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GENETICALLY ENGINEERED CELLS

CROSS REFERENCE TO RELATED APPLICATIONS
{0001} This application claims the benefit of PCT/US2022/079017, filed November 1, 2022,
which is pending; U S, Provisional Patent Application No. US 63/491,032, filed March 17, 2023
7S 63/493 880, filed Apnil 3, 2023; and US 63/507,793, filed June 13, 2023, the contents of

which are incorporated herein by reference in their entirety.

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING
10002} The contents of the clectronic sequence listing (41822WQ_Sequencelisting xmi; Size:
326 KB, and Date of Creation: October 27, 2023) is herein incorporated by reference in its

entirety.

BACKGROUND
{6603} Transplantation of tissues such as pancreas or pancreatic islets has been used for treating
diseases such as diabetes, such as type I diabetes. However, transplanted cells and tissues ofien
encounter a stresstul and hostile environment once transplanted into a host subject. Thus, there
is a need for engineering cells and tissues {e.g., stem cells or cells differentiated from stem cells)

that have improved survivability and/or reduced immunogenicity in host subjects.

SUMMARY
{0004} The present disclosure is directed to genetically engineered mammalian cells comprising
adjusted expression of select genes. The genetically engineered mammalian cells described
herein advaniageously possess improved survivability and/or reduced immunogenicity.
{0005} In a first aspect, the present disclosure is directed to a genetically engineered mammalian
cell engineered to have decreased or no expression of the renalase gene, and wherein the
engineered mammalian cell bas also been genetically engineered 10 have decreased or no
expression of the ABQO gene; decreased or no expression of the CXCL10 gene, decreased or no
expression of the beta-2 microglobulin (B2M}, decreased or no expression for the tissue factor
3{F3} gene, and/or increased expression of CD47 or expression of a mutant CD47 when
compared to the expression levels of the corresponding genes in the same cell type where the cell

has not been genetically engineered.
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{6606} In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of the renalase gene, and the cell has been further genetically
engineered to have decreased or no expression of the AB( gene as compared to the expression
level of the same cell type that has not been genetically engineered.

{0047} In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of the renalase gene, and the cell has been further genetically

eongineered to have decreased or no expression of the AB(O gene and/or the cell has been
genetically engineered to have decreased or no expression of the CXCL 10 gene as compared to
the expression level of the same cell type that has not been genetically engineered.

{6008} In some embodiments, the mammalian cell has been genetically engineered fo have
decreased or no expression of the renalase gene, and the cell has been further genetically
engineered to have decreased or no expression of the AB(} gene; the cell has been genetically
engineered to have decreased or no expression of the CXC1.10 gene; and/or the cell has been
genetically engineered to have decreased or no expression of the B2M gene as compared to the
expression level of the same cell type that has not been genetically engineered.

{86909%] lv some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of the renalase gene, and the cell has been further genetically
engineered to have decreased or no expression of the ABO gene; the cell has been genetically
engineered to have decreased or no expression of the CXCL10 gene; the cell has been
genetically engineered to have decreased or no expression of the B2M gene; and/or the cell has
been genetically engineered to have decreased or no expression of the F3 gene as compared to
the expression level of the same cell type that has not been genetically engineered.

{0018} In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of the renalase gene, and the cell has been further genetically
engineered to have decreased or no expression of the ABO gene; the cell has been genctically
engineered to have decreased or no expression of the CXC1.10 gene; the cell has been
genetically engineered to have decreased or no expression of the B2M gene; the cell has been
genetically engineered to have decreased or no expression of the F3 gene; and/or the cell has
been genetically engineered to have increased expression of CD47 as compared to the expression
fevel of the same cell type that has not been genetically engineered. In some embodiments the

engineered cell comprises an insertion of an exogenous CD47 gene.
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{6¢11] In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of the renalase gene, and the cell has been further genetically
engineered (o have decreased or no expression of the AB(O gene; the cell has been genetically
engineered to have decreased or no expression of the CXCL 10 gene; the cell has been
genetically engineered to have decreased or no expression of the B2M gene; the cell has been
genetically engineered to have decreased or no expression of the F3 gene; and/or the cell has
been genetically engineered o express a mutant CD47. In some embodiments, the CD47 protein
comprises at least 3 amino acids added to the N-terminus of the mature CD47 protein, wherein
the added 3 amino acids has the formula X3-3o-X5, wherein X5 is W Xo 18 selected from Q, A
and G; and X is selected from R, P, L, T, F, I, and M. In some embodiments, the mutant CD47
protein comprises an amino acid sequence that 1s at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
6%, 97%, 98%, 99%, or 160% identical to the amino acid sequence of SEQ 1D NGO 145 or 146,
but wherein the  at position 1 is replaced with at least 3 amino acids. In some embodiments,
the (3 at position 1 is replaced with any one of WOR, WAP, WQL, WGP, WQPP, WQT, WQOF,
WOL WGP, and WOM. In some embodiments, the cell comprises a gene encoding the mutant
CD47 protein, wherein the gene encodes a CD47 protein in which at least three amino acids are
added between the CD47 leader sequence (¢.g., the amino acid sequence of SEQ 1D NO: 2443
and the start of the mature CD47 amino acid sequence {e.g., an amino acid sequence that is at
Jeast 83%, 90%, 91%, 92%, 93%6, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
ID NG: 145 or 146). In some embodiments, the cell comprises a gene encoding the mutant
CD47 protein, wherein the gene encodes a CD47 protein in which the “Q7 at the position
corresponding to position 19 of an amino acid sequence that is at least 85%, 90%, 91%, 92%,
93%, 4%, 93%, 6%, 97%, 98%, 9%, or 100% identical to SEQ 1D NO: 14 or 243 is replaced
with at least three amino acids. In some embodiments, the at least three amino acids are selected
from any of WOR, WAP, WQL, WOP, WOPP, WQT, WOF, WQL WGP, or WOM. In some
embodiments, the at least three amino acids are WQPP. In some embodiments, the (3 at position
1 is replaced with WQPP. In some embodiments, the at least three amino acids comprise the
formula Xs-X3-X1, wherein X5 is W, X is selected from Q, A and (G and X 1s selected from R,
P LT, F L andM.

{0612} v some embodirents, the CD47 protein comprises an amioo actd sequence thai is at

least 80%. 85%, 00%, 919, 02%. 93%. 94%. 95%. 96%. 0T7% 98%. 99% or 100% identical to

(9]
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the sequence of SEQ ID NG 145 or 146, and wherein the CD47 protein comprises at least 3
amino acids added to the N-terminus of the mature CD47 protein, wherein the added 3 amino
acids has the formula X5-Xo-X 1, wherein Xz is W, X 1s selected from Q, A and G; and X, is
selected from B, P, L, T. F, [, and M. In some embodiments, the three amino acids are selected
from WOR, WAP, WQL, WOP, WQT, WQF, WL, WGP, and WM.

{0013} Some aspects of the present disclosure provide a mammalian cell that has been
genetically engineered to have decreased or no expression of the CXCL10 gene, and wherein the
cell also has been genetically engineered to have decreased or no expression of the ABQ gene
and/or the tissue factor {F3) gene,

{6014} In some embodiments, the mammalian cell has been genetically engineered fo have

decreased or no expression of the CXCL10 gene, and wherein the cell has further been

genetically engineered to have decreased or no expression of the ABO gene as compared to the
expression level of the same cell type that has not been genetically enginegered.

{0015} In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of the CXCL10 gene; the cell has further been genetically engineered
to have decreased or no expression of the ABO gene; and/or the cell has been genetically
engingered to have decreased or no expression of the tissue factor (TF3) gene as compared to the
expression level of the same cell type that has not been genetically engineered.

{0016} In some embodiments, the mammalian cell has been has been genetically engineered to
have decreased or no expression of the CXCL 10 gene; the cell has further been genetically
congineered to have decreased or no expression of the ABO gene; the cell has been genetically
engineered to have decreased or no expression of the tissue factor {TF3) gene; and/or the cell has
been genetically engineered to have decreased or no expression of the beta-2-microglobulin
{B2M) gene as compared to the expression level of the same cell type that has not been
genetically engineered.

{0817} In some embodiments, the mammalian cell has been has been genetically engineered to
have decreased or no expression of the CXCL10 gene; the cell has further been genetically
engineered to have decreased or no expression of the ABO gene; the cell bas been genetically
engineered to have decreased or no expression of the tissue factor (TF3) gene; the cell has been
genetically engineered to have decreased or no expression of the beta-2-microglobulin (B2M)

gene; and/or the cell has been genetically engineered to have decreased or no expression of the
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renalase gene as compared to the expression level of the same cell type that has not been
genetically engineered.

{0018{ In some embodiments, the mammalian cell has been has been genetically engineered to
have decreased or no expression of the CXCL10 gene; the cell has further been genetically
engineered to have decreased or no expression of the ABO gene; the cell has been genetically
engineered to have decreased or no expression of the tissue factor (1F3) gene; the cell has been
genetically engineered to have decreased or no expression of the beta-2-microglobulin (B2M)
gene; the cell has been genetically engineered to have decreased or no expression of the renalase
gene; and/or the cell has been genetically engineered to have increased expression of CD47 as
compared to the expression level of the same cell type that has not been genetically engineered.
In some embodiments the engineered cell comprises an insertion of an exogenous CD47 gene.
{0019} In some embodiments, the mammalian cell has been has been genetically engineered to
have decreased or no expression of the CXCL10 gene; the celi has further been genetically
engineered to have decreased or no expression of the ABO gene; the cell has been genetically
engineered to have decreased or no expression of the tissue factor (TF3) gene; the cell has been
genetically engineered to have decreased or no expression of the beta-2-microglobulin (B2M)
gene; the cell has been genetically engineered to have decreased or no expression of the renalase
gene; and/or the cell has been genetically engineered to express a mutant CD47 protein. In some
embodiments, the U147 protein comprises at least 3 amino acids added to the Neterminus of the
mature CD47 protein, wherein the added 3 amino acids has the formula X3-X3-X3, wherein X3 18
W X1 is selecied from Q, A and G; and X #5 selecied from R, P, L, T, F, I, and M. In some
embodiments, the CD47 protein comprises an amine acid sequence that is at least 80%, 85%,
90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%%, 99% or 100% identical to the sequence of
SEQ 1D NO: 145 or 146, and wherein the CD47 protein comprises at least 3 amino acids added
to the N-terminus of the mature CD47 protein, wherein the added 3 amino acids has the formula
X;5-X3-Xy, wherein Xs 1s W; X 1s selected from G, A and G; and X 13 selected from R, P, L, T,
F, I, and M. In some embodiments, the three amino acids are selected from WQR, WAP, WQL,
WOP, WQT, WOF, WOI, WGP, and WOM.

{6029} In some embodiments, the cell expresses a membrane-bound CD47 protein, wherein the
membrane-bound CD47 protein comprises an amino acid sequence that i3 at least 85%, 90%,

1%, 92%, 93%, 949, 05%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid
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sequence of SEQ D NO: 145 or 146, but wherein the Q at position 1 is replaced with at least 3
amino acids. In some embodiments, the Q at position 1 is replaced with any onc of WOR, WAP,
WOL, WQP, WQPP, WOT, WOF, WOIL WGP, and WQM. In some embodiments, the cell
comprises a gene encoding the membrane-bound CD47 protein, wherein the gene encodes a
CD47 protein 1n which at least three amino acids are added between the CD47 leader sequence
{e.g., the amino acid sequence of SE( [ NG: 244) and the start of the mature CD47 amino acid
sequence {e.g., an amino acid sequence that is at Jeast 85%, 90%, 31%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 145 or 146}, In some embodiments,
the cell comprises a gene encoding the membrane-bound CD47 protein, wherein the gene
encodes a {1347 protein in which the “(3” at the position corresponding to position 19 of an
amino acid sequence that is at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%;, or 100% identical to SEQ ID NO- 14 or 243 is replaced with at least three amino acids. In
some embodiments, the at least three amino acids are selected trom any of WQR, WAP, WQL,
WQP, WOPP, WQOT, WQF, WGIL WGP, or WM. In some embodiments, the at least three
amino acids are WGPP. In some embodiments, the ¢ at position 1 is replaced with WQPP. In
some embodiments, the ai least three amino acids comprise the formula X5-X,-Xy, wherein X3 is
W X118 selected from 3, A and G; and X, is selected from R, P, L, T, F, I, and ML

10021} In some embodiments of the disclosure, the mammalian cell has been genetically
engineered to have decreased or no expression of the B2M, CXCL10, renalase, ABQ, and 3
genes, and to have increased expression of CD47 as compared to the expression level of the
same mammalian cell type that has not been genetically engineered.

{08221 In some embodiments of the disclosure, the mammalian cell has been genetically
engineered to have decreased or no expression of the B2M, CXCL10, renalase, ABO, and F3
genes, and to express a mutant C47 as compared to the expression level of the same
mammalian cell type that has not been genetically engineered. In some embodiments, the CD47
protein comprises at feast 3 amino acids added to the Neterminus of the mature (1347 protein,
wherein the added 3 amino acids has the formula X3-20-X1, wherein X5 is W X5 is selected from
€ A and G; and Xy is selected from R, P, L, T, F, 1, and M. In some embodiments, the (1347
protein comprises an aming acid sequence that is at feast 80%, 85%, 90%, 91%, 92%, 93%, 94%,
5%, 96%, 97%, 98%, 99% or 100% identical to the sequence of SEQ 1 NOG: 145 or 146, aud

wherein the CD47 protein comprises at least 3 amino acids added to the N-terminus of the
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mature C47 protein, wherein the added 3 amino acids has the formula X5-X;-X;, wherein X3 is
W; X; 15 selected from Q, A and G; and X is selected from R, B, L, T, F, I, and M. In some
embodiments, the three amino acids are selected from WQR, WAP, WL, WGP, WQT, WQF,
WQI WGP, and WOM.

10023} Certain aspects of the disclosure comprise a mammalian cell which is ABO blood group
type O, wherein the cell has been genetically engineered to have reduced or no expression of the
renalase gene. In some embodiments, the cell has been genetically engineered to have reduced
or no expression of the CXCL10 gene, and/or express a mutant CD47 protein.

{0624} In some embodiments, the mammalian cell is ABO blood group type O, wherein the cell
has been genetically engineered to have reduced or no expression of the renalase gene; the cell
has been genetically engineered to have reduced or no expression of the CXCL10 gene; the cell
has been genetically engineered 1o have reduced or no expression of the B2M gene; the celi has
been genetically engineered to have reduced or no expression of the F3 gene; and the cell has
been genetically engineered to have increased expression of the CD47 gene as compared to the
expression level of the same cell type that has not been genetically engineered.

{8025] Certain aspects of the disclosure comprise a mamumalian cell wherein the cell expresses a
membrane-bound CD47 protein, wherein the CD47 protein comprises at least 3 amino acids
added to the N-terminus of the mature CD47 protein, wheretn the added 3 amino acids has the
formula X3-X3-X1, wherein X3 is W, X3 is selected from Q, A and G; and X is selected from R,
PLTFELandM

{8626} In some embodiments, the cell expresses a membrane-bound CD47 protein, wherein the
the CD47 protein comprises an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%,
93%, 4%, 953%, 96%, 97%, 98%, 99% or 100% identical to the sequence of SEQ ID NG: 145 or
146, and wherein the CD47 protein comprises at least 3 amino acids added to the N-terminus of
the matare CD47 protein, wherein the added 3 amino acids has the formula X3-20G-X, wherein
X518 Wi Xo is selected from 3, A and G; and X is sefected from R, P, LT, F, L and M. In
some embodiments, the three amino acids are selected from WQR, WAP, WOL, WQP, WQT,
WOF, WL, WGP, and WM.

{6627} In some embodiments, the mammalian cell expresses a membrane-bound CD47 protein,
wherein the cell has also been genetically engineered to have decreased or no expression of the

B2M gene.
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{6028} In some embodiments, the mammalian cell expresses a membrane-bound CDB47 protein,
wherein the cell has also been genetically engineered to have decreased or no expression of the
B2M gene and/or genetically engineered 1o have decreased or no expression of the B2M gene F3
gene.

{0029} In some embodiments, the mammalian cell expresses a membrane-bound CD47 protein,
wherein the cell has also been genetically engineered to have decreased or no expression of the
B2M gene; the cell has been genetically engineered to have decreased or no expression of the
B2M gene F3 gene; and/or the cell has been genetically engineered to have decreased or no
expression of the CXCL10 gene.

{6030 In some embodiments, the mammalian celf expresses a membrane-bound CD347 protein,
wherein the cell has also been genetically engineered to have decreased or no expression of the
B32M gene; the cell has been genetically engineered to have decreased or no expression of the
B2M gene F3 gene; the cell has been genetically engineered to have decreased or no expression
of the CXCL10 gene; and/or the cell has been genetically engineered to bave decreased or no
expression of the renalase gene.

{8631} lv some embodirments, the mammalian cell expresses a membrane-bound CI47 protein,
wherein the celi has also been genetically engineered to bave decreased or no expression of the
B2M gene; the cell has been genetically engineered to have decreased or no expression of the
BZM gene F3 gene; the cell has been genetically engineered to have decreased or no expression
of the CXCL10 gene; the cell has been genetically engineered to have decreased or no
expression of the renalase gene; and/or the cell is ABO blood group type O.

00321 In some embodiments, the mammalian cell expresses a membrane-bound (147 protein,
wherein the cell has also been genetically engineered to have decreased or no expression of the
BZM gene; the cell has been genetically engineered to have decreased or no expression of the
B2M gene F3 gene; the cell has been genetically engineered to have decreased or no expression
of the CXCL10 gene; the cell has been genetically engineered to have decreased or no
expression of the renalase gene; the cell is ABO blood group type O; and/or the cell has been
genetically engineered to have decreased or no expression of the ABO gene.

{6633} In some embodiments, the mammalian cell expresses a membrane-bound CDB47 protein,
wherein the cell has also been genetically engineered to have decreased or no expression of the

B2M gene; the cell has been genetically engineered to have decreased or no expression of the

g



WO 2024/097697 PCT/US2023/078272

B2ZM gene F3 gene; the cell has been genetically engineered to have decreased or no expression
of the CXCL10 gene; the cell has been genetically engineered to have decreased or no
expression of the renalase gene; the cell is ABO blood group type O; the cell has been
genetically engineered to have decreased or no expression of the ABO gene; and/or the cell is
naturally ABO blood group type O

{0034} In some embodiments, the mammalian cell expresses a membrane-bound CD47 protein,
wherein the cell has also been genetically engineered to have decreased or no expression of the
B2M gene; the cell has been genetically engineered to have decreased or no expression of the
B2M gene F3 gene; the cell has been genetically engineered to have decreased or no expression
of the CXCL10 gene; the cell has been genetically engineered to have decreased or no
expression of the renalase gene; the cell 1s ABO blood group tvpe O; the cell has been
genetically engineered to have decreased or no expression of the AB{ gene; and/or the cell is
naturally ABO blood group type O. wherein a transgene encoding the CD47 protein is inserted
into a cell’s genome such that the expression of the CD47 transgene is tied to the expression of
an endogenous target gene in the cell. In some embodiments, the endogenous target geneis a
housekeeping gene, such as ACTB, NANOG, or GAPDH. In some embodiments, the transgene
is inserted such that the 3'UTR of the housekeeping gene {e g, the 37 UTR of the GAPDH gene)
is intact.

{6035} In some embodiments, the cel’s endogenous CID47 gene is mutated such that the cell
expresses a CD47 protein that comprises an amino acid sequence that is at least 80%, §5%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%%, 99% or 100% identical to the sequence of SEQ 1D
N 145 or 146, and wherein the CD47 protein comprises at least 3 amino acids added to the N-
terminus of the mature D47 protein, wherein the added 3 amino acids has the formula X3-Xo-
X, wherein X515 W, Xo is selected from @, A and G, and X is selected from R, P, L, T, F, L
and M.

{0036} In some embodiments, the CD47 protein comprises an aming acid sequence that is at
feast 80%, 85%, 90%, 91%s, 92%, 93%, 24%, 95%, 90%%, 97%, 98%%, 9% or 100% identical to
the sequence of SEQ ID NG 245, 162 or 163,

{6637} Some aspects of the current disclosure are directed to a genetically modified mammalian
cell, wherein the cell is a stem cell. In some embodiments, the modified mammalian cell s a

pluripotent stem cell (PSC), an embryonic stem cell (ES(), an induced pluripotent stem cell
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{iPSC), and/or an embryonic germ stem cell (HGS8C). In some embodiments, the modified
mammalian cell is differentiated from a pluripotent stem cell. In some embodiments, the
genetically engineered mammalian cell is a somatic cell. In some embodiments, the modified
mammalian cell 13 a definitive endoderm cell. In some embodiments, the mammalian cell is a
primitive gut fube cell. In some embodiments, the cell is a PDX1-positive pancreatic progentor
cell. In some embodiments, the cell is a NKX6. 1-positive pancreatic progenitor cell. In some
embodiments, the cell is an Nagn3-positive endocrive progenitor cell. In some embodiments, the
cell is an insulin-posttive endocrine cell. In some embodiments, the mammaliancell isa
pancreatic SC-f cell. In some embodiments, the cell s NKX6. L-positive. In some
embodiments, the cell is ISL1-negative. In some embodiments, the mammalian cell is NKX6.1-
positive and ISL1-positive. In some embodiments, the mammalian cell is NKX6 1-negative and
ISL.i-negative. In some embodiments, the mammalian cell is ISL1-positive In some
embodiments, the mammalian cell is NKX6 1-negative. In some embodiments, the cell
expresses insulin.

{0038} Certain aspects of the disclosure are directed to a mammalian cell that has been
genetically modified as described herein, wherein the geunetic manipulations are performed using
using CRISPR/Cas, piggybac transposon, TALEN, zinc finger technology, homing
endonucleases, or meganucieases. In some embodiments, at least one genetic modification is
made in an intronic region of the geoe. In some embodiments, at least one genetic modification
13 made in an exon of the gene. In some embodiments, at least one genetic modification 1s made
in a promoter of the gene.

00391 Certain aspects of the current disclosure are directed to a mammalian ceil, wherein the
mammalian cell has been genetically engineered to have decreased or no expression of a protein
enceded by a nucleic acid that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100% identical vo SEQ 1D NO: 3 and/or SEQ ID NO: 5 or a protein
comprising an aming acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%% or 100% identical to SEQ ID NG: 4 and/or SEQ ID NG: 6, and wherein
the cell has also been genetically engineered to have decreased or no expression of a protein
encoded by a nucleic acid that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99% or 100% identical to SEQ ID NO: 1 or a protein comprising an amino acid

sequence that i3 at feast 80%, 8584, 20%, 91%, 92%, 93%, 94%, 95%, 96%:, 97%, 98%, 99% or
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100% identical to SEQ 1D NO: 2, decreased or no expression of a protein encoded by a nucleic
acid that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 93%, 9%, 97%, 98%, 99% or 100%
identical to SEQ 13 NG 7 or a protein comprising an amino acid sequence that is at least 80%,
85%, 90%, S1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ D NO:
&; decreased or no expression of a protein encoded by a nucleic acid that is at least 80%%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99% or 100% identical to SEQ ID NO: 9 or
a protein comprising an armino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%

4%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ D NG 10; decreased or no

>

expression of a protein encoded by a nucleic acid that is at feast 80%, 85%, 90%, ©1%, 92%,
3%, 94%, 95%, 6%, 97%, 98%, 99% or 100% identical to SEQ I3 NO: 11 or a protein
comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%%6, 92%, 93%, 94%, 953%,
6%, 97%, 98%, 99% or 100% identical to SEQ H NG: 12; and/or increased expression of a
protein encoded by a nucleic acid that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% identical to SEQ ID NG: 13 and/or SEQ ID NO: 15 or a protein
comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
6%, 97%, 98%, 99% or 100% identical to SEQ ID NG 14, SEQ ID NO: 16, SEQ ID NO: 145
and/or SEQ 1D N{: 146, as compared to the expression level of the same celi type that has not
been genetically engineered.

{0048} In some embodiments, a mammalian cell has been genetically engineered to have
decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, 85%, 90%
91%, 92%, 93%, 94%, 05%. 96%%, 97%. 98%, 99% or 100% identical to SEQ IDNO- Tor a
protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ [D NO: &, and the cell also has been
genetically engineered to have decreased or no expression of a protein encoded by a nucleic acid
that i at least 80%, 85%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identical to SEQ 1D N 1 gene; and/or SEQ ID NO: 11 or a protein comprising an amino acid
sequence that 1s at Ieast S0%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 90%, 97%, 98%, 99% or
100% identical to SEQ 1D NO: 2 or SEQ 1D NG 12, as compared to the expression level of the
same cell type that has not been genetically engineered.

[8641] In some embodiments, the mammalian cell has been genetically engineered to have

decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, 853%, 20%,
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1%, 92%, 93%, 94%,, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ IDNO: Tora
protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% identical 1o SEQ D NG: 8, and the cell also has been
genetically engineered to have decreased or no expression of a protein encoded by a nucleic acid
that is at least 80%, 85%, 90%, 91%, 92%, 93%%, 94%, 95%, 96%, 97%%6, 98%, 99% or 100%
identical to SEG 1D NO: 1 and/or SEQ 1D NO: 11 or a protein comprising an amino acid
sequence that is at feast B0%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identical to SEQ 1D NQ: 2 and/or SEQ ID NO: 12 and is further genetically engineered to
have decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, §5%,

90%, 01%, 92%, 93%, 94%, 95%, 96%%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 9 or

a protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO: 10 as compared to the
expression level of the same cell type that has not been genetically enginegered.
{0042} In some embodiments, the mammalian cell has been genetically engineered {0 have
decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%. 96%, 97%. 98%, 99% or 100% identical to SEQ IDNO- 7 or
protein corprising an amino acid sequence that s at least 80%, 85%, 90%, 91%, 92%, 93%
4%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 8, decreased or no
expression of a protein encoded by a nucleic acid that is at feast 30%, 85%, 0%, 91%,
93%%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NG- | or a protein
comprising an anino acid sequence that is at Jeast 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%
96%, 97%, 98%, 99% or 100% identical to SEQ 1D NG: 2; decreased or no expression of a
protein encoded by a nucleic acid that is at least 80%, 85%, 90%, 91%, 92%, 93%, 04%, 95%,
96%, 7%, 98%%, 99% or 100% identical to SEQ ID NO: 11 or a protein comprising an amino
acid sequence that 1s at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%% or 100% 1dentical to SEQ 1D NG 12; decreased or no expression of a protein encoded by a
nucleic acid that is at least 80%, 83%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99%
or 100% identical to SEG ID NO: 9 or a protein comprising an amino acid sequence that is at
feast 80%, 85%, 0%, 91%, 92%%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ ID NO: 10; and is further genetically engineered have decreased or no expression of a

protein encoded by a nucleic acid that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
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96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 3 and/or SEQ 1D NO: 5 or a protein
comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 93%,
6%, 97%, 98%, 99% or 100% identical to SEQ 3 NG: 4 and/or SEQ 1D NQ: 6 as compared to
the expression level of the same cell type that has not been genetically engineered.

{0043} In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of a protein encoded by a nucleic acid that is at least 80%6, 85%, 90%,
Q1¢, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ IDNO: Tora
protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%
94%, 95%, 96%, 97%, 98%, 99% or 100% identical 10 SEQ ID NG: 8, decreased or no
expression of a protein encoded by a nucleic acid that is at least 30%, 85%, 90%, 91%, 92%,
93%, 94%, 95%., 96%, 97%, 98%, 99%% or 100% identical to SEQ ID NO: 1 or a protein
comprising an aming acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% identical to SEQ 2 NO: 2; decreased or no expression of a
protein encoded by a nucleic acid that s at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 93%,
6%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 11 or a protein comprising an amino
actd sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identical to SEQ H3 NG 12; decreased or no expression of a protein encoded by a
nucleic acid that is at least 80%, 83%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identical 1o SEQ ID NO: 9 or a protein comprising an amino acid sequence that is at
feast 80%, 853%, 9084, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ ID NG 10, decreased or no expression of a protein encoded by a nucleic acid that is at least
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ
D NO: 3 and/or SEQ 1D NG S or a protein comprising an amino acid sequence that is at least
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ
1D NO: 4 and/or SEQ 1D NG: 6, wherein the cell has been genetically engineered to have
increased expression of a protein encoded by a nucleic acid that s at least 80%, 85%, 90%, 91%
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 13 and/or SEQ
D NG 15 or a protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%,
92%, 93%, 94%%, 95%, 96%, 97%, 98%%, 99% or 100% identical to SEQ ID NO: 14, SEQ D NO:
16, SEG 1D NO: 145 and/or SEQ ID NO: 146 as compared to the expression level of the same

cell type that has not been genetically engineered.
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{6¢44] In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of proteins encoded by nucleic acid that are at least 80%, 85%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%%, 99% or 100% identical to SEQ 1D NO: 9, SEQ 1D
NG: 7, SEQ ID NO- 1, and SEQ ID NG: 11 or protein comprising amino acid sequences that are
at least 80%, B5%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 7%, 98%%, 99% or 100% identical to
SEQ ID NO: 10, SEQ ID NO: & SEG ID NO: 2, and SEQ ID NO: 12; have decreased or no
expression of a protein encoded by a nucleic acid that is at least 80%, 85%, 90%, 1%, 92%,
93%, 94%, 95%, 9656, 97%, 98%, 99% or 100% identical to SEGQ 1D NO: 3 and/or SEQ 1D NO:
5 or a protein comprising an amine acid sequence that 1s at least 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%%, 96%%, 7%, 98%, 99% or 100% identical to SEQ ID NO: 4 and/or SEQ ID NO:
6; and have increased expression of a protein encoded by a nucleic acid that 1s at feast 80%, 85%,
0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% 1dentical to SEQ 1D NO: 13
and/or SEQ ID NO: 15 or a protein comprising an amino acid sequence that is at least 80%, 85%,
0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 14,
SEQ ID NG 16, SEQ ID NO: 145 and/or SEG 1D NO: 146, as compared to the expression level
of the samue cell type that has not been genetically engineered.

{8045} In some aspects of the current disclosure, a mammalian cell, wherein the cell is ABO
blood group type O, has been genetically engineered to have reduced or no expression of a
protein encoded by a nucleic acid that s at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 93%,
6%, 97%, 98%%, 99% or 100% identical to SEQ ID NO: 3, SEGQ ID NO: S, and/or SEQ ID NG:
7 or a protein comprising an amino acid sequence that is at least 80%, 85%, 50%, 91%, 92%,
93%, 94%, 95%, 965, 07%, 98%, 99% or 100% identical to SEQ ID NO: 4, SEQ ID NO: ¢
and/or SEQ ID NO: 8, as compared to the expression level of the same cell type that bas not been
genetically engineered. In some embodiments, the mammalian ABQ blood group type O cell has
been genetically engineered to have decreased or no expression of proteins encoded by nucleic
acids that are at least 80%%, 85%, 90%, 91%, 92%, 93%, 94%, 953%, 96%, 97%, 98%, 99% or
100% idemical to SEQ ID NQO: 9, SEQ ID NO: 7, and SEQ ID NG: 11 or protein comprising

~ey
7
/

amino acid sequences that are at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, 99% or 100% identical to SEQ ID NO: 10, SEQ ID NO: 8, and SEQ ID NG: 12; have
WA

decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, 85%, 90%,

91%, 92%, 03%, 94%, 05%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 3 and/or
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SEQ 1D NG 5 or a protein comprising an amino acid sequence that is at least 80%, 85%, 90%,
91%%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 4 and/or
SEQ ID NO: 6, and have increased expression of a protein encoded by a nucleic acid that is at
feast 80%, 85%, 9%, 919, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ I NGO 13 and/or SEQ D NG 15 or a protein comprising an amino acid sequence that is at
feast 80%, 85%, 90%%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical 1o
SEQ ID NG: 14, SEQ ID NQ: 16, SEQ 1D NO: 145 and/or SEQ ID NO: 146, as compared to the
expression level of the same cell type that has not been genetically engineered.

{0046} Some aspects of the current disclosure describe a mamrmalian cell that has been
genetically engineered to have decreased or no expression of the protein encoded by the renalase
gene, and wherein the cell also has been genetically engineered to have decreased or no
expression of the protein encoded by the ABO gene; decreased or no expression of the protein
encoded by the CXCL10 gene; decreased or no expression of the protein encoded by the beta-2
microglobulin (B2M) gene; decreased or no expression of the protein encoded by the tissue
factor (F3) gene; and/or increased expression of the protein encoded by the CD47 gene, as
compared to the protein expression level of the same cell type that has not been genetically
engingered.

10047 In some embodiments of the disclosure, the mammalian cell has been genetically
engineered to have increased expression of the protein encoded by the CD47 gene as compared
to the protein expression level of the same cell type that has not been genetically engineered
wherein the CD47 protein comprises an amino acid sequence that is at least 85%, 90%, 91%,
02%, 93%, 94%, 93%, 96%, 97%, 98%. 99%, or 100% identical to SEQ ID NO: 145 or 146,
wheregin the CD47 protein comprises a substitution at one or more of the amino acids
corresponding to amine acid positions Q1, L3, AS3, and L54 of SEQ D NO: 145 or 146, In
some embodiments, the CD47 protein comprises a P or an L at the amino acid position
corresponding 1o position 1 of SEQ ID NG 145 or 146, In some embodiments, the CD47
protein comprises an R, A, K. N, E or V at the amino acid position corresponding to position 3 of
SEQ ID NGO 145 or 146, In some emboediments, the CD347 protein comprisesa W, Y, D, Qor V
at the amino acid posttion corresponding to position 33 of SEQ ID NO: 145 or 146. In some
embodiments, the CD47 protein comprises an A, L K, M, E, W, S, or V at the amino acid

position corresponding to position 54 of SEQ ID NQO: 145 or 146, In some embodiments, the

[
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D47 protein comprises a P at the amino acid position corresponding to position 1 of SEQ ID
NO: 145 or 146, In some embodiments, the CD47 comprises an amino acid other than a ¢ at the
amino acid position corrgsponding to position 1 of SEQ ID NG 145 or 146, In some
embodiments, the CD47 comprises an amino acid other than L at the amino acid position
corresponding to position 3 of SEQ 1D NO: 145 or 146, In some embodinents, the CD47
comprises an amino acid other than an A at the amino acid position corresponding to position 53
of SHG ID NG: 145 or 146 In some embodiments, the CI47 comprises an amino acid other
than a L at the amino acid position corresponding to position 54 of SEQ D NO: 145 or 146, In
some embodiments, the CD47 protein ts membrane-bound.
[6048] Some aspects of the current disclosure describe a composition comprising one or more of
the herein described engineered mammalian cells. In some embodiments, the composition
comprises a plurality of non-native cells; wherein:

a at least 30% of the cells in the composition are NKX06.1-positive, ISL1-positive
cebls:

by atleast 25% of the cells in the composition are NKX6 1-negative, ISL1-positive
cells;

c} there are more NKX6.1-positive, ISL1-positive cells than NK X6 1-negative,
ISL1-positive cells in the composition;

d}

i} less than 12% of the cells in the composition are NKX6. L-negative, ISL1-
negative cells; and/or
i) between 9-25% of the cells in the composition are NKX6. 1-positive,

ISLi-negative cells; and

e} lessthan 40% of the cells in the composition are VMAT1-positive cells.
{0049} Some aspects of the current disclosure describe methods of administering the

composition described to a subject. In some embodiments, the subject has diabetes.

