
tures may be meshes, solid supports, scaffolds, tubes, porous
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structures, and/or a hydrogel. Such solid supports and meth-
ods of culturing cells thereon are known in the art.

1I1. Methods of Making

[0124] It has been established that engineered SOX17
(eSOX17) factors can substantially enhance the reprogram-
ming efficiency of human induced expanded potential stem
cells (iEPSCs) which represent a state reminiscent to toti-
potent cells. Compared to conventionally used SOX2,
eSOX17 converts cells more rapidly and efficiently and even
reprograms recalcitrant cells such as high passage senescent
fibroblasts where SOX2 fails. It has also been established
that, when administered to a cell in combination with other
specific factors, reprogramming with engineered SOX17
bypasses pluripotency to induce tri-potent neural stem cells
(iNSCs).
A. Methods of Generating Human iEPSCs
[0125] Methods of reprogramming human somatic cells to
provide induced expanded potential stem cells iEPSCs) are
described. It has been established that the combination of
over-expressed eSOX17FNV with other transcription fac-
tors can drive parent somatic cells to alternative cell fates
upon exposure to extrinsic factors such as expanded poten-
tial stem cell medium (EPSCM) for pluripotency. Therefore,
methods to engineer somatic cells to express one or more
markers of pluripotency, including OCT4, SOX2, NANOG,
and LIN28 are provided.
[0126] In some forms, the methods involve the steps of:
[0127] (i) introducing an engineered SOX17 together
with one or more additional exogenous transcription
factors to the donor cells such as somatic cells; and
[0128] (ii) culturing the population in an expanded
potential stem cell medium (EPSCM).

1. Introducing Exogenous Transcription Factor(s)

[0129] The methods include one or more steps of intro-
ducing engineered SOX17, together with one or more other
exogenous transcription factors into a somatic cell. Typi-
cally, the methods for providing iEPSCs include the step of
exogenously introducing the engineered SOX17 factor
along with one or more of OCT4, KLF4, and C-MYC into
one or more somatic cells. The expression can be induced for
example by forced gene expression or using RNAs, non-
integrating gene expression vectors, or proteins. For
example, in some forms, the methods deliver engineered
SOX17 factor, OCT4, KLF4, and C-MYC to one or more
somatic cells using lentiviral system. In a preferred form,
methods deliver engineered SOX17 factor, OCT4, KLF4,
and C-MYC to one or more somatic cells using non-
integrating gene expression vectors, such as episomal vec-
tors.

2. Culturing in an Expanded Potential Stem Cell Medium
(EPSCM)

[0130] In some forms, the methods further include one or
more steps of culturing donor cells having exogenously
introduced transcription factors, such as the engineered
SOX17, OCT4, KLF4, and C-MYC, in an Expanded Poten-
tial Stem Cell Medium (EPSCM). Therefore, in some forms,
the methods contact the transgenic donor cells having exog-
enously introduced transcription factors including the engi-
neered SOX17, OCT4, KLF4, and C-MYC with an EPSCM
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for an amount of time and under conditions suitable to
produce a population of induced expanded potential stem
cells iEPSCs).
[0131] Exemplary EPSCM includes one or more of a
Ras-ERK inhibitor, a Src Kinase family (SFK) inhibitor, a
GSK3 inhibitor, a Wnt inhibitor, and optionally LIF, IGF-II
or Activin or its functional equivalent, to produce a popu-
lation of EPSCs.
[0132] In other forms, the EPSCM further includes one or
more of a Jun N-Terminal Kinase (JNK) inhibitor, and/or a
p38 inhibitor. Thus, in one form, the EPSCM includes a
RAS-ERK inhibitor, a Src Kinase family (SFK) inhibitor, a
GSK3 inhibitor, a Wnt inhibitor, a p38 inhibitor, a JNK
inhibitor to produce a population of EPSCs.
B. Methods of Generating Human iNSCs
[0133] Methods of reprogramming human somatic cells to
provide induced neural stem cells (iNSCs) are described. It
has been established that certain combination of over-ex-
pressed eSOX17FNV with other transcription factors does
not lead to the acquisition of pluripotency, such that
eSOX17FNV can drive parent somatic cells to alternative
cell fates with additional transcription factors and upon
exposure to extrinsic conditions, such as Leukemia inhibi-
tory factor (LIF), and neural stem cell medium NSCM for
iNSCs.
[0134] Therefore, methods to engineer somatic cells to
express one or more markers of neural stem cells, including
SOX1, SOX2, PAX6 and FABP7 are provided.
[0135] In some forms, the methods involve the steps of:
[0136] (i) introducing an engineered SOX17, optionally
together with one or more additional exogenous tran-
scription factors to the donor cells such as somatic
cells; and
[0137] (ii) culturing the population in a neural stem cell
medium (NSCM).

1. Introducing Exogenous Transcription Factor(s)

[0138] The methods include one or more steps of intro-
ducing engineered SOX17, together with one or more other
exogenous transcription factors into a somatic cell.

[0139] Typically, methods for providing iNSCs include
the step of exogenously introducing the engineered SOX17
factor into one or more somatic cells. In some forms, the
methods also introduce exogenous KLF4, and/or C-MYC
into the same somatic cells.

[0140] As demonstrated in the Examples, iNSCs repro-
grammed with eSOX17FNV within 2 and 3 factor cocktails
do not transition to pluripotency. Methods to produce
eSOX17-derived iNSCs include introducing reprogramming
factors in cells, including KLF4 (K) and/or C-MYC (M),
which are over-expressed together with an eSOX17, such as
eSOX17FNV. In exemplary methods, M and eSOX17FNV
are introduced into somatic cells under conditions suitable
for the over-expression of these factors, relative to expres-
sion of these factors in wild-type cells. In some methods,
C-MYC, KLF4 and eSOX17FNV are overexpressed in the
transgenic cells. In other methods, eSOX17FNV and KLF4
are overexpressed in the transgenic cells. In other methods,
only eSOX17FNV is overexpressed in cells. In other forms,
eSOX17FNV and C-MYC together with one or more addi-
tional factors are overexpressed in cells.

[0141] The expression of factors in somatic cells can be
induced, for example, by forced gene expression or using
RNAs, non-integrating gene expression vectors, or proteins.
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For example, in some forms, the methods deliver an engi-
neered SOX17, KLF4, and/or C-MYC to one or more
somatic cells using lentiviral system. In a preferred form,
methods deliver an engineered SOX17, KLF4, and/or
C-MYC to one or more somatic cells using non-integrating
gene expression vectors, such as episomal vectors.

2. Culturing in a Neural Stem Cell Medium (NSCM)

[0142] In some forms, the methods generate eSOX17-
derived iNSCs. As described in the Examples, after omitting
individual factors from the KLF4, C-MYC and
eSOX17FNV (K/M/eSOX17FNV) 3-factor cocktail, it was
found that C-MYC and eSOX17FNV (M/eSOX17FNV) are
sufficient for iNSC conversion. Transduced EPCs formed
adherent, elongated cells within 4 days and NSC-like colo-
nies within 11-20 days. In some forms, the methods include
one or more steps to expand cells or colonies of iNSCs,
including culturing cells in neural stem cell medium
(NSCM) (FIG. 5A).

[0143] In some forms, the methods further include one or
more steps of culturing donor cells having exogenously
introduced transcription factors, such as the engineered
SOX17 and C-MYC, in neural stem cell medium (NSCM).
Therefore, in some forms, the methods contact the trans-
genic donor cells having exogenously introduced transcrip-
tion factors including the engineered SOX17 and C-MYC
with an NSCM for an amount of time and under conditions
suitable to produce a population of induced neural stem cells
(iNSCs).

[0144] In some forms, the methods contact the transgenic
donor cells having exogenously introduced transcription
factors including the engineered SOX17 with a NSCM
including one or more of a GSK3 inhibitor, a TGF-§
inhibitor, LIF, bFGF and EGF to produce a population of
neural stem cells (NSCs). LIF is a secreted cytokine, plays
an important role in a wide array of biological processes
including inducing differentiation of leukemia cell, inflam-
matory response, neuronal development, embryonic implan-
tation, stem cell self-renewal and cancer progression, etc.
C. Isolation of iEPSCs and iNSCs

[0145] Media that can maintain the undifferentiated state
and totipotency of iEPSCs or iNSCs or induce differentia-
tion are known in this field. Differentiation and proliferation
abilities of isolated induced totipotent-like stem cells can be
easily confirmed by those skilled in the art by using confir-
mation means widely applied to stem cells.

[0146] A substantially purified population of iEPSCs or
iNSCs can be obtained, for example, by picking dome-
shaped colonies from a culture source. Purity can be mea-
sured by any appropriate method. Human iEPSCs or iNSCs
can be isolated by, for example, utilizing molecules (e.g.,
antibodies, antibody derivatives, ligands, or Fc-peptide
fusion molecules) that bind to a marker on the induced
totipotent stem cells or iNSCs and thereby positively select-
ing cells that bind the molecule (i.e., a positive selection).
Other examples of positive selection methods include meth-
ods of preferentially promoting the growth of a desired cell
type in a mixed population of desired and undesired cell
types. Alternatively, by using molecules that bind to markers
that are not present on the desired cell type, but that are
present on an undesired cell type, the undesired cells con-
taining such markers can be removed from the desired cells
(i.e., a negative selection). Other negative selection methods
include preferentially killing or inhibiting the growth of an
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undesired cell type in a mixed population of desired and
undesired cell types. Accordingly, by using negative selec-
tion, positive selection, or a combination thereof, an
enriched population of stem cell can be made.

[0147] Procedures for separation may include magnetic
separation, using antibody-coated magnetic beads, affinity
chromatography, cytotoxic agents joined to a monoclonal
antibody, or such agents used in conjunction with a mono-
clonal antibody, e.g., complement and cytotoxins, and “pan-
ning” with antibody attached to a solid matrix (e.g., plate),
or other convenient technique. Techniques providing accu-
rate separation include fluorescence activated cell sorters,
which can have varying degrees of sophistication, e.g., a
plurality of color channels, low angle and obtuse light
scattering detecting channels, and impedance channels.
Antibodies may be conjugated with markers, such as mag-
netic beads, which allow for direct separation, biotin, which
can be removed with avidin or streptavidin bound to a
support, or fluorochromes, which can be used with a fluo-
rescence activated cell sorter, to allow for ease of separation
of the particular cell type. Any technique may be employed
which is not unduly detrimental to the viability of the
induced pluripotent stem cells. In one embodiment, the cells
are incubated with an antibody against a marker and the cells
that stain positive for the marker are manually selected and
sub-cultured.

[0148] Combinations of enrichment methods may be used
to improve the time or efficiency of purification or enrich-
ment. For example, after an enrichment step to remove cells
having markers that are not indicative of the cell type of
interest, the cells may be further separated or enriched by a
fluorescence activated cell sorter (FACS) or other method-
ology having high specificity. Multi-color analyses may be
employed with a FACS. The cells may be separated on the
basis of the level of staining for a particular antigen or lack
thereof. Fluorochromes may be used to label antibodies
specific for a particular antigen. Such fluorochromes include
phycobiliproteins, e.g., phycoerythrin and allophycocya-
nins, fluorescein, and Texas red.

D. Culturing and Preservation of iEPSCs or iNSCs

[0149] In some forms, the iEPSCs are cultured and/or
maintained in the Expanded Potential Stem Cell Medium
(EPSCM). In some forms, the iNSCs are cultured and/or
maintained in the NSCM.

[0150] In preferred forms, the iEPSCs or iNSCs are cul-
tured and/or maintained under a feeder-free and xeno-free
culturing condition suitable for providing clinical grade
cells.

[0151] The iEPSCs or iNSCs can be expanded in culture
and stored for later retrieval and use. Once a culture of cells
or a mixed culture of stem cells is established, the population
of cells is mitotically expanded in vitro by passage to fresh
medium as cell density dictates under conditions conducive
to cell proliferation. Such culturing methods can include, for
example, passaging the cells in culture medium lacking
particular growth factors that induce differentiation (e.g.,
human LIF and/or other growth factor). Cultured cells can
be transferred to fresh medium when sufficient cell density
is reached. Some stem cell types do not demonstrate typical
contact inhibition-apoptosis or they become quiescent when
density is maximum. Accordingly, appropriate passaging
techniques can be used to reduce contact inhibition and
quiescence.
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[0152] Cells can be cryopreserved for storage according to
known methods, such as those described in Doyle et al.,
(eds.), 1995, Cell & Tissue Culture: Laboratory Procedures,
John Wiley & Sons, Chichester. For example, cells may be
suspended in a “freeze medium” such as culture medium
containing 50% fetal bovine serum (FBS) and 10% dimeth-
ylsulfoxide (DMSO), and 10 uM ROCK inhibitor Y-27632,
at a density, for example, of about 4-10x10° cells/ml. The
cells are dispensed into cryogenic vials which are then
sealed and transferred to a freezing chamber of a program-
mable or passive freezer. The optimal rate of freezing may
be determined empirically. For example, a freezing program
that gives a change in temperature of —1° C./min through the
heat of fusion may be used. Once vials containing the cells
have reached -80° C., they are transferred to a liquid
nitrogen storage area. Cryopreserved cells can be stored for
a period of years.

1. Feeder-Free iEPSCs

[0153] In some forms, stable iNSCs are generated and
cultured as feeder-free cells. In some forms, stable iEPSC
clones are cultured on feeder cells. In some other forms,
stable iEPSC clones are cultured as feeder-free cells. Thus,
stable feeder-free iEPSC clones and methods of making
thereof are also described.

[0154] In one form, to adapt iEPSCs from feeder culture
to feeder-free condition, iEPSCs grown on feeders are
dissociated in 0.05% Trypsin/EDTA. In one form, to remove
feeders, digested cell suspension is seeded on gelatinized
plates for 45 min. In a further form, loosely-/non- attached
iEPSCs are seeded on 12-well plate coated with 2xMatrigel-
coated plates and cultured in feeder-free medium (provided
by CTSCB). In another form, to passage feeder-free iEPSCs,
when cells reach 80% confluency, iEPSCs are detached and
dissociated into single cells, followed by seeding on Matri-
gel-coated plates. In preferred forms, to generate stable
feeder-free iEPSC clones, cells are sub-cultured for more
than 5 passages.