BRIEF DESCRIPTION OF THE DRAWINGS
{6059} The patent or application file contains at least one drawing executed in color. Copies of
this paper or patent application publication with color drawing(s) will be provided by the Office

upon reguest and payment of the necessary fee.
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{6051} FIGs. 1A-C show that removal of A-antigen protects 8C-istets from immune attack. FIG.
LA is a bar graph showing the percent of Type A-positive SC-islet cells that were differentiated
from either unedited wildtype hESC or from an ABO-knockout version of the hESCs. FIG. 1B
is a bar graph showing percent cytotoxicity of SC-islets differentiated from wildtype hESCs or
ABO-knockout hESCs in an astibody-dependent cellular eytotoxicity assay. FIG. 1Cis a bar
graph showing percent cytotoxicity of SC-isiets differentiated from wildtype hESCs or ABQO-
knockout hESCs in a complement-dependent cytotoxicity assay. Graphs are representative of §
independent experiments with the ABQO-KO SC-islet clonal cell line.

{0052} FIG. 2 shows that removal of HLA-class [ prevents T-cell activation by SC-islets. T cell
response to SC-islets (percentage of IFNvy-positive CD8B T cells) were measured in three different
donors (donors 1-3) under three different conditions: 1) no stimulus (first bar in each donor
graph}; 2} wildtype SC-islets (second bar in gach donor graph}; 3) B2M knockout SC-istets (third
bar in each donor graph).

{0033} FlGs. 3A-B are graphs comparing wildtype cells to B2M-kunockout cells. FIG 3Atisa
eraph showing the percentage of ISL1-positive cells in wildtype or B2M-knockout (“HLA-IX?")
SC-islets that were removed from grafts at the indicated timepoints. FIG. 3B shows the
frequency of h{UI¥69 expression on hCDB8-positive cells recovered from wildiype or BZM-
knockout (“HLA-IXY") SC-islet grafts removed at the indicated timepoints. Asterisk indicates
unpaired T-test,

{6054} FIGs. 4A-B show that CD142 knockout hESCs have significantly reduced tissue factor
pathway activation in vitro. FIG. 4A is a bar graph showing the percentage of tissue factor
{CD142)-positive cells in wildtype BESCs or in two different C2142-knockout pools. FIG 4B is
a bar graph showing the percentage of tissue factor in wildtype (WT) cells or in cells from ouve of
two different CD142-knockout pools of cells. “WT + aTF mAb” corresponds to wildtype
hESCs pre-treated with a saturating level of anti-tissue factor antibody to block the complement
pathway activation. The assay of FIG. 4B includes cells, recombinant FVH, and recombinant
FX. FX activation is measured with a colorimetric substrate and this depends on CH142
activating FVIL which in turn activates FX_ In the experiments shown, leaving out FVH did not
completely eliminate the signal (“WNo FVII {assay baseline)’}.

[8035] FiGs. 5A-C illustrate a gene-editing strategy for generating a high-affinity CD47 mutant.

FIG. 5A shows exemplary guide sequences close fo the editing site in CD47 to enable HDR
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mediated repair. FIG. 5B shows an example of template sequences for templated repair. FIG.
SC shows a simplified schematic of a portion of the wildtype CD47 protein sequence and a
portion of the high-affinity Ci347 protein sequence.

{0036} FIG. 6 shows a series of flow plots for different CD47 mutants based on expression of
NEX6.1 {x-axis) and ISL1 (y-axis). “WT corresponds to SC-islets generated from wildtype
hHSCs (top left panel). SB{CD47)51 corresponds to SC-islets generated from hESCs
heterozygous for the CD47-high affinity edit and for a CD47 koockout (top two right panels),
SB(CD47)53 corresponds to SC-islets generated from hESCs homozygous for the CD47-high
affinity edit (bottom two left panels); and SB{CD47)54 corresponds to SC-islets generated from
hESCs homozygous for a CI247 knockout (bottom two right panels}.

{66871 FIG. 7 is a bar graph showing the percentage of CFSE positive, CD11b positive cells
across the different test conditions. The “positive CTRL” corresponds to FITC-dextran. “dKO
HITGT TG2 #227 “dKOHI TG TG2 #237, “dKO HI TG TG2 #24” and “dKOHI TG TG2
#54” correspond to tour different clones of endothelial cells differentiated from stem cells in
which the genes B2M and CHITA had been knocked out, and in which PDL1T and CD47 genes
were kuocked in.

[6058] FI1Gs. 8A-B show a series of flow cytometry plots for expression of the indicated genes in
wildtype hESCs or in three different clones of hESCs in which B2M and ABO were knocked out
and CP47 was knocked in (clones A3, A5 and A1), FIG. 8A shows plots for expression of A-
antigen {top row}, HLA-A, HLA-B, HLA-C (middle row), and CD47 (bottom row). In the
bottom row, the first inset box in each plot indicates portion for expected endogenous levels of
CD47, while the second inset box in each plot indicates postion for expected overexpression of
CD47. FIG. 8B shows plots for expression of stem cell markers SOX2 and OCT4 in the
indicated cell types.

{0059} FIGs. 9A-B show flow cytometry plots. FIG. 9A shows several flow cytometry plots for
the expression of NKX6.1 (x-axis) and ISL1 {y-axis} in stage 5 SC-isiet cells differentiated from
wildtype hESCs (“WT7) or from hESCs that had been engineered to knock out B2M and ABO
and to knock in C347. The lower panel of FIG. 9A shows a graph llustrating the percentage of
different cell types in stage 5 SC-islet cells differentiated from wildtype hESCs (“WT”) or from
hESCs that had been engineered to kuock out B2M and ABO and to knock in CD47. FIG. 9B

shows several flow cytometry plots for the expression of NKX6.1 (x-axis) and ISL1 (y-axis} in
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stage 6 day 6 SC-islet cells differentiated from wildtype hESCs ("“WT”) or from hERCs that had
engineered to knock out B2M and ABO and to knock in CD47. The lower panel of FIG. 9B
shows a graph illustrating the percentage of different cell types in stage 6 day 6 SC-islet cells
differentiated from wildtype hESCs (“WT7) or from hESCs that had been engineered to knock
out B2M and ABO and to knock in CB47. For each of the bars in the bar graphs in FIGs. 9A
and 9B, the top quadrant of each bar corresponds to the percentage of cells that are double-
negative for NKX6.1 and ISL.1, the second quadrant down in each bar corresponds to the
percentage of cells that are NK X6 1-positive and ISL1-negative, the third quadrant down in each
bar corresponds to the percentage of cells that are ISL1-positive and NKX6.1-negative, and the
botiom quadrant in each bar corresponds to the percentage of cells that are ISL1-positive and
NKX6.1-positive.

{0068} FIGs. 10A-B show flow cytometry plots. FIG. 10A shows flow plots for the expression
of NKX6.1 (x-axis} and ISL1 {v-axis) in Stage 5 or Stage 6, day 6 SC-islet cells differentiated
from hESCs that bad been engineered to knock out B2ZM, ABO and CD142 and to knock in
€047, FIG. 10B shows a flow plot for the expression of 142 in Stage 6 SC-islets
differentiated from hESCs that had been engineered to kuock out B2M, ABO and CD142 and to

knock in ChH47.

INCORPORATION BY REFERENCE
{0661} All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or
patent application was specifically and individually indicated to be incorporated by reference.
To the extent publications and patents or patent applications incorporated by reference contradict
the disclosure contained in the specification, the specification is intended to supersede and/or

take precedence over any such contradictory material,

DETAILED DESCRIPTION
{8062} The following description and examples illusirate embodiments of the present disclosure
in detail. It is to be understood that this disclosure is not limited to the particular embodiments
described herein and as such can vary. Those of skill in the art will recognize that there are
numerous variations and modifications of this disclosure, which are encompassed within its
SCOPE.
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{6063} All terms are intended to be understood as they would be understood by a person skilled
in the art. Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the disclosure
pertains.

{0064} The section headings used herein are for organizational purposes only and are not to be
construed as limiting the subject matter described.

{8665} Although various features of the present disclosure can be described in the context of a
single embodiment, the features can also be provided separately or in any suitable combination.
Conversely, although the present disclosure can be described herein in the context of separate
embodiments for clarity, the present disclosure can also be implemented in a single embodiment.
{6066} The following definitions supplement those in the art and are directed to the current
application and are not to be imputed to any related or unrelated case, e.g., to any commonly
owned patent or application. Although any methods and materials similar or equivalent to those
described herein can be used o the practice for testing of the present disclosure, the preferred
materials and methods are described herein. Accordingly, the terminology used herein is for the
purpose of describing particular embodiments only aund is not intended to be limiting.

{00671 In this application, the use of the singular includes the plural unless specifically stated
otherwise. It must be noted that, as used in the specification, the singular forms “a,” “an” and
“the” include plural referents unless the context clearly dictates otherwise.

{0048} [u this application, the use of “or” means “and/or” unless stated otherwise. The terms
“and/or” and “any combination thereof” and their grammatical equivalents as used herein, can be
used interchangeably. These terms can convey that any combination is specifically
contemplated. Solely for illustrative purposes, the following phrases “A, B, and/or C7 or “A, B,
€, or any combination thereof” can mean “A individually; B individually; C individually; A and
B;BandC, Aand C;and A. B, and C7 The term “or” can be used conjunctively or
disjunctively, unless the context specifically refers to a disjunctive use.

0069} Furthermore, use of the term “including” as well as other forms, such as “include”,
“includes,” and “included,” is not limiting,

{6079} Reference in the specification to “some embodiments,” “an embodiment,” “one

embodiment” or “other embodiments” meaus that a particuiar feature, structure, or characteristic



WO 2024/097697 PCT/US2023/078272

described in connection with the embodiments is included in at least some embodiments, but not
necessarily all embodiments, of the present disclosures,

<

86711 As used in this specification and claim(s}, the words “comprising” (and any form of
comprising, such as “comprise” and “comprises”), “having” (and any form of having, such as
“have” and “has”), “ncluding” (and any form of including, such as “includes” and “include”) or
“containing” {and any form of containing, such as “contains” and “contain”) are inclusive or
open-ended and do not exclude additional, unrecited elements or method steps. Itis
contemplated that any embodiment discussed in this specification can be implemented with
respect to any method or composition of the present disclosure, and vice versa. Furthermore,
compositions of the present disclosure can be used to achieve methods of the present disclosure.
{6672} The term “about” or “approximately” means within an acceptable error range for the
particular value as determined by one of ordinary skilf in the art, which will depend in part on
how the value is measured or determined, e.g., the limitations of the measurement system. For
exarple, “about” can mean within 1 or more than 1 standard deviation, per the practice in the
art. Alternatively, “about” can mean a range of up to 20%, up to 10%, up to 5%, or up to 1% of
a given value. In another example, the amount “about 107 includes 10 and any amounts from 9
to 11, In yet another example, the term “about” in relation 1o 3 reference numerical value can
also include a range of values plus or minus 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1%
from that value. Alternatively, particularly with respect to biological systems or processes, the
term “about” can mean within an order of magnitude, preferably within S-fold, and more
preferably within 2-fold, of a value, Where particular values are described in the application and
claims, unless otherwise stated the term “about” meaning within an acceptable error range for the
particular value should be assumed.

{6073} The term “diabetes” and its grammatical equivalents as used herein canrefertois a
disease characterized by high blood sugar levels over a prolonged period. For example, the term
“diabetes” and its grammatical equivalenis as used herein can refer to all or any type of diabetes,
including, but not limited to, type 1, type 2, cystic fibrosis-related, surgical, gestational diabetes,
and miiochondrial diabetes. In some embodiments, diabetes can be a form of hereditary
diabetes. In some embodiments, diabetes can be an autoimmune form of diabstes.

[8674] The term “endocrine cell(s),” if not particularly specified, can refer to hormone-

7 ke

producing celis present in the pancreas of an organism, such as “islet”, “islet cells”, “islet
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equivalent”, “islet-like cells”, “pancreatic islets” and their grammatical equivalents. In an
embodiment, the endocrine cells can be differentiated from pancreatic progenitor cells or
precursors. Isiet cells can comprise different types of cells, inchuding, but not limited to,
pancreatic o cells, pancreatic f cells, pancreatic S cells, pancreatic F cells, and/or pancreatic ¢
cells. Islet cells can also refer 10 a group of celis, cell clusters, or the like

{0075} “Guide RNA” and simply “guide” are used herein interchangeably to refer to either a
crRMNA (also known as CRISPR RNA) nucleic acid, or the combination of a orRNA nucleic acid
and a trRNA (alsc known as tractRNA} nucleic acid. The crRNA and tRNA may be associated
as a single RNA molecule (single guide RNA, sgRNA) or in two separate RNA molecules {dual
guide RNA, dgRINA). “Guide RNA” refers to each type unless specified otherwise. The trRNA
may be a naturally-occurring sequence, or a tRNA sequence with modifications or variations
compared to naturally-occurting sequences. For clarity, the terms “guide RNA” or “guide” as
used herein, and unless specifically stated otherwise, may refer to an RNA molecule (comprising
A, C, G, and U nucleotides) or to a DNA molecule encoding such an RNA molecule {comprising
A, C, G, and T nuclectides) or complementary sequences thereof. In general, in the case of a
DNA nucleic acid construct encoding a guide RNA, the U residues in any of the RNA sequences
described herein may be replaced with T residues, and in the case of a guide RNA construct
encoded by any of the DNA sequences described herein, the T residues may be replaced with U
residues. In some embodiments, any of the guide RNA sequences comprises a scaffold
sequence. In some embodiments, the scaffold sequence comprises a sequence that is at least
0%, 91%, 92%, 93%, 94%, 95%, 96%%, 97%, 98%, 99% or 100% identical to the sequence of
SEG ID NQO: 143
(GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAA
AAGTGGCACCGAGTICGGTGCTTTT). In some embodiments, the guide RNA comprises one
or more modified nucleotides. A discussion of modified guide RNAs can be found, for example,
tn W0O2Z022/056000, which is incorporated herein in its entirety. In some embodiments, the
guide RNAs are unmodified.

{0076} “Polynucleotide,” “nucleic acid,” and “nucleic acid molecule,” are used herein to refer to
a multimeric compound comprising nucleosides or nucleoside analogs which have nitrogenous
heterocyclic bases or base analogs linked together along a backbone, including conventional

RNA, DNA, mixed RNA-DNA, and polymers that are analogs thereof. A nucleic acid
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“backbone” can be made up of a variety of linkages, including one or more of sugar-
phosphodiester linkages, peptide-nuclieic acid bonds (“peptide nucleic acids” or PNA; PCT No.
W 95/32305), phosphorothioate linkages, methylphosphonate linkages, or combinations
thereof. Sugar moieties of a nucleic acid can be ribose, deoxyribose, or simnilar compounds with
substitutions, e.g., 27 methoxy or 27 halide substitutions. Nitrogenous bases can be conventional
bases (A, G, C, T, U}, analogs thereot (e g., modified uridines such as S-methoxyuridine,
pseudouridine, or Nl-methvipseudouridine, or others), inosine; derivatives of purines or
pyrimidines {e.g., Nd-methyl deoxyguanosine, deaza- or aza-purines, deaza- or aza-pyrimidines,
pyrimidine bases with substituent groups at the 5 or & position {e.g., 5-methyleytosine), purine
bases with a substituent at the 2, &, or 8 positions, 2-amino-6-methylaminopurine, (6~
methylguanine, 4-thio-pyrimidines, 4-amino-pyrimidines, 4-dimethythydrazine-pyrimidines, and
G4-alkyl-pyrimidines; US Pat. No. 5,378,825 and POT No. W3 93/13121). For general
discussion see The Biochemistry of the Nucleic Acids 5-36, Adams etal., ed,, 11%ed., 1992).

123

Nucleic acids can include one or more “abasic” residues where the backbone includes no
nitrogenous base for position(s) of the polymer (US Pat. No. 5,585 481). A nucleic acid can
comprise only conventional RNA or DNA sugars, bases and linkages, or can include both
couventional compouents and substitutions {e.g., conventional bases with 27 methoxy linkages,
or polymers containing both conventional bases and one or more base analogs). Nucleic acid
inchudes “locked nucleic acid” (LNA}, an analogue containing one or more LNA nucleotide
monomers with a bicyclic furanose unit locked in an RNA mimicking sugar conformation, which
cuhavce hybridization affinity toward complerneutary RNA and DNA sequences (Vester and
Wengel, 2004, Biochemistrv 43(42):13233-41). RNA and DNA have ditferent sugar moigties
and can differ by the presence of uracil or analogs thereof in RNA and thymine or analogs
thereof in DNA. The disclosure provides a number of exemplary nucleotide sequences herein,
and conteraplates reverse complerments of these nucleotide sequences, as well as RNA and/or
DNA equivalents of any of these sequences. For example, an RNA equivalent of any of the
DNA sequences disclosed herein would comprise uracils in place of thymines in the sequence,
whereas a DNA equivalent of any of the RNA sequences disclosed herein would comprise
thymines in place of uracils.

{8077} As used heretn, "CRISPR” sysierns and “RNA-targeted endonucleases”™ or “Cas-

aucleases” includes the type Il CRISPR systems of 5. pyogenes, 8. aureus, and other
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prokaryotes, and modified (g g, engineered or mutant} versions thereof. See, e.g.,
US2016/0312198 Al; US 2016/0312199 Al In particular embodiments, the RNA-targeted
endonuclease is a type H CRISPR Cas enzyme. Uther examples of Cas nucleases include a Csm
or Cmir complex of a type HE CRISPR system or the CaslO, Csmi, or Cmr2 subunit thereof, and
a Cascade complex of a type 1 CRISPR system, or the Cas3 subunit thereof In some
embodiments, the Cas nuclease may be from a Type-HA, Type-UIIB, or Type-lIC system. For
discussion of various CRISPR sysiems and Cas nucleases see, ¢ g, Makarova et al , Nat. Kev.
Microbiol., 9:467-477 {2011}, Makarova et al,, Nav. Rev. Microbiol., 13: 722-36 (2015},
Shmakov et al., Molecular Cell, 60:385-397 (2015). Non-limiting exemplary species that the
Cas nuclease can be derived from include Sireprococcus pyogenes, Strepiococcus thermophilus,
Streptococcus sp., Staphylococcus aureus, Listeria innocua, Lactobacillus gasseri, Francisella
novicide, Wolinella succinogenes, Sutterella wadsworthensis, Gammaproteobacierinm,
Neisseria meningitidis, Campylobacter jejuni, Pasteurella multocida, Fibrobacter succinogesie,
Rbodospivitbum rubram, Nocardiopsis dassonvillei, Strepiomyces pristinaespivalis, Streptomyces
viridochromogenes, Streptosporangium roseum, Alicyclobacitfus acidocaldarius, Bacillus
pseudomyeaides, Bacillus selenitivedicens, Exiguobacterium sibivicum, Lactobocillus
delbrueckii, Lactobacilius safivarius, Laciobacillus buchneri, Treponema denticolu, Microsciiia
marina, Burkholderiales bacierium, Polaromonas naphthalenivorans, Polaromonas sp.,
Crocosphaera waisonii, Cyanothece sp., Microcystis aeruginosa, Synechococcus sp.,
Acetohalobium arabaticum, Ammonifex degensii, Caldicelulosivuptor becscii, Candidanus
Desuiforudis, Closiridium botulirnem, Clostridium difficile, Finegoldia magna, Natranaerobins
thermophilus, Pelotomaculum thermopropionicum, Acidithiobacillus caldus, Acidithiobaciilus
ferrooxidans, Allochromaiinm vinosum, Marinobacter sp ., Nitrosococcus halophilus,
Nitrosococcus watsoni, Pseudoalteromonas haloplaniiis, Ktedonobacter racemifer,
Methanohalobium evestigannm, Anabaena variabilis, Nodularia spumigena, Nostoc sp
Arthrospira maxima, Arthrospiva platensis, Arthrospira sp., Lyngbya sp., Microcoleus
chthonoplastes, Oscillotoria sp., Petrotoga mobilfis, Thermosipho africanus, Sireprococcus
pastenrionus, Neisseria cinereq, Campyiobacter lari, Parvibaculum lavamentivorans,
Corvnebacterium diphtheria, Acidaminococcus sp., Lachnospiraceae bacterium ND2006, and
Acarvochloris marinag. o some embodiments, the Cas protetn is a Cpfl or Casi2 (eg., Casl2il

protein. In some embodiments, the disclosure provides for a cell {e g, a stem cell or stem cell-
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derived beta cell) comprising one or more genetic disruptions using a CRISPR system and one or
more of guide RNAs comprising any of the sequences disclosed herein. In some embodiments,
the CRISPR system disrupts the target gene by introducing one or more insertions/deletions {e.g,,
indels) into the target gene.

{0078} In some embodiments, the Cas protein comprises an amino acid sequence that is at least
&0%, 85%, 90°%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the
sequence of SEQ 1 NO: 144 (designated herein as SpCas9):
MDKKYSIGLDIGTNSVGWAVITDEYK VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETA
EATRLEKRTARRRYTRRENRICYLQEIFSNEMAKYDDSFFHRLEESFLYVEEDKKHERHPIF
ONIVDEVAYHEKYPTIVHLRKKLYDSTDKADLRLUIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFG
NLIALSLGLTPNFKSNFDLAEDAKLOQLSKDTYDRDDLDNLLAGIGDOYADLFLAAKNLED
ATLLSPIRVNTEITKAPLSASMIKRYDEHHQDLTLLKAUVROQQLPEKYKEIFFDOQSKNGY
AGYIDGGASQEEFYRKFIKPILEKMDGTEELLVKLNREDLLRKORTFDBNGSIPHOIHLGEL
HAILRRQEDFYPFLKDNREKIEKIL TFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEE
VVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTEVEYVTEGMRKPA
FLSGEOKKAIVDLLFK TNRKVIVEQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLL
KIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEFRL K TYAHLFDDKVMEKQLKRRRYTG
WORLSRKLINGIRDKQSGETILDFLKSDGFANRNFMOLIHDDSLTFKEDIOQKAQVSGQG
DSLHEHIANLAGSPAIKKGILQTVKVVDELVEKVMGRHKPENIVIEMARENQTTOKGQKN
SRERMKRIEEGIKELGSQILKEHPVENTQLONEKLYLYYLONGRDMYVDOQELDINRLED
YDVDHIVPQSFLKDDSIDNKVLTRSDENRGKSDNVPSEEVVKKMKNYWROLENAKLIT
QRKFDNLTKAERGGLSELDKAGFIKROLVETROITKHVAQGILDERMNTKYDENDKLIRE
VEVITLKSKLYSDFRKDFQFYKVREINNYHHAHDAYENAVVGTALIKKYPKLESEFVYG
DYKVYDVREKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE!
VWDKGRDFATVRKVLIMPOVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKK
YGGFDSPTVAYSVLVVAKVEKGKSKKLK SVKELLGITIMERSSFEKNPIDFLEAKGYKE
VRKKDLHKLPKYSLFELENGREKRMLASAGELOQKONELALPSKYVNFLYLASHYEKLKGS
PEDNEQKOQLFVEQHKHYLDEHEQISEFSKRVILADANLDKVESAYNKHRDKPIREQAENI
THLFTLINLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHOQSITGLYETRIDLSQLGGD
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{6079} The terms “progenitor” and “precursor” cell are used interchangeably herein and refer to
cells that have a cellular phenotype that is more primitive {e.g., i3 at an earlier step along a
developmental pathway or progression than is a fully differentiated cell) relative to a cell which
it can give rise to by ditferentiation. Otten, progenttor cells can also have significant or very
high prolifetative potential. Progenuor cells can give rise to multiple distinct differentiated cell
types or to a single ditferentiated cell type, depending on the developmental pathway and on the
environment in which the cells develop and differentiate.

{00801 A “precursor thereof” as the term related to an insulin-positive endocrine cell can refer to
any cell that is capable of ditferentiating into an insulin-positive endocrine cell, including for
exampig, a pluripotent stem cell, a definitive endoderm cell, a primitive gut tube cell, a
pancreatic progenitor cell, or endocring progenitor cell, that if cultured under suitable conditions
will differentiate the precursor cell into the nsulin-positive endocrine cell.

10081 The terms “stem cell-derived  cell,” “SC-f cell,” “functional B cell,” “functional
pancreatic B cell,” “mature SC-P cell” “B-like celi” and their grammatical equivalents can refer
to cells {e.g., non-native pancreatic P celis) that display at ieast one marker indicative of a
pancreatic B cell (e.g., PDX-1 or NKX6.1}, expresses insulin, and display a glucose stimulated
tnsulin secretion ((GSIS) response similar or superior to that of an endogenous mature b cell {e.g.,
a mature f from a healthy functioning pancreas from a healthy adult non-diabetic patient). For
simplicity, SC-§ cells may be referred to as simply “B cells” in this disclosure. In some
embodiments, the terms “SC-f cell” and “non-native § cell” as used herein are interchangeable.
In some embodiments, the “SC-B cell” expresses lower levels of MAFA than a pancreatic § cell
from a healthy adult human patient. In some embodiments, the “SC-f cell” expresses higher
fevels of MAFR than a pancreatic § cell from a healthy adult human patient. In some
embodiments, the “SC-f cell” expresses higher levels of SIX2, HOPX, IAPP and/or UCN3 than
a pancreatic P cell from a healthy adult human patient. In some embodiments, the “SC-§ cell”
comprises a mature pancreatic cell. It is to be understood that the SC-B cells need not be derived
{e.g., directly) from stem cells, as the methods of the disclosure are capable of deriving SC-§
cetls from any nsulin-positive endocrine cell or precursor thereof using any cell as a starting
point (e.g., one can use embryonic stem cells, induced-pluripotent stem cells, progenitor cells
such as definitive endoderm cells, partially reprogrammed somatic cells {e.g., a somatic cell

which has been partially reprogrammed to an intermediate state between an induced pluripotent
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stem cell and the somatic cell from which it was derived), multipotent cells, totipotent cells, a
transdifferentiated version of any of the foregoing cells, etc., as the invention is not intended to
be limited in this manner). In some embodiments, the SC-B cells exhibit a response to multiple
ghucose challenges {e.g., at least one, at least two, or at least three or more sequential glucose
challenges). In some embodiments, the response resembles the respounse of endogenous islets
{e.g., human islets) to multiple glucose challenges. In some embodiments, the morphology of
the SC-B cell resembles the morphology of an endogenous 8 celfl. In some embodiments, the §C-
B cell exhibits an in vitro GSIS response that resembles the GSIS response of an endogenous §
cell. In some embodiments, the SC-f cell exhibits an #1 vivo GSIS response that resembles the
SIS response of an endogenous P cell. In some embodiments, the SC-B cell exhibits both an in
vitro and in vivae GSIS response that resembles the GSIS response of an endogenous P cell. In
some embodiments, the GSIS response of the SC-P cell can be observed within two weeks of
transplantation of the SC- cell into a host {e.g., a human or animal). In some embodiments, the
SIS response of the SC-J cell can be observed within three weeks of transplantation of the SC-
B cell into a host {e.g., a human or animal). In some embodiments, the GSIS response of the SC-
B cell can be observed within four weeks of transplantation of the SC-B cell into ahost {e.g,, a
human or animal}. In some embodiments, the GSIS response of the SC-P cell can be observed
between one month and three months of transplantation of the SC-8 cell into a host (e.g., 2
human or animal). In some embodiments, the SC-P cells package insulin into secretory granules.
In some embodiments, the SC-J cells exhibit encapsulated crystalline insulin granules when
viewed using electron microscopy. In some embodiments, the SC-§ cells exhibit 4 stimulation
index of greater than 1. In some embodiments, the SC-f cells exhibit a stimulation index of
greater than 1.1, In some embodiments, the 8C-§ cells exhibit a stimulation index of greater than
2. In some embodiments, the stimulation index of the cell is characterized by the ratio of insulin
secreted in response to high glucose concentrations {e.g., 15 mM) compared to low glucose
concentrations {e.g., 2.5 mM}.

8082 In some embodiments, the SC-§ cells exhibit cytokine-induced apoptosis in response to
cytokines. In some embodiments, insulin secretion trom the SC-f cells is enhanced in response
to known antidiabetic drugs {e.g., secretagogues}. In some embodiments, the SC-f cells are
monohormonal. In some erabodinents, the SC-f cells do not abnormally co-express other

hormones, such as glucagon, somatostatin or pancreatic polypeptide. In some embodiments, the
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SC-f cells exhibit a low rate of replication. In some embodiments, the SC-f cells increase
intracellular Ca2+ in response to glucose.

> <

{0083 The terms “stem cell-derived q cell,” “SC-x cell,” “functional a cell,” “functional
pancreatic g cell,” “mature SC-g cell,” “u-like cell” and their grammatical equivalents can refer
io celis {e.g., non-native pancreatic o cells) that display at least one marker indicative of a
pancreatic o cell (e.g., glucagon, expressing ISL1 but not NKX6.1), expresses glucagon, and is
capable of secreting functional glucagon in response to a stimulus that induces an endogenous
pancreatic o cell to secrete functional glucagon. In some embodiments, the “SC-a cell” does not
express somatostatin, In some embodiments, the “SC-q cell” does not express insulin. In some
embodiments, the terms “SC-a cell” and “non-native ¢ cell” as used herein are interchangeable.
In some embodiments, the “SC-a cell” comprises a mature pancreatic cell. For short, these cells
may be referred to as simply “a cells” in this disclosure.

10084 The terms “stem cell-derived 6 cell,” “SC-3 cell,” “functional & cell,” “functional
pancreatic o cell,” “mature SC-§ cell,” “d-like cell” and their gramumatical equivalents can refer
to celis {e.g,, non-native pancreatic d cells) that display at least one marker indicative of a
pancreatic & cell (e.g., somatostating, expresses and is capable of secreting somatostatin in
response 1o a stimufus that induces an endogenous pancreatic o cell to secrete functional
glucagon. For simplicity, SC- § cells may be referred to as simply “S cells” in this disclosure. In
some embodiments, “SC-9 cell” does not express glucagon. lu some ersbodiments, “SC-6 cell”
does not express insulin. In some embodiments, the terms “SC-6 cell” and “non-native & cell” as
used herein are interchangeable. In some embodiments, the “8C-6 cell” comprises a mature
pancreatic cell.

{085} The terms “stem cell-derived enterochromaffin (EC) cell,” “SC-EC cell,” and their
grammatical equivalents can refer to celis (e.g., non-native pancreatic EC cells) that display at
teast one marker indicative of a pancreatic EC cell {e.g, VMATI (vesicular monoamine
transporter 1), expressing NKX6.1 but not ISL1). In some embodiments, the terms “SC-EC cell”
and “non-native EC cell” as used herein are interchangeable.

{0086} The term “stem cell-derived islet cell” “SC-islet cell,” and their grammatical equivalents
refers to islet cells or islet-like cells that have been differentiated from stem cells in vitro.

Examples of SC-islet cells include SC- B cells, SC-a cells, and SC-6 cells.
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{6087} It is to be understood that the SC-islet cells need not be derived (e.g., directly) from stem
cells, as the methods of the disclosure are capable of deriving SC-islet celis from other precursor
cells generated during in vitre differentiation of SC-islet cells as a starting point (e.g., one can
nse embryoenic stem cells, induced-pluripotent stem cells, progenitor cells, partially
reprogranuned somatic cells {e.g,, a somatic cell which has been partially reprogrammed to an
intermediate state between an induced pluripotent stem cell and the somatic cell from which it
was derived), multipotent cells, totipotent cells, a transdifferentiated version of any of the
foregoing celis, etc., as the invention is not intended tc be limited in this manner).

{0688} As used herein, the term “insulin producing cell” and its grammatical equivalent refer to
a cell differentiated from a pancreatic progenitor, or precursor thereof, which secretes tnsulin,
An insulin-producing cell can include pancreatic B cell as that term 1s described herein, as well as
pancreatic B-like cells {e.g., insulin-positive, endocrine cells) that synthesize {e.g., transcribe the
insulin gene, translate the proinsulin mRNA, and modify the proinsulin mRNA into the insulin
protein), express {e.g., manifest the phenotypic trait carried by the tusulin gene), ot secrete
{release insulin into the extracellular space) insulin in a constitutive or inductble manner. A
population of tnsulin producing cells e.g., produced by differentiating insulin-positive endocnine
cells or a precursor thereot into SC-B cells according to the raethods of the present disclosure can
be pancreatic B cells or B-like cells {e.g., cells that have at least one, or at least two least
characteristics of an endogenous P cell and exhibit a glucose stimulated insulin secretion {GSIS)
response that resembles an endogenous adult B cell). The population of insulin-producing cells,
e.z., produced by the methods as disclosed herein can comprise mature pancreatic § cell or SC-p
cells, and can also contain non-insulin-producing cells (e.g., cells of cell like phenotype with the
exception they do not produce or secrete insulin).

{0689} The terms “insulin-positive B-like cell,” “insulin-positive endocrine cell,” and their
grammatical equivalents can refer to cells {e.g., pancreatic endocrine cells) that display at least
one marker indicative of 3 pancreatic § cell and also expresses insulin but, unless specified
otherwise, lack a glucose stimulated insulin secretion (GSIS) response characteristic of an
endogencus § cell. Exemplary markers of “insulin-positive endocrine cell” include, but are not
Himited to, NKX6.1 (NK6& homeobox 1), ISLT (Isletl}), and insulin.

{8690} The term P cell marker” refers to, without limaitation, protetns, peptides, nucleic acids,

polymorphism of proteins and nucleic acids, splice variants, fragments of proteins or nucleic
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acids, elements, and other analyte which are expressed or present in pancreatic § cells.
Exemplary B cell markers include, but are not limited to, pancreatic and duodenal homeobox 1
{(PIXX1) polypeptide, insulin, c-peptide, amylin, E-cadherin, Haf3j3, PCV/3, B2, Nkx2.2, GLUTZ,
PC2, ZnT-8, ISLI, Paxd, Pax4, NeuroD, | Inflb, Hnf-6, Hnf-3beta, VMATZ, NKX6.1, and
MatA, and those described in Zhang et al., Diabetes. 56(103:2231-6 (2001}, In some
embodiments, the § cell marker is a nuclear f-cell marker. In some embodiments, the B cell
marker is PDX1 or PH3,

10091} The term “pancreatic endocrine marker” can refer t¢ without limitation, proteins,
peptides, nucleic acids, polvmorphism of proteins and nucleic acids, splice variants, fragments of
proteins or pucleic acids, elements, and other analytes which are expressed or present in
pancreatic endocrine cells. Exemplary pancreatic endocrine cell markers include, but are not
Himited to, Ngn-3, NeuroD and lslet-1.

10092} The term “pancreatic progenitor,” “pancreatic endocrine progenitor,” “pancreatic
precursor,” “pancreatic endocrine precursor” and their gramnatical equivalents are used
interchangeably herein and can refer to a stem cell which is capable of becoming a pancreatic
hormone expressing cell capable of forming pancreatic endocrine cells, pancreatic exocrine cells
or pancreatic duct cells. These cells are committed to differentiating towards at least one type of
pancreatic cell, e.g. f cells that produce insulin; « cells that produce glucagon; S cells {or D cells)
that produce somatostatin; and/or F cells that produce pancreatic polypeptide. Such cells can
express at least one of the following markers: NGN3, NKX2 2, NeuroD, [SL-1, Pax4, Pax6, or
ARX.

08931 The term “PDX1-positive pancreatic progenitor” as used herein can refer to a cell which
is a pancreatic endoderm (PE) cell which has the capacity to differentiate into SC-J cells, such as
pancreatic § cells. A PDX1-positive pancreatic progenitor expresses the marker PDX1. Other
markers include, but are not limited to Cdepl, or Ptfia, or HNF6 or NRx2.2. The expression of
PIXXT may be assessed by any method known by the skilled person such as immunochemistry
using an anti-PDX1 antibody or quantitative RT-PCR. In some embodiments, a PDX1-positive
pancreatic progenitor cell lacks expression of NKX6.1. In some embodiments, a PDX1-positive
pancreatic progenitor cell can also be referred to as PDX1-positive, NKX6.1-negative pancreatic
progenitor cell due 1o its lack of expression of NKX6.1. In some embodiments, the PDX1-

positive pancreatic progenitor cells can also be termed as “pancreatic foregut endoderm cells.”
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{0694} The terms “PDX1-positive, NKX6.1-positive pancreatic progenitor,” and “WNKX6.1-
positive pancreatic progenitor” are used interchangeably herein and can refer to a cell which s a
pancreatic endoderm (PE) cell which has the capacity to differentiate into insulin-producing
cells, such as pancreatic P celis. A PDX{-positive, NKX6. 1-positive pancreatic progenitor
expresses the markers PDX1 and NKX6-1. Gther markers may toclode, but are not limited to
Cdepl, or Ptfla, or HNF6 or NRx2.2. The expression of NKX6-1 may be assessed by any
method known by the skilled person such as immunochemistry using an anti-NKX6-1 antibody
or quantitative RT-PCR. As used herein, the terms “NKX6 17" and “NKX6-17 are equivalent and
interchangeable. In some embodiments, the PDX1-positive, NKX6. 1-positive pancreatic
progenitor cells can also be termed as “pancreatic foregut precursor cells.”

{0095} The terms “NeuroD” and “NeuroD1” are used interchangeably and identify a protein
expressed in pancreatic endoctine progenitor cells and the gene encoding it.

100961 The term “differentiated cell” or its grammatical equivalents means any primary cell that
is not, in its native form, pluripotent as that term is defined herein. Stated another way, the term
“differentiated cell” can refer to a cell of a more specialized cell type derived from a cell of a less
spectalized cell type (e.g., a stem cell such as an induced pluripotent stern cell) in a cellular
course of normal ontogeny can differentiate first to an endoderm cell that is capable of forming
pancreas cells and other endoderm cell types. Further differentiation of an endoderm cell may
lead to the pancreatic pathway, where ~98% of the cells become exocrine, ductular, or matrix
cells, and ~2% become endocrine cells. Early endocrine cells are islet progenitors, which can
then differentiate further into insulin-producing celis (e.g. functional endocrine cells) which
secrete insulin, glucagon, somatostatin, or pancreatic polvpeptide. Endoderm cells can also be
differentiated into other cells of endodermal origin, e.g. lung, liver, intestine, thymus ete.

{6097} As used herein, the term “somatic cell” can refer to any cells forming the body of an
organism, as opposed to germline cells. In mammals, germline cells (also known as “gametes”™)
are the spermatozoa and ova which fuse during fertilization to produce a cell called a zygote,
from which the entire mammalian embryo develops. Hvery other cell type in the mammalian
body - apart from the sperm and ova, the cells from which they are made (gametocytes) and
undifferentiated stem cells — is 4 sorvatic cell: internal organs, skin, bones, blood, and connective

tissue are all made up of somatic cells. In some embodiments the somatic cell is 3 “non-
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embryonic somatic cell”, by which is meant a somatic cell that is not present in or obtained from
an embryo and does not result from proliferation of such a cell i virro. In some embodiments
the somatic cell is an “adult somatic cell”, by which is meant a cell that is present in or obtained
from an organism other than an embryo or a fetus or results from proliferation of such a cell in
vitro. Unless otherwise indicated the methods for converting at least one insulin-positive
endocrine cell or precursor thereof to an insulin-producing, glucose responsive cell can be
performed both in vive and i vigro (where in vive is practiced when at least one insulin-positive
endocrine cell or precursor thereof are present within a subject, and where in vifro is practiced
using an isolated at least one insulin-positive endocrine cell or precursor thereof maintained in
culture}.

{6698} As used herein, the term “adult cell” can refer to a cell found throughout the body after
embryonic development.

10099 The term “endoderm cell” as used herein can refer to a cell which is from one of the three
primary germ cell layers in the very early embryo (the other two germ cell lavers are the
mesoderm and ectoderm). The endoderm is the innermost of the three layers. An endoderm cell
differentiates to give rise first to the embryonic gut and then to the linings of the respiratory and
digestive tracts (e.g., the intestine), the liver and the pancreas.

10109] The term “a cell of endodern origin” as used herein can refer to any cell which has
developed or differentiated from an endoderm cell. For example, a cell of endoderm ornigin
includes cells of the liver, lung, pancreas, thymus, intestine, stomach and thyroid. Without
wishing to be bound by theory, liver and pancreas progenitors {also referred to as pancreatic
progenitors) are developed from endoderm cells in the embryonic foregut. Shostly after their
specification, Hiver and pancreas progentiors rapidly acquire markedly different cellular functions
and regenerative capacities. These changes are elicited by inductive signals and genetic
regulatory factors that are highly conserved among vertebrates. Interest in the development and
regeneration of the organs has been fueled by the intense need for hepatocytes and pancreatic B
cells in the therapeutic treatment of liver failure and type I diabetes. Studies in diverse model
organisms and humans have revealed evolutionarily conserved inductive signals and
transeription factor networks that elicit the ditferentiation of liver and pancreatic cells and
provide guidance for how to promote hepaiocyte and § cell differentiation from diverse stem and

progenitor cell types.
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{0101} The term “definitive endodermy” as used herain can refer to a cell differentiated from an
endoderm cell and which can be differentiated into a SC-§ cell {e.g., a pancreatic § cell). A
definitive endoderm cel] expresses the marker Sox17. Other markers characteristic of definitive
endoderm cells may include, but are not limited to MIXL2, GATA4, HNF3b, G8C, FGF17,
VWE, CALCR, FOXQ1, CXCRA4, Cerberus, 0OTX2, goosecoid, C-Kit, CD99, CMKOR1 and
CRIPL. In particular, definitive endoderm cells herein express Sox17 and in some embodiments
Rox17 and HNF3EB, and do not express significant levels of GATA4, SPARC, APF or DAB.
Definitive endoderm celis are not positive for the marker PDX1 (e.g they are PDX1-negative).
Definitive endoderm cells have the capacity to differentiate into cells including those of the liver,
fung, pancreas, thymus, intestine, stomach and thyroid. The expression of Sox17 and other
markers of definitive endoderm may be assessed by any method known by the skilled person
such as immunochemistry, e.g., using an anti-Sox17 antibody, or quantitative RT-PCR.

10102} The term “pancreatic endoderm” can refer to a cell of endoderm origin which is capable
of differentiating into multiple pancreatic ineages, including pancreatic § celis, but no longer has
the capacity to differentiate into non-pancreatic tineages.

{01903} The term “pancreatic slet cells” refers to a population of cells that include different types
of pancreatic endocrine cells (B-cells, a-cells, é-cells, e-cells) and enterochromafiin (EC) cells,
e.g., as described in Xavier et al. (J Clin Med. 2018 Mar; 7(3): 54), incorporated herein by
reference.

{0104} The term “primitive gut tube cell” or “gut tube cell” as used herein can refer to a cell
differentiated from an endoderm cell and which can be differentiated into a SC-B cell (e.g., a
pancreatic § cell). A primitive gut tube cell expresses at least one of the following markers:
HNP1-, HNF3-3 or HNF4-¢. In some embodiments, a primitive gut tube cell is FOXA2-
positive and SOX2-positive, e, expresses both FOXAZ2 (also known as HNF3-f) and SOX2. In
some embodiments, a primitive gut tube cell 1s FOXA2-positive and PDXI-negative, i.e.,
expresses FOXAZ but not PDX1. Primitive gut tube cells have the capacity to differentiate into
cells including those of the lung, liver, pancreas, stomach, and intestine. The expression of
HNF1-B and other markers of primitive gut tube may be assessed by any method known by the

skilled person such as immunochemistry, e.g., using an anti-HNF1-J antibody.
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{0105} The term “phenotype” can refer to one or a number of total biological characteristics that
define the cell or organism under a particular set of environmental conditions and factors,
regardless of the actual genotype.

{0106} The terms “patient,” “subject,” and “individual” may be used interchangeably and refer to
either a human or a non-human animal. The “non-human animals” and “non-human mammals”
as used interchangeably herein, includes mammals such as rats, mice, rabbits, sheep, cats, dogs,
cows, pigs, and non-human primates. The terro “subject” also encompasses any vertebrate
including but not limited to mammals, reptiles, amphibians and fish. However, advantageously,
the subject is a mammal such as a human, or other mammals such as a domesticated mammal,
e.g., dog, cat, horse, and the like, or production mammal, e.g. cow, sheep, pig, and the like.
“Patient in need thereof” or “subject in need thereof” is referred to herein as a patient diagnosed
with or suspected of having a disease or disorder, for instance, but not restricted 1o diabetes.
10107] “Administering” as used herein can refer to providing one or more compositions
described herein to a patient or a subject. By way of exarople and not limitation, composition
administration, e.g., injection, can be performed by intravenous (1.v.) injection, sub-cutaneous
{s.c.) injection, intradermal (i.d.) injection, intraperitoneal (i.p ) injection, or intrarauscular {.m )
injection. {ne or more such routes can be emploved. Parenteral admiuistration can be, for
example, by bolus injection or by gradual perfusion over time. Alternatively, or concurrently,
administration can be by the oral route. Additionally, admiunistration can also be by surgical
deposition of a bolus or peliet of cells, or positioning of a medical device In an embodiment, a
composition of the present disclosure can comprise engineered cells or host cells expressing
nucleic acid sequences described herein, or a vector comprising at least one nucleic acid
sequence described herein, in an amount that i3 effective to treat or prevent proliferative
disorders. A pharmaceutical composition can comprise the cell population as described herein,
in combination with one or more pharmaceutically or physiologically acceptable carriers,
diluents or excipients. Such compositions can comprise buffers such as neutral butfered saline,
phosphate buffered saline and the like; carbohydrates such as glucose, mannose, sucrose or
dexirans, mannitol; proteins; polypeptides or amino acids such as glycine; antioxidanis; chelating
agents such as EDTA or glutathione; adjuvants {e.g., aluminum hydroxide); and preservatives.
{0108} The term “genetically engineered”, “geneticaily aliered”, or “genetically modified” and

their grammatical equivalents as used herein refer to a non-naturally occurring genetic
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modification. Examples of genetic engineering include use of gene editing systems such as the
CRISPR/Cas, the piggybac, the TALEN, and/or zinc finger systers for disrupting the expression
{e.g., to reduce or eliminate expression) of one or more gene targets in a cell, or for increasing
the expression {e.g., by inserting a gene of interest) into a cell. A “genetically engineered”,
“genetically altered”, or “genetically modified” cell, as used herein, means a cell that was
genetically engineered, or a cell that was derived and/or descended from a cell that was
genetically engineered. For example, an SC-islet cell that was derived from a stem cell that was
genetically engineered would be considered a genetically engineered SC-islet.

{0109 In some embodiments, “ABO” as used herein, 15 a protein encoded by a nucleic acid that
is at least 80%, BS%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical
to SEQ ID NO: 1. In some embodiments, “ABO” 1s a protein comprising an amino acid
sequence that is at feast 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identical to SEQ ID NO: 2

{0118} In some embodiments, “renalase” as used herein, is a protein encoded by a nucleic acid
that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 05%, 96%, 97%, 98%, 99% or 100%
identical to SEQ ID NG: 3 or 5. In some embodiments, “renalase” is a protein comprising an
amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%

98%, 99% or 100% identical to SEQ ID NO: 4 and/or 6.

{0111} In some embodiments, “CXCL10” as used herein, 18 a proiein encoded by a nucleic acid
that is at least 80%, B5%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%, 99% or 100%
wdentical to SEQ ID NG 7. In some embodiments, “CXCL10” is a protein comprising an amino
acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%

99% or 100% identical to SEQ ID NG: 8.

{0112} In some embodiments, “beta-2 microgiobulin” or “B2M” as used herein, is a protein
encoded by a nucleic acid that is at least 80%, 85%, 90%, 91%, 92%. 93%, 94%, 95%, 96%
97%%, 98%, 99% or 100% identical to SEQ 1D NO: 9. In some embodimems, “B2ZM” is a protein
comprising an amine acid sequence that is at feast 80%, §5%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 10

{6113} In some embodiments, “tissue factor” as used herein, is a protein encoded by a nucleic
acid that is at least 80%, 85%, 90%, 91%6, 92%, 93%, 94%, 93%, 9%, 97%, 98%, 99% or 100%

identical to SEQ D NO: 11, In some embodiments, “tissue factor” is a protein comprising an

3
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amino acid sequence that is at least 80%, 85%, 90%, 919, 92%, 93%, 94%, 95%, 96%, 97%,
98%%, 99% or 100% identical to SEQ ID NO: 12,

{0114{ In some embodiments, “CD47” as used hergin, is a protein encoded by a nucleic acid that
is at least B0%, 85%, 90%, 91%, 92%, 93%, 04%, 953%, 36%, 97%, 98%, 909% or 100% identical
o SEQ ID NG: 13 or 15, In some emboduments, “CD47” is a protein comprising an amino acid
sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or

100% identical to SEQ 1D NG: 14, SEG ID NG 16, SEQ 1D NG: 145 and/or SEQ 1D NO: 146,

Stem Celis
[0115] The term “stern cell” 18 used herein to refer t0 a marsmalian cell that has the ability both
to selfirenew and to generate a differentiated cell type (Morrison et al. (1997) Cell 88.287-298).

[x3

In the context of cell ontogeny, the adjective “differentiated,” or “differentiating” is a relative
term. A “differentiated cell” is a cell that has progressed further down the developmental
pathway than the cell it is being compared with. Thus, pluripotent stem cells can differentiate
into lineage-restricted progenitor cells (e.g., mesodermal stem cells), which in turn can
differentiate into cells that are further restricted {e.g., neuron progenitors), which can
cardiomyocytes, etc.), which play a characteristic role in a certain tissue type, and can or cannot
retain the capacity to proliferate further. Stem cells can be characterized by both the presence of
specific markers {e.g., proteins, RNAs, ete ) and the absence of specific markers. Stem cells can
also be tdentified by functional assays both in vitro and in vivo, particulasty assays relating to the
ability of stem cells to give rise to multiple differentiated progeny. In an embodiment, the host
cell is an adult stem cell, a somatic stern cell, a non-embryonic stem cell, an embryonic stem cell,
hematopoietic stem cell, an include pluripotent stem cells, and a trophoblast stem cell. In some
embodiments, the stem cell line is naturally a Type O blood type cell line (1.¢., the cell line is not
genetically engineered to be a Type (O blood type cell Ting). In some embodiments, the stem cell
line is naturally a Rh" (rhesus factor-negative) cell line. In some embodiments, the cell
comprises a genetic distuption in the RHD gene. In some embodiments, the cell does not
comprise a genetic disruption in the RHD gene. In some embodiments, the cell comprises a
genetic disruption in the RHCE gene. In some embodiments, the cell does not comprise a

genetic disruption in the RHCE gene.
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{0116} Stem cells of interest include pluripotent stem cells (PSCs). The term “pluripotent stem
cell” or “BSC” is used herein to mean a stem cell capable of producing all cell types of the
organism, Therefore, a PSC can give rise to cells of all germ layers of the organism {e.g., the
endodern, mesoderm, and ectoderm of a vertebrate). Pluripotent cells are capable of forming
teratomas and of contributing to ectoderm, mesoderm, or endoderm tissues in a living organisn.
Pluripotent stem cells of plants are capable of giving rise to all cell types of the plant {e.g., cells
of the root, siem, leaves, eic.).

101174 PSCs of animals can be derived in a number of different ways. For example, embryonic
stem cells (ESCs) are derived from the inner cell mass of an embryo (Thomson et. Al, Science.
1998 Nov. 0; 282(5391):.1145-7) whereas induced pluripotent stem cells (iPSCs}) are derived
from somatic cells (Takahashi et. Al, Cell. 2007 Nov. 30; 131(5):861-72; Takahashi et. Al, Nat
Protoc. 2007; 2(12):3081-9; Yuet. AL, Science. 2007 Dec. 21; 318{5858):1917-20. Epub 2007
Nov. 20). Because the term PSC refers to pluripotent stem cells regardless of their derivation,
the term PSC encompasses the terms ESC and iPSC, as well as the term embryonic germ stem
cells (EGSC), which are another example of a PSC. PSCs can be in the form of an established
cell line, they can be obtained directly from primary embryonic tissue, or they can be derived
from a somatic cell.

10118} By “embryonic stem cell” (ESC) 1s meant a PSC that is isolated from an embryo,
iypically from the nner cell mass of the blastocyst. ESC lines are listed in the NIH Human
Embryonic Stem Cell Registry, e g0 hESBGN-01, hESBGN-02, hESBGN-03, hESBGN-04
{BresaGen, Inc ), HES-1, HES-2, HES-3, HES-4, HES-S, HES-0 (ES Cell International), Miz-
hEST (MizMedi Hospital-Seoul National University), HSF-1, HSF-6 (University of California at
Saun Francisco), and Hi, H7, H9, H13, H14 (Wisconsin Alumni Research Foundation {WiCell
Research Institute}). In some embodiments, the ESC is the Cytd9 (CVCL B850) cell line. Stem
cells of interest also include embryonic stem cells from other primates, such as Rhesus stem cells
and marmoset stem cells. The stem cells can be obtained from any mammalian species, e.g.
human, equine, bovine, porcing, canine, feline, rodent, e.g. mice, rats, hamster, primate, etc.
{Thomson et al. {1998} Science 282:114S; Thomson et al. {1995} Proc. Nail. Acad. Sci USA
92:7844; Thomson et al. (1996) Biol. Reprod. 55:254; Shamblott et al., Proc. Natl. Acad. Sci.
USA 95:13726, 1998}, In preferred embodiments, the stem cells are human stem cells. In

culture, ESCs typicaily grow as flat colonies with large nucleo-cytoplasmic ratios, defined
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borders and prominent nucieolt. In addition, ESCs express 88EA-3, 8SFA-4, TRA-1-60, TRA-1-
81, and Alkaline Phosphatase, but not SSEA-1. Examples of methods of generating and
characterizing ESCUs may be found in, for example, 11.S. Pat. Nos. 7,029,913, 5,843,780, and
6,200,806, each of which is incorporated herein by its entirety. Methods for proliferating hESCs
in the undifferentiated form are described in WO 99/20741, WO 01/51616, and WO 03/020920,
each of which is incorporated herein by its entirety. In some embodiments, the ESC cell ling is
naturally a Type O blood type cell line (1., the cell line is not genetically engineered to be a
Type O blood type cell ling). In some embodiments, the ESC cell line is naturally a Rb (rhesus
factor-negative} cell line. In some embodiments, the cell comprises a genetic disruption in the
RHD gene. In some embodiments, the cell does not comprise a genetic disruption in the RHD
¢gene. In some embodiments, the cell comprises a genetic distuption in the RHCE gene. Tn some
embodiments, the cell does not comprise a genetic disruption in the RHCE gene.

10119] By “embryonic germ stem cell” (EGSC) or “embryonic germ cell” or “EG cell,” it is
meant a PSC that is derived from germ cells and/or germ cell progenitors, e.g. primordial germ
cells, i.e. those that can become sperm and eggs. Embryonic germ cells (EG cells) are thought to
have properties similar to embryonic stem celis as described above. Examples of methods of
generating and characterizing EG celis may be found in, for example, U.S. Pat. No. 7,153,684,
Matsut, Y, et al, (1992) Cell 70:841; Shamblott, M, et al. (2001) Proc. Natl. Acad. Sci. USA
98: 113; Shamblott, M., et al. {1998} Proc. Natl. Acad. Sci. USA, 95:13726; and Koshimizy, U,
et al (1996} Development, 122:1235, each of which are incorporated herein by its entirety.
{0120} By “induced pluripotent stem cell” or “iPSC,” it is meant a PSC that is derived from a
cell that 1s not a PSC (i.e., from a cell this is differentiated relative to a PSC). iPSCs can be
derived from multiple different cell types, including terminally differentiated cells. iPSCs have
an ES cell-like morphology, growing as flat colonies with large nucleo-cytoplasmic ratios,
detined borders and prominent nuclet. In addition, iIPSCs express one or more key pluripotency
markers koown by one of ordinary skill in the art, including but not lumited to Alkaline
Phosphatase, SSEAS, SSEA4, Sox2, Oct3/4, Nanog, TRAL16O, TRA181, TDGF 1, Dnmt3b,
FoxD3, GDF3, Cyp26al, TERT, and zfp42. Examples of methods of generating and
characterizing iPSCs can be found in, for example, U.S. Patent Publication Nos.
US20090047263, US20090068742, US20090191159, US20090227032, US2009024687S, and

U820090304646, each of which are incorporated herein by its entirety. Generally, to generate
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iP8Cs, somatic cells are provided with reprogramming factors {e.g. Ocid, SOX2, KLF4, MYC,
Nanog, Lin28, ete.) known in the art to reprogram the somatic celis to become pluripotent stem
cells,

{0121} By “somatic cell,” it is meant any cell in an organism that, in the absence of experimental
manipulation, does not ordinarily give rise to all types of cells to an organism. In other words,
somatic cells are cells that have differentiated sufficiently that they do not naturally generate
cells of all three germ layers of the body, t.e. ectoderm, mesoderm and endoderm. For example,
somatic cells can include both neurons and neural progenitors, the latter of which is able to
naturally give rise to all or some cell types of the central nervous system but cannot give rise to
cells of the mesoderm or endoderm lineages.

{6122} In certain examples, the stem cells can be undifferentiated (¢.g. & cell not commutted to a
specific lineage) prior to exposure to at least one P cell maturation factor according to the
methods as disclosed herein, whereas in other examples it may be desirable to differentiate the
stem cells to one or more wntermediate cell types prior to exposure of the at least one cell
maturation factor (s} described herein. For example, the stems cells may display morphological,
biological or physical characteristics of undifferentiated cells that can be used to distinguish
them from differentiated cells of embryo or adult origin. 1n some examples, undifferentiated
cells may appear in the two dimensions of a microscopic view in colonies of cells with high
nuclear/cytoplasmic ratios and prominent nucieoli. The stem cells may be themselves (for
example, without substantially any undifferentiated cells being present)} or may be used in the
presence of differentiated cells. In certain examples, the stem cells may be culiured 1o the
presence of) suitable nutrients and optionally other cells such that the stem cells can grow and
optionally differentiate. For example, embryonic fibroblasts or fibroblast-like cells may be
present in the culture to assist in the growth of the stem celis. The fibroblast may be present
during one stage of stem cell growth but not necessarily at all stages. For example, the fibroblast
may be added 1o stem cell cultures in a first culturing stage and not added to the stem cell
cultures in one or more subsequent culturing stages.

{0123} Stem cells used in all aspects of the present disclosure can be any cells derived from any
kind of tissue (for example embryonic tissue such as fetal or pre-fetal tissue, or adult tissue),
which stem cells have the characteristic of being capable under appropriate conditions of

producing progeny of different cell types, e.g. derivatives of all of at least one of the 3 germinal
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layers (endoderm, mesoderm, and ectoderm}. These cell types may be provided in the form of
an established cell line, or they may be obtained directly from primary embryonic tissue and used
immediately for differentiation. Included are ceils listed in the NIH Human Hmbryonic Stem
Cell Registry, ¢.g. hRESBGN-01, hESBGN-02, hESBGN-03, hESBGN-04 (BresaGen, Inc.);
HES-1, HES-2, HER-3, HES-4, HES-5, HES-6 (ES Cell International); Miz-hEST (MizMedi
Hospital-Seoul National Universityy; HSF-1, FISF-6 (University of California at San Francisco);
and HT, H7, H9, H13, H14 (Wisconsin Alumni Research Foundation (WiCell Research
Institute)). In some embodiments, the source of human stem celis or pluripotent stem cells used
for chemically-induced differentiation into mature, insulin positive cells did not involve
destroying a human embryo.

{6124} In another embodiment, the stem cells can be isolated from tissue including solid tissue.
In some embodiments, the tissue is skin, fat tissue {e.g. adipose tissue}, muscle tissue, heart or
cardiac tissue. In other embodiments, the tissue is for example but not limited to, umbilical cord
blood, placenta, bone marrow, or chondral.

{0125} Stem cells of interest also include embryonic cells of various types, exemplified by
human embryonic stem (hES) cells, described by Thomson et al, (1998) Science 282:1145;
embryonic stem cells from other primates, such as Rhesus stem cells (Thomson et al. (1995)
Proc. Natl. Acad. Sci. USA 92:7844); marmoset stem celis (Thomson et al. (1996} Biol. Reprod.
55:254%, and human embryonic germ (hEG) cells (Shambloft et al., Proc. Natl. Acad. Sci. USA
95:13726, 1998). Also of interest are lineage committed stem cells, such as mesodermal stem
cells and other easty cardiogenic cells {see Reyes et al, (2001) Blood 98:2615-2623; Eisenberg &
Bader (19963 Circ Res. 78(21:205-16; etc.). The stem cells may be obtained from any
mammalian species, e.g. human, equine, bovine, porcine, canine, feline, rodent, e.g. mice, rats,
hamster, primate, etc. In some embodiments, a human embryo was not destroyed for the source
of pluripetent cell used on the methods and compositions as disclosed herein.

{3126] A mixture of cells from a suitable source of endothelial, muscle, and/or neural stem cells
can be harvested from a mammalian donor by methods known in the ant. A suitable source is the
hematopoictic microsnvironment. For example, circulating peripheral blood, preferably
mobilized (i.e, recruited}, may be removed from a subject. In an embodiment, the stem cells can
be reprogrammed stem cells, such as stem cells derived from somatic or differentiated celis. In

such an embodiment, the de-differentiated stem cells can be for example, but not limited to,
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neoplastic cells, tumor cells and cancer cells or alternatively induced reprogrammed cells such as
induced pluripotent stem cells or iPS cells.

{01271 In some embodiments, the SC-P cell can be derived from one or more of trichocytes,
keratinocytes, gonadotropes, corticotropes, thyrotropes, somatotropes, lactotrophs, chromaffin
cells, parafollicular cells, glomus cells melanocytes, nevus celis, Merkel cells, odontoblasts,
cementoblasts corneal keratocytes, retina Mulier cels, retinal pigment epithelium cells, neurons,
glias {e.g., oligodendrocyte astrocytes), ependymocytes, pinealocytes, pneumocytes {e.g., type 1
pneumocytes, and type 1 pneumocytes), clara cells, goblet celis, G cells, B cells, ECL cells,
gastric chief cells, parietal cells, foveolar cells, K cells, B cells, T cells, goblet cells, paneth celis,
enterocytes, microfold cells, hepatocytes, hepatic stellate celis {e.g., Kupffer cells from
mesoderm), cholecystocytes, centroacinar cells, pancreatic stellate cells, pancreatic o cells,
pancreatic § cells, pancreatic  cells, pancreatic ¥ cells (e.g., PP cells), pancreatic ¢ cells, thyroid
{e.g., follicular cells), parathyroid {e.g, parathyroid chief cells), oxyphil cells, urothelial cells,
osteoblasts, osteocytes, chondroblasts, chondrocytes, fibroblasts, fibrocytes, myoblasts,
myocytes, myosatellite cells, tendon cells, cardiac muscle cells, lipoblasts, adipocytes, interstitial
cells of cajal, angioblasts, endothelial cells, mesangial cells {e.g., wtraglomerular mesangial cells
and extraglomerular wesangial celis), juxtaglomerular cells, macula densa cells, stromal cells,
interstitial cells, telocytes simple epithelial cells, podocytes, kidney proximal tubule brush border
cells, sertoli cells, leydig cells, granulosa cells, peg ceils, germ cells, spermatozoon ovums,
lymphocytes, myeloid cells, endothelial progenitor cells, endothelial stem cells, angioblasts,
mesoangioblasts, pericyte mural cells, splenocytes {e.g., T lyrmphocytes, B lymphocytes,

dendritic cells, microphages, leukocytes), trophoblast stem cells, or any combination thereof.

SC-Islets

{0128} In some embodiments, any of the genetically engineered cells disclosed herein is an 8C-
islet cell. In some embodiments, the SC-isiet cell is a NKX6.17/ISL17 cell. In some
embodiments, the SC-islet cell is a NKX6.17ISLi% cell.  In some embodiments, the SC-islet cell
is a NKX6.17ISL1 cell. In some embodiments, the SC-islet cell expresses insulin. In some
embodiments, the SC-islet cell expresses glucagon. In some embodiments, the SC-islet cell
expresses somatostatin. In some embodiments, the SC-islet cell is naturally a Type O blood tvpe

cell (1.e., the SC-islet cell or its precursor cells were not genetically engineered to be a Type O
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blood type cell lineg}. In some embodiments, the SC-islet cell is naturally a Rh™ (rhesus factor-
negative) cell. In some embodiments, the cell comprises a genetic disruption in the RHD gene.
In some embodiments, the cell does not comprise a genetic disruption in the RHD gene. In some
embodiments, the cell comprises a genetic disruption in the RHCE gene. In some embodiments,
the cell does not comprise a genetic disruption in the RHCE gene.

{0129} In some embodiments, the disclosure provides for a compaosition comprising a population
of genetically engineered 8C-islet cells. In some embodiments, the compositions comprise no
fess than 50%, 40%, 30%, or 20% NKX6.17/ISL17 cells {e.g., as determined by flow cytometry).
In some embodiments, no less than 30% of the cells in the composition are NKX6.1-positive,
ISL1-positive cells, no less than 25% of the cells in the composition are NKX6.1-negative, ISL1-
positive cells, less than 12% of the cells in the composition are NKX6. I-negative, ISL1-negative
cells or between 9-25% of the cells in the composition are NKX6. 1-positive, I8 1-negative cells
{e.g., as determined by flow cytometry). In some embodiments, no less than 40%, 35%, 30%,
26%, 25%, or 20% of the celis in the composition are NKX6 17ISL1™ cells {e.g, as determined
by flow cytometry). In some embodiments, no less than 26% of the cells in the composition are
NKX6 1T/ISL1" cells {e.g., as determined by flow cytometry). In some embodiments, between S-
25%, 5-40%, 5-35%, or 8-20% of the cells in the composition are NKX6.171SL17 cells (e.g., as
determined by flow cytometry). In some embodiments, no more than 30%, 45%, 40%, 35%,
30%, or 25% of the cells in the composition are NKX6.17/ISL1" cells (e.g., as determined by
flow cytometry). In some embodiments, no more than 50% of the cells in the composttion are
NK X6 17ISL1 cells (e.g:, as determined by flow cytometry).

{01301 In some embodiments, less than 12% of the cells (e.g., about 11%, about 10%, about 9%,
about 8%, about 7%, about 6%, about 5%, about 4%, about 3%, about 2%, about 1%, or less) in
the population are NKX6 1-negative, 1SL1-negative cells. In some embodiments, less than 10%,
fess than 8%, less than 6%, less than 4%, or 1%-11%, 2%-10%, 2%-12%, 4%-12%, 6%-~12%,
8%6-12%, 2%~8%, 4%6-8%, 3%-6% or 3%-5% of the cells in the population are NKXX6.1-
negative, ISL 1-negative cells. In some embodiments, 2%-12%, 4%6-12%, 6%-12%, 8%-12%,
2%~8%, 4%~8%, 3%-~0% or 3%-5% of the cells in the population are NK X6, t-negative, 1SL1-
negative cells.

{6131} luv some embodirents, at feast 15% of the cells {e.g., about 15%, about 20%, about 25%,

about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60% or more) in
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the population are NKX6.1-negative, 1SL1-positive celis. In some embodiments, at least 15%, at
teast 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
feast S5%, at least 60%, or 15%-~00%, 15%~45%0,15%-30%, 30%-60%, 30%-45%, 45%-60% of
the cells in the population are NKX6. L-negative, ISL 1-positive cells. In some embodiments,

20%-60%, 20%-50%, 20%-40%, 20%-30%, 30%-60%, 30%-~50%, 30%-~40%, 40%%-60%, 40%-

50%, or 50%-60% of the cells in the population are NKX6 1-negative, ISL1-positive cells.
{8132} o some embodiments, at feast 15% (e.g., 20%-60%, 20%-50%, 20%-40%, 20%-30%,

30%-060%, 30%-50%, 30%-~40%, 40%-60%, 40%:-50%, or 50%-60%) of the cells in the
population are NKXG6. 1-negative, ISL 1-positive cells and less than 12% (e.g., 2%-12%, 4%-12°
6%%-12%, 8%%-12%, 2%-8%, 4%-8%, 3%-0% or 3%-5%) of the cells in the population are
NKX6.1-negative, ISL I-negative cells.

{8133} In some embodiments, at feast 606%, at least 65%, at least 70%, at feast 73%, at least
74%, at least 75%, at least 80%, at least 85%, at least 90%, about 85-95%;, or about 90-95% of
ihe cells in the population are ISL 1-positive cells. In some erbodiments, 50-90%, 50-85%, 50-
80%, 50-75%, 50-70%, 50-60%, 60-90%, 60-85%, 60-80%, 60-75%, 60-70%, 65-90%, 65-85°
65-80%, 65-75%, 65-70%, 70-90%, 70-85%, 70-80%, 70-75%, 75-90%, 75-85%, 75-80%, 8O-
90%, 80~85%, or 85-90% of the cells in the population are ISL1-positive cells. In some
embodiments, at least 74%, at least 75%, at least 80%, at least 85%, at least 90%, about 85-953%
or about 90-95% of the cells in the population are ISL1-positive cells. In some embodiments,
about 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, T0%, T1%, 72%, 73%, 74%,

TS, T6%, TT%, T8%, TO%. 80%, &1%, 82%%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,

~
J
i

1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or about 99% of the cells in the population are
ISLi-positive cells.