2. Differentiation of iEPSCs or iNSC

[0155] The described eSOX17-derived iEPSCs may sub-
sequently be differentiated into other cell types using tech-
niques which are known in the art. The described eSOX17-
derived iNSCs may subsequently be differentiated into
neurons, astrocytes and oligodendrocytes in vitro and/or in
vivo, using techniques which are known in the art.

1. Culture and Differentiation of iEPSCs

[0156] In one form, the iEPSCs are differentiated into
trophoblasts. Techniques for differentiating totipotent-like
stem cells into trophoblasts are known. Thus, the iEPSCs
may be differentiated into trophoblasts by culturing the
EPSCs in a trophoblast induction medium to induce tropho-
blast differentiation. The induction medium may be a TGFf
inhibitor-containing medium. Treatment of TGFp inhibitor
SB431542 to EPSC has been reported to generate tropho-
blast-like cells (Gao X, et al., Nat Cell Biol. 2019;21(6):
687-99). Thus, in some forms, iEPSCs are induced to
express one or more of the trophoblast-related marker genes
including CDX2, GATA3, TRAP2C, KRT8, KRT18, and
HANDI.

[0157] Human blastoids provide a readily accessible, scal-
able, versatile, and perdurable alternative to blastocysts for
studying early human development, understanding early
pregnancy loss, and gaining insights into early developmen-
tal defects. The iEPSCs can be differentiated to generate
blastocyst-like structures in vitro, ‘blastoids’ which
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resemble human blastocysts in terms of their morphology,
size, cell number, and composition and allocation of differ-
ent cell lineages. In some forms, iEPSCs are induced to
express one of more of the blastocyst and trophoblast related
marker genes including CDX2, GATA3, KRTS8, KRT18, and
TRAP2C.

ii. Culture and Differentiation of iNSCs

[0158] In some forms, the methods include one or more
steps to expand cells or colonies of iNSCs, including cul-
turing cells in neural stem cell medium (NSCM) supple-
mented with bFGF, EGF, CHIR99021, and SB431542. In
some forms, the iNSCs are differentiated into neurons,
astrocytes and oligodendrocytes. Techniques for differenti-
ating tri-potent neural stem cells into neurons, astrocytes and
oligodendrocytes are known. In one form, the iNSCs may be
differentiated into generic neurons to express one or more
neuron marker genes including TUJ1, NF, MAP2, SYN1
and PSD95, TH and vGLUT2. In one form, the iNSCs may
be differentiated into motor neurons to express one or more
motor neuron marker genes including HB9 and ISL1. In one
form, the iINSCs may be differentiated into astrocytes to
express one or more astrocyte marker genes including GFAP
and S100B. In one form, the iNSCs may be differentiated
into oligodendrocytes to express one or more oligodendro-
cyte marker genes including O4 and OLIG2.

IV. Methods of Use

[0159] Methods of using the described eSOX17-derived
Induced Expanded Potential Stem Cells (iIEPSCs) and com-
positions thereof of are described. In has been established
that eSOX17-derived iEPSCs can give rise to a desired cell
type or morphology. Therefore, in some forms, methods of
eSOX17-derived iEPSCs provide therapeutic treatments,
tissue engineering and/or research. In some forms, the
methods employ eSOX17-derived iEPSCs for transplanta-
tion, tissue engineering, regulation of angiogenesis, vascu-
logenesis, and/or cell replacement or cell therapies. In other
forms, the methods employ the described eSOX17-derived
iEPSCs and/or compositions thereof for the treatment and/or
prevention of certain diseases and disorders. In other forms,
iEPSCs are used to introduce a gene into a subject as part of
a gene therapy regimen.

[0160] In some forms, the methods use eSOX17-derived
iEPSCs for study of human diseases and/or disorders. In
exemplary forms, the methods employ eSOX17-derived
iEPSCs in the study of reproductive human disorders, such
as preeclampsia. For example, in some forms, the methods
employ eSOX17-derived iEPSCs as cell models for implan-
tation and early human development without embryo
destruction. In further forms, the eSOX17-derived iEPSCs
are used in methods to provide preclinical potential in
disease modelling, for example, for use in ameliorating
reproductive human disorders such as preeclampsia or uter-
ine disorders such as endometriosis.

A. Providing Cells for Studying Early Human Development

[0161] In some forms, eSOX17-derived iEPSCs are used
in methods for studying early human development. The
study of human development from fertilized egg to mature
embryo is extremely important but the early differentiation
of human tissues remains an enigma. Moreover, the rela-
tively high percentage of unexplained pregnancy loss
emphasizes the need for an appropriate model for studying
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early human development. In some forms, the iEPSCs
disclosed are particularly suited for use in previously inac-
cessible basic processes that occur during human embryo-
genesis, such as gastrulation and organogenesis.

[0162] It was shown that iEPSCs can be induced into
human blastoids, which mimic the stages before the embryo
implants into the uterus. The use of iEPSC for such studies
would obviate the need for human embryos and usage of
ethically challenging cell sources. Thus, in some forms,
iEPSCs or induced human blastoids thereof are used in cell
models in the preclinical study of infertility-related diseases
such as infertility, failure of implantations, and preeclamp-
sia.

Cells

B. Providing Differentiated Somatic

(Re-Ditferentiated Cells)

[0163] In some forms, eSOX17-derived iEPSCs are used
in methods for providing differentiated somatic cells having
a desired phenotype. Methods including re-differentiation of
eS0X17-derived iEPSCs are provided.

[0164] Once established, a culture of totipotent-like stem
cells may be used to produce progeny cells, for example,
neurons or fibroblasts capable of producing new tissue. In
some forms, the iEPSCs is induced to differentiate into one
or more cells from any of the three germ layers, for example,
skin and hair cells including epithelial cells, keratinocytes,
melanocytes, adipocytes, cells forming bone, muscle and
connective tissue such as myocytes, chondrocytes, osteo-
cytes, alveolar cells, parenchymal cells such as hepatocytes,
renal cells, adrenal cells, and islet cells (e.g., alpha cells,
delta cells, PP cells, and beta cells), blood cells (e.g.,
leukocytes, erythrocytes, macrophages, and lymphocytes),
retinal cells (and other cells involved in sensory perception,
such as those that form hair cells in the ear or taste buds on
the tongue), and nervous tissue including nerves.

[0165] Inone form, the iEPSCs are induced to differentiate
into cells of ectodermal origin by exposing the cells to an
“ectodermal differentiating” media. In another form, the
iEPSCs are induced to differentiate into cells of mesodermal
origin by exposing the cells to “mesodermal differentiating
media”. In still another form, the iEPSCs are induced to
differentiate into cells of endodermal origin by exposing the
cells to “endodermal media”. Components of “endodermal”,
“mesodermal” and “ectodermal” media are known to one of
skill in the art. Known cell surface markers can be used to
verify that the cells are indeed differentiating into cells of the
lineage of the corresponding cell culture medium. The most
commonly accepted markers to confirm differentiation of the
three germ layers are the expression of alpha fetal protein for
endodermal cells, alpha smooth muscle actin for mesoderm,
and Beta-I1I tubulin for ectoderm, all of which are normally
expressed very early in the development of these tissues.
[0166] Differentiation of stem cells to fibroblasts or other
cell types, followed by the production of tissue therefrom,
can be triggered by specific exogenous growth factors or by
changing the culture conditions (e.g., the density) of a stem
cell culture. Methods for inducing differentiation of cells
into a cell of a desired cell type are known in the art. For
example, iEPSCs can be induced to differentiate by adding
a substance (e.g., a growth factor, enzyme, hormone, or
other signaling molecule) to the cell’s environment.
Examples of factors that can be used to induce differentia-
tion include erythropoietin, colony stimulating factors, e.g.,
GM-CSF, G-CSF, or M-CSF, interleukins, e.g., IL-1, -2, -3,
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-4, -5, -6, -7, -8, or Leukemia Inhibitory Factory (LIF),
coculture with tissue committed cells, or other lineage
committed cells types to induce the stem cells into becoming
committed to a particular lineage.

[0167] The re-differentiated cells can be expanded in
culture and stored for later retrieval and use.

C. Cell Therapy

[0168] Methods of using Esox17-derived iEPSCs for cell
therapy are provided. Therapeutic uses of the induced toti-
potent-like stem cells include transplanting the iEPSCs, or
progeny thereof into individuals to treat a variety of patho-
logical states including diseases and disorders resulting from
cancers, wounds, neoplasms, injury, viral 15 infections,
diabetes, and the like. Treatment may entail the use of the
cells to produce new tissue, and the use of the tissue thus
produced, according to any method presently known in the
art or to be developed in the future. The cells may be
implanted, injected, or otherwise administered directly to the
site of tissue damage so that they will produce new tissue in
vivo. In one form, administration includes the administration
of genetically modified iEPSCs or their progeny.

[0169] In a preferred form, the iEPSCs are obtained from
autologous cells i.e., the donor cells are autologous. How-
ever, the cells can be obtained from heterologous cells. In
one form, the donor cells are obtained from a donor geneti-
cally related to the recipient. In another form, donor cells are
obtained from a donor genetically un-related to the recipient.
[0170] If the totipotent-like iEPSCs are derived from a
heterologous (non-autologous/allogenic) source compared
to the recipient subject, concomitant immunosuppression
therapy is typically administered, e.g., administration of the
immunosuppressive agent cyclosporine or FK506. How-
ever, due to the immature state of the human induced
totipotent stem cells such immunosuppressive therapy may
not be required. Accordingly, in one form, the human
iEPSCs can be administered to a recipient in the absence of
immunomodulatory (e.g., immunosuppressive) therapy.
Alternatively, the cells can be encapsulated in a membrane,
which permits exchange of fluids but prevents cell/cell
contact. Transplantation of microencapsulated cells is
known in the art, e.g., Balladur et al., Surgery, 117:189-94,
1995; and Dixit et al., Cell Transplantation 1:275-79 (1992).

1. Diabetes

[0171] In some forms, eSOX17-derived iEPSCs are used
for the treatment and/or prevention of Diabetes mellitus
(DM) in a subject in need thereof. Diabetes mellitus is a
group of metabolic diseases where the subject has high
blood sugar, either because the pancreas does not produce
enough insulin, or, because cells do not respond to insulin
that is produced.

[0172] A promising replacement for insulin therapy is
provision of islet cells to the patient in need of insulin.
Shapiro et al., N Engl ] Med., 343(4):230-8 (2000) have
demonstrated that transplantation of beta cells/islets pro-
vides therapy for patients with diabetes. Although numerous
insulin types are commercially available, these formulations
are provided as injectables. The human induced totipotent-
like stem cells, iEPSCs, provide an alternative source of islet
cells to prevent or treat diabetes. For example, iEPSCs can
be isolated and differentiated to a pancreatic cell type and
delivered to a subject. Alternatively, the iEPSCs can be
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delivered to the pancreas of the subject and differentiated to
islet cells in vivo. Accordingly, the cells are useful for
transplantation in order to prevent or treat the occurrence of
diabetes. Methods for reducing inflammation after cytokine
exposure without affecting the viability and potency of
pancreatic islet cells are disclosed for example in U.S. Patent
No. 8,637,494 to Naziruddin, et al.

2. Neurodegenerative disorders

[0173] In some forms, eSOX17-derived iEPSCs and
iNSCs are used for the treatment and/or prevention of
neurodegenerative diseases and disorders in a subject in
need thereof.

[0174] Neurodegenerative disorders are characterized by
conditions involving the deterioration of neurons as a result
of disease, hereditary conditions or injury, such as traumatic
or ischemic spinal cord or brain injury. Neurodegenerative
conditions include any disease or disorder or symptoms or
causes or effects thereof involving the damage or deterio-
ration of neurons. Neurodegenerative conditions can
include, but are not limited to, Alexander Disease, Alper’s
Disease, Alzheimer Disease, Amyotrophic Lateral Sclerosis,
Ataxia Telangiectasia, Canavan Disease, Cockayne Syn-
drome, Corticobasal Degeneration, Creutzfeldt-Jakob Dis-
ease, Huntington Disease, Kennedy’s Disease, Krabbe Dis-
ease, Lewy Body Dementia, Machado-Joseph Disecase,
Multiple Sclerosis, Parkinson Disease, Pelizaeus-Merz-
bacher Disease, Niemann-Pick’s Disease, Primary Lateral
Sclerosis, Refsum’s Disease, Sandhoff’ Disease, Schilder’s
Disease, Steele-Richardson-Olszewski Disease, Tabes Dor-
salis or any other condition associated with damaged neu-
rons. Other neurodegenerative conditions can include or be
caused by traumatic spinal cord injury, ischemic spinal cord
injury, stroke, traumatic brain injury, and hereditary condi-
tions.

[0175] In particular, the disclosed methods include trans-
planting into a subject in need thereof neural stem cells,
neural progenitors, or neural precursors that have been
expanded in vitro such that the cells can ameliorate the
neurodegenerative condition. Transplantation of the
expanded neural stem cells can be used to improve ambu-
latory function in a subject suffering from various forms of
myelopathy with symptoms of spasticity, rigidity, seizures,
paralysis, or any other hyperactivity of muscles. Methods for
expanding and transplanting neural cells and neural progeni-
tor cells for the treatment of different neurodegenerative
conditions is disclosed for example, in U.S. Pat. No. 8,236,
299 to Johe, et al.

3. Cancer Therapy

[0176] In some forms, eSOX17-derived iEPSCs are used
for the treatment and/or prevention of cancer and/or prolif-
erative diseases and disorders in a subject in need thereof.
[0177] Therapeutic uses of the iEPSCs and their progeny
include transplanting the induced totipotent-like stem cells
or progeny thereof into individuals to treat and/or ameliorate
the symptoms associated with cancer. For example, in one
form, the progeny of iEPSCs can be administered to cancer
patients who have undergone chemotherapy that has killed,
reduced, or damaged cells of a subject. In a typical stem cell
transplant for cancer, very high doses of chemotherapy are
used, often along with radiation therapy, to try to destroy all
the cancer cells. This treatment also kills the stem cells in the
bone marrow. Soon after treatment, stem cells are given to
replace those that were destroyed.
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[0178] In another form, the iEPSCs can be transfected or
transformed (in addition to the de-differentiation factors)
with at least one additional therapeutic factor. For example,
once iEPSCs are isolated, the cells may be transformed with
a polynucleotide encoding a therapeutic polypeptide and
then implanted or administered to a subject, or may be
differentiated to a desired cell type and implanted and
delivered to the subject. Under such conditions the poly-
nucleotide is expressed within the subject for delivery of the
polypeptide product.