{0134} In some embodiments, a population of in vitro differentiated cells described herein
comprises more NKX06. L-negative, ISL 1-positive cells than NKX6. I-positive, ISL L-positive
cells. In some embodiments, at least 40% of the cells in the populaticn are NKX6.1-negative,
ISLi-positive cells. In some embodiments, at least 45%, at least 50%, about 40-50%, about 45-
55%, or about 50-35% of the cells in the population are NK X6 1-negative, ISL 1-positive celis.
In some embodiments, about 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%,
S51%, 52%, S3%, 54%, or about 55% of the cells in the population are NKX6. L-negative, ISL1-

positive cells.
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{6135} In some embodiments, at feast 20% {e.g., at least 20%, at east 30%, at least 40%, at least
S0%, at least 50%, at least 60% or more) of the ISLi—pOSiﬁve cells are NKX&. I-negative. In
some embodiments, about 20%-00%, 20%-~50%, 20%-40%, 20%-30%, 30%-60%, 30%-50%,
30%-40%, 40%-060%, 40%-50%, or 50%-60% of the ISL 1-positive cells are NKX6. 1-negative.
In some embodiments, about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60% or more of the
{SL1-positive cells are NX X6 . 1-negative.
{8136} o some embodiments, at feast 20% (e.g., at least 20%, at feast 30%, at least 40%, at least
50%, at least 50%, at least 60% or more) of the cells in the composition are ISL-positive and
NKX6. 1-positive. In some embodiments, about 20%6-60%, 20%-50%, 20%-40%, 20%-30%,
30%6-60%, 3080-56%, 30%-40%, 40%-60%, 40%-50%%, or 50%6-60% of the cells in the
composition are ISL L-positive and NK X6, 1-positive. In some embodiments, about 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60% or more of the cells in the composition are I8L.1-positive
and NKX6 1-positive.
{0137} In some embodiments, at ieast 20% (e.g., at least 20%, at least 30%, at least 40%, at least
50%, at least 50%, at least 60% or more) of the cells in the composition are ISL1-positive and
NK.X(’)J—H&:g&ﬁVd In sone emboduments, about 20%-60%, 26%-50%, 20%6-40%, 20%6-30%,
30%-00%, 30%-~50%, 30%-~40%, 40%-60%, 40%-50%, or 50%-60% of the cells in the
composition are ISL1-positive and NKXe6. 1-negative. In some embodiments, about 20%, 25%
30%, 35%, 40%, 45%, 50%, 53%, 60% or more of the cells in the composition are ISL1-positive
and NKX6.1-negative.
{8138} Iu some embodiments, a population of in vitro differentiated cells described herein
comprises up to 20% (e.g., up to 20%, up to 30%, up to 40% or up to 50%) of NXK 6. 1-positive,
ISLi-positive cells. In some embodiments, a popuiaﬁon of in vitro differentiated cells described
hierein comprises about 20%-50%, 206%-40%, 20%-30%, 30%-50%, 30%-40%, or 40%-50% of
NXKO6 L-posttive, ISL E-positive cells. In some embodiments, a population of in vitro
differentiated cells described herein comprises about 20%-30%, 20%6-40%, 2086-30%, 30%-
50%, 30%-40%, or 40%-~50% of NXK6.1-positive, ISL 1-positive cells,
{6139} In some embodiments, the NKX6. 1-positive, ISL1-positive cells also express PDX1. In
some embodiments, the NKX6 1-positive, ISL1-positive cells also express insulin. The
NKX6. -positive, ISLI-positive cells also express C-peptide. In some embodiments, the

NKXo. I-positive, ISL1-positive cells also express chromogranin A.
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{6148} In some embodiments, the disclosure provides for a composition comprising a plurality
of genetically engineered cells (e.g., a composition comprising a cluster of cells or multiple
clusters of cells), wherein 30-60%, 30-55%, 30-50%, 30-45%, 30-40%, 30-35%, 35-60%, 353-
55%, 35-50%, 35-45%, 35-40%, 40-60%, 40-55%, 40-50%, 40-45%, 45-60%, 45-55%, 45-50%,
50-60%, or 50-55% of the cells in the composition are NKX6. 1-positive, ISL1-positive cells;
wherein 20-50%, 20-45%, 20-40%, 20-35%, 20-30%, 20-25%, 25-50%, 25-45%, 25-40%, 25-
35%, 25-30%, 30-50%, 30-45%, 30-4(%, 30-35%, 35-505%, 35-35%, 35-40%, 40-50%, 40-45%,
or 45-50% of the cells in the composition are NK X6 1-negative, ISL 1-positive cells; and wherein
1-12%, 1-10%, 1-8%, [-6%, 1-4%, 3-5%, {-2%, 2-12%, 2-10%, 2-8%, 2-06%, 2-4%, 4-12%, 4~
10%, 4-8%, 4-6%, 6-12%, 6-10%, 6-8%, 8-12%, 8-10%, or 10-12% of the cells in the
composition are NKX6. 1-negative, ISL1-uegative cells. In some embodiments, the disclosure
provides for a composition comprising a plurality of genetically enginegred cells (e.g., a
composition comprising a cluster of cells or multipie clusters of cells); wherein 35-50% of the
cells in the coruposition are NKX6. L-positive, ISL 1-positive cells; wherein 30-45% of the cells
in the composition are NKX6. 1-negative, ISL1-positive cells; and wherein 2-12% of the cells in
the composition are NKX6. I-negative, ISL l-negative cells. In some embodiments, between 3-
25%, 3-20%, 3-15%, 3-10%, 3-5%, 5-25%, 5-20%, 5-15%, 5-10%, 10-25%, 10-20%, 10-15%,
15-25%, 15-20% or 20-25% of the cells in the composition are NKX6.1-positive, ISL -negative
cells.
{0141} In some embodiments, the disclosure provides for a composition comprising a plurality
of genetically engineered cells {e.g., a composition comprising a cluster of cells or multiple
clusters of cellsy, wherein at least 30% of the cells in the composition are NKX6. 1-positive,
ISLi-positive cells; wherein at least 25% of the cells in the composition are NKX6.1-negative,
ISL1-positive cells; and wherein between 9-25% of the cells in the composition are NKX6.1-
positive, [SLi-negative cells. In some embodiments, the disclosure provides tor a composition
comprising a plurality of genetically engineered cells {e.g., a composition comprising a cluster of
cells or multiple clusters of cells), wherein 30-60%, 30-55%, 30-50%, 30-45%, 30-40%, 30-
35%, 35-60%, 35-55%, 35-50%, 35-45%, 35-40%, 40-60%, 40-55%, 40-50%, 40-45%, 45-60%,
45-55%, 45-50%, 50-60%, or 50-55% of the cells in the composition are NKX6.1-pesitive,
ISL1-positive cells; wherein 20-50%, 20-45%, 20-40%, 20-33%, 20-30%, 20-25%, 25-50%, 25-
45%,, 25-40%, 25-353%, 25-30%, 30-50%, 30-45%, 30-40%, 30-35%, 35-50%, 35-35%, 35-40%,
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40-50%, 40-45%, or 45-50% of the cells in the composition are NKX6. l-negative, ESE,‘LpOSitive
cells; and wherein 9-30%, 9-25%, 9-20%, 9-15%, 9-12%, 12-30%, 12-25%, 12-20%, 12-15%,
15-30%, 15-25%, 15-20%, 20-30%, 20-25% or 25-30% of the cells in the composition are
NKX6. -positive ISL-negative cells. In some embodiments, 1-12%, 1-10%, 1-8%, 1-6%, 1-4%,
3-5%, 1-2%, 2-12%, 2-10%, 2-8%, 2-6%%, 2-4%, 4-12%, 4-10%, 4-8%, 4-6%, 6-12%, 6-10%, 6-
8%, 8-12%, 8-10%, or 10-12% of the cells in the composition are NK X6 1-negative, 1SL1-
negative cells. In some embodiments, the disclosure provides for a composition comprising a
plurality of genetically engineered cells (e.g., a composition comprising a cluster of cells or
multiple clusters of cells); wherein 35-50% of the cells in the composition are NKX6. | -positive,
ISL1-positive cells; wherein 30-45% of the cells in the composition are NKX6.1-negative, ISL1-
positive cells; and wherein 9-25% of the cells in the composition are NKX6. 1-positive, ISL1-
negative cells.
10142 In some embodiments, less than 12% of the cells {e.g., about 11%;, about 10%, about 9%,
about 8%, about 7%, about 6%, about 5%, about 4%, about 3%, about 2%, about 1%, or less) in
the composition are NKX6 l-negative, ISL1-negative cells. In some embodiments, less than
10%, less than 8%, less than 6%, less than 4%, 19-11%, 2%-10%, 2%6-12%, 4%0-12%, 6%6-12%,
BY%-12%, 2%-8%, 4%-8%, 3%-6% or 3%-5% of the cells in the composition are NKX6. 1~
negative, ISL1-negative cells. In some embodiments, 2%6-12%, 4%6-12%, 6%-12%, 8%-12%,
%%6~8%, 4%~8%, 3%-0% or 3%~5% of the cells in the population are NKX6. I-negative, ISL1-
negative cells.
{8143} o some embodiments, at feast 15% of the cells {e.g., about 15%, about 20%, about 25%,
about 30%, about 35%, about 40%, about 45%, about 30%, about 55%, about 60% or more)} in
the composition are NKX6.1-negative, ISL1-positive cells. In some embodiments, at least 15%,
at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%;, at least 50%, at
least 55%, at least 60%, 15%-60%, 15%-45%, 15%-30%, 30%-00%, 30%-45%, 4596-60% of the
cells tn the composition are NKX6.1-negative, ISL1-positive cells. In some embodiments, 20%-
60%, 20%-50%, 20%-40%, 20%-30%, 30%6-60%, 30%-50%, 30%-40%, 40%-60%, 40%-50%
or 50%-60% of the cells in the composition are NKX6.1-negative, 1811 ~positive cells.
{6144} In some embodiments, at feast 159 {e.g., 20%-00%, 20%:-50%, 20%-40%%, 20%-30%,
30%-~60%, 30%-~5(%, 30%-40%, 40%-60%, 40%-50%, or S0%-60%) of the cells in the

composition are NKX6.1-negative, ISL1-positive cells and less than 12% {e.g., 2%-12%, 4%-
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12%, 6%-12%, 8%-12%, 2%-8%, 4%-8%, 3%-6% or 3%-5%}) of the cells in the composition are
NKX6. -negative, ISL 1-negative cells.

{81451 In some embodiments, at least 60%, at least 65%, at least 70%, at feast 73%, at least
74%, at least 75%, at least 80%, at least 85%, at least 90%, about 85-95%, or about 90-95% of
the cells in the composttion are ISL1-positive cells. In some embodiments, 50-90%, 50-853%
50-80%, 50-75%, 50-70%, 50-60%, 60-90%, 60-85%, 60-80%, 60-75%, 60-70%, 65-90%, 65~
B5%, 65-80%, 65-75%, 65-T0%, T0-9(%, 70-85%, 70-805%, 70-75%, 75-90%, 75-85%, 75-80%,
80-90%, 80-85%, or 85-90% of the cells in the composition are ISL1-positive cells. In some
embodiments, at least 74%, at least 75%, at least 80%, at least 83%, at least 90%, about 85-95%
or about 90-95% of the cells in the composition are ISL1-positive cells. In some fzmbodimems,
about 60%, 61%, 62%, 63%, 64%, 65%. 66%, 67%, 68%, 69%, T0%, 7T1%, 72%, 73%, 74%,
75%, 76%, TT%, 78%, 79%, B0%, 81%, B2%, &3%, B4%, 85%, 80%, 87%, &8%, 89%, 9(%,
1%, 92%, 93%, 94%%6, 95%, 96%, 97%, 98%, or about 99% of the cells in the composition are
ISLi-positive cells.

{0146} In some embodiments, the composition comprises more NKX6. 1-positive, ISL1-positive
cells that NKX6 1-negative, ISLI-positive cells. [u some embodiments, at least 40% of the cells
in the composition are NKX6. 1-negative, ISL1-positive cells. In some embodiments, at least
45%, at least 50%, about 40-30%, about 45-55%, or about 50-55% of the cells in the
composition are NK X6 1-negative, ISL1-positive cells. In some embodiments, about 40%, 41%,
42%, 43%, 44%%, 45%, 46%, 47%, 48%, 49%, 50%, 51%%, 52%, 53%, 54%, or about 55% of the
cells o the composition are NKX6.1-negative, ISL1-positive cells.

{01471 In some embodiments, at ieast 20% (e.g., at least 20%, at least 30%, at least 40%, at least

i

50%, at least 50%, at least 60% or more) of the ISL1 ~positive cells are NKX6. {-negative. In
some embodiments, about 20%-60%, 20%-50%, 20%6-40%, 20%6-30%, 30%-60%, 30%-50%,
Yo~40%, 40%-~60%, 40%-50%, or 50%-60% of the ISL I -positive cells are NKX6. l-negative.
In some embodiments, about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 35%, 60% or more of the
ISLi-positive cells are NKX6. 1-negative.
{0148} In some embodiments, the composition comprises at least 20% (e.g., at least 20%, 30%,
40%, 50% or 60%) of NXK6.1-positive, ISL1-positive cells. In some embodiments, the
composition comprises about 20%-50%, 20%-40%, 20%-30%, 30%-50%, 30%%-40%, 40%%-50%,

40%-60%, or 50-60% of NXKo6. I-positive, [SL1-positive cells. In some embodiments, the
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composition comprises about 20%-50%, 20%-40%, 20%-30%, 30%-50%, 30%-40%, or 40%-
$0% of NXK6é. 1-positive, ISLl—positive cells.
{0149 In some embodiments, the composition comprises less than 25% (e.g., less than 25%, less
than 20%, less than 15%, less than 10%, less than 5%, or less) of NKX6. I -positive, ISL1-
negative cells. In some enobodiments, the consposition comprises about 2%-25%, 2%-20%, 2%-
15%, 2%-10%, 2%-3%, 5%-25%, $%6-20%, 5%-15%, $%6-10%, 10%-25%, 10%-20%, 10%-
15%, 15%-25%, 15%-20%, or 20%-25% of NKX6 1-positive, ISLI-negative cells. In some
embodiments, the composition comprises about 2%6-10%, 2%6-8%, 2%6-6%, 2%-4%, 4%-10%
Ya-8%, 4%6-6%, 6%-~10%, 6%-8%, or §%-10% of NKX6 1-posttive, ISL [-negative cells. In
some embodiments, the composition comprises about 2%, 4%, 6%, 8%, or 10% of NKX6.1-
positive, ISL1-negative cells.
{3158} In some embodiments, the composition comprises less than 10% SOX9-positive cells. In
some embodiments, the composition comprises less than 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2% or 1% SOX9-positive cells. In some embodiments, the composition comprises 0.1-10%, 0.1-
7%, 0.1-3%, 0.1-1%, 0.5-10%, 0.5-7%, 0.5-3%, 0.5-1%, 1-10%, 1-5%, 1-3%, 3-10%, 3-5%, or
5-10% SOX9-positive cells,
{3151 In some embodiments, the composition comprises ess than 5% Ki67-positive cells.
some embodiments, the composition comprises less than 3%, 4%, 3%, 2% or 1% Ki67-positive
cells. In some embodiments, the composition comprises 0.01-0.1%, 0.1-5%, 0.1-3%, 0.1-1%,
0.5-5%, 0.5-3%, 0.5-1%, 1-5%, 1-3%, or 1-2% Ki67-positive cells.
{0182] In some embodiments, at ieast 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%
98%, or 99% of the cells in the composition are CHGA-positive cells. In some embodimems,
&0-100%, 85-100%, 90-100%, 90-99%, 90-98%, 95-99%, or 95-99% of the cells in the
composition are CHGA-positive cells.
{0153} In some embodiments, the percentage of cells expressing a marker provided herein is
measured by tlow cytometry. The skilied worker 13 aware of representative methods for testing
whether a cell or collection of cells is positive or negative for expression of a specific gene
marker (e.g., NKX6.1, ISL1, INS, GCG, somatostatin, chromogranin A, SOX9, C-peptide, Kio7)
by flow cytometry. In some embeodiments, a cell is considered positive for expression of a
particular gene (e.g., NKX6.1, ISL1, INS, GCG, somatostatin, chromogranin A, SOX9, C-

peptide, Ki67) based on median fluorescence intensity (fMFI). As used herein, the term “rMFD

43



WO 2024/097697 PCT/US2023/078272

or refative median fluorescence intensity is the ratio between the fluorescence intensity measured
by use of an antibody to a specific target {e.g, NKX6.1, ISL1, INS, GCG, somatostatin,
chromogranin A, SOXS, C-peptide, Ki67) versus the intensity obtained from a control antibody
{isotype control). In some embodiments, an anti-(human) NKXo.1, ISL1, INS, GCG,
somatostatin, chromogranin A, or SOX9 antibody s used. Examples of suitable antibodies for
use in flow cytometry are any of the antibodies disclosed in Table 1. An example of a suitable
flow cytometer is the Accuri 6 flow cytometer. In some embodiments, the target-expressing
cells {e.g., cells expressing NKX6.1 and/or ISL1), if tested, exhibit a target relative medium
fluorescence intensity (tMFT) of atleast 6, 6.5, 7, §, 9 or 10 as measured by flow cytometry. In
another embodiment, said tMF1 is between 6.5 and 15, between 6.5 and 14, between 6.5 and 13,
between 0.5 and 13, between 6.5 and 12, or between 6.5 and 10,

{3154} In some embodiments, the percentage of cells expressing a marker provided herein is
measured by qRT-PCR. In some embodiments, the percentage of cells expressing a marker
provided herein is measured by single cell RNA sequencing avalysis. The skilled worker is
aware of methods for testing whether a cell or collection of cells is positive for expression of a
specific gene marker {e.g., NKXo.1, ISLI, INS, GCG, ARX, or ghrelin) by single cell RNA
sequencing analysis.

10135} In some embodiments, a population of genetically engineered cells described herein
comprises less than 25% {e.g., less than 25%, less than 20%, less than 15%, less than 10%, less
than 5%, or less) of NKX6.1-positive, ISL I-negative cells. In some embodiments, a population
of genetically engineered cells described herein comprises about 2%-25%, 2%-20%, 2%-15%,
2%6-10%, 2%~3%, 5%6-25%, 3%6-20%, 5%-15%, 5%6-10%, 10%6-25%, 10%-20%, 10%-15%,
15%-25%, 15%-20%, or 209-25% of NKX6. L-positive, [SL1-negative cells. In some
embodiments, a population of genetically engineered cells described herein comprises about 256~
10%, 2%6-8%, 2%6-6%, 2%-4%, 4%-~10%, 4%-8%, 4%-6%, 6%-10%, 6%-8%, or 8%6-10% of
NK X6 1-positive, ISLI-negative cells. In some embodiments, a population of genetically
engineered cells described herein comprises about 2%, 4%, 6%, 8%, or 10% of NKXo 1-

positive, 1SL1-negative cells.
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TABLE §
R o . i Secondary
5 FmAry Company Cat# P mnary AlntgbG{iy Antibody Cat#
Antibody Species e
Species
anti-Mouse
NKX6.1 DSHB FSSALZ Mouse 488 A21202
anti-Rabbit-
Isii abcam ab178400 Rabbit 047 A31573
Santa SC-
_ Crue “ éég Ami~Smr§m‘0§tatin i
Biotechno Mm 4'7 Antibody (G-10) Alexa | AlexaFluor®
S8T fogy ) Fluor® 647 647 -
Human/Mouse
Glucagon Alexa Fluor® | AlexaFloor®4
Glu R&D IC 1249G 4388-conjugated 88 -
AC-
0284RU anti-Rabbit-
Sox9 Epttomics oC Rabbit 647 A31573
Thermo Ki-67 Monocional
Ki67 Fisher Auntibody (SolAl5), PE PE -
GN-1D4-
C-pep DSHB 5 Rat anti-Rat-488 | AZ1208
anti-Rabbit-
CHGA abcam ab15160 Rabbit 647 A31573

{01586} In some embodiments, a population of genetically engineered cells described herein

comprises more NKX6.1-negative, ISL1-positive cells than NKX6. 1-positive, ISL1-positive

cells. In some embodiments, the population comprises more NKX6. {-positive, ISL1-positive

cells that NKX6.1-negative, ISLI-positive cells. In some embodiments, at least 30% or 40% of

the cells in the population are NKX6.1-negative, [SL1-positive cells. In some embodiments, at

feast 45%, at least 50%, about 25-50%, 20-50%, 20-40%, 20-55%, 25-40%, 30-43%, 30-40%,

about 40-50%, about 45-55%, or about 50-55% of the cells in the population are NKX6.1-

negative, ISLT-positive cells. In some embodiments, about 40%, 41%, 42%, 43%%6, 44%, 45%,

46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, or about 55% of the cells in the population
are NKX6.1-negative, ISL1-positive cells.

{31571 In some embodiments, at igast 20% (e.g., at least 20%0, at feast 30%, at least 40%, at least
50%, at least 50%, at least 60% or more) of the ISL 1-positive cells are NKX6. 1 -negative. In
some embodiments, about 20%-60%, 20%-50%%, 20%-40%, 20%-30%, 30%-~60%, 30%-~50%,
30%-40%, 40%6-60%, 40%:-50%, or 50%-60% of the ISL 1-positive cells are NKX6. 1-negative.
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In some embodiments, about 20%, 25%, 30%, 35%, 409, 45%, 50%, 55%, 60% or more of the
ISL1-positive cells are NKX6. 1-negative.
{01581 In some embodiments, a population of genetically engineered cells described herein
comprises at least 20% (e.g., at least 20%, 30%, 40%, 50% or 60%) of NXK6. {-positive, ISL1-
positive cells. In some embodiments, a population of genetically engineered cells described
herein comprises about 20%:-50%, 20%-40%, 20%-30%, 30%-50%, 30%-40%, 40%-50%, 40%-
60%, or 50-60% of NXK6.1-positive, ISL1-positive cells. In some ernbodiments, a population
of genetically engineered cells described herein comprises about 20%6-50%, 20%6-40%, 20%-

%, 30%-50%, 30%6-40%, or 40%-30% of NXK6. I-positive, ISL1-positive cells.
{6159} In some embodiments, a population of genetically engineered cells described herein
comprises less than 25% {e.g., less than 25%, less than 20%, less than 15%, less than 10%, less
than 5%, or less) of NKX6. 1-positive, [SL1-negative cells. In some embodiments, a population
of genetically engineered cells described herein comprises about 2%6-25%, 2%6-20%, 2%6-15%,
25%6-10%, 2%-5%, 5%-25%, 5%-20%, 5%-15%, 5%4-10%, 10%%-25%, 10%-20%, 10%-15%,
15%-25%, 15%-20%, or 20%-25% of NKX6.1-positive, ISL1-negative cells. In some
embodiments, a population of genetically engineered cells described herein comprises about 2%-
10%, 2%-8%, 2%-~6%, 2%~4%, 4%-~10%, 4%-8%, 4%-0%, 6%-10%, 6%-8%, or §%-10% of
NKX6.1-posttive, ISLi-negative cells. In some embodiments, a population of genetically
engineered cells described herein comprises about 2%, 4%, 6%, 8%, or 10% of NKXo.1-
positive, ISL1-negative cells.
{8160} In some embodiments, a population of genetically engineered cells described herein
comprises ghrelin-positive cells. In some embodiments, a population of genetically engineered
cells described herein comprises less than 5% (e.g., less than 5%, less than 3%, less than 2%, less
than 1% or less than 0.5%) ghrelin-positive cells. In some embodiments, a population of
genetically engineered cells described herein comprises at feast 0.05% {e.g., at least 0.05%
0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.8%, 1%, 1.2%, 1.5%, 1.8%, 2%, 3%, 4%%, or 3%}
ghrelin-positive cells. In some embodiments, a population of genetically engineered cells
described herein comprises 1-5%, 2-5%, 3-3%, 0.1-5%, 0.1-3%, .1-2%, 0.1-1%, 0.5-5%, 0.5~
3%, 0.5-2%, 0.5-1%, 0.5-0.8%, 0.05-1%, 0.05-0.7%, or 0.05-2% ghrelin-positive cells.
{8161} In some embodiments, the disclosure provides for a composition compristng genetically

engineered NK X6 T-positive, ISLI-positive cells that express lower levels of MAFA than
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NKX6.1-positive, ISL1-positive cells from the pancreas of a healthy control adult subject or
from a cadaveric pancreas. In some embodiments, the pharmaceutical composition comprises
genetically engineered NK X6 1-positive, ISLI-positive cells that express higher levels of MAFB
than NKX& 1-positive, ISL1-positive cells from the pancreas of a healthy control adult subject or
from a cadavenc pancreas. In some embodiments, the pharmaceutical composition comprises
genetically engineered NK X6 1-positive, ISL1-positive cells that express higher levels of SIX2,
HOPX, IAPP and/or UCN3 than NKX6 T-positive, ISL1-positive cells from the pancreas of a
healthy control adult subject or from a cadaveric pancreas. In some embodiments, the
pharmaceutical composition comprises genetically engineered NKX6.1-positive, ISL1-positive
cells that do not express MAFA. In some embodiments, the pharmaceutical composition
comprises genetically engineered NKX6 L-positive, ISL1-positive cells that express MAYFB. In
some embodiments, the pharmaceutical composition comprises cells that are genetically
pharmaceutical composition comprises genetically engineered NKX6.1-positive, ISL1-positive
cells that express lower levels of beta-2 microglobulin, CIITA, HLA-A HLA-B, HLA-C, HLA-
DP, HLA-DQ, and HLADR than NKX6 1-positive, ISL L-positive cells from the pancreas of a
healthy control adult subject or from a cadaveric pancreas. In some embodiments, the
pharmaceutical composition comprises genetically engineered NKX6.1-positive, ISL1-positive
cells that express increased levels of CD47, PDLI, HLA-G, U346, CISS, CD59 and CTLA than
NKX6 1-positive, ISLi-positive cells from the pancreas of a healthy control adult subject or
from a cadaveric pancreas. In some embodiments, any of the cell markers disclosed herein (e.g.,
NKX6.1, PDX1, MAFA, MAFB, SIX2, HOPX, IAPP and/or UCN3) are detected by flow
cytometyy,

{0162} In some embodiments, any of the cells disclosed herein have not been genetically
modified to have reduced expression of PBLL. In some embodiments, any of the cells disclosed
herein have not been genetically modified to have reduced MHC Class I protein expression. In
some embodiments, any of the cells disclosed herein have not been genetically modified to have
reduced CHTA protein expression. In some embodiments, any of the genetically modified cells
disclosed herein do not have lower MHC Class Il protein expression as compared to the same
type of cell that has not been genetically modified. In some embodiments, any of the genetically

modified cells disclosed herein do not have lower CIITA protein expression as compared to the
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same type of cell that has not been genetically modified. In some embodiments, any of the cells
disclosed herein do not comprise a genetic alteration in any of the HLA-DR, HLA-DP, or HLA-
D} genes. In some embodiments, any of the cells disclosed herein do not comprise a genetic
alteration in the CIITA gene.

{0163} In some embodiments, any of the genetically maodified cells disclosed herein do not
comprise reduced expression of Rh protein antigen expression selected from the group consisting
of Rh C antigen, Rh E antigen, Kell K antigen (KEL}, Dufty (FY) Fya antigen, Duffy Fy3
antigen, Kidd (JK) Jkb antigen, MNS antigen U, and MNS antigen S as compared to a cell of the
same type that is not genetically modified. In some embodiments, any of the cells disclosed
herein do not have a genetic alteration in the RHD and/or RHCE genes.

{6164} In some cases, cell populations or cell clusters disclosed herein are unsorted, e.g., isolated
cell populations or cell clusters that have not been through cell sorting process. In some
embodiments, the cell cluster disclosed herein can refer to a cell cluster formed by self-
aggregation of celis cultured in a given environment, for iustance, in a 3D suspension culture.
Cell sorting as described herein can refer to a process of isolating a group of cells from a
plurality of cells by relying on differences in cell size, shape (morphology), surface protein
expression, endogenous signal protein expression, or any combination thereof. In some cases,
cell sorting comprises subjecting the celis to flow cytometry. Flow cytometry can be a laser- or
impedance-based, biophysical techuology. During flow cytometry, one can suspend cells ina
stream of fluid and pass them through an electronic detection apparatus. In one type of flow
cytometry, fluorescent-activated cell sorting (FACK), based on one or more parameters of the
cells” optical properties (e.g., emission wavelength upon iaser excitation), one can physically
separate and thereby purify cells of interest using flow cytometry. Ag described herein, an
unsorted cell cluster can be cell cluster that formed by a plurality of cells that have not been
subject to an active cell sorting process, e.g., flow cytometry. In some cases, flow cytometry as
discussed herein can be based on one or more signal peptides expressed in the cells. For
example, a cell cluster can comprise cells that express a signal peptide (e.g., a fluorescent
protein, e.g., green fluorescent protein (GFP) or tdTomato). o some cases, the signal peptide is
expressed as an indicator of insulin expression in the cells. For instance, a cell cluster can
comprise cell harboring an exogenous nucleic acid sequence coding for GFP under the coutrol of

an insulin promoter. The insulin promoter can be an endogenous or exogenous promoter. In
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some cases, the expression of GFP in these cells can be indicative of insulin expression in the
cells. The GFP signal can thus be a marker of a pancreatic § cell. In some cases, cell sorting as
described herein can comprise subjecting cells o magnetic-activated sorting process, where
magnetic antibody or other ligand is used to label cells of different types, and the differences in
magnetic properties can be used for cell sorting.

{0165} The percentage of cells expressing one or more particular markers, like PDX1, NKX6.1,
wnsulin, NGN3, or CHGA, described herein can be the percentage value detected using
techniques like flow cytometry assay. In some cases, during a flow cytometry assay, cell
population or cell cluster discussed herein are dispersed into single-cell suspension by incubation
in digesting enzyme like trypsin or TrypLE™ Fixpress. Dispersed cell can be washed in suitable
buffer like PBS, centrifuged and then re-suspended in fixation buffer like 4% PFA. Incubation
with primary antibodies against the cell markers of interest can then be conducted, which can be
followed by incubation with the secondary antibodies. After antibody incubation, the cells can
be washed and the subject to segregation by flow cytometry. Techniques other than flow
cytometry can also be used to characterize the cells described herein, e.g., determine the cell
percentages. Non-limiting exaraples of cell characterization methods include gene sequencing,
microscopie techniques (fluorescence microscopy, atomic force microscopy ), karyotyping,
isoenzyme analysis, DNA properties, viral susceptibility.

{0166} In some embodiments, in any of the composition disclosed herein, at least a portion of the
genetically engineered cells in the population of genetically engineered cells are present in
plurality of cell clusters. In some cases, the cell clusiers are about 50 pum o about 500 um, about
50 pm to about 400 pm, about 50 um to about 300 um, about 60 um to about 400 um, about 60
um to about 300 pm, about 60 pm to about 250 pm, about 75 um to about 400 um, about 75 wm
to about 300 pm, about 75 um to about 250 um, about 125 um to about 225 um, about 130 pm
to about 160 um, about 170 um to about 225 um, about 140 um to about 200 pm, about 140 um
to about 170 pm, about 160 pm to about 220 pum, about 170 um to about 215 um, or about 170
wm to about 200 um in diameter. In some cases, in the pharmaceutical compositions disclosed
herein, the population of cells are present as a single cell suspsension. In some embodiments, in
the pharmaceutical compositions disclosed herein, at least 50%, at least 60%, at least 70%, at
feast 7S%, at least 80%, at least 85%, at least 90%, at least 92%, at least 94%, at least 95%, at

least 96%, at least 98%, or at feast 99% of the cells are present in cell clusters. In some
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embodiments, in the pharmaceutical compositions disclosed herein, substantially all of the cells
are present in cell clusters, e.g., at least 99.5%, atleast 99.6%, at least 99.7%, at fcast 99.8%, at
feast 99.9%, at least 99.9%, at least 99.99%, at fgast 99 999%, or at least 99.9999% of the cells.
10167} In some embodiments, a cell cluster is between about 80 and 270 microns in diameter. In
some embodiments, a cell cluster is between about 100 and about 250 microns in diameter {e.g.,
about 125, about 140, about 150, about 160, about 170, about 180, about 190, about 200, about
200, about 210, about 215, about 220, or about 225, microns in diameter). For example, in some
embodiments, the cell cluster is between about 125 and about 223, between about 130 and about
160, between about 170 and about 225, between about 140 and about 200, between about 140
and about 170, between about 160 and about 220, between about 170 and about 215, or between
about 170 and about 200, microns in diameter.

{3168} In some embodiments, the disclosure provides for a composition comprising one or more
cell clusters. In some embodiments, the composition comprises 500-20000, 500-15000, 560-
10600, 500-3000, 500-2000, 500-1000, 1000-20000, 1000-13000, 1000-10000, 10G0-5000,
1060-2000, 2000-20000, 2000-15000, 2000-10000, 2000-5000, 5000-20600, 5000-15000, 5000-
10000, 10000-20000, 16000-15000, 15000-20000, or 3000-900¢ cell clusters.

AMethods of producing pancreatic islet cells

{0169} In certain aspects, the present disclosure relates to compositions and methods of
generating endocrine cells from genetically engineered pancreatic progenitor cells or genetically
eongineered precursors. Certain exemplary detatled protocols of generating endocrine cells to
provide at least one SC-f cell are described in 11.S. Patent Application Publication Nos.
US20150240212, US20150218522, US 20210238553, and US 2022-0090020 each of which is
herein incorporated by reference in ifs entirety.

{6170} In some embodiments, a method of generating a population of endocrine cells leads to
tncreased percentage of pancreatic o and/or & cells and decreased percentage of pancreatic EC
cells when generating pancreatic § cells. In some embodiments, a method described herein may
be used to obtain an enriched population of ¢ cells. In some embodiments, a method described
herein may be used to obtain an enriched population of B celis. In some embodiments, a method

described herein may be used to obtain an enriched population of o cells and P cells. In some
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embodiments, a method described herein may be used to obtain an increased yield of pancreatic
endocrine cells.

{0171 The successful differentiation to pancreatic 3 cells should require that differentiated cells
synthesize and secrete physiologically appropriate amounts of insulin. The differentiation of
hPSC cells to hormone-expressing pancreatic endocrine cells 1s conducted by transiting hPSC
cells through major stages of embryonic development; differentiation to mesendoderm and
definitive endoderm, establishment of the primitive gut endoderm, patterning of the posterior
foregut, and specification and maturation of pancreatic endoderm and endocrine precursors.
Through these stages, hP8C cells can obtain pancreatic endocrine phenotype and ability of
glucose responsive insulin secretion in vitro,

{6172} Generally, the at least one pancreatic o, B and/or & cell or precursor thereot] e.g.,
pancreatic progenitors produced according to the methods disclosed herein can comprise a
mixture or combination of difterent cells, e.g., for example a mixture of cells such as a PDX1-
positive pancreatic progenitors, pancreatic progenitors co-expressing PDX ] and NKX6-1, a
Ngn3-positive endocrine progenitor cell, an insulin-positive endocrine cell {e.g., NKX6.1-
positive, ISL1-positive cells, or B-like cells), and/or other pluripotent or stem cells.

{8173} The at least one pancreatic v,  and/or & cell or precursor thereof can be produced
according to any suitable culturing protocol to differentiate a stem cell or plunipotent cell to a
desired stage of differentiation. In some embodiments, the at least one pancreatic o,  and/or &
cell or the precursor thereof are produced by culturing at least one pluripotent cell for a period of
time and under conditions suitable for the at least one pluripotent cell to differentiate into the at
least one pancreatic o, B and/or & cell or the precursor thereof.

{8174} In some embodiments, the at least one pancreatic o, B and/or 8 cell or precursor thereof is
a substantially pure population of pancreatic ¢, § and/or § cells or precursors thereof. In some
embodiments, a population of pancreatic «, B and/or & cells or precursors thereof comprises a
mixture of pluripotent cells or differentiated cells. In some embodiments, a population
pancreatic g, [ and/or & cells or precursors thereof are substantially free or devoid of embryonic
stem cells or pluripotent cells or iPS cells. In some embodiments, a method described herein
produces a population of cells comprising pancreatic @, B and/or § cells at a ratio that resembles

that of a natural pancreatic islet,
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{6175} In some embodiments, a method described herein comprises (1) culturing a first
population of cells comprising pancreatic progenitor cells {e.g., cells that are PDX1-positive,

NK X6 1-negative; or a mixture of cells that are PDX1-positive, NKX6. I-negative and cells that
are PDX1-positive, NKX6. I-positive) in a first medium comprising a Forkhead Box O1 (Fox(O1)
inhibitor and a notch signaling pathway iohibitor for a period of tirne to obtain a second
population of cells {e.g., a population of ceils that comprises more PDX1-positive, NKX6.1-
positive cells than the first population); and (it) culturing the second population of cells in a
second medium comprising a PKC activator and a Wat signaling pathway inhibitor. In some
embodiments, the method generates a population of cells comprising cells that are PDX1-
positive, NKX6.1-positive, and insulin-positive.

{0176} In some embodiments, a method described herein comprises culturing a first population
of cells in a first medium, wherein the first population of cells comprises pancreatic progentior
cells that are PDX 1 -positive and NKX6.1 negative, and pancreatic progenitor cells that are
PDX1-positive and NKX6.1 positive; and the first mediurn comprises a Forkbead Box O
{Fox(1} inhibitor {e.g., AS1842856 or a derivative thereof}. In some embodiments, the first
mediom further comprises a notch signaling pathway inhibitor. Tn some embodiments, the notch
signaling pathway inhibitor is a y-secretase inhibitor {e.g., XXI, DAPT or derivatives thereof).

In some embodiments, the y-secretase inhibitor is XXI. In some embodiments, the first medium
does not comprise a Wat signaling pathway inhibitor.

{0177} In some embodiments, the first population of cells comprises pancreatic progenitor cells
that are PD X1 -positive and NKX6.1 positive. In some embodiments, the first population of cells
comprises more pancreatic progenitor cells that are PDX1-positive and NKX6.1 negative than
pancreatic progenitor cells that are PDX L-positive and NICX6.1 positive. In some embodiments,
the first population of cells comprises more pancreatic progenitor cells that are PDX1-positive
and NKX6.1 positive than pancreatic progenitor cells that are PDX1-positive and NKXé. |
negative.

0178} In some embodiments, first medium further comprises a PKC activator {e.g., PABU, TPB,
phorbol 12-myristate 13-acetate, bryostatin 1, or derivatives thereof). In some embodimenis, the
PKC activator is PdBU. In some embodiments, the first medium further comprises one or more
{e.g, 1,2, 3, 4, ) agents selected from a fibroblast growth factor (e.g., KGF), a sonic hedgehog

{SHH) signaling pathway inhibitor {e.g., SANT-1), retinoic acid, a Rho-associated, coiled-coil
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containing protein kinase (ROCK) inhibitor {e.g., triazovivin), and a TGF-f ligand (e.g., activin
A). In some embodiments, the first medium further comprises a water-soluble synthetic polymer
{e.g., PV A such as PYAZ0%). In some embodiments, the first medium comprises a Fox(O1
inhibitor (e.g., AS1842856 or a derivative thereof), a notch signaling pathway inhibitor (e.g., y-
secretase inhibitor such as XXT), a PKC activator {e.g., PABU), a fibroblast growth factor {e.g.,
KGF3, a sonic hedgehog (SHH) signaling pathway inhibitor {e.g., SANT-1), retinoic acid, a Rho-
associated, coiled-cotl containing protein kinase (ROCK) inhibitor {e.g., triazovivin), and a TGF-
f ligand {e.g., activin A), and a water-soluble synthetic polymer {e.g., PVA such as PVAS0%).
{8179} In some embodiments, the first population of celis are cultured in the first medium for a
period of about 12-72 hours {e.g., about 12-72 hours, 12-66 hours, 12-60 hours, 12-54 hours, 12-
48 hours, 12-42 hours, 12-36 hours, 12-30 hours, 12-24 hours, 12-18 hours, 18-72 hours, 18-66
hours, 18-60 hours, 18-54 hours, 18-48 hours, 18-42 hours, 18-36 hours, 18-30 hours, 18-24
hours, 24-72 hours, 24-66 hours, 24-60 hours, 24-54 hours, 24-48 hours, 24-42 hours, 24-36
hours, 24-30 hours, 30-72 bours, 30-66 hours, 30-60 hours, 30-54 hours, 30-48 hours, 30-42
hours, 30-36 hours, 36-72 hours, 36-66 hours, 36-60 hours, 36-34 hours, 36-48 hours, 36-42
hours, 42-72 hours, 42-66 hours, 42-60 hours, 42-54 hours, 42-48 hours, 48-72 hours, 48-66
hours, 48-60 hours, 48-54 hours, 54-72 hours, 54-66 hours, 54-60 hours, 60-72 hours, 60-66
hours, or 66-72 hours). In some embodiments, the first population of cells are cultured in the
first medium for a period of about 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29,30, 31,32, 33, 34,35, 36,37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
S4, 55,56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, or 72 hours. Tn some
embodiments, the first population of cells are cultured in the first medium for a period of about
24 hours. In some embodiments, the first population of cells are cultured in the first medium for
a period of about 48 hours.

{8180} In some embodiments, culturing the first population of cells in the first media for a
contacting period described herein (e.g., 24 or 48 hours) results in a second population of cells.
In some embodiments, the second population of cells comprises pancreatic progenitor cells that
are PDX1-positive and NKX6.1 positive and pancreatic progenitor cells that are PDX1-positive
and NKX6.1 negative. In some embodiments, the second population of cells comprises more
paucreatic progenitor cells that are PDX1-positive and NKX6.1-positive than the first population

of cells. In some embodiments, the second population of cells comprises more pancreatic
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progenitor cells that are PDXX 1-positive and NK X6 1 positive than pancreatic progenitor cells
that are PDX1-positive and NKX6.1 negative. In some embodiments, the second population of
cells comprises trace amounts {e.g., Tess than 5%, less than 4%, less than 3%, less than 2%, less
than 1% of the second population of cells) of pancreatic progenitor cells that are PDX1-positive
and NKX6.1 negative.

{6181} In some embodiments, a method described herein further comprises culturing the second
population of cells with a second medium comprising 2 Wnt signaling pathway inhibitor {e.g., a
tankyrase inhibitor such as NVP-TNKS8656}. In some embodiments, the second medium
comprises a PKC activator {e.g., PdBu). In some embodiments, the second medium further
comprises one or more {e.g., 1,2, 3,4, 5,6,7,8, 9, 10) agents selecied from an epidermal growth
factor (e.g., betaceliulin), a thyroid hormone {e.g., GC-1}, 2 TGFB-R1 kinase inhibitor {e.g.,
ALKS1), a noteh signaling pathway inhtbitor {e.g., a v-secretase inhibitor such as X X1}, a sonic
hedpehog (SHH) signaling pathway inhibitor {e.g., SANT-1), retinoic acid, a Rho-associated,
coiled-coil containing protein kinase (ROCK) inhibitor {e.g., triazovivin), a protein kinase
inhibitor (e.g., staurosporine), a bone morphogenetic (BMP) signaling pathway inhibitor {e.g.,
LDN193189), and a histone methyliransferase EZH2 inhibitor (e.g., DZNep). In some
embodiments, the second medium further comprises one or more {e.g., 1, 2, 3, 4) agents selected
from an acetyl CoA related metabolite (e.g,, acetate), an HDAC inhibitor (e.g,, B-
hydroxybuiyrate), a redox homeostasis regulator {e.g,, taurine), and 3 one carbon metabolism
pathway intermediate (e.g,, formate). In some embodiments, the second medium further
comprises a vitamin {e.g,, biotin). In some embodiments, the second medium further comprises
ghitamine. In some embodiments, the second medium further comprises a water soluble
synthetic polymer (e.g,, PVA such as PVA 87-89%;). In some embodiments, the second medium
does not comprise a FOX01 inhibitor. In some embodiments, the second medium comprises a
Wt signaling pathway inhibitor {e.g,, a tankyrase inhibitor such as NVP-TNKS656), a PKC
activator {e.g., PdBu), an epidermal growth factor (e.g., betaceltulin), a thyroid hormone {e.g.,
GC-1), a TGFP-R1 kinase inhibitor (e.g., ALKS1), a notch signaling pathway inhibitor {e.g., a y-
secretase inhibitor such as XX1}, a sonic hedgehog (SHH) signaling pathway inhibitor {e.g.,
SANT-1}, retincic acid, a Rho-associated, coiled-coil containing protein kinase (ROCK)
wohibitor (e.g., triazovivin, a protein kinase inhibitor {e.g., staurosporine), a bone morphogenetic

{BMP) signaling pathway inhibitor {e.g., LDN193189), a histone methyltransferase EZH2
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inhibitor (e.g., DZNep), an acetyl CoA related metabolite {e.g., acetate}, an HDAC inhibitor
{e.g., B-hydroxybutyrate), a redox homeostasis regulator {e.g., taurine), a one carbon metabolism
pathway intermediate {e.g., formate}, a vitamin (e.g., biotin}, glutamine and a water soluble
synthetic polymer (e.g., PVA such as PVA 87-80%), and does not comprise a FOXO! inhibitor,
0182} In some embodiments, the second population of cells are cultured o the second medium
for a period of about 12-72 hours {e.g., about 12-72 hours, 12-66 hours, 12-60 hours, 12-54
hours, 12-48 hours, 12-42 hours, 12-36 hours, 12-30 hours, 12-24 hours, 12-18 hours, 18-72
hours, 18-66 hours, 18-60 hours, 18-54 hours, 18-48 hours, 18-42 hours, 18-36 hours, 18-30
hours, 18-24 hours, 24-72 hours, 24-66 hours, 24-60 hours, 24-54 hours, 24-48 hours, 24-42
hours, 24-36 hours, 24-30 hours, 30-72 hours, 30-66 hours, 30-60 hours, 30-34 hours, 30-48
hours, 30-42 hours, 30-36 hours, 36-72 hours, 36-66 hours, 36-60 hours, 36-54 hours, 36-48
hours, 36-42 hours, 42-72 hours, 42-66 hours, 42-60 hours, 42-54 hours, 42-48 hours, 48-72
hours, 48-66 hours, 48-60 hours, 48-54 hours, 54-72 hours, 54-66 hours, 54-60 hours, 60-72
hours, 60-66 hours, or 66-72 hours). In some embodiments, the second population of cells are
cultured in the second medium for a period of about 12, 13, 14, 15, 16, 17, 18§, 19, 20, 21, 22, 23,
24,2526, 27,28, 29, 30, 31, 32, 33, 34, 35, 36. 37, 38, 39, 40, 41, 42, 43, 44_ 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56,57, 58, 59, 60, 61, 02, 63, 64, 65, 66, 67, 68, 69, 7¢, 71, or 72 hours.
In some embodiments, the second population of cells are cultured in the second medium for a
period of about 48 hours.

[0183] In some embodiments, culturing the second population of cells in the second media for a
contacting period described herein {e.g., 48 hours) resulis in a third population of cells. o some
embodiments, the third population of cells comprises pancreatic progenitor cells that are PDX1-
positive and NKX6. I-positive. In some embodiments, the third population of cells comprises
cells that are ISL1-positive. In some embodiments, the third population of cells comprises cells
that are ISL1-negative. In some embodiments, the third population of cells comprises cells that
are ISL.1-positive. In some embodiments, the third population of cells comprises more cells that
are ISL I-positive than the first and second population of cells. In some embodiments, the third
population of cells comprises more cells that are ISL1-negative than cells that are ISLT-positive.
In some embodiments, the third population of cells comprises cells that are insulin-negative. In
some embodiments, the third population of cells corprises cells that are 1nsulin-positive. In

some embodiments, the third population of cells comprises more cells that are insulin-negative

60



WO 2024/097697 PCT/US2023/078272

than cells that are insulin-positive. In some embodiments, the third population of cells comprises
more cells that are insulin-positive than the first and second population of cells.

{0184{ In some embodiments, the method further comprises culiuring the third population of
cells in a third medium comprising one or more agents selected from: a notch signaling pathway
inhibitor (e.g., a y-secretase inhibitor such as XXI), a TGFB-R1 kinase inhibutor {(e.g., ALKSH), a
thyroid hormone {e.g., GC-1}, a bone morphogenetic (BMP) signaling pathway inhibitor {e.g.,
LIDN193189), a Rho-associated, coiled-coil containing protein kinase {ROCK ) inhibitor {e.g.,
triazoviving, a protein kinase inhibitor (e.g., staurosporine), and a histone methyltransferase
EZH?2 inhibitor (e.g., DZNep). In some embodiments, the third medium further comprises one
or more agents selected from an acetyl CoA related metabolite {e.g., acetate}, an HBAC inhibitor
{e.z., B-hydroxybutyrate}, a redox homeostasis regulator {e.g., taurine), and one carbon
metabolism pathway intermediate {e.g., formate). In some embodiments, the third medium
further comprises a vitamin {e.g., biotin}. In some embodiments, the third medium further
comprises glutamine. In some embodiments, the third medium further comprises a water soluble
synthetic polymer {e.g., PVA such as PV A 87-89%.

{8185} lv some embodiments, the third medium does not comprise a Wt signaling pathway
inhibitor or a PKC activator. In some embodiments, the third medium comprises a notch
signaling pathway inhibitor (¢.g., a y-secretase inhibitor such as XXI}, a TGFB-R1 kinase
inhibitor (e.g., ALKS51), a thyroid hormone {e.g., GC-1), a bone morphogenetic (BMP) signaling
pathway inhibitor {e.g., LDN193189), a Rho-associated, cotled-coil containing protein kinase
{(ROCK) inhibitor (e.g., thiazovivin}, a protein kinase inhibitor {(e.g., staurosporine), and a
histone methyliransterase EZH2 inhibitor {e.g., DZNep), an acety! CoA related metabolite {e.g.,
acetate), an HDAC inhibitor {e.g., B-hydroxybutyrate), a redox homeostasis regulator (e.g.,
taurine}, a one carbon metabolism pathway intermediate {e.g., formate), a vitamin {e.g., biotin),
glutamine and a water soluble synthetic polymer {e.g., PV A such as PVA 87-89%), and does not
comprise a Wnt signaling pathway inhibitor and a PKC activator. In some embodimenis, the
third population of cells are cultured in the third medium {e.g., the third medium that does not
comprise a Wnt signaling pathway inhibitor or a PKC activator) for a period of about 24-96
hours {e.g., about 24-96 hours, 24-84 hours, 24-72 hours, 24-60 hours, 24-48 hours, 24-36 hours,
36-96 hours, 36-84 hours, 36-72 hours, 36-60 hours, 36-48 hours, 48-96 hours, 48-84 hours, 43-

72 hours, 48-60 hours, 60-96 hours, 60-84 hours, 60-72 hours, 72-96 hours, 72-84 hours, or 84-
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96 hours}. In some embodiments, the third population of cells are cultured in the third medium
for a period of about 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44,45, 46, 47, 48,49, 50, 51, 52, 53, 54, 55, 36, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70, 71, 72,73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86. 87, 8%, 80, 90, 91, 92, 93, 94, 95,
or 96 hours. In some embodiments, the third population of cells are cultured o the third medium
for a period of about 96 hours.

{8186} o some embodiments, the third medium further coruprises a Wat signaling pathway
inhibitor but does not comprise a PKC activator. In some embodiments, the third medium
comprises Wat signaling pathway inhibitor {e.g., a tankyrase inhibitor such as NVP-TNKS656),
a notch signaling pathway inhibitor {e.g., a y-secretase inhibitor such as XX13, a TGFP-R1 kinase
inhibitor (e.g., ALKS1), a thyroid hormone {e.g., GC-1), a bone morphogenctic (BMP) signaling
pathway inhibitor {e.g., LDN193189), a2 Rho-associated, coiled-coil containing protein kinase
{ROCK) inhibitor (e.g., thiazovivin), a protein kinase inhibitor {(e.g., staurosporine), and a
histone methyliransterase EZH2 inhibitor (e.g., DZNep), an acetyl CoA related metabolite {e.g.,
acetate}, an HDAC inhibitor {e.g, B-hydroxybutyrate), a redox homeostasis regulator (e.g.,
taurine), a oue carbon metabolism pathway intermediate {e.g., formate), a vitamin {e.g., biotin),
ghitamine and a water sojuble synthetic polymer (e.g., PVA such as PV A 87-89%), and does not
comprise a PKC activator. In some embodiments, the third population of cells are cultured in the
third medium {e.g., the third medium that comprises a Wat signaling pathway inhibitor but not a
PKC activator) for a period of about 24-48 hours {e.g., about 24-48 hours, 24-36 hours, or 36-48
hours), after which the Wit signaling pathway inhibitor is removed from the third medium and
the cells are further cultured for about 24-48 hours ({e.g., about 24-48 hours, 24-36 hours, or 36~
48 hours}. In some embodiments, the third population of cells are cultured in the third medium
{e.g., the third medium that comprises a Wnt signaling pathway inhibitor but not a PKC
activator) for a period of about 48 hours, after which the Wnt signaling pathway inhibitor is
removed from the third medium and the cells are further cultured for about 48 hours.

{8187 In some embodiments, culturing the third population of cells in the third media for a
comacting period described herein (e.g., 96 hours) results in a fourth population of cells. In some
embodiments, the fourth population of cells comprises cells that are PDXX1-positive and NKX6 1
positive. In some embodiments, the fourth population of cells comprises cells that are insulio-

positive. In some embodiments, the fourth population of celis comprises cells that are PDX1-
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positive, NKX6.1 positive, and insulin-positive. In some embodiments, the fourth population of
cells comprise cells that are ISL 1-positive. In some embodiments, the fourth population of cells
comprises celis that are ISL-1 negative. In some embodiments, at [east 30% {e.g., af least 30%,
at feast 40%, at least 50%, or at least 60%)} of the fourth population of cells are insulin-positive.
In some embodiments, 30%-50%%, 30%-40%, or 40%-50% of the fourth population of cells are
insulin-positive.

{8188} Iv some embodiments, the method further comprises culturing the fourth population of
cells in a fourth medium comprising one or more agents selected from: a TGFB-R1 kinase
inhibitor (e.g., ALK?51), a thyroid hormone {e.g., GC-1}, a bone morphogenetic (BMP) signaling
pathway inhibitor {e.g., LDN193189), a Rho-associated, coiled-coil containing protein kinase
{ROCK) inhibitor (e.g., triazovivin), a protein kinase inhibitor (e.g., staurosporine), and a histone
methyltransferase EZH2 inhibitor {e.g., D¥Nep). In some embodiments, the fourth medium
further comprises one or more agents selected from an acetyl CoA related metabolite {e.g.,
acetate), ap HDAC inhibitor {e.g., B-hyvdroxybutyrate), a redox homeostasis regulator (e.g.,
taurine}, and a one carbon metabolism pathway intermediate (e.g., formate}. In some
embodiments, the fourth medium further comprises a vitamin {e.g., biotin}. In some
embodiments, the fourth medium further comprises one or more of glutamise {e.g., 1.-
glutamine), glutamate {e.g., L-glutamate), and carnitine {e.g., L-carnitineg). In some
embodiments, the fourth medium further comprises albumin {e.g., human serum albumio or
HSA) In some embodiments, the fourth medium further comprises Zn80;. In some
embodiments, the fourth media does not comprise a Wat signaling pathway inhibitor or a PKC
activator. In some embodiments, the fourth medium comprises a TGFB-R1 kinase inhibitor {e.g.,
ALKSi), a thyroid hormone (e.g., GC-1), a bone morphogenetic {(BMP) signaling pathway
inhibitor (e g, LDN193189), a Rho-associated, coiled-coil containing protein kinase (ROCK)
inhibitor {e.g., triazoviviny, a protein kinase inhibitor (e.g., staurosporine), and a histone
methyltransferase EZH2 inhibitor {e.g., D¥Nep), an acetvl CoA related metabolite (e.g., acetate),
an HDAC inhibitor {e.g., B-hvdroxybutyrate), a redox homeostasis regulator {e.g., tauring}, a one
carbon metabolism pathway intermediate (e.g., formate), a vitamin {e.g., biotin}, glutamine,
glutamate, carnitine, albumin (e.g., human serum albumin or HSA), and ZnS0;, and does not

comprise a Wt signaling pathway inhibitor or a PKC activator.
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{0189} In some embodiments, the fourth population of cells are cultured in the fourth medium
for a period of about 24-96 hours (e.g., about 24-96 hours, 24-84 hours, 24-72 hours, 24-60
hours, 24-48 hours, 24-36 hours, 36-96 hours, 36-84 hours, 36-72 hours, 36-60 hours, 36-48
hours, 48-96 hours, 48-84 hours, 48-72 hours, 48-60 hours, 60-96 hours, 60-84 hours, 60-72
hours, 72-96 hours, 72-84 hours, or 84-96 hours). In some embodiments, the fourth population
of cells are cultured in the fourth medium for a period of about 24, 25, 26, 27, 28,29, 30, 31, 32,
33,34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, S2, 33, 54, 55, 56, 57, 58,
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70, 71, 72,73, 74, 75, 76, 77, 78, 79, 80, 1, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, or 96 hours. In some embodiments, the fourth
population of cells are cultured in the fourth medium for a period of about 72 hours.

{6199} In some embodiments, culturing the fourth population of cells in the fourth media for g
contacting period described herein (e.g., 96 hours) results in a fifth population of cells. fn some
embodiments, a method described herein further comprises culturing the fifth population of cells
in a fitth mediurg comprising glutamine, alburmio {e.g., human seram albumin or HSA), and
ZnS0;. In some embodiments, the fifth medium comprises glutamine, albumin {e.g., human
serum albumin or HSA) and ZnSOy, and does not comprise any one of the agents selected from:
a TGFB-R1 kinase inhibitor (e.g., ALKS1), a thyroid hormone (e.g., GC-1), a bone
morphogenetic (BMP) signaling pathway inhibitor (e.g., LDN193189), a Rho-associated, coiled-
coii containing protein kinase (ROCK) inhibitor {e.g., triazovivin), a protein kinase inhibitor
{e.g., staurosporine), and a histone methyltransferase EZH2 inhibitor (e.g., DZNep). In some
embodiments, the fifth media further comprises a histone methyltransferase EZH2 inhibitor {e.g.,
DZNep}, an acetyl CoA related metabolite (e.g., acetate), an HDAC inhibitor {e.g., B-
hydroxybutyrate), a redox homeostasis regulator (e.g., taurine}, a one carbon metabolism
pathway intermediate (e.g., formate), a vitamin (e.g., biotin}, glutamine, glutamate, and carnitine.
In some embodiments, the fifth medium comprises a histone methylransferase EZH2 inhibitor
{e.g., D Nep), an acetyl CoA related metabolite {e.g., acetate), an HDAC inhibitor {e.g., B-
hydroxvhutyrate), a redox homeostasis regulator {e.g., taurine), an one carbon metabolism
pathway intermediate (e.g., formate), a vitamin {(e.g., biotin}, glutamate, glutamine, carnitine,
albumin {e.g., human serum albumin or HSA), and ZnS04 and does not comprise any one of the
agents selected from: a TOFB-R1 kinase inhibitor (e.g., ALKS51), a thyroid hormone (e.g., GC-1),

a bone morphogenetic (BMP) signaling pathway inhibitor (e.g., LDN193189}, a Rho-associated,
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coiled-coil containing protein kinase (ROCK) inhibitor (e.g. | thiazovivin}, a protein kinase
inhibitor (e.g., staurosporine), and a histone methyltransferase EZH2 inhibitor {e.g., DZNep). In
some embodiments, the fifth medium comprises albumin (e.g., human serum albumin or HSA},
and Zn80; and does not comprise any one of the agents selected from: a TGFB-R1 kinase
inhibitor (e.g., ALKA5), a thyroid hormone {e.g., GC-1)}, a bone morphogenetic (BMP) signaling
pathway inhibitor {(e.g., LDN193189), a Rho-associated, coiled-coil containing protein kinase
{(ROCK) tnhibitor {(e.g., triazovivin), a protein kinase inhibitor (e.g., staurosporing), a histone
methyltransferase EZH? inhibitor {e.g., DZNep), an acety! CoA related metabolite {e.g., acetate),
an HDAC inhibitor {e.g., B-hydroxybutyrate), a redox homeostasis regulator (e.g., tavrine}, an
one carbon metabolism pathway intermediate (e.g., formate}, a vitamin (e.g., biotin}, carniting,
¢lutamate, and glutamine.
{8191} In some embodiments, the fifth population of cells are cultured in the fifth medium for a
period of about 96-240 hours {e.g., about 96-240 hours, 96-216 hours, 96-192 hours, 96-168
hours, 96-144 hours, 96-120 hours, 120-240 hours, 120-216 hours, 120-192 hours, 120-163
hours, 120-144 hours, 144-240 hours, 144-216 hours, 144-192 hours, 144-168 hours, 168-240
hours, 168-216 hours, 168-192 hours, 192-240 hours, 192-216 hours, or 192-240 hours). In
some embodiments, the fifth population of cells are cultured in the fifth medium for a period of
about 24, 48, 72, 96, 120, 144, 168, 192, 216, or 240 hours. In some embodiments, the fifth
population of cells are cultured in the fifth medium for a period of about 192 hours.
{6192} In some embodiments, culturing the fifth population of cells in the fifth media fora
countacting period described herein {e.g., 192 hours) resulis in a sixth population of celis. In
some embodiments, at feast 15% (e.g., at least 15%;, at least 20%, at least 25%, at least 30%, at
teast 35%, at least 40% or more} of the sixth population of cells are NKX6. 1-negative, ISL-
positive; and wherein less than 12% (e.g., less than 12%, less than 10%, less than 8%, less than
6%, less than 4%, less than 2% or less) of the sixth population of cells are NKX6 1-negative,
ISL-negative.
8193} In some embodiments, a method described herein comprises:

(i) culturing a first population of cells in 2 first medium to obtain a second population of
cells, wherein the first population of cells comprises pancreatic progenitor cells that are PDX1-
positive and NKX6.1 negative, and pancreatic progeunitor cells that are PDX1-positive and

NKX6.1 positive; and the first medium comprises: a FoxQ1 inhibitor, a notch signaling pathway
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inhibitor, a PKC activator, a fibroblast growth factor, a sonic hedgehog (SHH} signaling pathway
inhibitor, retinoic acid, a Rho-associated, coiled-coil containing protein kinase (ROCK) inhibitor,
a TGE-P ligand, and a water-soluble synthetic polymer,;

(it} culturing the second population of cells obtained in (1) with g second medium to obtain
a third population of cells, wherein the second medium comprises: a Wat signaling pathway
inhibitor, a PKC activator, an epidermal growth factor, a thyroid hormone, a TGFB-R1 kinase
inhibitor, a notch signaling pathway tohibitor, a sonic bedgebog {(SHH) signaling pathway
inhibitor, retincic acid, a Rho-associated, coiled-cail containing protein kinase (ROCK) inhibitor,
a protein kinase inhibitor, a bone morphogenetic (BMP) signaling pathway inhibitor, a histone
methyitransferase EZHZ inhibitor, an acetyl CoA related metabolite, an HDAC inhibitor, a redox
homeostasis regulator, & one carbon metabolism pathway intermediate, a vitamin, glutamine and
a water soluble synthetic polymer (e.g., PVA), and wherein the second medium does not comprise
a FOXO1 inhibitor;

(111} culturing the third population of cells obtained in (1) with a third mediur to obtain a
fourth population of cells, wherein the third medium comprises: a notch signaling pathway
inhibitor, a TGFP-R1 kinase inhibitor, a thyroid hormone, a bone morphogenetic (BMP) signaling
pathway, a Rho-associated, coiled-coil containing protein kinase (ROCK) inhibitor, a protein
kinase inhibitor, and a histone methyltransferase EZH2 inhibitor, an acetyl CoA related metabolite,
an HBAC inhibitor, a redox homeostasis regulator, an one carbon metabolism pathway
intermediate, a vitamin, glutamine and a water soluble synthetic polymer, and wherein the third
medium does not comprise a Wnt signaling pathway inhibitor and a PKC activator;

{iv} culturing the fourth population of cells obtained in (111) with a fourth medium to obtain
a fifth population of cells, wherein the fourth medium cormprises a notch signaling pathway
inhibitor, a TGFP-R1 kinase inhibitor, a thyroid hormone, a bone morphogenetic (BMP) signaling
pathway inhibitor, a Rho-associated, coiled-coil containing protein kinase (ROCK) inhibitor, a
protein kinase inhibitor, a histone methyltransferase EZH2 inhibitor, an acetyl CoA related
metabolite, an HDAC inhibitor, a redox homeostasis regulator, a one carbon metabolism pathway
intermediate, a vitamin, ghitamine, glutamate, carnitine, albumin, and ZnS04, and wherein the

fourth medium does not comprise a Wnt signaling pathway inhibitor and a PKC activator; and

66



WO 2024/097697 PCT/US2023/078272

(v) culturing the fifth population of cells obtained in (iv) with a fifth medium to obtain a
sixth population of cells, wherein the fifth medium comprises albumin (e.g., human serum altbumin
or HSA) and ZnS04.

{8194} In some embodiments, a method described herein further comprises generating the first
population of cells comprising pancreatic progentior cells that ave PDX1-positive and NKXé 1
negative and pancreatic progenitor cells that are PDX1-positive and NKX6.1 positive. In some
embodiments, the first population of cells are differentiated from stem cells {e.g., embryonic
stem cells or pluripotent stem cells). In some embodiments, the stem cells (e g, embryotic stem
cells) are generated from the inner cell mass of blastocyst-stage embryos represent. Stem cells
can be maintained in culture, renew for themselves, proliferate unlimitedly as undifferentiated
ES cells, and are capable of differentiating into all cell types of the body as the ectoderm,

mesoderm, and endoderm lingage cells or tissues.

Cell types during pancreatic differentiation

{0195} Aspects of the present disclosure provide cell types of the pancreatic lineage obtained
during differentiation of stem cells to generate pancreatic islet cells. Such cells include any cell
that is capable of differentiating into a pancreatic islet cell, including for example, a pluripotent
stem cell, a definitive endoderm cell, a primitive gut tube cell, a pancreatic progenitor cell, or
endocrine progenitor cell, when cultured under conditions suitable for differentiating the

precursor cell into the pancreatic islet cell.

Stem Celis
{8196} In some embodiments, any of the stem cells {e.g., any of the genetically engineered stern
cells) disclosed herein may be used in generating genetically engineered SC-islet celis or

precursors thereof,

Definitive Endoderm Cells

{0197} The definitive endoderm can be generated in vive from the inner cell mass by the process
of gastrulation of embrvogenesis, in which epiblast cells are instructed to form the three germ
fayers. Defintiive endoderm can give rise to diverse cells and tissues that contribute to vital

organs as the pancreatic [§ cells, liver hepatocytes, lung alveolar cells, thyroid, thymus, and the
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epithelial lining of the alimentary and respiratory tract. It is different from the primitive
endoderm of extraembryonic tissues, which can give rise to the visceral and parietal endoderm.
The definitive endoderm derived from ES cells is theoretically capable of becoming any
endoderm derivatives.

{0198} Precise patterning of anterior-posterior axis of the definitive endoderm can eventually
form the primitive gut tube. The definitive endoderm-derived primitive gut tube induces the
pharynx, esophagus, stomach, duodenum, small and large intestine along the anterior-posterior
axis as well as assoctated organs, including pancreas, lung, thyroid, thymus, parathyroid, and
Hver. The anterior portion of the foregut of the primitive gut tube becomes lung, thyroid,
esophagus, and stomach. The pancreas, liver, and duodenum originate from the posterior portion
of the foregut. The midgut and hindgut of primitive gut tube gives rise to the small and large
intestine. The anterior foregut expresses developmental markers, NK2 homeobox T (NKX2-1}
and SRY (sex determining region Y)-box 2 (SOX2); the posterior foregut expresses
hematopoietically expressed homeobox (HHEX), pancreatic and duodenal horeobox 1 (PDX1),
one cut homeobox 1 {ONECUT!, known as HNF6), and hepatocyte nuclear factor 4 alpha
(HNTF4A); and the midgut/bindgut expresses caudal type homeobox 1 {CDX1), caudal type
homeobox 2 (CDX2), and motor neuron and pancreas homeobox T {MNX1) (3, 19, 20).

101991 As described herein definitive endoderm cells of use herein can be derived from any
source or generated in accordance with any suitable protocol. In some aspects, pluripotent stem
cells, e.g, iIPSCs or hESCs, are differentiated to endoderm celis. Tn some aspects, the endoderm
cells (stage 1) are further differentiated, e.g., to primitive gut tube cells (stage 2), PDX1-positive
pancreatic progenitor cells (stage 3), NKX6.1-positive pancreatic progenitor cells (stage 4), or
Ngn3-positive endocrine progenitor cells or insulin-positive endocrine cells (stage 3), followed
by induction or maturation to SC-J cells (stage 6).

{6200} In some embodiments, definitive endoderm cells can be obtained by dufferentiating at
feast some pluripotent cells in a population into definitive endoderm cells, e.g., by contacting a
population of pluripotent cells with 1) at least one growth factor from the TGF-§ superfamily, and
iiya WNT signaling pathway activator, t¢ induce the differentiation of at least some of the
pluripotent cells into definitive endoderm cells, wherein the definitive endoderm cells express at

feast one marker characteristic of definitive endoderm.
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{0281} Any growth factor from the TGF-B superfamily capable of inducing the pluripotent stem
cells to differentiate into definitive endoderm cells (e. g, alone, or in combination with a WNT
signaling pathway activator) can be used in the method provided herein. In some embodiments,
the growth factor from the TGF-§ superfamily comprises Activin A, In some embodiments, the
growth factor from the TGE-B superfamily comprises growth differentiating factor 8 (GDFS).
Any WNT signaling pathway activator capable of inducing the pluripotent stem cells to
differentiate into definitive endoderm cells {e.g., alone, or in combination with a growth factor
from the TGF-B superfamily) can be used in the method provided herein. In some embodiments,
the WNT signaling pathway activator comprises CHIR99021. In some embodiments, the WNT
signaling pathway activator comprises Wat3a recombinant protein.

{6202} In some embodiments, differentiating at least some pluripotent cells in a population into
definitive endoderm cells is achieved by a process of contacting a population of pluripotent cells
with 1} Activin A, and 11) CHIR99021 for a suitable period of time, e.g., about 2 days, about 3
days, about 4 days, or about 5 days to induce the differentiation of at least some of the
pluripotent cells in the population into definitive endoderm cells, wherein the definitive
endoderm cells express at least one marker characteristic of definitive endoderm. In some
embodiments, the process comprises contacting a population of pluripotent cells with activin A
and CHIR99021 for 1 day, and then with activin A (in the absence of CHIR29021) for a further 1
or 2 days.

{0203} In some examples, the method comprises differentiating pluripotent cells into definitive
cndoderm cells by contacting a population of pluripotent cells with a suitable concentration of
the growth factor from the TGF-§ superfamily {e.g., Activin A), such as, about 10 ng/mL, about
20 ng/mL, about 50 ng/mL, about 75 ng/mL, about §0 ng/mk., about 90 ng/mL, about 95 ng/ml.,
about 100 ng/mb., about 110 ng/mbL, about 120 ng/mL, about 130 ng/mL, about 140 ng/mi.,
about 150 ng/mL, about 175 ng/mL, about 180 ng/mL, about 200 ng/mL., about 250 ng/mL, or
about 300 ng/mL. In some embodiments, the method comprises use of about 70-130 ng.ml, 80~
120 ng/mi, or 90-110 ng/ml Activin A for differentiation of pluripotent cells into definitive
endoderm cells. In some embodiments, the method comprises use of about 100 ng/mi. Activin A
for differentiation of pluripotent cells into definitive endoderm cells. In some embodiments, the
method comprises use of about 200 ng/mi Activin A for differentiation of pluripotent cells into

definitive endoderm cells.
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{6204} In some examples, the method comprises differentiating pluripotent cells into definitive
endoderm cells by contacting a population of pluripotent celis with a suitable concentration of
the WNT signaling pathway activator {e.g., CHIRS9021), such as, about 0.01 uM, about .05
uM, about 0.1 uM, about 0.2 uM, about 0.5 uM, about 0 8 uM, about T uM, about 1.5 pM,
about 2 uM, about 2.5 uM, about 3 uM, about 3.5 uM, about 4 pM, about 5 uM, about 8 uM,
about 10 pM, about 12 uM, about 15 uM, about 20 uM, about 30 uM, about 50 uM, about 100
uM, or about 200 pM In some embodiments, the method comprises use of about 1-5 uM or 2-4
u CHIR99021 for differentiation of pluripotent cells into definitive endoderm cells. In some
embodiments, the method comprises use of about 2 uM CHIR99021 for differentiation of
pluripotent cells into definitive endoderm cells. In some embodiments, the method comprises
use of about 3 pM CHIR99021 for differentiation of pluripotent cells into defintiive endoderm
cetls. In some embodiments, the method comprises use of about 5 uM CHIR99021 for
differentiation of pluripotent cells into definitive endoderm cells.

{6205} In some embodiments, the cells are further contacted with a water-soluble synthetic
polymer. In some embodiments, the water-soluble synthetic polymer is polyvinyl alcchol. In
some cases, the polyvinyl alcohol is at least 78% hydrolyzed, e.g., 79-81% hydrolyzed, 87-89%
hydrolyzed, 87-90% hydrolyzed, or 99% hydrolyzed. In some embodiments, the polyvinyi
alcohol is 78%%, 79%, 80%, 81%, 82%, 83%, 84%, B5%, 86%, 87%, 88%, 8§9%, 90%, 91%, 92%,
3%, 94%, 95%, 96%, 97%, 98%, 99%, or 100°% hydrolyzed. In some embodiments, the PVA is
30% hydrolyzed.