4. Tissue Engineering

[0179] In some forms, eSOX17-derived iEPSCs are used
for tissue engineering. iEPSCs and their progeny can be used
to make tissue engineered constructions, using methods
known in the art. Tissue engineered constructs may be used
for a variety of purposes including as prosthetic devices for
the repair or replacement of damaged organs or tissues. They
may also serve as in vivo delivery systems for proteins or
other molecules secreted by the cells of the construct or as
drug delivery systems in general. Tissue engineered con-
structs also find use as in vitro models of tissue function or
as models for testing the effects of various treatments or
pharmaceuticals. The most commonly used biomaterial
scaffolds for transplantation of stem cells are reviewed in the
most commonly used biomaterial scaffolds for transplanta-
tion of stem cells is reviewed in Willerth, S. M. and
Sakiyama-Elbert, S. E., Combining stem cells and bioma-
terial scaffolds for constructing tissues and cell delivery (Jul.
9, 2008), StemBook, ed. The Stem Cell Research Commu-
nity, StemBook. Tissue engineering technology frequently
involves selection of an appropriate culture substrate to
sustain and promote tissue growth. In general, these sub-
strates should be three-dimensional and should be process-
able to form scaffolds of a desired shape for the tissue of
interest.

[0180] U.S.Pat. No. 6,962,814 generally discloses method
for producing tissue engineered constructs and engineered
native tissue. With respect to specific examples, U.S. Pat.
No. 7,914,579 to Vacanti, et al., discloses tissue engineered
ligaments and tendons. U.S. Pat. No. 5,716,404 discloses
methods and compositions for reconstruction or augmenta-
tion of breast tissue using dissociated muscle cells implanted
in combination with a polymeric matrix. U.S. Pat. No.
8,728,495 discloses repair of cartilage using autologous
dermal fibroblasts. U.S. Published application No.
20090029322 by Duailibi, et al., discloses the use of stem
cells to form dental tissue for use in making tooth substitute.
U.S. Published application No. 2006/0019326 discloses
cell-seed tissue-engineered polymers for treatment of intrac-
ranial aneurysms. U.S. Published application No. 2007/
0059293 by Atala discloses the tissue-engineered constructs
(and method for making such constructs) that can be used to
replace damaged organs for example kidney, heart, liver,
spleen, pancreas, bladder, ureter, and urethra.

D. Personalized Disease Modeling

[0181] In some forms, eSOX17-derived iEPSCs are used
for the modeling of diseases and disorders in a subject in
need thereof.

[0182] Given the enhanced efficiency of engineered
SOX17 factor (SOX17FNV as an example in this invention)
to generate human iEPSCs and the capacity to generate
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human blastoids, Human blastoids can be used as cell-based
model to understand the genetic, cellular and molecular
mechanisms of infertility-related disorders.

E. Drug Screening Platform

[0183] In some forms, eSOX17-derived iEPSCs are used
for the screening of agents that have activity, such as
therapeutic activity against one or more diseases and disor-
ders.

[0184] The establishment of totipotent-like stem cells
open the avenue to generate the cell types of interest for high
throughput screening. For example, to screen for immuno-
modulatory compounds, T lymphocytes can be generated
from the established differentiation protocol and adopted as
screening platform to identify immunosuppressive com-
pounds for organ transplantation and immunostimulatory
compounds for cancer therapy and anti-viral therapy. In
other forms, human blastoids generated from iEPSCs can be
served as high-throughput platform in drug discovery to
prevent pregnancy failure and birth defects and development
of contraceptive drugs.

V. Kits

[0185] Kits are also disclosed. The kits can include, for
example, combination of transcription factors including
engineered SOX17 factor, OCT4, KL.LF4, and C-MYC suit-
able for generating human induced expanded potential stem
cells (iEPSCs). In some forms, the kits also include suitable
medium for exogenously introducing one or more transcrip-
tion factors into somatic cells, and/or medium for culturing
reprogrammed cells. In further forms, the kits contain the
engineered SOX17-derived iEPSCs suitable for clinical
study or use in treatment as well as for basic research of
early human development. The kits can include printed
instructions for administering the compound in a use as
described above.

[0186] The described compositions and methods will be
better understood with reference to the following para-
graphs:

[0187] 1. A method for reprogramming human somatic

cells into human induced expanded potential stem cells
(iEPSCs), the method including:

[0188] (i) introducing one or more exogenous transcrip-
tion factors to the human somatic cells, wherein the one
or more exogenous transcription factors include an
engineered SOX17 factor, and

[0189] (ii) culturing the population in an expanded
potential stem cell medium (EPSCM).

[0190] 2. The method of paragraph 1, wherein the
engineered SOX17 factor has the amino acid sequence
of SEQ ID NO:1, or a variant thereof.

[0191] 3. The method of paragraph 1 or 2, wherein the
one or more exogenous transcription factors further
include OCT4, KLF4, and C-MYC.

[0192] 4. The method of any one of paragraphs 1-3,

wherein the one or more exogenous transcription fac-
tors are encoded as nucleic acids.

[0193] 5. The method of paragraph 4, wherein the
nucleic acids encoding the one or more exogenous
transcription factors are incorporated into a vector.
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[0194] 6. The method of paragraph 5, wherein the
vector is an integration-free system selected from the
group including episomal vectors, minicircle vectors,
and sendai viral vectors.

[0195] 7. The method of paragraph 5, wherein the
vector is a viral vector selected from the group includ-
ing retrovirus, lentivirus, adenovirus, or herpes virus.

[0196] 8. The method of any one of paragraphs 1-7,
wherein the EPSCM includes one or more of a RAS-
ERK inhibitor, a Src Kinase family (SFK) inhibitor, a
GSK3 inhibitor, a Wnt inhibitor, a p38 inhibitor, and a
INK inhibitor.

[0197] 9. The method of any one of paragraphs 1-8,
wherein the EPSC-like colonies are produced in less
than 4 days after culturing in EPSCM.

[0198] 10. The method of paragraph 9, further including
the step of picking EPSC-like colonies to generate
iEPSC clone from single cell.

[0199] 11. The method of any one of paragraphs 1-10,
further including culturing iEPSC to feeder-free con-
dition.

[0200] 12. The method of any one of paragraphs 1-11,
further including expanding iEPSC for more than 20
passages, for example, for up to 25 passages in cell
culture.

[0201] 13. The method of any one of paragraphs 1-12,
further including differentiating iEPSC into tropho-
blasts or blastoids.

[0202] 14. The method of any one of paragraphs 1-13,
wherein the human somatic cells are selected from the
group including cells of hematological origin, skin
derived cells, adipose cells, epithelial cells, endothelial
cells, cells of mesenchymal origin, parenchymal cells,
neurological cells, and connective tissue cells.

[0203] 15. The method of paragraph 14, wherein the
human somatic cells are dermal fibroblasts or periph-
eral blood cells.

[0204] 16. The method of any one of paragraphs 1-15,
wherein the human somatic cells are reprogramming-
resistant cells such as high passage senescent fibro-
blasts.

[0205] 17. The method of any one of paragraphs 1-16,
wherein the human somatic cells are reprogramming-
resistant cells where OCT4, KLF4, and C-MYC in
combination with SOX2 fails to induce pluripotency.

[0206] 18. Human totipotent-like stem cells obtained by
a method according to any one of paragraphs 1-17,
characterized in that they express at least the core
pluripotency transcriptional factors engineered SOX17,
OCT4, KLF4, and C-MYC.

[0207] 19. The human totipotent-like stem cells of para-
graph 18, wherein the human totipotent-like stem cells
are cryopreserved.

[0208] 20. A method of using the human totipotent-like
stem cells of paragraph 18 or 19 for studying early
human development.

[0209] 21. A method for reprogramming human somatic
cells into human induced totipotent or multipotent stem
cells, the method comprising:

[0210] (i) introducing one or more exogenous transcrip-
tion factors to the human somatic cells to provide
reprogrammed cells,

[0211] wherein one exogenous transcription factor com-
prises an engineered SOX17 factor (eSOX17), and
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[0212] (ii) culturing the reprogrammed cells in a stem
cell medium to provide induced totipotent or multipo-
tent cells, and

[0213] (iii) optionally isolating the induced totipotent or
multipotent stem cells.

[0214] 22. The method of paragraph 21, wherein the
eSOX17 comprises the amino acid sequence of SEQ ID
NO:1, or an amino acid sequence comprising at least
70%, 75%, 80%, 85%, 90%, 95%, or 99% sequence
identity to SEQ ID NO:1, or a fragment thereof.

[0215] 23. The method of paragraph 21, wherein the
eSOX17 comprising the amino acid sequence of SEQ
ID NO:2, or an amino acid sequence having at least
70%, 75%, 80%, 85%, 90%, 95%, or 99% sequence
identity to SEQ ID NO:2, or a fragment variant thereof.

[0216] 24. The method of paragraph 21, wherein the
eSOX17 comprises the amino acid sequence of any one
of SEQ ID NOs:1-2 or 4-54.

[0217] 25. The method of any one of paragraphs 21-24,
wherein the one or more exogenous transcription fac-
tors further comprises one or more of OCT4, KLF4,
and C-MYC, and

[0218] wherein the stem cell medium comprises an
expanded potential stem cell medium (EPSCM).

[0219] 26. The method of paragraph 21, wherein the
eSOX17 comprises the amino acid sequence of any one
of SEQ ID NO:1-2 or SEQ ID NO:4-54,

[0220] wherein the exogenous transcription factors fur-
ther comprise one or more of KLF4 and C-MYC, and

[0221] wherein the stem cell medium comprises a neu-
ral stem cell medium (NSCM).

[0222] 27. The method of any one of paragraphs 21-26,
wherein the one or more exogenous transcription fac-
tors are encoded as nucleic acids, optionally wherein
the nucleic acids are encoded and/or expressed by a
vector.

[0223] 28. The method of any one of paragraphs 21-27,
wherein the vector is an integration-free system
selected from the group consisting of episomal vectors,
minicircle vectors, and Sendai viral vectors.

[0224] 29. The method of any one of paragraphs 21-27,
wherein the vector is a viral vector selected from the
group consisting of retrovirus, lentivirus, adenovirus,
or herpes virus.

[0225] 30. The method of any one of paragraphs 21-29,
wherein the EPSCM comprises one or more of a
RAS-ERK inhibitor, a Src Kinase family (SFK) inhibi-
tor, a GSK3 inhibitor, a Wnt inhibitor, a p38 inhibitor,
and a JNK inhibitor.

[0226] 31. The method of any one of paragraphs 21-30,
wherein the induced totipotent or multipotent stem cells
are isolated in less than 8 days, less than 7 days, less
than 6 days, less than 5 days, or less than 4 days after
culturing in stem cell medium.

[0227] 32. The method of any one of paragraphs 21-31,
wherein culturing the reprogrammed cells comprises
culturing in the absence of feeder cells.

[0228] 33. The method of any one of paragraphs 21-32
further comprising expanding the induced totipotent or
multipotent stem cells for at least 20 passages and up to
42 passages in cell culture.

[0229] 34. The method of any one of paragraphs 21-33
further comprising, after step (ii),
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[0230] culturing the induced totipotent cells in a tro-
phoblast induction medium to induce differentiation of
the cells into trophoblasts, or

[0231] culturing the induced totipotent cells in a blas-
toid induction medium to induce differentiation of the
cells into blastoids.

[0232] 35. The method of any one of paragraphs 21-34,
wherein the human somatic cells are selected from the
group consisting of cells of hematological origin, skin
derived cells, adipose cells, epithelial cells, endothelial
cells, cells of mesenchymal origin, parenchymal cells,
neurological cells, and connective tissue cells.

[0233] 36. The method of paragraph 35, wherein the
human somatic cells are dermal fibroblasts or periph-
eral blood cells.

[0234] 37. Human induced expanded potential stem
cells (iEPSCs) obtained by the method of any one of
paragraphs 21-36, optionally wherein the iEPSCs are
frozen in a cryo-preservative.

[0235] 38. Human induced neural stem cells (iNSC)
obtained by the method of any one of paragraphs 21-36,
optionally wherein the iNSCs are frozen in a cryo-
preservative.

[0236] 39. A method of using the induced totipotent or
multipotent cells produced by the method of any one of
paragraphs 21-36 for treating or preventing one or more
disease or disorders in a subject in need thereof,

[0237] optionally wherein the one or more disease or
disorders are selected from the group consisting of
wounds, injuries, cancers, diabetes, and neurodegen-
erative diseases.

[0238] 40. An engineered SOX17 factor (eSOX17)
comprising:

[0239] (i) the amino acid sequence of SEQ ID NO:1-2
or SEQ ID NO: 4-54, or an amino acid sequence
comprising at least 70%, 75%, 80%, 85%, 90%, 95%,
or 99% sequence identity to SEQ ID NO:1-2, or SEQ
ID NO:4-54, or a fragment variant thereof; or

[0240] (ii) a nucleic acid encoding a polypeptide com-
prising the amino acid sequence of SEQ ID NO:1-2 or
SEQ ID NO:4-54, or an amino acid sequence compris-
ing at least 70%, 75%, 80%, 85%, 90%, 95%, or 99%
sequence identity to SEQ ID NO:1-2, or SEQ ID
NO:4-54, or a fragment variant thereof.

[0241] The present disclosure is further understood by
reference to the following non-limiting examples.