{8206} [o some embodiments, a definitive endoderm cell produced by the methods as disclosed
herein expresses at least one marker selected from the group consisting oft Nodal, Tmprss2,
Trmem30b, St14, Spink3, Sh3gl2, Ripk4, Rab1s, Npnt, Clics, CldnS, Cacnalb, Boipl, Anxa4,
Emb, FoxAl, Sox17, and Rbm335a, wherein the expression of at least one marker is upregulated
to by a statistically significant amount in the definitive endoderm cell relative to the plunipotent
stem cell from which it was derived. In some embodiments, a definitive endodenm cell produced
by the methods as disclosed herein does not express by a statistically significant amount at least
one marker selected the group consisting oft Gatad, SPARC, AFP and Dab2 relative to the
pluripotent stem cell from which it was derived. In some embodiments, a definitive endoderm
cell produced by the methods as disclosed herein does not express by a statistically significant

amount at least one marker selected the group consisting of® Zicl, Pax6, Flk1 and CD31 relative
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to the pluripotent stem cell from which it was derived. In some embodiments, a defimtive
endoderm cell produced by the methods as disclosed herein has a higher level of phosphorylation
of Smad2 by a statistically significant amount relative to the pluripotent sters cell from which it
was derived. In some embodiments, a definitive endoderm cell produced by the methods as
disclosed herein has the capacity to form gut tube i vive. In some embodiments, a definitive
endoderm cell produced by the methods as disclosed herein can differentiate into a cell with
morphology charactenistic of a gut cell, and wherein a cell with morphology characteristic of a
gut cell expresses FoxAZ and/or Clauding. In some embodiments, a definitive endoderm cell
produced by the methods as disclosed herein can be further differentiated into a cell of endoderm
origin.

{6207} In some embodiments, a population of pluripotent stem celis are cultured in the presence
of at least one f cell differentiation factor prior to any differentiation or during the first stage of
differentiation. One can use any pluripotent stem cell, such as a human pluripotent stem cell, or
a human iPS cell or any of pluripotent stems cell as discussed berein or other suitable pluripotent
stem cells. In some embodiments, a § cell differentiation factor as described herein can be
present in the culture medium of a population of pluripotent stem cells or may be added in bolus
or periodically during growth {e.g. replication or propagation) of the population of pluripotent
stem cells. In certain examples, a population of pluripotent stem cells can be exposed to at least
one P cell differentiation factor prior to any differentiation. In other examples, a population of
pluripotent stem cells may be exposed to at least one § cell differentiation factor during the first

stage of differentiation.

Primitive Gut Tube Cells

{6208} Aspects of the disclosure involve primitive gut tube cells. Primitive gut tube cells of use
herein can be derived from any source or generated in accordance with any suitable protocol. In
some aspects, definitive endoderm cells are differentiated to primitive gut tube cells. In some
aspects, the primitive gut tube cells are further differentiated, e.g., to PDX1-positive pancreatic
progenitor cells, NKX6. 1-positive pancreatic progenitor cells, Ngn3-positive endocrine
progenitor cells, insulin-positive endocrine cells, followed by induction or maturation to SC-§

cells,
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{06209 In some embodiments, primitive gut tube cells can be obtained by differentiating at least
some definitive endoderm cells in a population into primitive gut tube cells, e.g., by contacting
definmtive endoderm cells with at least one growth factor from the fibroblast growth factor (FGF)
family, to induce the differentiation of at least some of the definitive endoderm cells into
primitive gut fube cells, wherein the primitive gut tube cells express at [east one marker
characteristic of primitive gut tube cells.

182190} Any growth factor from the FGF family capable of inducing definitive endoderm ceils to
differentiate into primitive gut tube cells (e.g., alone, or in combination with other factors) can be
used in the method provided herein. In some embodiments, the at least one growth factor from
the FG¥ family comprises keratinocyte growth factor (KGF). In some embodiments, the at least
one growth factor from the FGF family comprises FGFZ. In some emnbodiments, the at least one
growth factor from the FGF family comprises FGFER. In some embodiments, the at least one
growth factor from the FGF family comprises FGF10. In some embodiments, the at least one
growth factor froro the FGF family comprises FGF21.

{0211} In some embodiments, primitive gut tube cells can be obtained by differentiating at least
some definitive endoderm cells in a population into primitive gut tube cells, e.g., by contacting
definitive endoderm cells with KGF for a certain period of time, e.g., about 1 day, about 2 days,
about 3 days, or about 4 days, to induce the differentiation of at least some of the definitive
endoderm cells into primitive gut tube cells.

{0212} In some embodiments, the method comprises differentiating definitive endoderm cells
into primitive gut tube cells by contacting definitive endoderm cells with a suitable concentration
of the growth factor from the FGF family (e.g,, KGF), such as, about 10 ng/m1, about 20 ng/mL,
about 50 ng/ml, about 75 ng/ml., about 80 ng/ml., about 90 ng/mL., about 95 ng/ml., about 160
ng/ml, about 110 ng/ml., about 120 ng/mL, about 130 ng/mL, about 140 ng/mi about 150
ng/mk, about 175 ng/ml, about 180 ng/mL, about 200 ng/ml., about 250 ng/mL, or about 300
ng/mkb.. In some embodiments, the method comprises use of about 20-80 ng/ml, 306-70 ng/mli, or
40-60 ng/mL KGF for differentiation of definitive endoderm cells into primitive gut tube cells,
{n some embodiments, the method comprises use of about 50 ng/ml. KGF for ditferentiation of
definitive endoderm cells into primitive gut tube cells. In some embodiments, the method
comprises use of about 100 ng/mb KGF for differentiation of definitive endoderm cells into

primitive gut tube cells.
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{6213} In some embodiments, the cells are further contacted with a water-soluble synthetic
polymer. In some embodiments, the water-soluble synthetic polymer 1s polyvinyl alecohol. In
some cases, the polyviny! alcohol is at least 78% hydrolyzed, e.g., 79-81% hydrolyzed, 87-89%
hydrotyzed, §7-90% hydrolvzed, or 9994 hydrolyzed. In some embodiments, the polyvinyl
alcohol (PVA)is 78%, 79%, 80%, 81%%, §2%, 83%, 84%, 85%, 86%, 87%, 88%%, §9%, 90%,
91%, 92%, 93%%, 94%, 5%, 6%, 97%, 98%, 99%, or 100% hydrolyzed. In some embodiments,

the PV A is B0% hydrolyzed.

FPDX{-positive Pancreatic Progenitor Cells

10214} Aspects of the disclosure involve PDX1-positive pancreatic progenitor cells. PDX1-
positive pancreatic progenitor cells of use herein can be derived from any source or generated in
accordance with any suitable protocol. In some aspects, primitive gut tube cells are
differentiated to PDX1 -positive pancreatic progenitor cells. In some aspects, the PDX1-positive
pancreatic progeunitor cells are NKX6. 1 negative, and can be further differentiated to, ¢.g.,
NKX6. 1-positive pancreatic progenitor cells, Ngn3-positive endocrine progentitor cells, insulin-
positive endocrine cells, followed by induction or maturation to SC-8 cells.

{8215} I some aspects, PDX 1-postitive pancreatic progenitor celis can be obtained by
differentiating at least some primitive gut tube cells in 2 population tnto PDX1-positive
pancreatic progeunitor cells, e.g., by contacting primitive gut tube cells with i} at least one BMP
signaling pathway inhibitor, it} a growth factor from TGF- superfamily, i1} at least one growth
factor from the FGF family, iv) at least one SHH pathway inhibitor, v) at least one retinoic acid
{RA) signaling pathhway activator; vi} at least one protein kinase C activator, and vii) a ROCK
inhibitor to induce the differentiation of at least some of the primitive gut tube cells into PDX1-
positive pancreatic progenitor cells, wherein the PDX1-positive pancreatic progenitor cells
express PDX1.

{8216} In some aspects, PDX 1-positive pancreatic progenitor cells can be obtained by
differentiating at least some primitive gut tube cells in a population into PD X1 -positive
pancreatic progenitor cells, e.g., by contacting prumitive gut tube cells with i} at least one BMP
signaling pathway inhibitor, i1} a growth factor from TGF-f superfamily, iii} at least one growth
factor from the FGF family, iv) at feast one SHH pathway inhibitor, v) at least one retinoic acid

{RA} signaling pathway activator; and vi) at least one protein kinase C activator, to induce the

7,
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differentiation of at least some of the primitive gut tube cells into PDX1-positive pancreatic
progenitor cells, wherein the PDX1-positive pancreatic progenitor cells express PDX1.

{82171 ln some embodiments, PDX1-positive pancreatic progenitor cells can be obtained by
differentiating at least some primitive gut tube cells in a population into PDX1-positive
pancreatic progenitor cells, e.g., by countacting primitive gut tube cells with i} at least one BMP
signaling pathway inhibitor, i1} at feast one growth factor from the FGF family, iii) at least one
SHH pathway inhibitor, iv} at least one refinoic acid (RA) signaling pathway activator; and v) at
least one protein kinase C activator, to induce the differentiation of at least some of the primitive
gut tube cells into PDX 1-positive pancreatic progenitor cells, wherein the PDX1-positive
pancreatic progenitor cells express PDXT.

{6218} In some embodiments, PDX-positive pancreatic progenitor cells can be obtained by
differentiating at least some primitive gut tube cells in a population into PDX1-positive
pancreatic progenitor cells, e.g., by contacting primitive gut tube cells with i} at least one SHH
pathway inhibitor, 1) at least one retinoic acid (RA) signaling pathway activator; and 1) at feast
one protein kinase C activator, wherein the PDX1 -positive pancreatic progenitor cells express
PDIXT.

82191 o some embodiments, PIDX1-positive pancreatic progenitor cells can be obtained by
differentiating at least some primitive gut tube cells in 2 population into PDX1-positive
pancreatic progeunitor cells, e.g., by contacting primitive gut tube cells with i} at least one growth
factor from the FGF family, and 1) at least one retinoic acid {RA) signaling pathway activator, to
induce the differentiation of at least some of the primitive gut tube cells into PDX1-positive
pancreatic progenitor cells, wherein the PDX1 -positive pancreatic progenitor cells express
PDX1.

{0220} Any BMP signaling pathnway inhibitor capable of inducing primitive gut tube cells to
differentiate into PDX 1 -positive pancreatic progenitor cells {e.g.. alone, or with any combination
of a growth factor from TGEF-f superfamily, at least one growth factor from the FGF family, at
least one SHH pathway inhibitor, at least one retinoic acid signaling pathway activator, at least
one protein kinase C activator, and ROCK 1nhibiior} can be used in the method provided herein.
In some embodiments, the BMP signaling pathway inhibitor comprises LDN19318% or DMH-1.
In some examples, the method comprises coniacting primitive gut tube cells with & concentration

of BMP signaling pathway inhibitor (e.g., LDDN1931189), such as, about 30 nM, about 40 nM,
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about 50 nM, about 60 nM, about 70 nM, about 806 nM, about 96 nM, about 100 nM, about 110
nM, about 120 nM, about 130 nM, about 140 nM, about 150 uM, about 160 oM, about 170 nM,
about 180 nM, about 190 nM, about 200 oM, about 210 nM, about 220 nM, about 230 nM, about
240 nM, about 250 nM, about 280 nM, about 300 nM, about 400 nM, about 500 nM, or about
TuM. In some examples, the method comprises contacting prmitive gut tube cells with a
concentration of BMP signaling pathway inhibitor {e.g., DMH-1}, such as, about 0.01 pM, about
0.02uM, about 0.05uM, about 0. 1uM, about 0.2uM, about 0.5 pM, about 0.8 uM, about 1 uM,
about 1.2 M, about 1.5pM, about 1.75uM, about 2 uM, about 2.2 uM, about 2.5uM, about
2.75uM, about 3 uM, about 3.25 uM, about 3.5 pM, about 3.75 pM, about 4 uM, about 4.5 uM,
about 5 uM, about 8 uM, about 10 uM, about 15 uM, about 20 uM, about 30 uM, about 40 pM,
about 50 uM, or about 100 uM. In some examples, the method comprises contacting primitive
gut tube cells with a concentration of BMP signaling pathway inhibitor {(e.g., DMH-1), such as,
about 220-280 nM, about 230-270 nM, about 240-260 nM., or about 243-255 nM. In some
exaroples, the method comprises contacting primitive gut tube cells with & concentration of BMP
signaling pathway inhibitor {e.g., DMH-1} about 250 nM.

{8221} Any growth factor from the TGF- superfamily capable of inducing primttive gut tube
cells to differentiate into PDX1-positive pancreatic progenitor cells {e.g., alone, or with any
combination of at least one BMP signaling pathway inhibitor, a growth factor from the FGF
family, at least one SHH pathway inhibitor, at ieast one retinoic acid signaling pathway activaior,
at [east one protein kinase C activator, and ROCK inhibitor) can be used. In some embodiments,
the growth factor from TGF-§ family comprises Activin A In some embodiments, the growth
factor from TGE-§ family comprises GDF8. In some examples, the method comprises
contacting primitive gut tube cells with a concentration of a growth factor from TGF-§
superfamily {e.g., Activin A}, such as, about 5 ng/mL, about 7.5 ng/mL, about & ng/mL, about ¢
ng/mk, about 10 ng/ml., about 11 ng/mL, about 12 ng/ml, about 13 ng/mL, about 14 ng/mlL,
about 15 ng/ml., about 16 ng/ml, about 17 ng/ml, about 18 ng/mL, about 19 ng/mL, about 20
ng/mL, about 21 ng/mL, about 22 ng/mL, about 23 ng/mL, about 24 ng/mL, about 25 ng/mL,
about 26 ng/mi., about 27 ng/mL, about 28 ng/mi., about 29 ng/ml., about 36 ng/mi., about 35
ag/mL, about 40 ng/mL, about 50 ng/ml, or about 100 ng/mL. In some examples, the method
comprises coutacting primitive gut tube cells with a coucentration of a growth factor from TGEF-B

superfamily {e.g., Activin A}, such as, about 17-23 ng/ml, about 18-22 ng/ml, or about 19-21
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ng/ml. In some examples, the method comprises contacting primitive gut tube cells with a
concentration of a growth factor from TGF-f superfamily (e.g., Activin A) of about 20 ng/ml.
{02221 Any growth factor from the FGF family capable of inducing primitive gut tube cells to
differentiate into PDX1-positive pancreatic progenitor cells {e.g, alone, or with any combination
of at least one BMP signaling pathway nhibitor, a growth factor from TGF-P superfamly, at
feast one SHH pathway inhibitor, at least one retinoic acid signaling pathway activator, at least
one protein kinase C activator, and ROCK inhibitor) can be used. In some embodiments, the at
least one growth factor from the FGF family comprises keratinocyte growth factor (KGF). In
some embodiments, the at least one growth factor from the FGF family 1s selected from the
group consisting of FGF2, FGFEB, FGF10, and FGF21. In some examples, the method
comprises contacting primitive gut tube cells with a concentration of a growth factor from FGF

about 75 ng/mi,

>

family {e.g, KGF), such as, about 10 ng/ml, about 20 ng/mL, about 530 ng/mlL
about 80 ng/mb, about 90 ng/mL, about 95 ng/mb, about 100 ng/mi., about 110 ng/m1., about
120 ng/mL, about 130 ng/ml, about 140 ng/ml., about 150 ng/ml., about 175 ng/rul., about 180
ag/mL, about 200 ng/ml, about 250 ng/mL, or about 300 ng/mL. In some examples, the method
comprises contacting primitive gut tube cells with a conceniration of a growth factor from FGF
family (e.g., KGF), such as, about 20-80 ng/ml, about 30-70 ng/ml, about 40-060 ng/ml, or about
45-55 ng/ml. In some examples, the method comprises contacting primitive gut tube cells with a
concentration of a growth factor from FOF family (e.g., KGF) of about 50 ng/ml.

{0223} Any SHH pathway inhibitor capable of inducing primitive gut tube cells to differentiate
into PI¥XX 1 -positive pancreatic progenttor cells {e.g., alone, or with any combination of at least
one BMP signaling pathway inhibitor, at least one growth factor from the FGF family, a growth
factor from TGE-P superfamily, at least one retinoic acid signaling pathway activator, at least
one protein kinase C activator, and ROCK inhibitor) can be used. In some embodiments, the
SHH pathway inhibitor comprises Santl. [n some examples, the method comprises contacting
primitive gut tube cells with a concentration of a SHH pathway inhibitor {e.g., Sanil), such as,
about 0.001 uM, about $.002 pM, about 0.005 pM, about 0.01 uM, about 0.02 pM, about
0.03uM, about 0.05uM, about 0.08 pM, about 0.1pM, about ¢.12 M, about 0.13 pM, about
0.14 uM, about 6.15 pM, about 0.16 uM, about 0.17 uM, about 0.18 pM, about 0.19 uM, about
0.2 1M, about 0.21uM, sbout 0.22uM, about 0.23uM, about 0.24 uM, about 0.25 pM, about
0.26 uM, about 0.27 uM, about .28 uM, about 0.29 uM, about 0.3 M, about 0.31 uM, about
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032 uM, about $.33 pM, about 0.34 uM, about 0.35 uM, about 0.4 M, about 0.45 uM, about
0.5 uM, about 0.6 uM, about 0.8 uM, about 1 uM, about 2 M, or about 5 uM. In some
examples, the method comprises contacting primitive gut tube cells with a concentration of a
SHH pathway inhibitor (e.g., Santl), such as, about 220-280 nM, about 230-270 nM, about 240-
260 nM, or about 245-255 oM. In some examples, the method comprises coutacting primitive
gut tube cells with a concentration of a SHH pathway inhibitor {e.g., Santi) of about 250 nM.
0224] Any RA signaling pathway activator capable of inducing primitive gut tube cells to
differentiate inte PDX1-positive pancreatic progenitor cels (e.g., alone, or with any combination
of at least one BMP signaling pathway inhibitor, at least one growth factor from the FGF family,
at feast one SHH pathway inhibitor, at least oue protein kinase C activator, and ROCK inhibitor)
can be used. In some embodiments, the RA signaling pathway activator comprises retinoic acid.
In some examples, the method comprises conlacting primitive gut tube cells with a concentration
of an RA signaling pathway activator {e.g., retinoic acid), such as, about 0.02 pM, about 0. 1uM,
about 0.2 pM, about 0.25 uM, about 0.3 uM, about 0.4 uM, about 0.45 uM, about 0.5 uM, about
0.55 uM, about 0.6 uM, about 0.65 pM, about 0.7 pM, about 0.75 uM, about 0.8 pM, about 0.85
uM, about §.9 uM, about 1 uM, about 1.1 uM, about 1.2 uM, about 1.3 uM, about 1.4 pM,
about 1.5 uM, about 1.6 uM, about 1.7 ud, about 1.8 uM, about 1.9 pM, about Z uM, about 2.1
uM, about 2.2 uM, about 2.3 uM, about 2.4 uM, about 2.5 pM, about 2.6 uM, about 2.7 uM,
about 2.8 pM, about 3 uM, about 3.2 uM, about 3.4 uM, about 3.6 pM, about 3.8 uM, about 4
uM, about 4.2 uM, about 4.4 M, about 4.6 uM, about 4.8 pM, about 5 pM, about 5.5 uM,
about & uM, about 6.5 pM, about 7 uM, about 7.5 uM, about 8 pM, about 8.5 uM, about 9 uM
about 9.5 pM, about 10 uM, about 12 M, about 14 uM, about 15 uM, about 16 uM, about 1

uM, about 20 uM, about 50 uM, or about 100 uM. In some examples, the method comprises
contacting primitive gut tube cells with a concentration of an RA signaling pathway activator
{e.g., retinoic acid), such as, about 1.7-2.3 uM, about 1.8-2.2 uM, or about 1.9-2.1 pM. In some
examples, the method comprises contacting primitive gut tube cells with a concentration of an
RA signaling pathway activator {e.g., retinoic acid) of about 2 uM.

{8225} Any PKC activator capable of inducing primitive gut tube cells to ditferentiate into
PDX1-positive pancreatic progenitor cells (e.g., alone, or with any combination of at least one
BMP signaling pathway talubitor, at least one growth factor from the FGF family, at least one

SHH pathway inhibitor, at least one RA signaling pathway activator, and ROCK inhibitor} can
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be used. In some embodiments, the PKC activator comprises PABY. In some embodiments, the
PKC activator comprises TPPB. In some examples, the method comprises contacting primitive
gut tube celis with a concentration of a PKC activator {e.g,, PdBU or TPPB), such as, about 10
nM, 50 oM, 100 nM, 1530 oM, 200 nM, 250 oM, 300 nM, 350 aM, 400 nM, 450 nM, 300 oM,
550 nM, 600 nM, 650 sM, 700 oM, 730 nM, 800 nM, 850 oM, 900 oM, 950 nM, 1 uM, 10 pM,
about 20 pM, about 50 uM, about 75 1M, about 80 uM, about 100 uM, about 120 uM, about
140 uM, about 150 uM, about 175 pM, about 180 pM, about 200 uM, about 210 pM, about 220
uM, about 240 M, about 250 M, about 260 uM, about 280 uM, about 300 pM, about 320 pM,
about 340 pM, about 360 uM, about 380 M, about 400 pM, about 420 uM, about 440 pM,
about 460 pM, about 480 uM, about 500 uM, about 520 pM, about 540 uM, about 560 pM,
about 580 pM, about 600 uM, about 620 pM, about 640 pM, about 660 M, about 680 uM,
about 700 yM, about 750 uM, about 800 pM, about 850 uM, about 960 uM, about 1 mM, about
2 mM, about 3 mM, about 4 mM, or about 5 mM. In some embodiments, the method comprises
contacting prirattive gut tube cells with a concentration of a PRC activator (e.g., PABU or TPPB)
of 10 nM-1 mM, 10 nM-500 M, 10 nM-1 uM, 10-800 nM, 100-300 nM, 300-800 nM, 300-600
M, 400-600 nM, 450-550 nM, or about 500 nM. In some examples, the method comprises
coutacting primitive gut tube cells with a coucentration of a PKC activator (e.g., PdBU or
TPPR), such as, about 450-550 mM, about 475-525 nM, about 490-310 oM, or about 495-505
nM. In some examples, the method comprises contacting primitive gut tube cells with a
concentration of a PKC activator (e.g., PdBU or TPPB) of about 500 nM. In some embodiments,
primitive gut tube cells are not treated with a PKC activator (e.g., PDBU).

82261 Any ROCK inhibitor capable of inducing primitive gut tube cells to differentiate into
PDX1-positive pancreatic progenitor cells {e.g., alone, or with any combination of at least one
BMP signaling pathway inhibitor, at least one growth factor from the FGF family, at least one
SHH pathway inhibitor, PKC activator, and at least one RA signaling pathway activator) can be
used. In some embodiments, the ROCK inhibitor comprises Thiazovivin, Y-27632,
FasudilV/HATO77, or H-1152. In some embediments, the ROCK inhibitor comprises Y-27632.

{n some embodiments, the ROCK inhibitor comprises Thiazovivin, In some examples, the
method comprises contacting primitive gut tube cells with a concentration of a ROCK inhibitor
{e.g., Y-27632 or Thiazovivin}, such as, about 0.2 uM, about 0.5 uM, about 6.75 pM, about 1

uM, about 2 uM, about 3 pM, about 4 pM, about 5 uM, about 6 uM, about 7 pM, about 7.5 pM,
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about 8 uM, about @ uM, about 10 uM, about 11 M, about 12 uM, about 13 uM, about 14 M,
about 15 uM, about 16 pM, about 17 pM, about 18 uM, about 19 uM, about 20 uM, about 21
uM, about 22 uM, about 23 uM, about 24 uM, about 25 uM, about 26 M, about 27 uM, about
28 M, about 29 uM, about 30 M, about 35 uM, about 40 uM, about 50 uM, or about 100 ud
In some examples, the method corprises contacting prumitive gut tube cells with a concentration
of a ROCK inhibitor {e.g., Y-27632 or Thiazovivin), such as, about 2.2-2.8 uM, about 2.3-2.7
uM, or about 2 4-2.6 uM. In some examples, the method comprises contacting primitive gut
tube cells with a concentration of a ROCK inhibitor {e.g., Y-27632 or Thiazovivin) of about 2.5
uM.

{62271 In some embodiments, the cells are further contacted with a water-soluble synthetic
polymer. In some embodiments, the water-soluble synthetic polymer is polyvinyl alcohol. In
some cases, the polyvinyl alcohol is at least 78% hydrolyzed, e.g., 79-81% hydrolyzed, 87-89%
hydrolyzed, 87-90%6 hydrolyzed, or 99% hydrolyzed. In some embodiments, the polyvinyl
alcobol (PVA}is 78%6, 79%, 80%, 81%, 82%, 83%, 84%, 3%, 86%, 87%, 88%%, §9%, 90%,
1%, 92%, 93%%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% hydrolyzed. In some embodiments,
the PVA is 80% hydrolyzed.

62281 o some embodiments, PIDX1-positive pancreatic progenitor cells can be obtained by
differentiating at least some primitive gut tube cells in 2 population into PDX1-positive
pancreatic progenitor cells, e.g., by contacting primitive gut tube cells with retinoic acid, KGF,
Santl, DMH-1, PdBUJ, thiazovivin, and Activin A, for a suitable period of time, e.g., about 1
day, about 2 days, about 3 days, or about 4 days. In some embodiments, PDX1-positive
pancreatic progenitor cells can be obtained by differentiating at least some primitive gut tube
cells in a population into PR X1-positive pancreatic progenitor cells, e.g., by contacting primitive
gut tube cells with retincic acid, KGF, Santl, DMH-1, PdBU, thiazovivin, and Activin A, for
about 2 days. In some embodiments, PDX1-positive pancreatic progenitor cells can be obtained
by differentiating at ieast some primitive gut tube cells in a population into PDX1-positive
pancreatic progenitor cells, e.g., by contacting primitive gut tube cells with retinoic acid, KGF,
Santl, DMH-1, PABU, thiazovivin, and Activin A for 1 day, followed by contacting the cells
with retinoic acid, KGF, Santl, PABU, thiazovivin, and Activin A for 1 day (in the absence of

DMH-1),
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NEXG6. {-positive Pancreatic Progenifor Cells

{82291 Aspects of the disclosure involve NKX6. 1-positive pancreatic progenitor cells, NKX6.1-
positive pancreatic progenitor cells of use herein can be derived from any source or generated in
accordance with any suitable protocol. In some aspects, PDX1-positive, NEKX6. I-negative
pancreatic progeuitor cells are differentiated to PDX1-positive, NKX6. 1-positive pancreatic
progenitor cells. In some aspects, the NK X6 1-positive pancreatic progenitor cells are further
differentiated, e.g., to Ngn3-positive endocrine progenitor cells, or insulin-positive endocrine
cells, followed by induction or maturation to SC-f cells.

{6236} In some aspects, a method of producing a NKX6&. L-positive pancreatic progenitor cell
from a PDX1-positive pancreatic progenitor cell comprises contacting a population of cells (e.g.,
under conditions that promote cell clustering and/or promoting cell survival} comprising PDX1-
positive pancreatic progenttor cells with at least two § cell-differentiation factors comprising a}
at feast one growth factor from the fibroblast growth factor (FGF) family, b} a sonic hedgehog
pathway inhibitor, and optionally ¢} a low concentration of a retinoic acid (RA} signaling
pathway activator, to induce the differentiation of at least one PDX1-positive pancreatic
progenitor cefl in the population into NEX6. 1-positive pancreatic progenitor cells, wherein the
NK X6 1-posttive pancreatic progenitor cells expresses NKX6.1.

10231} In some embodiments, the PDX1-positive, NKX6.1-positive pancreatic progenitor celis
are obtained by contacting PDX1-positive pancreatic progenitor cells with 1) at least one growth
factor from the FGF family, 11) at least one SHH pathway inhibitor, and optionally i1y a RA
signaling pathway activator, to induce the differentiation of at feast some of the PDX1-positive
pancreatic progenitor cells into PDX1-positive, NKX6. 1-positive pancreatic progenitor cells,
whergin the PDX1-positive, NK X6 I- positive pancreatic progenitor cells express PDX1 and
{6232} In some embodiments, the PDX -positive, NKX6. 1-positive pancreatic progenitor cells
are obtained by contacting PDX1-positive pancreatic progenitor cells with 1} at least one growth
factor from the FGF family, i) at least one SHH pathway inhibitor, and optionally i) a RA
signaling pathway activator, iv) RQCK ishibitor, and v} at feast one growth factor from the TGF-
B superfamily, to induce the differentiation of at least some of the PDX1-positive pancreatic
progenitor cells into PDX1-positive, NKX6.1-positive pancreatic progenitor cells. In some

embodiments, following 3, 4, or § days of contacting the PDX 1-positive, NI X6. 1-positive
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pancreatic progenitor cells are obtained by contacting PDX1-positive pancreatic progenitor cells
with 1) at least one growth factor from the FGF family, 1) at least one SHH pathway inhibitor,
and optionally it} a RA signaling pathway activator, ivy ROCK inhibitor, and v} at least one
growth factor from the TGF-B superfamily; the cells are then contacted with 1} at least one
growth factor froro the FGF fanuly, 1) at least one SHH pathway inhibitor, and eptionally i} a
RA signaling pathway activator, iv) ROCK inhibitor, and v} at least one growth factor from the
TGF-B superfamily, and vi) a PKC activator and optionally a gamma-secretase inhibitor. lo
some embodiments, the PDX1-positive, NKX6. 1-positive pancreatic progenitor cells are
obtained by contacting PDX1-positive pancreatic progenitor cells under conditions that promote
cell clustering with at least one growth factor from the FGF family. In some embodiments, the
growth factor from the FGF family 1s KGF.

{8233} In some embodiments, the disclosure provides for a method in which a first population of
cells comprising PDX1-positive, NKX6. 1-negative cells is cultured in a media comprising any
one or combination of’ 1) at least one growth factor from the FGF family, 1) at least one SHH
pathway inhibitor, 1it) a RA signaling pathway activator, iv) a ROCK inhibitor, and v} a growth
factor from the TGF-§ superfamily for a period of about 1, 2, 3, 4 or § days (e.g., 2-4, 3-4, or 4-5
days), thereby generating a second population of cells. In some embodiments, the second
population of cells is then incubated in a composition comprising any one or combination of: i)
at feast one growtl factor from the FGFE family, 1) at ieast one SHH pathway inhibitor, 111} a RA
signaling pathway activator, 1v) a ROCK inhibitor, v) a growth factor from the TGF-§
superfamily, vi) a PKC activator, vii) a FoxO1 ionhibitor, and optionally viii) a notch signaling
inhibitor for about 1, 2, or 3 days (e.g., 1-2, 1-3, or 2-3 days).

{0234} In some embodiments, in the media for culturing the first population of cells, the growth
factor from the FGF family is present at a concentration of about 45-55 ng/mi, about 46-54
ng/ml, about 47-53 ng/mi, about 48-52 ng/mi, or about 49-51 ng/mi, the SHH pathway inhibitor
is present at a concentration of about 200-300 oM, about 220-280 oM, or about 240-260 nM, the
RA signaling pathhway activator is present at a concentration of about 1.7-2.3 uM, about 1.8-2.2
uM, or about 1.9-2.1 pM, the ROCK inhibitor is present at a concentration of about 2-3 uM,
about 2.2-2.8 uM, or about 2.4-2.6 uM, and/or the growth factor from the TGF-§ superfamily is

present at a concentration of about 2-8 ng/ml, about 3-7 ng/ml or about 4-6 ng/ml.
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{06235} In some embodiments, in the media for culturing the second population of cells, the
growth factor from the FGF family is present at a concentration of about 45-55 ng/mi, about 46-
54 ng/mi, about 47-53 ng/ml, about 48-52 ng/mi, or about 49-51 ng/ml, the SHH pathway
inhibitor is present at a concentration of about 200-300 nM, about 220-280 nM, or about 240-260
nM, the RA signaling pathway activator is present at a concentration of about 1.7-2.3 pM, about
1.8-2.2 uM, or about 1.9-2.1 uM, the ROCK inhibitor is present at a concentration of about 2-3
uM, about 2.2-2.8 uM, or about 2.4-2.6 uM, the growth factor from the TGF-§ superfamily is
present at a concentration of 2 about -8 ng/ml, about 3-7 ng/ml or about 4-6 ng/ml, the PKC
activator is present at a concentration of about 0.2-0.8 uM, about 0.3-0.7 uM, or about 0.4-0.6
uM, and the FoxO1 inhibitor is present af a concentration of about 0.7-1.3 uM, about 0.8-1.2
uM, or about 0.9-1.1 uM, and optionally the notch signaling inhibitor is present at a
concentration of about 1.7-2.3 uM, about 1.8-2.2 uM, or about 1.9-2.1 pM.

102361 In some embodiments, the PDX 1-positive pancreatic progenitor cells are produced trom a
population of pluripotent cells. lu sorme embodiments, the PDXX1-positive pancreatic progenitor
cells are produced from a population of iPS cells. In some embeodiments, the PDX1-positive
pauncreatic progenitor cells are produced from a population of ESC cells. In some embodiments,
the PDX1-positive pancreatic progenitor cells are produced from a population of definitive
endoderm cells. In some embodiments, the PDX1-positive pancreatic progenitor cells are
produced from a population of primitive gut tube cells.

{0237} Any growth factor from the FGF family capable of inducing PDX 1 -positive pancreatic
progenitor cefls to differentiate into NKX6. I -positive pancreatic progenitor cells (e.g., alone, or
with any combination of at least one SHH pathway inhibitor, a ROCK inhibitor, a growth factor
from the TGF-f superfamily, and at least ove retinoic acid signaling pathway activator) can be
used in the method provided herein. In some embodiments, the at least one growth factor from
the FGF family comprises keratinocyte growth factor (KGF). In some embodiments, the at least
one growth factor from the FGF family is selected from the group consisting of FGF8B, FGF 10,
and FGF21. In some examples, the method comprises contacting PDXX1-positive pancreatic
progenitor cells with a concentration of a growth factor from FGF family {e.g., KGF), such as,
about 10 ng/ml., about 20 ng/mi., about 30 ng/mL., about 75 ng/ml., about 80 ng/mk., about 90
ng/ml., about 95 ng/ml., about 100 ng/ml, about 110 ng/mL, about 120 ng/ml., about 130

ag/ml, about 140 ng/mb, about 150 ng/mL, about 175 ng/mL, about 180 ng/mi., about 200
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ng/ml., about 250 ng/mi., or about 300 ng/ml.. In some examples, the method comprises
contacting PDX 1-positive pancreatic progenitor cells with a concentration of a growth factor
from FGF family {e.g, KGF), such as, about 20-80 ng/ml, about 30-70 ng/mi, about 40-60
ag/ml, or about 45-55 ng/ml. In some examples, the method comprises contacting PDX1-
positive pancreatic progenitor cells with a concentration of a growth factor from FGF family
{e.g., KGF) of about 50 ng/ml.

{8238} Any SHH patbway inhibitor capable of inducing PDX1-positive pancreatic progenitor
cells to differentiate into NKX0. 1-positive pancreatic progenitor cells {e.g., alone, or with any
combination of at least one growth factor from the FGF family, a retinoic acid signaling pathway
activator, ROCK inhibitor, and at least one growth factor from the TGF-B superfamily) can be
used in the method provided herein. In some embodiments, the SHH pathway inhibitor
comprises Santl. ln some examples, the method comprises contacting PIXX1-positive pancreatic
progenitor cells with a concentration of a SHH pathway inhibitor {e.g., Santl}, such as, about
0.001 uM, about 0.002 uM, about 0.005 uM, about 0.01 uM, about 0.02 pM, about 0.03uM,
about 0.05uM, about 0.08 uM, about 0.1uM, about .12 pM, about .13 M, about 0.14 uM,
about 0.15 uM, about 0.16 uM, about .17 pM, about 0.18 uM, about 0.19 uM, about 0.2 uM,
about 0.21uM, about 0.22uM, about 0.23uM, about 0.24 uM, about 0.25 pM, about 0.26 uM,
about 0.27 uM, about 0.28 uM, about 0.29 pM, about 0.3 uM, about .31 pM, about 0.32 uM,
about 0.33 uM, about 0.34 uM, about 0.35 uM, about 0.4 uM, about 0.45 uM, about 0.5 M,
about 0.6 pM, about 0.8 pM, about T uM, about 2 uM, or about 5 uM. In some examples, the
method comprises contacting PDX1-positive pancreatic progenitor cells with a concentration of
a SHH pathway inhibitor (e.g., Santl), such as, about 220-280 nM, about 230-270 nM, about
240-260 nM, or about 245-255 nM. In some examples, the method comprises contacting PDX1-
positive pancreatic progenitor cells with a concentration of a SHH pathway inhibitor {(e.g., Santl)
of about 250 nM.

{823%] Anv RA signaling pathway activator capable of inducing PDX1-positive pancreatic
progenitor cells to differentiate into NKX6. 1-positive pancreatic progenitor cells {e.g., alone, or
with any combination of at least one growth factor from the FGF family, at least one SHH
pathway inhibitor, ROCK inhibitor, and at least one growth factor from the TGF-f} superfamily)
can be used. In sore embodirnents, the RA sigualing pathway activator coroprises retinoic acid.

In some examples, the method comprises contacting PDYX1-positive pancreatic progenitor cells
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with a concentration of an RA signaling pathway activator (e.g., retinoic acid), such as, about
0.02 uM, about 0. 1uM, about 0.2 uM, about 0.25 pM, about 0.3 uM, about 8.4 uM, about 0.45
uM, about 0.5 uM, about 0.55 uM, about 0.6 uM, about 0.65 uM, about 0.7 uM, about 0.75 ud,
about 0.8 pM, about 0.85 uM, about 0.9 uM, about 1 uM, sbout 1.1 uM, about 1.2 puM, about
1.3 uM, about 1.4 uM, about 1.5 uM, about 1.6 uM, about 1.7 uM, about 1.8 pM, about 1.9 uM,
about 2 uM, about 2.1 pM, about 2.2 uM, about 2.3 uM, about 2.4 uM, about 2.5 uM, about 2.6
uM, about 2.7 uM, about 2.8 uM, about 3 M, about 3 2 pM, about 3 4 pM, about 3.6 pM,
about 3.8 M, about 4 pM, about 4.2 uM, about 4.4 uM, about 4.6 uM, about 4.8 uM, about 3
uM, about 5.5 uM, about ¢ uM, about 6.5 uM, about 7 uM, about 7.5 uM, about 8 uM, about
&.5 uM, about 9 uM, about 9.5 uM, about 16 uM, about 12 uM, about 14 ud, about 15 uM,
about 16 1M, about 18 pM, about 20 pM, about SC pM, or about 100 uM. In some examples,
the method comprises contacting PDX1-positive pancreatic progenitor cells with a concentration
of an RA signaling pathway activator {e.g., retinoic acid), such as, about 70-130 nM, about 80~
120 nM, about 90-110 oM, or about 95-105 nM. In some examples, the method comprises
contacting PDX1-positive pancreatic progenitor cells with a concentration of an RA signaling
pathway activator {e.g., retivoic acid) of about 100 nM.

{82481 Any ROCK inhibitor capable of inducing PR X1 -positive pancreatic progenitor cells to
differentiate into NKX6. 1-positive pancreatic progenitor cells (e.g, alone, or with any
combination of at least one growth factor from the FGF family, at least one SHH pathway
inhibitor, a RA signaling pathway activator, and at least one growth factor from the TGF-p
superfamily) can be used. In some embodiments, the ROCK inhibitor comprises Thiazovivin, Y-
27632, Fasudil/HA1077, or 14-1152. In some examples, the method comprises contacting
PDX1-positive pancreatic progenitor cells with a concentration of a ROCK inhibitor {e.g., Y-
27632 or Thiazovivin), such as, about 0.2 uM, about 0.5 uM, about 0.75 uM, about I M, about
2 uM, about 3 uM, about 4 uM, about 5 yM, about 6 M, about 7 pM, about 7.5 uM, about 8
uM, about 9 uM, about 16 pM, about 11 uM, about 12 M, about 13 uM, about 14 pM, about
15 M, about 16 pM, about 17 uM, about 18 uM, about 19 uM, about 20 uM, about 21 uM,
about 22 uM, about 23 pM, about 24 puM, about 25 uM, about 26 uM, about 27 uM, about 28
uM, about 29 M, about 30 uM, about 35 uM, about 40 uM, about 50 uM, or about 100 uM. In
some examples, the method comprises contacting PDX 1-positive pancreatic progeunitor cells with

a concentration of a ROCK inhibitor (e.g., Y-27632 or Thiazovivin}, such as, about 2.2-2.8 pM,
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about 2.3-2.7 uM, or about 2.4-2.6 uM. In some examples, the method comprises contacting
PDX1-positive pancreatic progenitor cells with a concentration of a ROCK inhibitor {e.g., Y-
27632 or Thiazovivin) of about 2.5 uM.

{8241} Any activator from the TGF-J superfamily capable of inducing PDX1-positive pancreatic
progenttor cells to differentiate into NKX6. I-posttive pancreatic progenitor cells {e.g., alone, or
with any combination of at least one growth factor from the FGF family, at least one SHH
pathway inhibitor, a RA signaling pathway activator, and ROCK inhibitor) can be used. In some
embodiments, the activator from the TGF-p superfamily comprises Activin A or GDFB. In some
examples, the method comprises contacting PDX -positive pancreatic progenitor cells with a
concentration of a growth factor from TGF-§ superfamily (e.g., Activin A}, such as, about 0.1
ng/mL, about 0.2 ng/mL, about 0.3 ng/mL, about 0.4 ng/mL, about 0.5 ng/mL, about 8.6 ng/mL,

about 0.7 ng/mL., about 0.8 ng/mL, about 1 ng/mL, about 1.2 ng/mi., about 1.4 ng/mi., about 1.6

ng/mb, about 1.8 ng/ml., about 2 ng/mL, about 2.2 ng/ml.. about 2.4 ng/mi., about 2.6 ng/mL,
about 2.8 ng/mL, about 3 ng/mL, about 3.2 ng/ml., about 3.4 ng/ml, about 3.6 ng/mL, about 3.8
ng/mL, about 4 ng/mL, about 4.2 ng/mL, about 4.4 ng/mL, about 4.6 ng/mL, about 4.8 ng/mi,
about 5 ng/ml. about 5.2 ng/ml, aboui $.4 ng/mL, about 5.6 ng/ml, about 5.8 ng/ml., about 6
ng/ml., about 6.2 ng/ml., about 6.4 ng/mL, about 6.6 ng/mk, about 6.8 ng/mL, about 7 ng/mk,
about 8 ng/mL, about 9 ng/mL, about 10 ng/mL, about 20 ng/mL, about 30 ng/mL, or about 50
ng/ml. In some examples, the method comprises contacting PDX1-positive pancreatic
progenitor cells with a concentration of a growth factor from TGF- superfamily {e.g., Activin
A), such as, about 2-8 ng/ml, about 3-7 ng/ml, about 4-6 ng/ml, or about 4.5-5.5 ng/ml. In some
examples, the method comprises contacting PDX 1 -positive pancreatic progenitor cells with a
concentration of a growth factor from TGF-P superfamily {e.g., Activin A), such as, about 5
ng/ml.

{0242} Any FoxO1 inhibitor capable of inducing PDX1-positive pancreatic progenitor cells to
differentiate tnto NKX6. I-positive pancreatic progenitor cells (e.g., alone, or with any
combination of at least one growth factor from the FGF family, at least one retinoic acid
signaling pathway activator, ROCK inhibitor, at least one growth factor from the TGF-p
superfamily, PKC activator, and Notch signaling inhibitor) can be used in the method provided
herein. In some embodiments, the FoxO1 inhibitor is AS1842856. In some examples, the

method comprises contacting PDX1-posttive pancreatic progenitor cells with a concentration of

o
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a Fox(O1 inhibitor (e.g., ASTB42856}, such as, about 0. 1M, about .12 M, abowt 6.13 pM,
about 0.14 uM, about 0.15 uM, about 0.16 pM, about 0.17 uM, about 0.18 uM, about 0.19 uM,
about 0.2 uM, about 0.21uM, about 0.22uM, about 0.23uM, about 0.24 uM, about 0.25 pM,
about 0.26 1M, about 0.27 uM, about 0.28 pM, about 0.29 uM, about 0.3 uM, about 0.31 uM,
about 0.32 uM, about 0.33 uM, about 0.34 pM, about 0.35 uM, about 0.4 pM, about 0.45 uM,
about 0.5 pM, about 0.6 pM, about 0.8 uM, about 1 uM, about 2 pM, or about 5 uM. In some
examples, the method cormprises contacting PDX1-positive pancreatic progenitor cells with a
concentration of a Fox(O1 inhibitor {e.g., AS1842856), such as, about 0.7-1.3 uM, about 0.8-1.2
uM, about or 0.9-1.1 M. In some examples, the method comprises contacting PDX 1-positive
pancreatic progenttor cells with a concentration of a Fox(O1 inhibitor (e.g., AS1842856}, such as,
about 1 M.

{8243} Any PKC activator capable of inducing PIXX1-positive pancreatic progenitor cells to
differentiate into NKX6 1-positive pancreatic progenitor cells (e.g., alone, or with any
combination of at least one growth factor from the FGF family, at least one retinoic acid
signaling pathway activator, ROCK inhibitor, at least one growth factor from the TGF-§
superfamily, FoxO1 inhibitor, and Notch signaling inhibitor) can be used in the method provided
herein. In some embodiments, the PKC activator is PDBU. In some examples, the method
comprises contacting PDX1-positive pancreatic progenitor celis with a concentration of a PKC
activator {(e.g., PDBU), such as, about 0.1uM, about 0.12 puM, about 0.13 puM, about 0.14 ub,
about 015 uM, about 0.16 uM, about 0.17 pM, about 0.18 uM, about 0.19 uM, about 0.2 uM,
about 0 21pM, about 0.22uM, about 0.23uM, about 0.24 uM, about 0.25 pM, about 0.26 uM,
about 0.27 uM, about 0.28 uM, about 0.29 M, about 0.3 uM, about 0.31 uM, about 0.32 uM,
about 0.33 uM, about 0.34 M, about 0.35 uM, about 0.4 uM, about 0.45 uM, about 0.5 pM,
about 0.6 pM, about 0.8 uM, about | pM, about 2 pM, or about 5 uM. In some examples, the
method comprises contacting PDX1-positive pancrestic progenitor cells with a concentration of
a PKC activator {e.g., PDBU), such as, about 6.2-0.8 uM, about 0.3-0.7 uM, about 0.4-6.6 uM.
In some examples, the method comprises contacting PDX 1-positive pancreatic progenitor cells
with a concentration of a PKC activator (e.g., PDBU), such as, about 0.5 uM.

{06244} Any Notch signaling inhibitor capable of inducing PDX1-positive pancreatic progenitor
cells to differentiate into NKX6. T-positive pancreatic progenitor cells (e.g., alone, or with any

combination of at least one growth factor from the FGF family, at least one retinoic acid
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signaling pathway activator, ROCK inhibttor, at least one growth factor from the TGF-B
superfamily, FoxO1 inhibitor, and PKC activator) can be used in the methed provided herein. In
some embodiments, the Notch signaling inhibitor is XX1. In some examples, the method
comprises contacting PDX1-positive pancreatic progenitor cells with a concentration of a Notch
signaling tohibutor {e.g., XX1), such as, about 0.1pM, about 0.12 uM, about 0.13 pM, about 0.14
uM, about 0.15 uM, about 0.16 uM, about 0.17 M, about 0.18 pM, about 0.19 uM, about 0.2
uM, about 021 pM, about 8.22 uM, about 6.23 pM, about 0.24 uM, about 0.25 uM, about .26
uM, about 6.27 uM, about 0.28 uM, about 0.29 uM, about 0.3 uM, about 0.31 pM, about 0.32

>

uM, about 0.33 pM, about 0.34 uM, about .35 pM, about 0.4 pM, about 0.45 uM, about 0.5
M, about 6.6 uM, about 0.8 uM, about 1 uM, about 2 uM, or about 5 uM. In some examples,
the method comprises contacting PDX 1 -positive pancreatic progenitor cells with a concentration
of a Notch signaling inhibitor {e.g., XX1), such as, about 1.7-2.3 uM, about 1.8-2.2 uM, or about
1.9- 2.1 M. In some examples, the method comprises contacting PDX1-positive pancreatic
progenitor cells with a concentration of a Notch signaling inhibitor {e.g., XX1), such as, about 2
uM.

{8245} lov some embodiments, the cells are further contacted with a water-soluble synthetic
polymer. In some embodiments, the water-soluble synthetic polymer is polyvinyi alcobol. In
some cases, the polyvinyl alcohol is at least 78% hydrolvzed, e.g., 79-81% hydrolyzed, 87-89%
hydrolyzed, 87-90% hydrolvzed, or 99% hydrolyzed. In some embodiments, the polyvinyi
alcohol (PVA) s 78%, 79%, 80%, §1%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
1%, 92%, 93%, 94%, 95°%, 96%, 97%, 98%, 99%, or 100% hydrolyzed. In some erubodiments,
the PV A is 80% hydrolyzed.

{8246} In some embodiments, the PDX1-positive, NKX6.1-positive pancreatic progenitor celis
are gbtained by contacting PDX1-positive pancreatic progenitor cells under conditions that
promote cell clustering with KGF, Santl, and RA, for a peried of 5 days or 6 days. In some
embodiments, the PDX1-positive, NKX6. 1-positive pancreatic progenitor cells are obtained by
contacting PDX1-positive pancreatic progenitor cells under conditions that promote cell
clustering with KGF, Santl, RA, thiazovivin, and Activin A, for a period of 5 or 6 days. In some
embodiments, the PDX1-positive, NKX6.1-positive pancreatic progenitor cells are obtained by
coutacting PDX 1-positive pancreatic progenitor cells under conditions that promote cell

clustering with KGF for a period of 5 days. In some embodiments, the PDX1-positive, NKX6.1-
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positive pancreatic progenitor cells are obtained by contacting PDX 1-positive pancreatic
progenitor cells under conditions that promote cell clustering with KGF for a period of 6 days.
In some embodiments, the PDX 1-positive, NK X6 1-positive pancreatic progenitor cells are
obtained by: a) contacting PDX1-positive pancreatic progenitor cells with KKGF, Santl, RA,
thiazovivin, and Activin A, for a period of 3, 4 or 5 days {e.g., 4 days), followed by, b}
contacting the cells of a) with PDBU, XX, KGF, Santl, RA, thiazovivin, and Activin A and

optionally AS1842856 for a period of 1, 2 or 3 days {e.g., 2 days).

Insulin-positive Endocrine Cells

16247} Aspects of the disclosure involve insulin-positive endocrine cells {e.g., NKX6.1-positive,
ISL1-positive cells, or B-like cells) and additional methods of generating insulin-positive
endocrine cells. Insulin-positive endocrine cells of use herein can be derived from any source or
generated in accordance with any suitable protocol. In some aspects, NKX6 1-positive
pancreatic progeunitor cells are differentiated to jusulin-positive endocrine celis {e.g., NKX6.1-
positive, {SL1-positive cells, or B-like cells). In some aspects, the insulin-positive endocrine
cells are further differentiated, e.g., by induction or maturation to SC- cells.

{6248} o some aspects, a method of producing an insulin-positive endocrine cell from an
NKX6.1-posttive pancreatic progenttor cell comprises contacting a population of cells {e.g,,
under conditions that promote cell clustering) comprising NKX&-J-positive pancreatic progenitor
cells with a) a TGF-B signaling pathway inhibitor, b) a thyroid hormone signaling pathway
activator, , ¢ a BMP pathway inhibitor, and/or d) a protein kinase inhibitor to induce the
differentiation of at least one NK X6.1-positive pancreatic progenitor cel in the population into
an insulin-positive endocrine cell, wherein the insulin-positive endocrine ceil expresses insulin.
In some embodiments, insulin-positive endocrine cells express PDX1, NKX6.1, ISL1, NKX2.2,
Mafb, glis3, Surl, Kir6. 2, Znt§, SLC2AL, SLC2A3 and/or insulin.

{824%9] Any TGF-p signaling pathway inhibitor capable of inducing the differentiation of
NKX06. I-positive pancreatic progentior cells to differentiate into insulin-positive endocrine cells
{e.g.. alone, or in combination with other § cell-differentiation factors, e.g, a thyroid hormone
signaling pathway activator) can be used. In some embodiments, the TGF- signaling pathway
comprises TGF-B receptor type I kinase signaling. In some embodiments, the TGF- signaling

pathway inhibitor comprises AlkS inhibitor {1 In some examples, the method comprises
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contacting NKX06. 1-positive pancreatic progenitor cells with a concentration of a TGF-J
signaling pathway inhibitor {e.g., AlkS inhibitor such as AlkS inhibitor ), such as, about 0.1
uM, about 0.5 uM, about T uM, about 1.5 uM, about 2 uM, about 2.5 pM, about 3 uM, about
3.5 uM, about 4 uM, about 4.5 pM, about S pM, about 5.5 uM, about 6 uM, about 6.5 pM,
about 7 uM, about 7.5 pM, about 8 uM, about 8.5 pM, about 9 pM, about 9.5 uM, about 10 M,
about 10.5 uM, about 11 uM, about 11.5 pM, about 12 uM, about 12.5 uM, about 13 uM, about
13.5 uM, about 14 uM, about 14.5 uM, about 15 uM, about 15.5 uM, about 16 uM, about 16.5
uM, about 17 uM, about 17.5 M, about 18 uM, about 18.53uM, about 19 uM, about 19.5 M,
about 20 uM, about 25 pM, about 30 pM, about 35 pM, about 406 uM, about 45 uM, or about 50
uM. In some examples, the method comprises contacting NKX6.1-positive pancreatic
progenitor cells with & concentration of a TGF-B signaling pathway tnhibitor {e.g., AlkS inhibitor
such as AlkS inhibitor 11}, such as, about 7-13 uM, about 8-12 uM, about 9-11 uM. In some
examples, the method comprises contacting NKX6.1-positive pancreatic progenitor cells with a
concentration of a TGF-P signaling pathway inhibitor (e.g., AlkS inhibitor such as AlKS inhibitor
11}, such as, about 10 pM.

{8256} Any thyroid hormone signaling pathway activaior capable of inducing the differentiation
of NK X0, 1-positive pancreatic progenitor cells to differeniiate into insulin-positive endocrine
cells {e.g., alone, or in combination with other § cell-differentiation factors, e.g, a TGF-f
signaling pathway inhibitor) can be used. In some embodiments, the thyroid bormone signaling
pathway activator comprises triiodothyronine (T3}, In some embodiments, the thyroid hormone
signaling pathway activator comprises GC-1. In some examples, the method compnises
contacting NK X6, 1-positive pancreatic progenitor cells with a concentration of thyroid hormone
signaling pathway activator {e.g., GC-1), such as, about 0. 1uM, about 0.12 uM, about 8.13 uM,
about 0.14 uM, about 0.15 uM, about 0.16 uM, about 0.17 M, about 0.18 pM, about 0.19 uM,
about 0.2 pM, about 0.21uM, about 0.22uM, about 0.23pM, about 0.24 uM, about 0.25 uM,
about 0.26 uM, about 0.27 uM, about 0.28 pM, about 0.29 uM, about 0.3 uM, about 0.31 ub,
about 0.32 uM, about 0.33 uM, about 0.34 pM, about 0.35 uM, about 0.4 uM, about 0.45 uM,
about 0.5 pM, about 0.6 uM, about 0.8 uM, about 1 uM, about 2 pM, or about 5 yM. In some
examples, the method comprises contacting NK X6 1-positive pancreatic progenitor cells with a
coucentration of thyroid hormone signaling pathway activator {e.g., GC-1), such as, about 0.7-

1.3 uM, about 0.8-1.2 pM, or about 0.9-1.1 uM. In some examples, the method comprises
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contacting NKX6.1-positive pancreatic progenitor cells with a concentration of thyroid hormione
signaling pathway activator {e.g., GC-1), such as, about 1 pM.

{02511 In some embodiments, the method comprises contacting the population of cells {e.g.,
NKXo6. I-positive pancreatic progenitor cells) with at least one additional factor. In some
emnbodiments, the method comprises contacting the PDX T-posttive NKX6. L-positive pancreatic
progenitor cells with at least one of i} a SHH pathway inhibitor, i1} a v-secretase inhibitor, 1ii) at
teast one growth factor from the epidermal growth factor (EGF) family, iv) a TGF-f signaling
pathway inhibitor, or vit} a thyrotd hormone signaling pathway activator. In some embodiments,
the method comprises contacting the population of cells (e.g, NKX6. 1-positive pancreatic
progenitor cells) with at least one additional factor. In some embodiments, the method
comprises contacting the PDX 1-positive NKX6. 1-positive pancreatic progenitor cells with at
feast one of i} a SHH pathway inhibitor, i1) 2 RA signaling pathway activator, 11} a y-secretase
inhibitor, iv) at least one growth factor from the epidermal growth factor (EGF) family, v)a
protein kinase inhibitor, vi} a TGF-B signaling pathway inhibitor, vii) a thyrotd hormone
signaling pathway activator, viii} a wnt signaling pathway inhibitor, or ix) a PKC activator.
{82521 luv some embodiments, the method comprises contacting the PDXX1-positive NKX6.1-
positive pancreatic progenitor cells with at [east one of 1) a SHH pathway inbibitor, i1} a RA
signaling pathway activator, i11) a y-secretase inhibitor, iv} at least one growth factor from the
epidermal growth factor (EGF) family, v) at least one bone morphogeunetic protein (BMP)
signaling pathway inhibitor, vi) a TGF-P signaling pathway inhibitor, vii) a thyroid hormone
signaling pathway activator, viil} a protein kinase inhibitor, or ix) a ROCK inhibitor.

82531 In some embodiments, the method comprises contacting the PDXX1-positive NKX6.1-
positive pancreatic progenitor cells with at least one of 1) a SHH pathway inhibitor, i} a RA
signaling pathway activator, 1ii) a v-secretase inhibitor, iv) at least one growth factor from the
eptdermal growth factor (EGF) family, v) at least one bone morphogenetic protein (BMP)
signaling pathway inhibitor, vi} a TGF-B signaling pathway inhibitor, vii) a thyroid hotmone
signaling pathway activator, viii) an epigenctic modifying compound, ix} a protein kinase
inhibitor, or x} a ROCK inhibitor. In some embodiments, the method comprises contacting the
PDX1-positive, NKX6.1-positive pancreatic progenitor cells in a culture with a 1) a SHH
pathway inhibitor, i1} a RA signaling pathway activator, it1) a y-secretase inhibitor, iv) at least

one growth factor from the epidermal growth factor (EGF) family, v} at least one bone
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morphogenetic protein {BMP) signaling pathway inhibitor, vi} a TGF- signaling pathway
inhibitor, vii} a thyroid hormone signaling pathway activator, viii} an epigenctic modifying
compound, ix} a protein kinase inhibitor, x3 3 ROCK inhibitor, xi) a PKC activator and xii} a
Wnt signaling pathway tahibitor for 1, 2, or 3 days (e.g., 1-2, 1-3, or 2-3 days), and then
contacting the cells 1n the culture with 1} a y-secretase inhibitor, 1) at least one growth factor
from the epidermal growth factor (EGF) family, 111) at least one bone morphogenetic protein
(BMP) signaling pathway inhibitor, iv) a TGF-§ signaling pathway inhibitor, v} a thyroid
hormone signaling pathway activator, vi) an epigenetic modifying compound, vii) a protein
kinase inhibitor, and viit} a ROCK inhibitor for a period of 1, 2, 3, 4, 5, 6, or 7 days (e.g., 1-7, i~
5, 1-3, 3-7, 3-5, 5-7, or 4-6 days) in the absence of a SHH pathway inhibitor, a RA signaling
pathway activator, a Wt signaling pathway inhibitor, PKC activator, and/or growth factor trom
the epidermal growth factor (EGF) family.

10254} In some embodiments, in the method of generating the insulin-positive endocrine cells
from the PDX 1-positive NKX6. 1-postive pancreatic progenitor cells, some of the differentiation
factors are present onlv for the first 1, 2, 3, 4, or 3 days during the differentiation step. In some
embodiments, some of the differentiation factors, such as the SHH pathway inhibitor, the RA
signaling pathway activator, the PRC activator, and the at [east one growth factor from the EGY
family are removed from the culture medium after the first 1, 2, or 3 days of incubation.

10255} Any v-secretase inhibitor that is capable of inducing the differentiation of NKX6.1~
positive pancreatic progenitor cells in a population into insulin-positive endocrine cells {e.g.,
alone, ot in combination with any of a TGF-§ signaling pathway tnhibitor and/or a thyrord
hormone signaling pathway activator) can be used. In some embodiments, the y-secretase
inhibitor comprises XX1 In some embodiments, the y-secretase inhibitor comprises DAPT. In
some examples, the method comprises contacting NKX06.1-posttive pancreatic progenitor cells
with a concentration of a y-secretase inhibitor {e.g., XX1), such as, about 0.01 uM, about .02
uM, about 0.05 pM, about 8.075 uM, about 0.1 pM, about 0.2 M, about 0.3 uM, about 0.4 uM,
about 0.5 pM, about 0.6 uM, about 0.7 uM, about 0.8 uM, about 0.9 pM, about 1 uM, about 1.1
uM, about 1.2 gM, about 1.3 gMM, about 1.4 uM, about 1.5 uM, about 1.6 uM, about 1.7 pM,
about 1.8 pM, about 1.9 uM, about 2 pM, about 2.1 uM, about 2.2 uM, about 2.3 uM, about 2.4
uM, about 2.5 uM, about 2.6 ud, about 2.7 ub, about 2.8 pM, about 2.9 uM, about 3 pM,
about 3.2 pM, about 3.4 uM, about 3.6 uM, about 3.8 uM, about 4 uM, about 4.2 uM, about 4.4
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uM, about 4.6 uM, about 4.8 uM, about 5 oM, about 5.2 pM, about 5.4 pM, about 5.6 pM,
about 5 8 pM, about 6 pM, about 6.2 pM, about 6.4 uM, about 6.6 uM, about 6.8 uM, about 7
uM, about 8 uM, about 9 pM, about 10 uM, about 20 uM, about 30 uM, or about 30 uM. In
some examples, the method comprises contacting NKX6 1-positive pancreatic progenitor cells
with a concentration of a y-secretase whibitor {e.g, XX1), such as, about 1.7-2 3 uM, about 1 8-
2.2 uM, or about 1.9-2.1 uM. In some examples, the method comprises contacting NKX6.1-
positive pancreatic progenitor cells with a concentration of a y-secretase inhibitor (e.g., XXI},
such as about 2 pM.

{0286} Any growth factor from the EGF family capable of inducing the differentiation of
NKX6.1-positive pancreatic progenttor cells in a population into insulin-positive endocrine cells
{e.z., alone, or in combination with any of a TGF-B signaling pathway inhibitor and/or a thyroid
hormone signaling pathway activator) can be used. In some embodiments, the at least one
growth factor from the EGE family comprises betacellulin. In some embodiments, at least one
growth factor from the EGF family comprises EGF. In some examples, the method comprises
contacting NKX0.1-positive pancreatic progenitor cells with a concentration of a growth factor
from EGF family {e.g., betacellulin), such as, about 1 ng/ml., about 2 ng/ml., about 4 ng/ml,,
about 6 ng/ml, about 8 ng/ml., about 10 ng/mL, about 12 ng/mi., about 14 ng/mL, about 16
ag/mL, about 18 ng/mL, about 20 ng/mL, sbout 22 ng/mL, about 24 ng/mL, about 26 ng/mL,
about 28 ng/ml., about 30 ng/mL, about 40 ng/ml., about 50 ng/mL., about 75 ng/mi., about 830
ng/mL, about 90 ng/mL, about 95 ng/mL, about 100 ng/mL, about 150 ng/mL, about 200 ng/mL,
about 250 ng/mk, or about 300 ng/mL. o some examples, the method comprises contacting
NKXo6. t-positive pancreatic progenitor cells with a concentration of a growth factor from EGF
family {e.g.. betacetlulin}, such as, about 17-23 ng/ml, about 18-22 ng/ml, or about 19-21 ng/ml.
In some examples, the method comprises contacting NK X6, 1-positive pancreatic progenitor cells
with a concentration of a growth factor from EGF family {e.g., betacellulin), such as, about 20
ng/mi.

8237} Any RA signaling pathway activator capable of inducing the differentiation of NKX6.1-
positive pancreatic progenitor cells to differentiate into insulin-positive endocrine cells (e.g.,
alone, or in combination with any of a TGF-} signaling pathway inhibitor and/or a thyrotd
hormone signaling pathway activator) can be used. In some embodiments, the RA signaling

pathway activator comprises RA. In some examples, the method comprises contacting NKX6.1-
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positive pancreatic progenitor cells with a concentration of an RA signaling pathway activator
{e.g., retinoic acid), such as, about 0.02 uM, about 0.05 uM, about 0.1uM, about 0.2 uM, about
0.25 uM, about 0.3 uM, about 0.4 uM, about 0.45 uM, about 0.5 uM, about 0.55 pM, about 0.6
uM, about 0.65 pM, about 0.7 yM, about 0.75 uM, about 0.8 uM, about 0.85 uM, about 0.9 uM,
about 1 uM, about 1.1 pM, about 1.2 uM, about 1.3 uM, about 1.4 uM, about 1.5 uM, about 1.6
uM, about 1.7 uM, about 1.8 uM, about 1.9 uM, about 2 uM, about 2.1 uM, about 2.2 pM,
about 2.3 pM, about 2 4 uM, about 2.5 uM, about 2.6 uM, about 2.7 pM, about 2.8 uM, about 3
uM, about 3.2 uM, about 3.4 uM, about 3.6 uM, about 3.8 uM, about 4 pM, about 4.2 pM,
about 4.4 pM, about 4.6 uM, about 4.8 uM, about 5 uM, about 5.5 uM, about 6 uM, about 6.3
uM, about 7 uM, about 7.5 uM, about 8 uM, about 8.5 uM, about 9 uM, about 9.5 uM, about 10
uM, about 12 uM, about 14 uM, about 15 uM, about 16 uM, about 18 uM, about 20 uM, about
50 uM, or about 100 uM. In some examples, the method comprises contacting NKX6.1-positive
pancreatic progenitor cells with a concentration of an RA signaling pathway activator {e.g.,
retinoic acid), such as, about 20-80 nM, about 30-70 nM, or about 40-60 nM. In some examples,
the method comprises contacting NKX6. 1-positive pancreatic progenitor cells with a
concentration of an RA signaling pathway activator {e.g., retinoic acid), such as, about 50 b,
pancreatic progenitor cells to differentiate into nsulin-positive endocrine cells {e.g., alone, orin
combination with any of a TGF-§ signaling pathway inhibitor and/or a thyroid hormone
signaling pathway activator) can be used in the method provided herein. In some embodiments,
the SHH pathway inhibitor comprises Santl. In some examples, the method comprises
contacting NKX6.1-positive pancreatic progenitor celis with a concentration of a SHH pathway
inhibitor {e.g,, Santl), such as, about 0.001 uM, about 0.002 uM, about 0.005 uM, about 8.01
uM, about 0.02 uM, about 0.03uM, about 0.05uM, about 0.08 uM, about 0.1pM, about 0,12
uM, about 0.13 uM, about 0.14 uM, about §.15 pM, about 0.16 uM, about 0.17 uM, about 0.18
uM, about 0.19 pM, about 0.2 M, about 0.21uM, about 0.22uM, about 0.23pM, about .24
uM, about 0.25 pM, about 0.2¢ uM, about 0.27 pM, about 0.28 pM, about 0.29 uM, about 0.3
uM, about 0.31 pM, about 032 uM, about 0.33 pM, about 0.34 pM, about 0.35 uM, about 0.4
uM, about 0.45 M, about 0.5 uM, about 0.6 uM, about 0.8 uM, about 1 uM, about 2 M, or
about 5 uM. In some examples, the method comprises coniacting NKX6.1-positive pancreatic

progenitor cells with a concentration of 2 SHH pathway inhibitor {e.g., Santl}, such as, about
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220-280 nM, about 230-270 nM, about 240-260 nM, or about 245-255 nM. In some examples,
the method comprises contacting NKX6 1-posttive pancreatic progenitor cells with a
conceniration of a SHH pathway inhibitor {e.g., Santl}, such as, about 256 oM.

[0259] Any BMP signaling pathway inhibitor capable of inducing the differentiation of NKXé 1-
positive pancreatic progenitor cells to differentiate into insulin-positive endocrine cells {e.g.,
alone, or in combination with any of a TGF- signaling pathway inhibitor and/or a thyroid
hormone signaling pathway activator) can be used. In some embodiments, the BMP signaling
pathway inhibitor comprises LDN193189 or DMH-1. In some examples, the method comprises
comacting NKX6 1-positive pancreatic progenitor cells with a concentration of BMP signaling
pathway inhibitor {e.g., LDN1931189}, such as, about 30 nM, about 40 nM, about 50 nM, about
60 oM, about 70 nM, about 80 nM, about 90 nM, about 100 nM, about 110 nM, about 120 nM,
about 130 nM, about 140 oM, about 150 oM, about 160 aM, about 170 nM, about 180 nM, about
190 nM, about 200 nM, about 210 nM, about 220 ndM, about 230 oM, about 240 nM, about 250
nM, about 280 nM, about 300 nM, about 400 nM, about SO0 nM, or about 1M, In some
examples, the method comprises contacting NKX6. 1-positive pancreatic progenitor cells with a
conceniration of BMP signaling pathway inhibitor {e.g., LDN1931139), such as, about 70-130
nM, about 80-120 oM, about 50-110 oM. In some examples, the method comprises contacting
NKX6.1-posttive pancreatic progenttor cells with a concentration of BMP signaling pathway
inhibitor (e.g,, LDN1931189), such as, about 100 nM.

{6268} Any ROCK inhibitor that is capable of inducing the differentiation of NKX6 1-positive
pancreatic progenitor cells in a population into insulin-positive endocrine cells {e.g., alone, orin
combination with any of a TGF- signaling pathway inhibitor and/or a thyroid hormone
signaling pathway activator) can be used. In some embodiments, the ROCK inhibitor comprises
Thiazovivin, ¥Y-27632, Fasudil/HA1077, or H-1152. In some embodiments, the ROCK inhibitor
comprises Y-27632. In some embodiments, the ROCK inlubitor comprises Thiazovivin, In
some examples, the method comprises contacting PDX -positive, NKX6.1-positive pancreatic
progenitor cells with a concentration of a ROCK inhibitor (e.g., Y-27632 or Thiarovivin), such
as, about 0.2 uM, about 0.5 uM, about 0.75 uM, about 1 pM, about 2 uM, about 3 uM, about 4
uM, about 5 M, about 6 pM, about 7 uM, about 7.5 M, about 8 uM, about 9 uM, about 10
uM, about 11 uM, about 12 uM, about 13 uM, about 14 uM, aboui 1S uM, about 16 pb, about
17 uM, about 18 uM, about 19 pM, about 20 uM, about 21 pM, about 22 uM, about 23 pM,
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about 24 pM, about 25 pM, about 26 pM, about 27 pM, about 28 uM, about 29 uM, about 30
uM, about 35 uM, about 40 uM, about 50 uM, or about 100 uM. In some embediments, the
ROCK inhibitor comprises Thiazovivin. In some examples, the method comprises contacting
PDX1-positive, NKX6.1-positive pancreatic progenttor cells with a concentration of s RGCK
inhibitor (e.g., Y-27632 or Thiazovivin), such as, about 2.2-2.8 pM, about 2.3-2.7 uM, or about
2.4-2.6 pM. In some embodiments, the ROCK inhibitor comprises Thiazovivin. In some
examples, the method comprises contacting PDX 1 -positive, NKX6.1-positive pancreatic
progenitor cells with a concentration of a ROCK inhibitor (e.g., Y-27632 or Thiazovivin), such
as, about 2.5 uM.