EXAMPLES

Example 1: Efficient Reprogramming of Human
Cells

Materials and Methods

Generation of Lentivirus Particles for Reprogramming

[0242] Lentiviral particles were prepared as described
with some modifications (Hockemeyer D, Soldner F, Cook
E G, Gao Q, Mitalipova M, Jaenisch R. Cell Stem Cell.
2008;3(3):346-53). Briefly, 293 cells were seeded at 6x10°
cells per 100 mm dish and cultured overnight followed by
incubation with 10 pg of expression plasmid (polycistronic
lentiviral system FUW-tetO-hOKMS addgene #51543 and
homemade OKMSOX17FNV by replacing SOX2 with engi-
neered SOX17 factor SOX17FNV; FUW-M2rtTA addgene
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#20342) along with packaging plasmids (psPAX2 addgene
#12260 and pMD2.G addgene #12259) in 1 mL Opti-MEM
medium containing 60 pl. transfection reagent polyethyl-
eneimine (PEL Polysciences, #23966). Transfection mixture
was added to the cells and culture volume was adjusted to 10
ml. DMEM (Thermo Fisher Scientific, #12100046) with
10% FBS (Thermo Fisher Scientific, #10270106). Culture
medium was changed within 10-14 h to fresh DMEM
supplemented with 10% FBS (1 mM sodium butyrate
(Sigma, #B5887) can be added depending on the size of
expression plasmid). Lentiviral particles containing super-
natants were collected after 48 and 72 h and cell debris was
removed by passing through 0.45 um filters (Minisart,
-16537-K).

EPSC Reprogramming

[0243] Human adult dermal fibroblasts (HDFa, #C0135C)
and neonatal dermal fibroblasts (HDFn, #C0045C) were
purchased from Thermo Fisher Scientific. Cells were seeded
at 25000 cells per well of gelatinized 12-well plate and
cultured in HFB medium composed of MEM (Thermo
Fisher Scientific, #11-095-080) with 10% FBS, 1x Gluta-
MAX (Thermo Fisher Scientific, #35050061), 1x nonessen-
tial amino acids (NEAA; Thermo Fisher Scientific,
#11140050), 0.1 mM 2-Mercaptoethanol (Thermo Fisher
Scientific, #31350010) and 0.5x penicillin/streptomycin
(P/S; Thermo Fisher Scientific, #15140-122). The day
before lentiviral transfection, culture medium was changed
to M10 medium composed of Knockout DMEM (Thermo
Fisher Scientific, #10829018) with 10% FBS, 1x Gluta-
MAX, 1x NEAA and 0.5x P/S . Filtered lentiviral superna-
tant containing 8 pug/ml. polybrene (Sigma-Aldrich,
#40804ES76) of a polycistronic reprogramming 4-factor
system encoding OKMS2 or OKMSOX17FNV was added
to HDFs. After 24 hr of viral infection, medium was changed
to M15 medium composed of knockout DMEM with 15%
FBS, 1x GlutaMAX, 1x nonessential amino acids and 0.5x
penicillin/streptomycin containing 0.5 ug/ml Doxycycline
(Dox; Sigma, #D9891) and cultured for 2-3 days. Trans-
duced HDFs were detached by 0.05% Trypsin (Thermo
Fisher Scientific, #25300062) and counted for cell viability.
Cells were the seed at 7500 cells per well of 12-well of
mitomycin C-treated MEF-feeder plate and cultured in M15
medium with 0.5 ug/ml. Dox. M15 medium was then
changed to reprogramming medium (M15 medium contain-
ing lug/mL vitamin C, 1 ng/ml. home-made human LIF with
1 ug/ml. Dox) and this day is considered as day 0 of
reprogramming. The reprogramming cells were maintained
at 37° C. and 5% CO, and monitored using a phase-contrast
microscope. Reprogramming medium with Dox was
changed daily until day 14. EPSC-like colonies were firstly
observed on day 6 (OKMSOX17FNV) and day 8 (OKMS2).
Human EPSCM medium (provided by CTSCB) without
Dox was then added to reprogrammed cells on day 14 and
fresh EPSCM medium was changed daily until day 21.
Dome-shaped EPSC colonies were identified 3-4 days after
medium changing to EPSCM.

Colony Picking and Passaging

[0244] To establish iEPSC colonies, EPSC colonies on
MEF-feeder cell layer were picked between days 21 and 30
using sterile syringe needle and micropipette and transferred
into a 1.5 mL centrifuge tube containing 0.05% Trypsin/
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EDTA to digest into single cell suspension. Digested cells
were seeded on feeder cell layer in EPSCM and medium was
changed daily. EPSC colonies with dome-shaped morphol-
ogy were observed 3-5 days after cell seeding. Colony
picking procedure as mentioned above was repeated twice to
generate iEPSC clone originated from single cells. For cell
passage of established iEPSC clones, when EPSC colonies
reach 80% confluency, cells were washed with DPBS
(Thermo Fisher Scientific, #14040133), then incubated with
0.05% Trypsin for 2 min at 37 degrees and neutralized with
M10 medium. Digested cells were then seeded on feeder cell
layer at the ratio of 1:3 to 1:5 and cultured in EPSCM.
Generation of Feeder-Free iEPSC Clones

[0245] To adapt iEPSCs from feeder culture to feeder-free
condition, iEPSCs grown on feeders were dissociated in
0.05% Trypsit/EDTA. To remove feeders, digested cell
suspension was seeded on gelatinized plates for 45 min.
Loosely-/non-attached iEPSCs were seeded on 12-well plate
coated with 2x Matrigel (Corning, #354234) and cultured in
feeder-free medium (provided by CTSCB) with 10% KSR
and 5uM Y27632 (MedChem Express, #HY-10583). To
passage feeder-free iEPSCs, when cells reach 80% conflu-
ency, iEPSCs were detached by incubation in TryPLE
(Thermo Fisher Scientific, #12-605-028) at 37 degrees for 2
min. Cells were neutralized with M10 medium and digested
cell suspension was added to Matrigel-coated plates at the
ratio of 1:5. To generate stable feeder-free iEPSC clones,
cells were sub-cultured for more than 5 passages.
Differentiation of iEPSCs to Trophoblast Lineages

[0246] Human iEPSCs were dissociated with TrypLE and
seeded on gelatinized 6-well plates. The cells were cultured
in feeder-free medium (provided by CTSCB) with 20% KSR
media and 5 pM Y27632 overnight. Trophoblast lineage
differentiation was induced by adding 10 uM SB431542
(MedChem Express, #HY-10431). The cells were collected
on day 6 for measurement of trophoblast-related gene
expression (Gao X, et al., Nat Cell Biol. 2019;21(6):687-
99).

Trophoblast Stem Cell (TSC) Derivation from hiEPSCs
[0247] Human iEPSCs were dissociated with TryPLE and
seeded on gelatinized 12-well plates. The cells were cultured
in trophoblast stem cell medium (TSCM) composed of
DMEM/F12 (Thermo Fisher Scientific, #12-500-062)
supplemented with 0.1 mM 2-mercaptoethanol (Thermo
Fisher Scientific, #31350010), 0.2% FBS, 0.5% P/S, 0.3%
BSA (Thermo Fisher Scientific, #15260037), 1% ITS-X
supplement (Thermo Fisher Scientific, #51500056), 1.5
mg/ml L-ascorbic acid, 50 ng/ml EGF (PeproTech, #AF-
100-15), 2 mM CHIR99021 (SelleckChem, #S2924), 0.5
mM A83-01 (Tocris, #2939), 1 mM SB431542, 0.8 mM
Valproic acid (Sigma, #P4543), and 5 mM Y27632. TSCM
was changed to every other day. When cells reach 80%
confluency, cells were dissociated with TryPLE and pas-
saged at the ratio of 1:5 in TSCM (Okae H, et al., Cell Stem
Cell. 2018;22(1):50-63.¢6).

Human iBlastoid Generation from Human iEPSCs.

[0248] Human iEPSCs were dissociated with TryPLE and
seeded on low attachment 96 round-bottom plate at the cell
density of 200 or 400 cells per well of plate). The cells were
cultured in N2B27 medium composed of 1:1 of DMEM-
F12: Neurobasal medium (Thermo Fisher Scientific,
#21103049) with growth factors and supplements including
1x N2 (Thermo Fisher Scientific, #17502048), 1x B27
(Thermo Fisher Scientific, #17504044), 1x GlutaMAX, 1x
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nonessential amino acids, 0.1 mM 2-Mercaptoethanol and
1x penicillin/streptomycin and 10 uM Y27632 overnight.
Medium was then changed to N2B27 medium with PALLY
including PD0325901 (SelleckChem, #S1036), A83-01,
1-Oleoyl lysophosphatidic acid (LPA; MedChem Express,
#HY-137862), human LIF and Y-27632) for 2 days with
daily medium change. Cells were then cultured in N2B27
medium containing [.PA and Y-27632 for another two days.
Blastocyst-like structures were then observed, and images
were captured with CKX53(Olympus) inverted microscope
mRNA Isolation and Real-Time qPCR

[0249] The iEPSCs after 5 passages were cultured in
12-well plates. Cells were harvested at 80% cell confluency.
Culture medium was removed, washed with DPBS, and
detached in 0.05% Trypsin-EDTA. RNA was extracted using
the TRIzol (Thermo Fisher Scientific, #15596018). RNA
was quantified using a Nanodrop spectrophotometer. Two
micrograms of total mRNA were used to synthesize the
c¢DNA with a ReverTra Ace qPCR RT master mix (Toybo,
#FSQ-201s). qPCR was performed with iTaq Universal
SYBR Green Supermix (Biorad, #1725122) on a CFX-96
thermocycler (Bio-Rad). Relative gene expression was cal-
culated using the 2AACt method with Gapdh as endogenous
control.

Immunofluorescence

[0250] The iEPSCs were seeded on Matrigel-coated
24-well cell culture plates (for feeder free iEPSCs) or
gelatinized 24-well cell culture plates with MEF feeder
layers (for feeder iEPSCs) and grown for 2-3 days in
EPSCM or feeder free medium until 80% confluence. Cells
were washed with DPBS three times and fixed with 4%
paraformaldehyde at room temperature for 15 min. Cells
were permeabilized in 0.2% Triton X-100 (Sigma-Aldrich,
#18787) at room temperature for 10 min. Permeabilized
cells were washed with DPBS twice and blocked with 10%
BSA (United States Biological, #A1311) at room tempera-
ture for 1 hr. Primary antibodies were added to the cells and
incubated at 4° C. overnight. The cells were then washed
with DPBS three times and incubated with corresponding
secondary antibodies at room temperature for 1 hr. Cells
were washed with DPBS three times and counter-stained
with Ix DAPI (Thermo Fisher Scientific, #R37606). Images
were captured with CKX53 (Olympus) inverted microscope.

Results

Engineered SOX17 Factor Dramatically Boosts
Reprogramming Efficiency of Human iEPSCs from
Dermal Fibroblast

[0251] An earlier study developed an approach termed
directed evolution of reprogramming factors by cell selec-
tion and sequencing (DERBY-seq) to systematically identify
engineered transcription factors with enhanced pluripotency
function in somatic reprogramming. The engineered
SOX17FNV is one of the engineered eSOX17 transcriptions
factors identified from the high throughput screen on mouse
fibroblast reprogramming (Veerapandian, et al., Stem Cell
Reports. 2018;11(2):593-606). Culture conditions to derive
and establish expanded or extended potential stem cells
(EPSCs) from preimplantation embryos has been reported in
different laboratories with high success rates (Gao, et al., Nat
Cell Biol. 2019;21(6):687-99; and Yang, et al., Nature.
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2017;550(7676):393-7). However, the generation of human
induced EPSCs (iEPSCs) from somatic cells is still chal-
lenging due to the low reprogramming efficiency and
requirement of additional co-factors (Liu, et al., Nat Com-
mun. 2021;12(1):3017).

[0252] Given the findings that engineered factor
SOX17FNV can substantially enhance mouse and human
iPSC reprogramming from fibroblasts, a polycistronic len-
tiviral system was generated to reprogram human dermal
fibroblasts by expressing Doxycycline (Dox)-inducible
reprogramming factors (OKM-S2 and OKM-SOX17FNV)
(FIG. 1A). EPSC-like colonies started to appear from day 6
of reprogramming in OKM-SOX17FNV group, which is 3-4
days earlier than OKM-S2 group. Dome-shaped iEPSCs
were confirmed and identified on day 12-14 of reprogram-
ming (FIG. 1B). It was found that SOX17FNV can substan-
tially enhance the reprogramming efficiency of human iEP-
SCs to approximately 2%. This is ~30 times higher than in
the corresponding OKMS2 condition (FIG. 1C and 1D).
Further, Cells from aged individuals as well as high-passage
senescent cells are often difficult to be reprogramed using
conventional SOX2. SOX17FNV seemed to also promote
iEPSC reprogramming from human senescent fibroblasts at
high passage whilst SOX2 could not (FIG. 1E). Taken
together, the engineered transcription SOX17 factor
SOX17FNV can enhance the speed and efficiency of EPSC
reprogramming from human dermal fibroblasts and empow-
ers the generation of iEPSCs from cell sources where SOX2
fails.

[0253] Establishment of human induced EPSCs in feeder
and feeder-free conditions The generated human iEPSCs
were next validated by establishing EPSC clones from single
cells. On MEF feeder condition, human SOX2- and
SOX17FNV-derived iEPSC clones can be passaged for
more than 20 passages without differentiation. These human
iEPSCs clones showed pluripotent signature by expressing
panel of pluripotency makers evaluated by qPCR (FIG. 2B)
and immunostaining. These iEPSC clones were further
adapted to feeder-free condition (Matrigel) to generate
feeder free clones. These feeder-free clones can be passaged
for more than 15 passages without differentiation. Pluripo-
tency signatures can be retained in these feeder free iEPSC
clones (FIGS. 2A-20).

Human iEPSCs Show Differentiation Potential to
Trophoblasts and TSC Derivation from Human
iEPSCs

[0254] These SOX2 and SOX17FNV-derived feeder-free
iESPCs was further investigated for their potential to dif-
ferentiate into trophoblast lineage, which is considered as
the key and unique functional characteristic of EPSCs.
Treatment of TGFp inhibitor SB431542 to EPSC has been
reported to generate trophoblast-like cells (Gao, et al., Nat
Cell Biol. 2019;21(6):687-99). Both SOX2 and SOX17FNV
iEPSCs were demonstrated to express panels of trophoblast-
related genes upon SB431542 treatment (FIG. 3A-3E).

[0255] Given the trophoblast lineage differentiation poten-
tial, trophoblast stem cells (TSCs) were then derived from
the established feeder-free SOX2- and SOX17FNV-derived
iEPSCs. These iEPSCs were cultured in human TSC
medium as previously reported (Okae, et al., Cell Stem Cell.
2018;22(1):50-63.e6) on culture plates coated with gelatin.
Colonies with TSC morphology were identified after 7-10
days with expression of pan-trophoblast marker KRT7.
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Generation of Human iBlastoids from Human
iEPSCs

[0256] Human EPSCs exhibit more developmental
potency than naive and primed pluripotent stem cells in
differentiation of trophoblast lineages suggesting their toti-
potent-like features. It was observed that human iEPSCs
express genes related to blastocytes and trophoblast lineages
upon in vitro spontaneous differentiation (FIG. 4A-4E).
Therefore, EPSCs were seeded in low attachment 96 well
plates or microwell array and cultured in PALLY containing
N2B27 medium as reported (Kagawa, et al., Nature. 2022;
601(7894):600-5). Preliminary data demonstrated that some
cell aggregates can form blastocyst-like structures with a
cavity (FIG. 4F-4G). Size of these blastocyst-like structures
varied with an average diameter 150-250 mm (FIG. 4H),
similar to that in late human blastocysts (Yanagida, et al.,
Cell Stem Cell. 20 2021;28(6):1016-22.e4).

Discussion

[0257] Engineered SOX17 factors are previously reported
to outperform wild type SOX2 in mouse pluripotency repro-
gramming as well as in human iPSC reprogramming
towards primed pluripotent cells. Here, it has been demon-
strated that the engineered transcription factor SOX17FNV
can substantially boost the speed, efficiency, and reproduc-
ibility of iEPSC reprogramming from human dermal fibro-
blasts compared to wild type SOX2. The resultant iEPSCs
show self-renewal capacity in long term culture without
losing their pluripotency features and the potential to tro-
phoblast lineage differentiation. Human induced blastoids
(iB) can be derived from these iEPSCs indicating their
totipotent-like features, which might be an ideal alternative
in studying human early embryo development.

[0258] Importantly, SOX17FNV enables human EPSC
reprogramming in recalcitrant cells such as high-passaged
senescent fibroblasts while SOX2 fails to do so. These
findings indicate the remarkable potency of SOX17FNV in
the translational application of human EPSCs, particularly in
generation of iEPSC cell bank from fibroblasts and periph-
eral blood cells of individuals among different ages. Given
the high efficiency of SOX17FNV, iEPSCs might be effec-
tively and robustly generated even from rare tissue specimen
such as small tissue biopsies or a few drops of blood.

[0259] The pluripotent features and trophoblast lineage
differentiation potentials of SOX2- and SOX17FNV-derived
human iEPSCs were also examined. These human iEPSCs
demonstrated similar phenotypes as reported in EPSCs
derived from human blastocysts and embryo. These repro-
grammed iEPSCs can be further adapted to Matrigel or
laminin to generate feeder-free and clinical-grade clones,
demonstrating the potential to produce personalized EPSCs
for clinical studies under GMP conditions. For the reported
totipotent-like features of human EPSCs, the potency of
SOX2- and SOX17FNV-derived iEPSCs in generation of
induced blastoids was also examined. It was shown that both
EPSCs can be induced into human iBlastoids, which are
considered as an invaluable cell model in the preclinical
study of infertility-related diseases such as infertility, failure
of implantations and preeclampsia. The use of iEPSC for
such studies would obviate the need for human embryos and
usage of ethically challenging cell sources. Likewise, the
basic research of early human embryo development could be
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boosted by an easy-to-use method of iEPSC generation that
gains popularity reminiscent of primed iPSC reprogram-
ming.

Example 2: eSOX17"™" enables reprogramming of
human blood cells into iNSCs

Methods

[0260] To apply eSox177""-driven iNSC reprogramming
to human somatic cells, peripheral blood mononuclear cells
(PBMCs) were used instead of fibroblasts due to their
availability via non-invasive means and a lower mutation
burden compared to skin fibroblasts.

[0261] To avoid chromosome rearrangement frequently
observed in lymphocytes, erythroid progenitor cells (EPCs)
were expanded and used as starting cells to generate human
iNSCs (hiNSCs). EPCs were transduced with Dox-inducible
lentiviral particles encoding human KLF4, C-MYC and
eSOX17FNV (K/M/eSOX17"7),

[0262] Representative phase-contrast microscope images
of hiNSC reprogramming from human erythroid progenitor
cells (EPCs) were produced and analyzed at day 20. hiNSC-
like colonies were only formed in 3-factor K/M/
eSOX17FNV and 2-factor M/eSOX17FNV conditions.
[0263] Gene expression of M/eSOX17FNV  repro-
grammed 2F-hiNSCs was detected by qRT-PCR. Neonatal
human dermal fibroblasts (HDFn), EPCs, hiPSCs and
HO9-NSCs were used as controls. Expression of NSC genes
was normalized to H9-NSCs, EPC genes was normalized to
EPCs, and pluripotency genes was normalized to hiPSCs
(see FIGS. 6A-6C).

[0264] After 3 weeks of in vitro spontaneous differentia-
tion, hiNSCs gave rise to NF+/TH+ dopaminergic neurons
and MAP2+/vGLUT2+ glutamatergic neurons.

[0265] After 2 weeks of in vitro motor neuron differen-
tiation, hiNSCs gave rise to TUJ1+/HB9+ and NF+/ISL1+
motor neurons. Neurons spontaneously differentiated from
hiNSCs were immunoreactive for MAP2, SYNI1 and
PSD95.

[0266] Normalized Ca2+ Fluo-4 traces of fluorescence
live-cell imaging in 5 individual spontaneously differenti-
ated neurons from hiNSCs revealed spontaneous neural
network activity.

[0267] Gene ontology (GO) analysis were performed
using top 300 up-regulated DEGs in hiNSCs compared with
EPCs.

Results

[0268] It was found that overexpression of K/M/
eSOX17*" and culture in an optimized human NSCs
medium with bFGF, EGF, CHIR99021 (GSK-3 inhibitor),
SB431542 (TGFPRI/ALKS inhibitor), purmorphamine
(hedgehog-smoothened (Shh) agonist), tranylcypromine
(monoamine oxidase (MAO) inhibitor), and sodium butyrate
(histone deacetylase (HDAC) inhibitor) allows the conver-
sion of EPCs into iNSCs (FIG. 5A). After omitting indi-
vidual factors from this 3-factor cocktail, it was found that
C-MYC and eSOX17""" (M/eSoX 177" are sufficient for
iNSC conversion. Transduced EPCs formed adherent, elon-
gated cells within 4 days and NSC-like colonies within
11-20 days. These colonies can be picked and expanded in
hNSC medium supplemented with bFGF, EGF, CHIR99021,
and SB431542. Stable hiNSCs independent of transgenes
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could be generated after 5 passages. Immunocytochemistry
of hiNSCs using antibodies against SOX2, PAX6, SOX1,
FABP7 revealed that hiNSCs express NSC markers SOX1,
SOX2, PAX6 and FABP7 (BLBP) (FIG. 6A), but EPC
markers CD71 (TFRC) and CD117 (KIT) or pluripotency
genes POUSF1 and NANOG could not be detected (FIGS.
6B and 6C). Representative karyograms of hiNSCs from
EPCs of donor 275-5 at passage indicated that hiNSCs could
be stably expanded on matrigel in hNSC medium for more
than 20 passages with a normal karyotype.

[0269] To evaluate the multipotency of M/eSOX177N"
reprogrammed hiNSCs, hiNSCs were differentiated in vari-
ous conditions. In a spontaneous neuronal differentiation
condition within 3 weeks, hiNSCs gave rise to NF*/TH*
dopaminergic neurons and MAP2*/vGLUT2" glutamatergic
neurons, respectively. hiNSCs could also quickly differen-
tiate into TUJ1*/HB9* and NF*/ISL1"* motor neurons within
2 weeks. Notably, hiNSC-derived neurons were immunore-
active for presynaptic marker Synapsin-1 (SYN1) and post-
synaptic marker PSD-95. These neurons (12 out of 34)
displayed frequent and spontancous neuronal activity
detected by calcium imaging, indicating the generation of
mature and functional neurons. In addition to neuronal
lineages, hiNSCs were also able to differentiate into GFAP*
astrocytes and O4*/OLIG2" oligodendrocytes in vitro, as
determined by immunofluorescence microscopy. These
results indicated that EPC-hiNSCs can generate multiple
neuronal subtypes and glial cells.

[0270] To further characterize the hiNSCs, the global gene
expression of EPCs, three hiNSCs lines from two donors,
ESCs, hiPSCs and ESC/hiPSC-derived neural progenitor
cells (NPCs) were analyzed. PC analysis of global gene
expression profiles determined by bulk RNA-seq revealed
that hiNSCs clustered closely with ESC/hiPSC-derived
NPCs but are distinct from EPC and PSC clusters (FIG. 5B).
Gene ontology (GO) analysis of the top 300 upregulated
genes in hiNSCs compared with EPCs unveiled an enrich-
ment for neural related biological processes, such as axon
development, axonogenesis and forebrain development
(FIG. 5C). Analysis of mean expression of selected NSC,
PSC and EPC lineage markers represented as log2 trans-
formed read counts in hiNSCs indicated that many NSC
markers such as SOX1, SOX2, PAX6, FABP7 and HES5
were highly expressed, while EPC markers such as GYPA,
HBA1 and IKZF1 and pluripotency markers such as
POUSF1, NANOG and ZFP42 were repressed (FIG. 5D).
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[0271] The regional identity of hiNSCs was also investi-
gated by analyzing mean expression of selected forebrain,
midbrain, hindbrain, spinal cord, dorsal and ventral regional
identity genes represented as log2 transformed read counts.
hiNSCs expressed forebrain markers (SIX3 and DLX2),
midbrain marker (PAXS5, EN1 and EN2), hindbrain markers
(GBX2, HOXB2 AND HOXB4) but not spinal cord markers
(HOXBS, HOXB6, HOXB7 and HOXC6) (FIG. 5E). Along
the dorso-ventral axis, hiNSCs expressed several dorsal
markers such as PAX3, IRX3, IRXS5, and SP8 while ventral
markers were poorly expressed. These results suggest that
hiNSCs have a dorso-anterior identity. Together, the data
demonstrated that eSOX17*™" can generate self-renewing
and multipotent iNSCs directly from human blood.

Discussion

[0272] It has been demonstrated that engineered transcrip-
tion factors can facilitate the direct conversion of somatic
cells into iNSCs. Dox-inducible lentivirus was used instead
of a constitutive retrovirus to control exogenous gene
expression over a smaller number of starting cells and
shorter reprogramming time frame, using purified Sox2-
GFP MEFs rather than bulk cells without reporter as starting
material. To ascertain that engineered Sox17 is imparts
direct lineage reprogramming, Sox2 and Sox17 were used as
controls. Clearly, the changed capacity to bind partner
factors including but not limited to Brn2 affects DNA and
chromatin interactions and alters the mode as to how
eSox17FNV explores genomic DNA as shown by single-
molecule tracking. Compared to Sox2, Sox17 possess a
unique C-terminal domain that potently promotes iINSC
generation. During transgene overexpression, subtly differ-
ent gene expression profiles and chromatin opening were
observed between eSox17FNV and Sox2/Sox17. Once
transgenes are silenced, profound differences emerge and
only cells previously exposed to eSox17FNV mature
towards a neural stem cell state, indicating that eSox17FNV
creates a poised state through altered genome engagement
and co-factor recruitment but needs to give way to endog-
enous factors for the lineage commitment to take place. This
is in stark contrast to iPSC reprogramming where active
transgenes do not impede the activation of pluripotency
network.

[0273] Taken together, this study presents a robust
approach to reprogram murine and human somatic cells into
iNSCs with eSox17FNV.

SEQUENCE LISTING

Sequence total quantity: 54

SEQ ID NO: 1 moltype = AA length = 414

FEATURE Location/Qualifiers
source 1..414
mol type = protein
organism = synthetic construct

SEQUENCE: 1

MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG DMKVKGEAPA NSGAPAGAAG 60
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK MLGKSWKALT FAEKRPFNEE 120
AVRLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA EPQAAALGPE GGRVAMDGLG 180
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP TPDTSPLDGV DPDPAFFAAP 240
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG PSIPGLLAPP SALHVYYGAM 300
GSPGAGGGRG FQMQPQHQHQ HQHQHHPPGP GQPSPPPEAL PCRDGTDPSQ PAELLGEVDR 360
TEFEQYLHFV CKPEMGLPYQ GHDSGVNLPD SHGAISSVVS DASSAVYYCN YPDV 414

SEQ ID NO: 2 moltype = AA length = 293
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26

-continued

FEATURE Location/Qualifiers
source 1..293

mol type = protein

organism = synthetic construct
SEQUENCE: 2
MSRIRRPMNA FMVWAKDERK RLAQQONPDLH NAELSKMLGK SWKALTFAEK RPFNEEAVRL 60
RVQHMQDHPN YKYRPRRRKQ VKRMKRVEGG FLHALVEPQA GALGPEGGRV AMDGLGLPFP 120
EPGYPAGPPL MSPHMGPHYR DCQGLGAPAL DGYPLPTPDT SPLDGVEQDP AFFAAPLPGD 180
CPAAGTYTYA PVSDYAVSVE PPAGPMRVGP DPSGPAMPGI LAPPSALHLY YGAMGSPAAS 240
AGRGFHAQPQ QPLQPQAELL GEVDRTEFEQ YLPFVYKPEM GLPYQGHDCG VNL 293
SEQ ID NO: 3 moltype = DNA length = 882
FEATURE Location/Qualifiers
source 1..882

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 3
atgtctcgea tccggeggcece gatgaacgece tttatggtgt gggccaaaga cgaacgcaag 60
cggttggcac agcagaaccce agatctgcac aacgcagage taagcaagat gctaggcaag 120
tcttggaagg cgttgacctt tgcagagaag cggccctteca atgaagaggce cgtgeggetg 180
cgegtgecage atatgcagga ccaccccaac tacaagtacce ggecgeggeyg gcgcaagcag 240
gtgaagcgca tgaagcgggt ggagggaggce ttectgeacyg ctetegtega gecccaggee 300
ggcgegettyg gteccgaggg cggecgegtyg gecatggatg gectgggtet gecttteceg 360
gagccggget atcecggcecgg tcectecgetg atgtctecge acatgggecce ccactategg 420
gactgccagyg gactgggcege tccegegetce gacggctacce ctetgeccac tcecggacaca 480
tcecegetgg atggegtgga gcaggacceg getttetttyg cageccceget gcecaggggac 540
tgcceggegyg ccggcaccta cacttacget ccagtcetegyg actatgcagt gtcegtagag 600
cegecegetyg gecccatgeg agtggggecg gaccectegyg gecctgegat gcecggggate 660
ctggegeccee ccagegetcet gecacctgtac tacggcegega tgggctcegece cgecgcaagt 720
geggggegeyg gtttecacge gcaaccccag cagcecgetge aaccgcaggce agagctcecta 780
ggggaggtygyg accgcacgga attcgaacag tatctgecct ttgtgtataa gecccgagatg 840
ggtcttcect accagggaca cgactgcgga gtgaacctcect aa 882
SEQ ID NO: 4 moltype = AA length = 79
FEATURE Location/Qualifiers
source 1..79

mol type = protein

organism = synthetic construct
SEQUENCE: 4
SRIRRPMNAF MVWAKDERKR LAQONPDLHN AELSKMLGKS WKALTFAEKR PFNEEAVRLR 60
VQHMQDHPNY KYRPRRRKQ 79
SEQ ID NO: 5 moltype = AA length = 414
FEATURE Location/Qualifiers
source 1..414

mol type = protein

organism = synthetic construct
SEQUENCE: 5
MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG DMKVKGEAPA NSGAPAGAAG 60
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK MLGKSWKALT LAEKRPFVEE 120
AARLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA EPQAAALGPE GGRVAMDGLG 180
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP TPDTSPLDGV DPDPAFFAAP 240
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG PSIPGLLAPP SALHVYYGAM 300
GSPGAGGGRG FQMQPQHQHQ HQHQHHPPGP GQPSPPPEAL PCRDGTDPSQ PAELLGEVDR 360
TEFEQYLHFV CKPEMGLPYQ GHDSGVNLPD SHGAISSVVS DASSAVYYCN YPDV 414
SEQ ID NO: 6 moltype = AA length = 414
FEATURE Location/Qualifiers
source 1..414

mol type = protein

organism = synthetic construct
SEQUENCE: 6
MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG DMKVKGEAPA NSGAPAGAAG 60
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK MLGKSWKALT LAEKRPFVEE 120
ARRLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA EPQAAALGPE GGRVAMDGLG 180
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP TPDTSPLDGV DPDPAFFAAP 240
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG PSIPGLLAPP SALHVYYGAM 300
GSPGAGGGRG FQMQPQHQHQ HQHQHHPPGP GQPSPPPEAL PCRDGTDPSQ PAELLGEVDR 360
TEFEQYLHFV CKPEMGLPYQ GHDSGVNLPD SHGAISSVVS DASSAVYYCN YPDV 414
SEQ ID NO: 7 moltype = AA length = 414
FEATURE Location/Qualifiers
source 1..414

mol type = protein

organism = synthetic construct

SEQUENCE: 7
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-continued

MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG DMKVKGEAPA NSGAPAGAAG 60
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK MLGKSWKALT LAEKRPFVEE 120
ANRLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA EPQAAALGPE GGRVAMDGLG 180
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP TPDTSPLDGV DPDPAFFAAP 240
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG PSIPGLLAPP SALHVYYGAM 300
GSPGAGGGRG FQMQPQHQHQ HQHQHHPPGP GQPSPPPEAL PCRDGTDPSQ PAELLGEVDR 360

TEFEQYLHFV CKPEMGLPYQ GHDSGVNLPD SHGAISSVVS DASSAVYYCN YPDV 414
SEQ ID NO: 8 moltype = AA length = 414

FEATURE Location/Qualifiers

source 1..414

mol type = protein

organism = synthetic construct
SEQUENCE: 8
MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG DMKVKGEAPA NSGAPAGAAG 60
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK MLGKSWKALT LAEKRPFVEE 120
ACRLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA EPQAAALGPE GGRVAMDGLG 180
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP TPDTSPLDGV DPDPAFFAAP 240
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG PSIPGLLAPP SALHVYYGAM 300
GSPGAGGGRG FQMQPQHQHQ HQHQHHPPGP GQPSPPPEAL PCRDGTDPSQ PAELLGEVDR 360

TEFEQYLHFV CKPEMGLPYQ GHDSGVNLPD SHGAISSVVS DASSAVYYCN YPDV 414
SEQ ID NO: 9 moltype = AA length = 414

FEATURE Location/Qualifiers

source 1..414

mol type = protein

organism = synthetic construct
SEQUENCE: 9
MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG DMKVKGEAPA NSGAPAGAAG 60
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK MLGKSWKALT LAEKRPFVEE 120
AQRLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA EPQAAALGPE GGRVAMDGLG 180
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP TPDTSPLDGV DPDPAFFAAP 240
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG PSIPGLLAPP SALHVYYGAM 300
GSPGAGGGRG FQMQPQHQHQ HQHQHHPPGP GQPSPPPEAL PCRDGTDPSQ PAELLGEVDR 360

TEFEQYLHFV CKPEMGLPYQ GHDSGVNLPD SHGAISSVVS DASSAVYYCN YPDV 414
SEQ ID NO: 10 moltype = AA length = 414

FEATURE Location/Qualifiers

source 1..414

mol type = protein

organism = synthetic construct
SEQUENCE: 10
MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG DMKVKGEAPA NSGAPAGAAG 60
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK MLGKSWKALT LAEKRPFVEE 120
AGRLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA EPQAAALGPE GGRVAMDGLG 180
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP TPDTSPLDGV DPDPAFFAAP 240
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG PSIPGLLAPP SALHVYYGAM 300
GSPGAGGGRG FQMQPQHQHQ HQHQHHPPGP GQPSPPPEAL PCRDGTDPSQ PAELLGEVDR 360

TEFEQYLHFV CKPEMGLPYQ GHDSGVNLPD SHGAISSVVS DASSAVYYCN YPDV 414
SEQ ID NO: 11 moltype = AA length = 414

FEATURE Location/Qualifiers

source 1..414

mol type = protein

organism = synthetic construct
SEQUENCE: 11
MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG DMKVKGEAPA NSGAPAGAAG 60
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK MLGKSWKALT LAEKRPFVEE 120
AHRLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA EPQAAALGPE GGRVAMDGLG 180
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP TPDTSPLDGV DPDPAFFAAP 240
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG PSIPGLLAPP SALHVYYGAM 300
GSPGAGGGRG FQMQPQHQHQ HQHQHHPPGP GQPSPPPEAL PCRDGTDPSQ PAELLGEVDR 360

TEFEQYLHFV CKPEMGLPYQ GHDSGVNLPD SHGAISSVVS DASSAVYYCN YPDV 414
SEQ ID NO: 12 moltype = AA length = 414

FEATURE Location/Qualifiers

source 1..414

mol type = protein

organism = synthetic construct
SEQUENCE: 12
MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG DMKVKGEAPA NSGAPAGAAG 60
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK MLGKSWKALT LAEKRPFVEE 120
ATRLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA EPQAAALGPE GGRVAMDGLG 180
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP TPDTSPLDGV DPDPAFFAAP 240
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG PSIPGLLAPP SALHVYYGAM 300
GSPGAGGGRG FQMQPQHQHQ HQHQHHPPGP GQPSPPPEAL PCRDGTDPSQ PAELLGEVDR 360
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TEFEQYLHFV CKPEMGLPYQ

SEQ ID NO: 13
FEATURE
source

SEQUENCE: 13
MSSPDAGYAS DDQSQTQSAL
RAKGESRIRR PMNAFMVWAK
ALRLRVQHMQ DHPNYKYRPR
LQFPEQGFPA GPPLLPPHMG
MPGDCPAAGT YSYAQVSDYA
GSPGAGGGRG FQMQPQHQHQ
TEFEQYLHFV CKPEMGLPYQ

SEQ ID NO: 14
FEATURE
source

SEQUENCE: 14
MSSPDAGYAS DDQSQTQSAL
RAKGESRIRR PMNAFMVWAK
AKRLRVQHMQ DHPNYKYRPR
LQFPEQGFPA GPPLLPPHMG
MPGDCPAAGT YSYAQVSDYA
GSPGAGGGRG FQMQPQHQHQ
TEFEQYLHFV CKPEMGLPYQ

SEQ ID NO: 15
FEATURE
source

SEQUENCE: 15
MSSPDAGYAS DDQSQTQSAL
RAKGESRIRR PMNAFMVWAK
AMRLRVQHMQ DHPNYKYRPR
LQFPEQGFPA GPPLLPPHMG
MPGDCPAAGT YSYAQVSDYA
GSPGAGGGRG FQMQPQHQHQ
TEFEQYLHFV CKPEMGLPYQ

SEQ ID NO: 16
FEATURE
source

SEQUENCE: 16
MSSPDAGYAS DDQSQTQSAL
RAKGESRIRR PMNAFMVWAK
AFRLRVQHMQ DHPNYKYRPR
LQFPEQGFPA GPPLLPPHMG
MPGDCPAAGT YSYAQVSDYA
GSPGAGGGRG FQMQPQHQHQ
TEFEQYLHFV CKPEMGLPYQ

SEQ ID NO: 17
FEATURE
source

SEQUENCE: 17
MSSPDAGYAS DDQSQTQSAL
RAKGESRIRR PMNAFMVWAK
ASRLRVQHMQ DHPNYKYRPR
LQFPEQGFPA GPPLLPPHMG
MPGDCPAAGT YSYAQVSDYA
GSPGAGGGRG FQMQPQHQHQ
TEFEQYLHFV CKPEMGLPYQ

SEQ ID NO: 18
FEATURE
source

GHDSGVNLPD SHGAISSVVS

moltype = AA length
Location/Qualifiers
1..414

mol type = protein
organism = synthetic

PAVMAGLGPC PWAESLSPIG
DERKRLAQON PDLHNAELSK
RRKQVKRLKR VEGGFLHGLA
GHYRDCQSLG APPLDGYPLP
GPPEPPAGPM HPRLGPEPAG
HQHQHHPPGP GQPSPPPEAL
GHDSGVNLPD SHGAISSVVS

moltype = AA length
Location/Qualifiers
1..414

mol type = protein
organism = synthetic

PAVMAGLGPC PWAESLSPIG
DERKRLAQON PDLHNAELSK
RRKQVKRLKR VEGGFLHGLA
GHYRDCQSLG APPLDGYPLP
GPPEPPAGPM HPRLGPEPAG
HQHQHHPPGP GQPSPPPEAL
GHDSGVNLPD SHGAISSVVS

moltype = AA length
Location/Qualifiers
1..414

mol type = protein
organism = synthetic

PAVMAGLGPC PWAESLSPIG
DERKRLAQON PDLHNAELSK
RRKQVKRLKR VEGGFLHGLA
GHYRDCQSLG APPLDGYPLP
GPPEPPAGPM HPRLGPEPAG
HQHQHHPPGP GQPSPPPEAL
GHDSGVNLPD SHGAISSVVS

moltype = AA length
Location/Qualifiers
1..414

mol type = protein
organism = synthetic

PAVMAGLGPC PWAESLSPIG
DERKRLAQON PDLHNAELSK
RRKQVKRLKR VEGGFLHGLA
GHYRDCQSLG APPLDGYPLP
GPPEPPAGPM HPRLGPEPAG
HQHQHHPPGP GQPSPPPEAL
GHDSGVNLPD SHGAISSVVS

moltype = AA length
Location/Qualifiers
1..414

mol type = protein
organism = synthetic

PAVMAGLGPC PWAESLSPIG
DERKRLAQON PDLHNAELSK
RRKQVKRLKR VEGGFLHGLA
GHYRDCQSLG APPLDGYPLP
GPPEPPAGPM HPRLGPEPAG
HQHQHHPPGP GQPSPPPEAL
GHDSGVNLPD SHGAISSVVS

moltype = AA length
Location/Qualifiers
1..414

mol type = protein

DASSAVYYCN

= 414

congtruct

DMKVKGEAPA
MLGKSWKALT
EPQAAALGPE
TPDTSPLDGV
PSIPGLLAPP
PCRDGTDPSQ
DASSAVYYCN

= 414

congtruct

DMKVKGEAPA
MLGKSWKALT
EPQAAALGPE
TPDTSPLDGV
PSIPGLLAPP
PCRDGTDPSQ
DASSAVYYCN

= 414

congtruct

DMKVKGEAPA
MLGKSWKALT
EPQAAALGPE
TPDTSPLDGV
PSIPGLLAPP
PCRDGTDPSQ
DASSAVYYCN

= 414

congtruct

DMKVKGEAPA
MLGKSWKALT
EPQAAALGPE
TPDTSPLDGV
PSIPGLLAPP
PCRDGTDPSQ
DASSAVYYCN

= 414

congtruct

DMKVKGEAPA
MLGKSWKALT
EPQAAALGPE
TPDTSPLDGV
PSIPGLLAPP
PCRDGTDPSQ
DASSAVYYCN

= 414

YPDV

NSGAPAGAAG
LAEKRPFVEE
GGRVAMDGLG
DPDPAFFAAP
SALHVYYGAM
PAELLGEVDR
YPDV

NSGAPAGAAG
LAEKRPFVEE
GGRVAMDGLG
DPDPAFFAAP
SALHVYYGAM
PAELLGEVDR
YPDV

NSGAPAGAAG
LAEKRPFVEE
GGRVAMDGLG
DPDPAFFAAP
SALHVYYGAM
PAELLGEVDR
YPDV

NSGAPAGAAG
LAEKRPFVEE
GGRVAMDGLG
DPDPAFFAAP
SALHVYYGAM
PAELLGEVDR
YPDV

NSGAPAGAAG
LAEKRPFVEE
GGRVAMDGLG
DPDPAFFAAP
SALHVYYGAM
PAELLGEVDR
YPDV

414

60

120
180
240
300
360
414

60

120
180
240
300
360
414

60

120
180
240
300
360
414

60

120
180
240
300
360
414

60

120
180
240
300
360
414
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organism = synthetic
SEQUENCE: 18
MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK
ATRLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG
GSPGAGGGRG FOMQPQHOHQ HQHQHHPPGP GQPSPPPEAL
TEFEQYLHFV CKPEMGLPYQ GHDSGVNLPD SHGAISSVVS

SEQ ID NO: 19 moltype = AA length
FEATURE Location/Qualifiers
source 1..414

mol type = protein

organism = synthetic
SEQUENCE: 19
MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK
AWRLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG
GSPGAGGGRG FOMQPQHOHQ HQHQHHPPGP GQPSPPPEAL
TEFEQYLHFV CKPEMGLPYQ GHDSGVNLPD SHGAISSVVS

SEQ ID NO: 20 moltype = AA length
FEATURE Location/Qualifiers
source 1..414

mol type = protein

organism = synthetic
SEQUENCE: 20
MSSPDAGYAS DDQSQTQSAL PAVMAGLGPC PWAESLSPIG
RAKGESRIRR PMNAFMVWAK DERKRLAQQON PDLHNAELSK
AYRLRVQHMQ DHPNYKYRPR RRKQVKRLKR VEGGFLHGLA
LQFPEQGFPA GPPLLPPHMG GHYRDCQSLG APPLDGYPLP
MPGDCPAAGT YSYAQVSDYA GPPEPPAGPM HPRLGPEPAG
GSPGAGGGRG FOMQPQHOHQ HQHQHHPPGP GQPSPPPEAL
TEFEQYLHFV CKPEMGLPYQ GHDSGVNLPD SHGAISSVVS

SEQ ID NO: 21 moltype = AA length
FEATURE Location/Qualifiers
source 1..79

mol type = protein
organism = synthetic
SEQUENCE: 21
SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 22 moltype = AA length
FEATURE Location/Qualifiers
source 1..79
mol type = protein
organism = synthetic
SEQUENCE: 22
SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 23 moltype = AA length
FEATURE Location/Qualifiers
source 1..79

mol type = protein
orggnism = synthetic
SEQUENCE: 23
SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 24 moltype = AA length
FEATURE Location/Qualifiers
source 1..79

mol type = protein
organism = synthetic
SEQUENCE: 24
SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 25 moltype = AA length
FEATURE Location/Qualifiers

congtruct

DMKVKGEAPA NSGAPAGAAG
MLGKSWKALT LAEKRPFVEE
EPQAAALGPE GGRVAMDGLG
TPDTSPLDGV DPDPAFFAAP
PSIPGLLAPP SALHVYYGAM
PCRDGTDPSQ PAELLGEVDR
DASSAVYYCN YPDV

= 414

congtruct

DMKVKGEAPA NSGAPAGAAG
MLGKSWKALT LAEKRPFVEE
EPQAAALGPE GGRVAMDGLG
TPDTSPLDGV DPDPAFFAAP
PSIPGLLAPP SALHVYYGAM
PCRDGTDPSQ PAELLGEVDR
DASSAVYYCN YPDV

= 414

congtruct

DMKVKGEAPA NSGAPAGAAG
MLGKSWKALT LAEKRPFVEE
EPQAAALGPE GGRVAMDGLG
TPDTSPLDGV DPDPAFFAAP
PSIPGLLAPP SALHVYYGAM
PCRDGTDPSQ PAELLGEVDR
DASSAVYYCN YPDV

=79

congtruct

WKALTLAEKR PFVEEAARLR

congtruct

WKALTLAEKR PFVEEARRLR

congtruct

WKALTLAEKR PFVEEANRLR

congtruct

WKALTLAEKR PFVEEACRLR

=79

60

120
180
240
300
360
414

60

120
180
240
300
360
414

60

120
180
240
300
360
414

60

60
79

60
79

60
79
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source 1..79
mol type = protein
organism = synthetic construct
SEQUENCE: 25

SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 26 moltype = AA length
FEATURE Location/Qualifiers
source 1..79
mol type = protein
organism = synthetic
SEQUENCE: 26

SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 27 moltype = AA length
FEATURE Location/Qualifiers
source 1..79
mol type = protein
organism = synthetic
SEQUENCE: 27

SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 28 moltype = AA length
FEATURE Location/Qualifiers
source 1..79
mol type = protein
organism = synthetic
SEQUENCE: 28

SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 29 moltype = AA length
FEATURE Location/Qualifiers
source 1..79
mol type = protein
organism = synthetic
SEQUENCE: 29

SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 30 moltype = AA length
FEATURE Location/Qualifiers
source 1..79
mol type = protein
organism = synthetic
SEQUENCE: 30

SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 31 moltype = AA length
FEATURE Location/Qualifiers
source 1..79
mol type = protein
organism = synthetic
SEQUENCE: 31

SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 32 moltype = AA length
FEATURE Location/Qualifiers
source 1..79
mol type = protein
organism = synthetic
SEQUENCE: 32

SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 33 moltype = AA length
FEATURE Location/Qualifiers
source 1..79
mol type = protein
organism = synthetic
SEQUENCE: 33

WKALTLAEKR PFVEEAQRLR

congtruct

WKALTLAEKR PFVEEAGRLR

congtruct

WKALTLAEKR PFVEEAHRLR

congtruct

WKALTLAEKR PFVEEAIRLR

congtruct

WKALTLAEKR PFVEEALRLR

congtruct

WKALTLAEKR PFVEEAKRLR

congtruct

WKALTLAEKR PFVEEAMRLR

congtruct

WKALTLAEKR PFVEEAFRLR

congtruct

60
79

60
79

60
79

60

60
79

60
79

60
79

60
79
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SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 34 moltype = AA length
FEATURE Location/Qualifiers
source 1..79

mol type = protein
organism = synthetic
SEQUENCE: 34
SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 35 moltype = AA length
FEATURE Location/Qualifiers
source 1..79

mol type = protein
organism = synthetic
SEQUENCE: 35
SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 36 moltype = AA length
FEATURE Location/Qualifiers
source 1..79
mol type = protein
organism = synthetic
SEQUENCE: 36
SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 37 moltype = AA length
FEATURE Location/Qualifiers
source 1..79

mol type = protein
organism = synthetic
SEQUENCE: 37
SRIRRPMNAF MVWAKDERKR LAQQONPDLHN AELSKMLGKS
VQHMQDHPNY KYRPRRRKQ

SEQ ID NO: 38 moltype = AA length
FEATURE Location/Qualifiers
source 1..293
mol type = protein
organism = synthetic
SEQUENCE: 38
MSRIRRPMNA FMVWAKDERK RLAQQONPDLH NAELSKMLGK
RVQHMQDHPN YKYRPRRRKQ VKRMKRVEGG FLHALVEPQA
EPGYPAGPPL MSPHMGPHYR DCQGLGAPAL DGYPLPTPDT
CPAAGTYTYA PVSDYAVSVE PPAGPMRVGP DPSGPAMPGI
AGRGFHAQPQ QPLQPQAELL GEVDRTEFEQ YLPFVYKPEM

SEQ ID NO: 39 moltype = AA length
FEATURE Location/Qualifiers
source 1..293

mol type = protein

organism = synthetic
SEQUENCE: 39
MSRIRRPMNA FMVWAKDERK RLAQQONPDLH NAELSKMLGK
RVQHMQDHPN YKYRPRRRKQ VKRMKRVEGG FLHALVEPQA
EPGYPAGPPL MSPHMGPHYR DCQGLGAPAL DGYPLPTPDT
CPAAGTYTYA PVSDYAVSVE PPAGPMRVGP DPSGPAMPGI
AGRGFHAQPQ QPLQPQAELL GEVDRTEFEQ YLPFVYKPEM

SEQ ID NO: 40 moltype = AA length
FEATURE Location/Qualifiers
source 1..293

mol type = protein

organism = synthetic
SEQUENCE: 40
MSRIRRPMNA FMVWAKDERK RLAQQONPDLH NAELSKMLGK
RVQHMQDHPN YKYRPRRRKQ VKRMKRVEGG FLHALVEPQA
EPGYPAGPPL MSPHMGPHYR DCQGLGAPAL DGYPLPTPDT
CPAAGTYTYA PVSDYAVSVE PPAGPMRVGP DPSGPAMPGI
AGRGFHAQPQ QPLQPQAELL GEVDRTEFEQ YLPFVYKPEM

SEQ ID NO: 41 moltype = AA length

WKALTLAEKR PFVEEASRLR

congtruct

WKALTLAEKR PFVEEATRLR

congtruct

WKALTLAEKR PFVEEAWRLR

congtruct

WKALTLAEKR PFVEEAYRLR

congtruct

WKALTLAEKR PFVEEAVRLR

= 293

congtruct

SWKALTLAEK RPFVEEAARL
GALGPEGGRV AMDGLGLPFP
SPLDGVEQDP AFFAAPLPGD
LAPPSALHLY YGAMGSPAAS
GLPYQGHDCG VNL

= 293

congtruct

SWKALTLAEK RPFVEEARRL
GALGPEGGRV AMDGLGLPFP
SPLDGVEQDP AFFAAPLPGD
LAPPSALHLY YGAMGSPAAS
GLPYQGHDCG VNL

= 293

congtruct

SWKALTLAEK RPFVEEANRL
GALGPEGGRV AMDGLGLPFP
SPLDGVEQDP AFFAAPLPGD
LAPPSALHLY YGAMGSPAAS
GLPYQGHDCG VNL

= 293

60
79

60

60
79

60
79

60
79

60

120
180
240
293

60

120
180
240
293

60

120
180
240
293
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FEATURE Location/Qualifiers
source 1..293

mol type = protein

organism = synthetic construct
SEQUENCE: 41
MSRIRRPMNA FMVWAKDERK RLAQQONPDLH NAELSKMLGK SWKALTLAEK RPFVEEACRL 60
RVQHMQDHPN YKYRPRRRKQ VKRMKRVEGG FLHALVEPQA GALGPEGGRV AMDGLGLPFP 120
EPGYPAGPPL MSPHMGPHYR DCQGLGAPAL DGYPLPTPDT SPLDGVEQDP AFFAAPLPGD 180
CPAAGTYTYA PVSDYAVSVE PPAGPMRVGP DPSGPAMPGI LAPPSALHLY YGAMGSPAAS 240
AGRGFHAQPQ QPLQPQAELL GEVDRTEFEQ YLPFVYKPEM GLPYQGHDCG VNL 293
SEQ ID NO: 42 moltype = AA length = 293
FEATURE Location/Qualifiers
source 1..293

mol type = protein

organism = synthetic construct
SEQUENCE: 42
MSRIRRPMNA FMVWAKDERK RLAQQONPDLH NAELSKMLGK SWKALTLAEK RPFVEEAQRL 60
RVQHMQDHPN YKYRPRRRKQ VKRMKRVEGG FLHALVEPQA GALGPEGGRV AMDGLGLPFP 120
EPGYPAGPPL MSPHMGPHYR DCQGLGAPAL DGYPLPTPDT SPLDGVEQDP AFFAAPLPGD 180
CPAAGTYTYA PVSDYAVSVE PPAGPMRVGP DPSGPAMPGI LAPPSALHLY YGAMGSPAAS 240
AGRGFHAQPQ QPLQPQAELL GEVDRTEFEQ YLPFVYKPEM GLPYQGHDCG VNL 293
SEQ ID NO: 43 moltype = AA length = 293
FEATURE Location/Qualifiers
source 1..293

mol type = protein

organism = synthetic construct
SEQUENCE: 43
MSRIRRPMNA FMVWAKDERK RLAQQONPDLH NAELSKMLGK SWKALTLAEK RPFVEEAGRL 60
RVQHMQDHPN YKYRPRRRKQ VKRMKRVEGG FLHALVEPQA GALGPEGGRV AMDGLGLPFP 120
EPGYPAGPPL MSPHMGPHYR DCQGLGAPAL DGYPLPTPDT SPLDGVEQDP AFFAAPLPGD 180
CPAAGTYTYA PVSDYAVSVE PPAGPMRVGP DPSGPAMPGI LAPPSALHLY YGAMGSPAAS 240
AGRGFHAQPQ QPLQPQAELL GEVDRTEFEQ YLPFVYKPEM GLPYQGHDCG VNL 293
SEQ ID NO: 44 moltype = AA length = 293
FEATURE Location/Qualifiers
source 1..293

mol type = protein

organism = synthetic construct
SEQUENCE: 44
MSRIRRPMNA FMVWAKDERK RLAQQONPDLH NAELSKMLGK SWKALTLAEK RPFVEEAHRL 60
RVQHMQDHPN YKYRPRRRKQ VKRMKRVEGG FLHALVEPQA GALGPEGGRV AMDGLGLPFP 120
EPGYPAGPPL MSPHMGPHYR DCQGLGAPAL DGYPLPTPDT SPLDGVEQDP AFFAAPLPGD 180
CPAAGTYTYA PVSDYAVSVE PPAGPMRVGP DPSGPAMPGI LAPPSALHLY YGAMGSPAAS 240
AGRGFHAQPQ QPLQPQAELL GEVDRTEFEQ YLPFVYKPEM GLPYQGHDCG VNL 293
SEQ ID NO: 45 moltype = AA length = 293
FEATURE Location/Qualifiers
source 1..293

mol type = protein

organism = synthetic construct
SEQUENCE: 45
MSRIRRPMNA FMVWAKDERK RLAQQONPDLH NAELSKMLGK SWKALTLAEK RPFVEEAIRL 60
RVQHMQDHPN YKYRPRRRKQ VKRMKRVEGG FLHALVEPQA GALGPEGGRV AMDGLGLPFP 120
EPGYPAGPPL MSPHMGPHYR DCQGLGAPAL DGYPLPTPDT SPLDGVEQDP AFFAAPLPGD 180
CPAAGTYTYA PVSDYAVSVE PPAGPMRVGP DPSGPAMPGI LAPPSALHLY YGAMGSPAAS 240
AGRGFHAQPQ QPLQPQAELL GEVDRTEFEQ YLPFVYKPEM GLPYQGHDCG VNL 293
SEQ ID NO: 46 moltype = AA length = 293
FEATURE Location/Qualifiers
source 1..293

mol type = protein

organism = synthetic construct
SEQUENCE: 46
MSRIRRPMNA FMVWAKDERK RLAQQONPDLH NAELSKMLGK SWKALTLAEK RPFVEEALRL 60
RVQHMQDHPN YKYRPRRRKQ VKRMKRVEGG FLHALVEPQA GALGPEGGRV AMDGLGLPFP 120
EPGYPAGPPL MSPHMGPHYR DCQGLGAPAL DGYPLPTPDT SPLDGVEQDP AFFAAPLPGD 180
CPAAGTYTYA PVSDYAVSVE PPAGPMRVGP DPSGPAMPGI LAPPSALHLY YGAMGSPAAS 240
AGRGFHAQPQ QPLQPQAELL GEVDRTEFEQ YLPFVYKPEM GLPYQGHDCG VNL 293
SEQ ID NO: 47 moltype = AA length = 293
FEATURE Location/Qualifiers
source 1..293

mol type = protein

organism = synthetic construct
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SEQUENCE: 47
MSRIRRPMNA FMVWAKDERK
RVQHMQODHPN YKYRPRRRKQ
EPGYPAGPPL MSPHMGPHYR
CPAAGTYTYA PVSDYAVSVE
AGRGFHAQPQ QPLQPQAELL

SEQ ID NO: 48
FEATURE
source

SEQUENCE: 48
MSRIRRPMNA FMVWAKDERK
RVQHMQODHPN YKYRPRRRKQ
EPGYPAGPPL MSPHMGPHYR
CPAAGTYTYA PVSDYAVSVE
AGRGFHAQPQ QPLQPQAELL

SEQ ID NO: 49
FEATURE
source

SEQUENCE: 49
MSRIRRPMNA FMVWAKDERK
RVQHMQODHPN YKYRPRRRKQ
EPGYPAGPPL MSPHMGPHYR
CPAAGTYTYA PVSDYAVSVE
AGRGFHAQPQ QPLQPQAELL

SEQ ID NO: 50
FEATURE
source

SEQUENCE: 50
MSRIRRPMNA FMVWAKDERK
RVQHMQODHPN YKYRPRRRKQ
EPGYPAGPPL MSPHMGPHYR
CPAAGTYTYA PVSDYAVSVE
AGRGFHAQPQ QPLQPQAELL

SEQ ID NO: 51
FEATURE
source

SEQUENCE: 51
MSRIRRPMNA FMVWAKDERK
RVQHMQODHPN YKYRPRRRKQ
EPGYPAGPPL MSPHMGPHYR
CPAAGTYTYA PVSDYAVSVE
AGRGFHAQPQ QPLQPQAELL

SEQ ID NO: 52
FEATURE
source

SEQUENCE: 52
MSRIRRPMNA FMVWAKDERK
RVQHMQODHPN YKYRPRRRKQ
EPGYPAGPPL MSPHMGPHYR
CPAAGTYTYA PVSDYAVSVE
AGRGFHAQPQ QPLQPQAELL

SEQ ID NO: 53
FEATURE
source

SEQUENCE: 53

MSRIRRPMNA FMVWAKDERK
RVQHMQDHPN YKYRPRRRKQ
EPGYPAGPPL MSPHMGPHYR

RLAQONPDLH NAELSKMLGK
VKRMKRVEGG FLHALVEPQA
DCQGLGAPAL DGYPLPTPDT
PPAGPMRVGP DPSGPAMPGI
GEVDRTEFEQ YLPFVYKPEM

moltype = AA length
Location/Qualifiers
1..293

mol type = protein
organism = synthetic

RLAQONPDLH NAELSKMLGK
VKRMKRVEGG FLHALVEPQA
DCQGLGAPAL DGYPLPTPDT
PPAGPMRVGP DPSGPAMPGI
GEVDRTEFEQ YLPFVYKPEM

moltype = AA length
Location/Qualifiers
1..293

mol type = protein
organism = synthetic

RLAQONPDLH NAELSKMLGK
VKRMKRVEGG FLHALVEPQA
DCQGLGAPAL DGYPLPTPDT
PPAGPMRVGP DPSGPAMPGI
GEVDRTEFEQ YLPFVYKPEM

moltype = AA length
Location/Qualifiers
1..293

mol type = protein
organism = synthetic

RLAQONPDLH NAELSKMLGK
VKRMKRVEGG FLHALVEPQA
DCQGLGAPAL DGYPLPTPDT
PPAGPMRVGP DPSGPAMPGI
GEVDRTEFEQ YLPFVYKPEM

moltype = AA length
Location/Qualifiers
1..293

mol type = protein
organism = synthetic

RLAQONPDLH NAELSKMLGK
VKRMKRVEGG FLHALVEPQA
DCQGLGAPAL DGYPLPTPDT
PPAGPMRVGP DPSGPAMPGI
GEVDRTEFEQ YLPFVYKPEM

moltype = AA length
Location/Qualifiers
1..293

mol type = protein
organism = synthetic

RLAQONPDLH NAELSKMLGK
VKRMKRVEGG FLHALVEPQA
DCQGLGAPAL DGYPLPTPDT
PPAGPMRVGP DPSGPAMPGI
GEVDRTEFEQ YLPFVYKPEM

moltype = AA length
Location/Qualifiers
1..293

mol type = protein
organism = synthetic

RLAQONPDLH NAELSKMLGK
VKRMKRVEGG FLHALVEPQA
DCQGLGAPAL DGYPLPTPDT

SWKALTLAEK RPFVEEAKRL
GALGPEGGRV AMDGLGLPFP
SPLDGVEQDP AFFAAPLPGD
LAPPSALHLY YGAMGSPAAS
GLPYQGHDCG VNL

= 293

congtruct

SWKALTLAEK RPFVEEAMRL
GALGPEGGRV AMDGLGLPFP
SPLDGVEQDP AFFAAPLPGD
LAPPSALHLY YGAMGSPAAS
GLPYQGHDCG VNL

= 293

congtruct

SWKALTLAEK RPFVEEAFRL
GALGPEGGRV AMDGLGLPFP
SPLDGVEQDP AFFAAPLPGD
LAPPSALHLY YGAMGSPAAS
GLPYQGHDCG VNL

= 293

congtruct

SWKALTLAEK RPFVEEASRL
GALGPEGGRV AMDGLGLPFP
SPLDGVEQDP AFFAAPLPGD
LAPPSALHLY YGAMGSPAAS
GLPYQGHDCG VNL

= 293

congtruct

SWKALTLAEK RPFVEEATRL
GALGPEGGRV AMDGLGLPFP
SPLDGVEQDP AFFAAPLPGD
LAPPSALHLY YGAMGSPAAS
GLPYQGHDCG VNL

= 293

congtruct

SWKALTLAEK RPFVEEAWRL
GALGPEGGRV AMDGLGLPFP
SPLDGVEQDP AFFAAPLPGD
LAPPSALHLY YGAMGSPAAS
GLPYQGHDCG VNL

= 293

congtruct

SWKALTLAEK RPFVEEAYRL
GALGPEGGRV AMDGLGLPFP
SPLDGVEQDP AFFAAPLPGD

60

120
180
240
293

60

120
180
240
293

60

120
180
240
293

60

120
180
240
293

60

120
180
240
293

60

120
180
240
293

60
120
180
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CPAAGTYTYA PVSDYAVSVE
AGRGFHAQPQ QPLQPQAELL

SEQ ID NO: 54
FEATURE
source

SEQUENCE: 54
MSRIRRPMNA FMVWAKDERK
RVQHMQODHPN YKYRPRRRKQ
EPGYPAGPPL MSPHMGPHYR
CPAAGTYTYA PVSDYAVSVE
AGRGFHAQPQ QPLQPQAELL

PPAGPMRVGP DPSGPAMPGI
GEVDRTEFEQ YLPFVYKPEM

moltype = AA length
Location/Qualifiers
1..293
mol_type
organism

= protein

= synthetic
RLAQONPDLH NAELSKMLGK
VKRMKRVEGG FLHALVEPQA
DCQGLGAPAL DGYPLPTPDT
PPAGPMRVGP DPSGPAMPGI
GEVDRTEFEQ YLPFVYKPEM

-continued
LAPPSALHLY YGAMGSPAAS 240
GLPYQGHDCG VNL 293
= 203
construct
SWKALTLAEK RPFVEEAVRL 60
GALGPEGGRV AMDGLGLPFP 120
SPLDGVEQDP AFFAAPLPGD 180
LAPPSALHLY YGAMGSPAAS 240
GLPYQGHDCG VNL 293

Mar. 14, 2024

We claim:

1. A method for reprogramming human somatic cells into
human induced totipotent or multipotent stem cells, the
method comprising:

(1) introducing one or more exogenous transcription fac-
tors to the human somatic cells to provide repro-
grammed cells,

wherein one exogenous transcription factor comprises an
engineered SOX17 factor (eSOX17), and

(ii) culturing the reprogrammed cells in a stem cell
medium to provide induced totipotent or multipotent
cells, and

(iii) optionally isolating the induced totipotent or multi-
potent stem cells.

2. The method of claim 1, wherein the eSOX17 comprises
the amino acid sequence of SEQ ID NO:1, or an amino acid
sequence comprising at least 70%, 75%, 80%, 85%, 90%,
95%, or 99% sequence identity to SEQ ID NO:1, or a
fragment thereof.

3. The method of claim 1, wherein the eSOX17 compris-
ing the amino acid sequence of SEQ ID NO:2, or an amino
acid sequence having at least 70%, 75%, 80%, 85%, 90%,
95%, or 99% sequence identity to SEQ ID NO:2, or a
fragment variant thereof.

4. The method of claim 1, wherein the eSOX17 comprises
the amino acid sequence of any one of SEQ ID NOs:1-2 or
4-54.

5. The method of claim 1, wherein the one or more
exogenous transcription factors further comprises one or
more of OCT4, KLF4, and C-MYC, and

wherein the stem cell medium comprises an expanded
potential stem cell medium (EPSCM).

6. The method of claim 1, wherein the eSOX17 comprises

the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:2,
wherein the exogenous transcription factors further com-
prise one or more of K[.LF4 and C-MYC, and
wherein the stem cell medium comprises a neural stem
cell medium (NSCM).

7. The method of claim 1, wherein the one or more
exogenous transcription factors are encoded as nucleic
acids, optionally wherein the nucleic acids are encoded
and/or expressed by a vector.

8. The method of claim 7, wherein the vector is an
integration-free system selected from the group consisting of
episomal vectors, minicircle vectors, and Sendai viral vec-
tors.

9. The method of claim 7, wherein the vector is a viral
vector selected from the group consisting of retrovirus,
lentivirus, adenovirus, or herpes virus.

10. The method of claim 5, wherein the EPSCM com-
prises one or more of a RAS-ERK inhibitor, a Src Kinase
family (SFK) inhibitor, a GSK3 inhibitor, a Wnt inhibitor, a
p38 inhibitor, and a JNK inhibitor.

11. The method of claim 1, wherein the induced totipotent
or multipotent stem cells are isolated in less than 8 days, less
than 7 days, less than 6 days, less than 5 days, or less than
4 days after culturing in stem cell medium.

12. The method of claim 1, wherein culturing the repro-
grammed cells comprises culturing in the absence of feeder
cells.

13. The method of claim 1 further comprising expanding
the induced totipotent or multipotent stem cells for at least
20 passages and up to 42 passages in cell culture.

14. The method of claim 1 further comprising, after step
(iD),

culturing the induced totipotent cells in a trophoblast

induction medium to induce differentiation of the cells
into trophoblasts, or

culturing the induced totipotent cells in a blastoid induc-

tion medium to induce differentiation of the cells into
blastoids.

15. The method of claim 1, wherein the human somatic
cells are selected from the group consisting of cells of
hematological origin, skin derived cells, adipose cells, epi-
thelial cells, endothelial cells, cells of mesenchymal origin,
parenchymal cells, neurological cells, and connective tissue
cells.

16. The method of claim 15, wherein the human somatic
cells are dermal fibroblasts or peripheral blood cells.

17. Human induced expanded potential stem cells (iEP-
SCs) obtained by the method of claim 5, optionally wherein
the iEPSCs are frozen in a cryo-preservative.

18. Human induced Neural Stem Cells (iNSC) obtained
by the method of claim 6, optionally wherein the iNSCs are
frozen in a cryo-preservative.

19. A method of using the induced totipotent or multipo-
tent cells produced by the method of claim 1 for treating or
preventing one or more disease or disorders in a subject in
need thereof,

optionally wherein the one or more disease or disorders

are selected from the group consisting of wounds,
injuries, cancers, diabetes, and neurodegenerative dis-
eases.

20. An engineered SOX17 factor (eSOX17) comprising:

(1) the amino acid sequence of any one of SEQ ID NO:1-2

or SEQ ID NO:4-54, or an amino acid sequence com-
prising at least 70%, 75%, 80%, 85%, 90%, 95%, or
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99% sequence identity to SEQ ID NO:1-2, or SEQ ID
NO:4-54, or a fragment variant thereof; or

(ii) a nucleic acid encoding a polypeptide comprising the
amino acid sequence of any one of SEQ ID NO:1-2 or
SEQ ID NO:4-54, or an amino acid sequence compris-
ing at least 70%, 75%, 80%, 85%, 90%, 95%, or 99%
sequence identity to SEQ ID NO:1-2, or SEQ ID
NO:4-54, or a fragment variant thereof.
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