10261} Any epigenetic modifying compound that is capable of inducing the differentiation of
NKX6.1-positive pancreatic progenitor cells in a population into insulin-positive endocrine cells
{e.g., along, or in combination with any of a TGF-J signaling pathway inhibitor and/or a thyroid
hormene signaling pathway activator) can be used. In some embodiments, the epigenetic
modifying compound comprises a histone methyltransferase inhibitor or a HDAC inhibitor. In
some embodiments, the epigenetic modifying compound comprises a histone methyltransferase
inhibitor, e.g., BBZNep. In some emboduments, the epigenetic modifying compound comprises a
HIDAC inhibitor, e.g., KIXS170. In some examples, the method comprises contacting PDX1-
positive, NKX6. 1 -positive pancreatic progenitor cells with a concentration of an epigenetic
modifving compound (e.g., DZNep or KI35170), such as, about 0.01 pM, about 0.025 uM, about
0.05 uM, about 0.07S puM, about 0.1 uM, about 0.15 uM, about 0.2 M, about 0.5 uM, about
0.75 uM, about 1 uM, about 2 pM, about 3 uM, about 4 uM, about 5 uM, about 6 uM, about 7
uM, about 7.5 uM, about 8 uM, about & uM, about 10 uM, about 15 uM, about 20 uM, about 25
M, about 30 uM, about 35 uM, about 40 uM, about 50 uM, or about 100 uM. In some
examples, the method comprises contacting PDX 1-positive, NKX6.1-positive pancreatic
progenitor cells with a concentration of an epigenetic modifying compound {e.g., DZNep or
KI»5170), such as, about 70-130 oM, about 80-120 nM, or about 90-110 nM. In some examples,
the method comprises contacting PDX 1 -positive, NKX6.1-positive pancreatic progenitor cells
with a concentration of an epigenetic modifving compound {e.g., BZNep or KIB35170), such as,
about 100 nM.

{8262} Any Wut signaling pathway inhibitor that is capable of inducing the differentiation of

NK X6 t-positive pancreatic progenitor cells in a population into insulin-positive endocrine cells
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{e.g., alone, or in combination with any of a TGF-8 signaling pathway inhibitor and/or a thyroid
hormone signaling pathway activator) can be used. In some embodiments, the Wat signaling
pathway inhibitor comprises a tankyrase inhibitor. In some embodiments, the tankyrase inhibitor
is NVP-TNKS656. In some examples, the method comprises contacting PDX L-positive,

NEX6. L-positive pancreatic progentior cells with a concentration of a Wat signaling pathway
inhibitor (e.g., a tankyrase inhibitor such as NVP-TNKS656), such as, about 0. 1uM, about 0.15
uM, about 0.2 uM, about 0.25 gM, about 0.3 M, about 0.35 uM, about 0.4 uM, about 045 uM,
about 0.5 M, about 0.55 M, about 0.6 uM, about 0.65 pM, about 0.7 uM, about 0.75 M,
about 0.8 pM, about 0.85 uM, about 0.9 uM, about 0.95 pM, about | pM, about 1.5 pM, about 2
uM, about 2.5 uM, about 3 pM, about 3.5 uM, about 4 uM, about 4.5 uM, or about S uM. o
some examples, the method comprises contacting PDX L-positive, NKX6.1-positive pancreatic
progenitor cefls with a concentration of a Wnt signaling pathway inhibitor {e.g., a tankyrase
inhibitor such as NYP-TNKS656), such as, about 1.7-2.3 uM, about 1.8-2.2 pM, or about 1.9-2.1
uM. In some examples, the method comprises contacting PDX 1-positive, NKX6.1-positive
pancreatic progenitor cells with a concentration of a Wnt signaling pathway mhibitor {e.g, a
tankyrase inhibitor such as NVP-TNKS656), such as, about 2 pM.

18263} Any PKC activator that is capable of inducing the differentiation of NKX06.1-positive
pancreatic progenttor cells in a population into insulin-positive endocrine cells {e.g., alone, orin
combination with any of a TGF-§ signaling pathway inhibitor and/or a thyroid hormone
signaling pathway activator) can be used. In some embodiments, the PKC activator is TPB or
PDBU. In some examples, the method comprises contacting PDX1-positive, NKX6.1-positive
pancreatic progenitor cells with a concentration of a PKC activator {TPB or PDBU), such as,
about 0.01 uM, about 0.025 uM, about 0.05 uM, about ¢.075 M, about 0.1 1M, about 0.15 uM,
about 0.2 pM, about 0.25 uM, about 0.3 uM, about 0.35 pM, about ¢4 uM, about 0.45 pM,
about 0.5 pM, about 0.55 uM, about 0.6 uM, about .65 pM, about 0.7 uM, about 0.75 uM,
about 0.8 M, about 0.85 uM, about $.9 uM, about 0.95 uM, about T uM, about 2 M, about 3
uM, about 4 uM, about 5 pM, about 6 uM, about 7 uM, about 7.5 pM, about 8 uM, about 9 uM,
about 10 uM, about 15 pM, or about 20 uM. In some examples, the method comprises
contacting PDX1-positive, NKX6.1-positive pancreatic progenitor cells with a concentration of a
PKC activator (TPB or PDBU), such as, about 450-550 mM, about 475-525 nM, about 490-510

aM, or about 495-505 oM. In some examples, the method comprises contacting PDX 1-positive,
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NKX6 1-positive pancreatic progenitor cells with a concentration of a PKC activator {(TPB or
PDBU), such as, about 500 nM.

{02641 In some embodiments, the population of cells is optionally contacted with a protein
kinase inhtbitor. In some embodiments, the population of cells is not contacted with the protein
kinase wohibitor. In some embodiments, the population of cells 1s contacted with the protein
kinase inhibitor. Any protein kinase inhibitor that is capable of inducing the differentiation of
NKX6. [-positive pancreatic progenitor cells in a population into insulin-positive endocrine cellg
{e.g., alone, or in combination with any of a TGF-J signaling pathway inhibitor and/or a thyroid
hormone signaling pathway activator). In some embodiments, the protein kinase inhibitor
comprises staurosporine. in some examples, the method comprises contacting NKX0 . 1-positive
pancreatic progenitor cells with a concentration of a protein kinase inlubitor {e.g., staurosporning),
such as, about 0.1 nM, about 0.2 oM, about 0.3 nM, about 0.4 aM, about 0.5 nM, about 0.6 nM,
about 0.7 nM, about 0.8 nM, about 0.9 nM, about 1 oM, about 1.1 nM, about 1.2 nM, about 1.3
nM, about 1.4 nM. about 1.5 oM, about 1.6 nM, about 1.7 uM, about 1.8 oM, about 1.9 nM,
about 2.0 oM, about 2.1 oM, about 2.2 ndM, about 2.3 nM, about 2.4 oM, about 2.5 nM, about 2.6
oM, about 2.7 oM, about 2.8 pM, about 2.9 nM, about 3 nM, about 3.1 oM, about 3.2 nM, sboui
3.3 nM, about 3.4 nM, about 3.5 oM, about 3.6 nM, about 3.7 oM, about 3.8 nM, about 3.9 nM,
about 4.0 nM, about 4.1 M, about 4.2 nM, about 4.3 nM, about 4.4 nM, about 4.5 nM, about 4.0
nM, about 4.7 nM, about 4.8 uM, about 4.9 oM, or about S nM. In some examples, the method
comprises contacting NK X6 1-positive pancreatic progenitor cells with a concentration of a
proteun kinase inhibitor (e.g., staurosporine}, such as, asbout 1-5 nM, about 2-4 oM, or about 2.3~
3.5 oM. In some examples, the method comprises contacting NK X6 1-positive pancreatic
progenitor cells with a concentration of a protein kinase inhibitor {e.g., staurosporine), such as,
about 3 nM.

{6265} In some embodiments, the cells are further contacted with a water-soluble synthetic
polymer. In some embodinents, the water-soluble synthetic polymer is polyvinyi alcobol. In
some cases, the polyvinyl aleohol is at least 78% hydrolyzed, e.g., 79-81% hydrolyzed, 87-89%
hydrolyzed, 87-90% hydrolyzed, or 99% hydrolvzed. In some embodiments, the polyvinyi
alcohol (PVA) is T8%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% hydrolyzed. In some ervbodiments,

the PV A is 89% hydrolyzed.
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{0266} In some embodiments, the method comprises contacting the population of cells (e.g,
NKX6. -posttive pancreatic progenitor cellsy with XX, AlkS:, T3 or GC-1, RA, Santl, and
betacellulin, PRBU, and NVP-TNKSO56 for a period of 7 days, 1o induce the differentiation of at
least one NKXG6. i-positive pancreatic progenitor cell in the population into an insulin-positive
endocrine cell, wheretn the insulin-positive endocrine cell expresses insulin. In some
embodiments, the method comprises contacting the population of cells {e.g., NK X6 1-positive
pancreatic progenitor cells) with XXI, AlkSi, T3 or GC-1, RA, Santl, betacellulin, and
LIDN19318% for a period of 7 days, to induce the differentiation of at least one WK X6 1-positive
pancreatic progenttor cell in the population into an insulin-positive endocrine cell, wherein the
insulin-positive endocrine cell expresses insulin. In some embodiments, one or more
differentiation factors are added in a portion of the Stage 5, for instance, only the first 1, 2, 3, 4,
5, or 6 days of the period of time for Stage 5, orthe last 1,2, 3, 4, 5, or 6 days of the period of
time for Stage 5. In one example, the cells are contacted with SHH signaling pathway inhibitor
the PKC activator, the retinoic acid, and/or the wat sigualing pathway inhibitor for only the first
2,3, 4, or 5 days during Stage S, after which the SHH signaling pathway inhibitor, the PKC
activator, the retinoic acid, and/or the wnt signaling pathway inhibitor are not included in or
removed from the culture medium. In another example, the cells are contacted with BMP
signaling pathway inhibitor for only the first 1, 2, or 3 days during Stage 5, afier which the BMP
signaling pathway inhibitor is removed from the culture medium.

{0267} In some embodiments, the method comprises contacting the population of cells {e.g.,
NKX6. I-positive pancreatic progenitor cells) with one or more metabolites. In some
embodiments, the method comprises contacting the population of cells (e.g, NKX6. 1-positive
pancreatic progenitor cells) with one or more of an acetyl CoA-related metabolite, a vitamin,
histone deacetylase inhibitor (HDACH), a redox homeostasis regulator, a one

carbon metabolism pathway intermediate, and/or glutamine. Examples of metabolites include
glutamine, taurine, acetate, beta-hydroxybutyrate, biotin, and formate.

{0268} In some embodiments, a composition {e.g., medium) of the disclosure comprises anacetyl
CoA-related metabolite. Exemplary acetyl CoA-related metabolites include, but are not Himited
to acetate, pyruvate, ketogenic amine acids, valine, leucine, isoleucine, phenylalanine, tyrosine,
fysine, tryptophan, fatty acids, CoA, Isovaleryl-CoA, and B-hydroxybutyrate. In some

embodiments, the acetyl CoA-related metabolite is acetate. In some embodiments, the acetyl
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CoA-related metabolite is present in or is added to a composition of the disclosure at a
concentration of about 10 nM, about 50 nM, about 80 nM, about 100 oM, about 120 nM, about
140 aM, about 150 nM, about 200 nM, about 300 nM, about 500 nb, about 300 oM, about |
g, about 10 uM, about 100 uM, about 560 uM, about 800 uM, about 900 M, about 1 mM,
about 2 mM, about 3 mM, 2bout S mM, or about 10 mM. In some embodiments, the acetyl
CoA-related metabolite is present in or is added to a composition of the disclosure at a
conceniration of about 0.01-50 mM, 0.1-50 mM, 0.5-50 mM, 0.01-20 mM, 0.1-20 mM, 0.5-20
mM, 0.01-10 mM, 0.1-10 mM, 0.5-10 mM, 0.8-25 mM, 0 8-10 mM, 0.8-5 mM, 0.8-2 mM, 0.8-
1.5 mM, 0.8-1.2 mM, 0.9-1.1 mM, or 0.95-1.05 mM. In some embodiments, the acetyl CoA-
related metabolite is acetate present at a concentration of about 1 mM. In some embodiments,
the acetyl CoA-related metabolite 1s acetate present at a concentration of about 50-1000 oM, 50-
800 uM, 30-500 oM, 50-3G0 nM, 50-250 nM, 106-200 nM, or 125-175 nM. In some
embodiments, the acetyl CoA-related metabolite is acetate present at a concentration of about
160 nM.

{0269} In some embodiments, a composition {e.g., medium} of the disclosure comprises one
ormore vitamins. Exemplary vitamius include, but are not limited to biotin, vitamin B1
{thiamine), vitamin B2 {niboflavin}, vitamin B3 (niacin), vitamin B6 (pyridoxine) and vitamin
Bi2{cyanocobalamin). In some embodiments the vitarain modulates fatty acid synthesis. In
someembodiments the vitamin modulates branched-chain amino acid metabolism. In
someembodiments the vitamin modulates or participates as a co-factor in the TCA cycle, e.g., as
a cofactor for pyruvate carboxylase. In some embodiments, the vitamio is biotin, In some
embodiments, the vitamin is present in or is added to a composition of the disciosure at a
concentration of about 100 nM, about 300 nM, about 500 nM, about 600 oM, about 700 nM,
about 800 oM, about 900 oM, about I uM, about 1.5 uM, about 3 uM, about 5 uM, about 10 M,
or about 100 uM. In some embodiments, the vitamin is bictin present at a concentration of about
800 oM. In some embodiments, the vitamin is present in or is added 10 a composition of the
disclosure at a concentration of about T M to 300 uM, T oM to 100 uM, 1 nM 1o 10 uM, T nM
to 1 uM, 1 nM 1o 300 nM, 1 nM 10 600 nM, 1 nM to 400 nM, 1 oM to 300 nM, 1 sM to 200 nM,
25 nM to 500 puM, 25 nM to 100 uM, 25 nM to 10 uM, 25 nM to 1 uM, 25 nM to 800 nM, 25
nM to 600 nM, 25 nM 10 400 oM, 25 nM 10 300 nM, 25 oM to 200 nM, 56 oM to 300 b, 50
aM to 100 uM, 50 nM to [0 uM, 50 nM to T uM, 50 nM to 800 nM, 50 nM to 600 oM, 50 nM to
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400 nM, 50 nM 10 300 nM, 50 nM to 200 oM, 100 nM to 500 pM, 100 nM to 100 uM, 100 oM
to 10 uM, 100 nM to 1 uM, 100 nM to 800 nM, 100 nM to 600 nM, 100 nM to 400 nM, 100 oM
10 300 nM, or 100 oM to 200 nML

10276} In some embodiments, a composition {¢.g., medium} of the disclosure comprises a
histone deacetylase inhibitor (HDACGH). Exemplary histone deacetylase inhibitors (HDACY)
include, but are not limited to B-Hydroxybutyrate, butyric acid, class I HDAC, class {IA
HDACH, class IIB HDACH, class T HDACK class IV HDACH, HDAC-1, HDAC-2, HDAC-3,
HDAC-4, HDAC-5, HDAC-6, HDAC-7, HDAC-S, HDAC-9, HDAC-10, HDAC-1 1, sirtuins,
SIRTI, SIRT2, SIRT3, SIRTH4, SIRTS, SIRTe, SIRT7, Vorinostat (suberoylanilide hydroxamic
acid, SAHA, MK0683), Entinostat (MS-275, SNIDX-275), Pancbinostat (LBH589, NVP-
LBHS8%), Trichostatin A {TSA), Mocetinostat (MGCDO0103, MG0103), GSK3117391
{GSK3117391A, HDAC-IN-3), BRD3308, BRII330&, Tubastatin A THA (Tubastatin A
trifluoroacetate salt), Tubastatin A, SIST7, NKL 22, BML-216 (CAY 10433}, TC-H 106, SR~
4370, Belinostat (PXD101, NSC726630, PX-105684), Romidepsin (FK228, Depsipeptide, FR
901228 NSC 630176), MC1568, Givinostat (ITF2357), Dacinostat (LAQ824, NVP-LAQR24),
CUDC-101, Quisinostat (INJ-26481585), Pracinostat (SB939), PCI-34051, Droxinostat (NS
41080), Abexinostat {PCI- 24781), Abexinostat (PCI-24781, CRA-024781), RGFP966, AR-42
{HDAC-42), Ricolinostat (ACY-1215, Rocilinostat), Valproic acid sodium salt (Sodium
valproate), Tacedinaline (C1994, PD3-123654, GOE-53549, Acetyldinaline), Fimepinosiat (CUDC-
907, Sodium butyrate (NaB)}, Curcumin, Difervloylmethane, M344, Tubacin, RG2833
(RGFP109), RG2833 (RGFP109), Resminostat {RAS2410), Divalproex Sodium, Scriptaid (GCK
1026), Sodium Phenylbutyrate, Sinapinic acid {Sinapic acid), TMP269, Santacruzamate A
{CAY10683), TMP195 (TFMO 2), Valproie acid (VPA), UF010, Tasquinimod (ABR-215050),
SKLB-23bb, Iscguanosine, Sulforaphane, BRD73934, Citarinostat (ACY-241, HDAC-IN-2),
Suberohydroxamic acid, Splitomicin, HPOB, LMK-235, Biphenyl-4-sulfony! chloride (p-
Phenyibenzenesulfonyl, 4- Phenylbenzenesulfonyl, p-Biphenyisulfonyl), Nexturastat A, TH34,
Tucidinostat (Chidamide, HBE-8000, CS-055), {-}-Parthenolide, WT161, CAY 10603,
CAY10603, ACY-738, Raddeanin A, Tinostamusting{ EDO-8101), Domatinestat (48C-202), and
BG45. In some embodiments, the HDACH 13 B-Hydroxybutyrate. In some embodiments, the
HIDACI is present in or is added to a composition of the disclosure at a concentration of about

100 nM, about 300 nM, about 300 nM, about 600 nd, about 700 nM, about 800 nM, about 900
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nM, about 1 uM, about 1.5 uM, about 3 uM, about S uM, about 10 uM, or about 1060 uM. In
some embodiments, the HDACH is f-Hydroxybutyrate present at a concentration of about 200
aM. In some embodiments, the HDACI ts present in or is added to a composition of the
disclosure at a concentration of about T nM 1o 500 uM, I oM to 100 1M, 1 nM to 10 ub, T nM
to 1 uM, 1 nM to 800 ndM, 1 nM 10 600 oM, 1 nM to 400 nM, 1 oM to 300 nM, T oM 10 200 nM,
25 aM to 500 pM, 25 nM to 100 uM, 25 nM to 10 uM, 25 nM to | uM, 25 nM to 800 nM, 25
nM to 600 nM, 25 nM 0 400 oM, 25 nM to 300 nM, 25 oM to 200 nM, 56 oM to 500 M, 50
nM to 160 uM, 50 nM to 16 pM, 50 nM to 1 uM, 50 nM to 860 nM, 50 nM to 600 oM, 50 nM
t0 400 nM, 36 nM to 300 nM, 50 nM to 200 nM, 100 nM to 500 ubM, 100 nM to 100 uM, 100
nM to 10 uM, 100 aM to 1 uM, 100 nM to 300 oM, 100 oM to 600 nM, 100 nM to 400 oM, 100
nM to 300 nM, or 160 nM 10 200 oML

{8271} In some embodiments, a composition {e.g., medium) of the disclosure comprises a redox
homeostasis regulator. Exemplary redox homeostasis regulators include, but are not limited to
taurine, respiratory chain regulators, free radical scavengers, regulators of mitochondrial protein
synthesis, allium sulphur compounds, anthocyanins, beta-carciene, catechins, copper,
cryptoxanthins, flavonoids, indoles, softavonoids, lignans, lutein, lycopene, alpha lipoic acid,
ellagic acid, manganese, polyphenols, selenium, glutathione, vitamin A, vitamin C, vitamin E,
zing, superoxide disutases, GSHPx, Prx-1, catalase, and co-enzyme Q10. In some embodiments,
ihe redox homeostasis regulator is taurine. In some embodiments, the redox homeostasis
regulator is present in or is added to a composition of the disclosure at a concentration of about
100 oM, about SO0 nM, 1 uM, about 10 uM, about 20 uM, about 30 uM, about 40 uM, about 50
M, about 60 uM, about 70 uM, about 80 M, about 90 uM, about 100 uM, about 110 M,
about 110 uM, about 150 uM, or about 206 gM. In some embodiments, the redox homeostasis
regulator is taurine. In some embodiments, the redox homeostasis regulator is taurine present at
a concentration of about 90 yM. In some embodiments, the redox homeostasis regulator
tntermediate is present or is added at a concentration of about 100 nM o 1 mM, 560 nM to 1
mM, 1 pMto I mM, 10 uMto I mM, 20 yMto | mM, 30 pM to | mM, 30 uMto 1 mM, 40 uM
to I mM, 50 M to 1 mM, 60 uM to | mM, 70 pM to 1 mM, 80 uM to 1 mM, 100 aM 10 250
(M, 500 nM 1o 250 1M, T 1M to 250 uM, 10 uM to 250 pM, 20 M to 250 M, 30 pM to 250
uM, 30 uM 1o 250 uM, 40 b 1o 250 ubM, 50 M 1o 250 uM, 60 pM to 250 ub, 70 M to 230
pbd, 100 nM to 160 uM, 500 nM to 100 pM, 1 uM to 100 M, 10 uM to 100 pM, 20 uM 1o 100
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M, 30 1M to 100 pM, 40 1M to 100 1uM, 50 1M to 100 uM, 60 uM to 100 M, 70 M to 100
pM, or 80 uM to 100 b

{02721 In some embodiments, a composition {e.g., medium) of the disclosure comprises a
onecarbon metabolism pathway intermediate. Exemplary one carbon metabolism pathway
intermediates include, but are not Hmited to formate, tetrahydrofolate (THF}, 10-formylTHF,
5,80-meTHF; 5, 10-meTHF; and 10-formy!THF . In some embaodiments, the one carbon
metabolism pathway intermediate is formate present at a concentration of about 530 pM. In some
embodiments, the one carbon metabolism pathway intermediate is present or is added at a
concentration of about 100 nM to 1 mM, 500 nMto I mM, T M to I mM, 10 uM to | mM, 20
b to 1T mM, 30 pM to 1 mb, 100 nM to 250 uM, 500 nM to 250 uM, 1 uM to 250 uM, 10 uM
10 250 pb, 20 uM 10 250 uM, 30 pM 10 250 uM, 100 nM to 100 udM, 500 nM 10 100 uM, 1 uM
t0 100 M, 10 uM to 100 M, 20 1M to 100 1M, 30 1M to 100 pM, 100 nM to 60 pM, 500 oM
t0 60 uM, 1 uM to 60 uM, 10 uM to 60 uM, 20 uM to 60 uM, 30 uM to 60 uM, 40 uM to 60
pbh, or 45 uM to 55 uM.

{0273} In some embodiments, a composition {e.g., medium) of the disclosure comprises
glutamine. Thus in some embodiments, compositions and methods of the disclosure utilize
ghitamine in a form with increased bicavailability, such as a free glutamine form, such as a non-
dipeptide form, a non-alanine-ghutamine dipeptide form {e.g., a non-alanyl-I-glutamine form}), a
non-glycine-glutamine dipeptide form {e.g., a non-glyeyl-l-ghitamine form), a form that in which
glutamine is not conjugated to another amino acid or stabilizing moiety, a monomeric form, a
free form, or a combination thereof. In some embodiments, glutaming is provided as a protein
hydrolysate. In some embodiments, ghitamine is present or is added to a composition of the
disclosure at a concentration of from 0.5-20 mM, 0.5-10 mM, 0.5-5 mM, 1-5 mM, 2-5 mM, or |
mM to 10 mM. In some embodiments, glutamine is present or is added to a composition of the
disclosure at a concentration of 3 8-4 2 mM. In some embodiments, glutamine is present or is
added to a composition of the disclosure at a concentration of 1-10, 1-7, 1-&, 1.6, 1.5, 1-4, 2-10,
2-7,2-8, 2-6, 2-5, 2-4, 3-10, 3-7, 3-8, 3-0, 3-5, 3-4, 3 5-4.5, 3 8-4 2 or 3.9-4.1 mM. In
someembodiments, glutamine is present or is added to a composition of the disclosure at a
concentration of about 4 mM. In some embodiments, at least 0.5 mM, 0.6 mM, 0.7 mM, 0.8
mbh, 0.9 mM, 1T radM, 1.5 mM, 2 mM, 2.5 mM, 3 mM, 3.5 mM, 4 mM, 4.5 mM, or 3 mM of the

glutamine is not in a dipeptide form. In some embodiments, at least 500 uM, at least 730 uM, at
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feast 1 mM, at least 1.5 mM, at least 2 mM, at feast 2.5 mM, at least 2.6 mM, at least 2.7 mM, at
feast 2.8 mM, at feast 2.9 mM, at least 3 mM, at least 3.1 mM, at least 3.2 mM, at least 3.3 mM,
atleast 3.4 mM, at least 3.5 mM, at least 3.6 mM, at fgast 3.7 mM, at least 3.8 mM, at feast 3.9
mM, at least 4 mM, at least 5 mM, at least 5.5 mM, at least 6 mM, at least 6.5 mM, at least 7
mM, at least 7.5 mM, at feast 3 mM, at least . 5 mM, at least 9 mM, at least 9.5 mM, or at least
10 mM of the glutamine is in a free form.

{8274} Iv some embodiments, the method comprises culturing the population of cells (e.g.,
NKX0o.1-positive pancreatic progenitor cells) in a medium, to induce the differentiation of at
least one NK X6 1-positive pancreatic progenitor cell in the population into an insulin-positive
endocrine cell, wherein the insulin-positive endocrine cell expresses insulin,

{6275} Aspects of the disclosure involve treatment of cell population comprising PDX1-positive,
NK X6 1-positive pancreatic progenitor cells with PKC activator and/or wnt signaling pathway
inhibitor, which can lead to increase in percentage of pancreatic o cells, increase in percentage of
pancreatic o cells, increase n percentage of pancreatic B cells, reduction in percentage of EC
cells, or any combination thereof, in the cell population of pancreatic endocrine cells generated
according to the method disclosed herein.

16276} 1o some embodiments, the method comprises contacting a population of cells comprising
PDX I-positive, NKX6.1-positive pancreatic progenitor cells with a first composition comprising
a FOXO01 inhibitor, notch signaling inhibitor, a PKC activator, a ROCK inhibitor, a growth
factor from TGFp superfamily, a growth factor from FGF family, a RA signaling pathway
activator, and a SHH pathway inhibitor, for one to two days, thereby obtaining a first
transtormation cell population comprising PDX1-positive, NK X6, 1-positive pancreatic
progenitor cells; and contacting the first transformation cell population comprising PDX1-
positive, NKX6. 1-positive pancreatic progenitor cells with a second compesition comprising the
PK.C activator, notch signaling inhibitor, a TGF-§ signaling pathway inhibitor, a TH signaling
pathway activator, BMP pathway inhibitor, ROCK inhibitor, retinoic acid, and EGF-family
growth factor, wuot signaling pathway inhibitor, and/or an epigenctic modifying compound, for
one to two days, thereby obtaining a second transformation cell population comprising NKX6.1-

positive, ISL1-positive endocrine cells.
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Pancreatic § Cells

10277} Aspects of the disclosure involve generating pancreatic P cells {e.g., non-native
pancreatic B cells/SC-B cells) and additional methods of generating themy. Non-native pancreatic
{3 cells. In some embodiments, resemble endogenous mature P cells in form and function, but
nevertheless are distinct from vative f cells.

{0278} In some embodiments, the insulin-positive pancreatic endocrine cells generated using the
method provided herein can form a cell cluster, alone or together with other types of cells, ez,
precursorss thereof, e.g., stem cell, definitive endoderm cells, primitive gut tube cell, PDX1-
positive pancreatic progenitor cells, or NKX6 1-positive pancreatic progenitor cells.

{62791 In some embodiments, any of the cells or populations of cells disclosed herein are in &
cell cluster. In some ernbodiments, the disclosure provides for a composition comprising one or
more cell clusters. In some embodiments, the composition comprises 500-26000, 500-15000,
500-10000, 500-5600, 500-2000, 500-1000, 1000-20000, 1000-15000, 1600-10000, 1000-5000,
1000-2000, 2000-20000, 2000-15000, 2000-10000, 2000-5000, 5000-20000, S000-15060, 3000~
10000, 16000-20000, 10000-15000, 15000-20000, or 3000-9000 cell clusters. In some aspects,
provided herein are cell clusters that resemble the functions and characteristics of endogenous
pancreatic islets. Such celi clusters can mimic the function of endogenous pancreatic islets in
regulating metabolism, e.g., glucose metabolism in a subject.

10288} In some embodiments, a composition or cell population of the present disclosure
comprises NKX6 -positive, ISL-positive cells that express lower levels of MAFA than

NKX6. I-positive, ISL-positive cells from the pascreas of a healthy control adult subject. In
some embodiments, the compeosition or cell population comprises NKX6.1-positive, ISL-positive
cells that express higher levels of MAFB than NKX6. 1-positive, ISL-positive cells from the
pancreas of a healthy control adult subject. In some embodiments, the composition or cell
population comprises NKX6. 1-positive, ISL-positive cells that express higher levels of S1X2,
HOPX, IAPP and/or UCN3 than NK X6 T-positive, 1SL-positive cells from the pancreas of a
healthy control adult subject.

{6281} In some embodiments, a composition or cell population of the present disclosure
comprises NKX6.1-positive, ISL-positive cells that do not express MAFA. In some
embodiments, the composition or cell population comprises NKX6. I-positive, ISL-positive cells

that express MAFB.
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{06282} In some embodiments, the celf population comprising the insulin-positive endocring cells
can be directly induced to mature into SC-B cells without addition of any exogenous

pathway activator, PKC activator, growth factors from TGF-f} superfanuly, FGF family, or EGF
faruly, SHH signaling pathway inkubitor, y-secretase inhibitor, ROCK inhibitor, or BMP
signaling pathway inhibitor). In some embodiments, the method provided herein comprises
contacting a cell population comprising NKX6. 1-positive, ISL1-positive endocrine cells with a
serum albumin protein, a TGF-f signaling pathway inhibitor, a SHH pathway inhibitor, a TH
signaling pathway activator, a protein kinase inhibitor, a ROCK inhibitor, a BMP signaling
pathway inhibitor, and/or an epigenetic modifying compound. In some embodiments, the
method provided herein comprises contacting a cell population comprising NKX6. L-positive,
ISL1~positive endocrine cells with buman serum albumin protein. In some embodiments, the
method provided herein comprises contacting a cell population comprising NKX6.1-positive,
ISLi-positive endocrine cells with a PKC activator.

{0283} In some embodiments, the cell population comprising the insulin-positive endocrine cells
can be induced to mature into SC-f cells by contacting the insulin-positive endocrine cells with
signaling pathway and thyroid hormone signaling pathway activator as described herein. In some
embodiments, SC-f celis can be obtained by contacting a population of cells comprising insulin-
positive endocrine cells with Alk51i and T3 or GC-1.

{8284} [o some embodiments, the method provided heretn comprises contacting a cell population
comprising NKX6.1-positive, ISL 1-positive endocrine cells with (i} a growth factor from the
FGF family, (11) a TGF-f signaling pathway inhibitor, (111} a thyroid hormone signaling pathway
activator, {iv) an epigenetic modifying compound, {v) a protein kinase inhibitor, {vi) a ROCK
five days. In some embodiments, the contacting is for about three days.

[0285] Any TGF-p signaling pathway inhibitor capable of inducing the differentiation of insulin-
positive endoctine cells to mature into SC-f cells (e.g., alone, or in combination with other B
cell-differentiation factors, e.g., a thyroid hormone signaling pathway activator) can be used. In
some embodiments, the TGF-f signaling pathway comprises TGF- receptor type I kinase

signaling. In some embodiments, the TGF-f signaling pathway inhibitor comprises AlkS5
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inhibitor . In some examples, the method comprises contacting insulin-positive endocrine cells
with a concentration of a TGF-P signaling pathway inhibitor (e.g., AlkS inhibitor such as AlkS
inhibitor H}, such as, about 6.1 uM, about 0.5 uM, about 1 uM, about 1.5 M, about 2 uM,
about 2.5 pM, about 3 pM, about 3 5 pM, about 4 uM, about 4.5 M, about 5 yM, about 5.5
uM, about 6 uM, about 6.5 uM, about 7 uM, about 7.5 uM, about 8 uM, about §.5 uM, about 2
uM, about 9.5 uM, about 10 uM, about 10.5 uM, about 11 uM, about 11.5 uM, about 12 uM,
about 12.5 uM, about 13 uM, about 135 uM, about 14 pM, about 14.5 uM, about 15 uM, about
15.5 uM, about 16 pM, about 16.5 uM, about 17 M, about 17.5 uM, about 18 uM, about
18.5ubd, about 19 uM, about 19.5 pM, about 20 uM, about 25 pMM, about 30 uM, about 35 pdd,
about 40 pM, about 45 pM, or about 50 uM. In some examples, the method comprises
contacting insulin-positive endocrine cells with a concentration of a TGF-P signaling pathway
inhibitor (e.g., AlkS inhibitor such as AlkS inhibitor 1), such as, about 7-13 uM, about 8-12 yM,
or about 9-11 uM. In some examples, the method comprises contacting insulin-positive
endocrine cells with a concentration of a TGF-$ signaling pathway inhibitor (e.g., AlkS inhibitor
such as AlkS inhibitor 1), such as, about 10 pM.

{8286} Any thyroid hormone signaling pathway activaior capable of inducing the differentiation
of insulin-positive endocrine cells 1o mature into SC-P cells {e.g., alone, or in combination with
other f ceil-differentiation factors, e.g., a TGF-§ signaling pathway inhibitor) can be used. In
some embodiments, the thyroid bormone signaling pathway activator comprises tritodothyronine
{T3). In some embodiments, the thyroid hormone signaling pathway activator comprises GC-1.
In some examples, the method comprises contacting insulin-positive endocrine cells with a
concentration of thyrotd hormone signaling pathway activator {e.g., GC-1}, such as, about

0. 1M, about 0.12 uM, about §.13 pM, about 0.14 uM, about 0.15 pM, about 0.16 uM, about
0.17 uM, about §.18 pM, about 0.19 uM, about 0.2 uM, about 0.21pM, about 0.22pM, about
0.23pM, about 0.24 uM, about 0.25 uM, about 0.26 uM, about 0.27 pM, about 0.28 uM, about
0.29 uM, about 0.3 uM, about .31 M, about 0.32 uM, about 0.33 pM, about .34 uM, about

S5 uM, about 0.4 uM, about 0.45 pM, about 0.5 pM, about 0.6 uM, about 0.8 uM, about 1

o

uM, about 2 uM, or about 5 uM. In some examples, the method comprises contacting insulin-
positive endocrine cells with a concentration of thyroid hormone signaling pathway activator

{e.g., GC-1}, such as, about 0.7-1.3 uM, about 0.8-1.2 M, or about 0.9-1.1 udL  In some
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examples, the method comprises contacting insulin-positive endocrine cells with a concentration
of thyrotd hormone signaling pathway activator (e.g., GC-1), such as, about 1 uM.

{02871 Any BMP signaling pathway inhibitor capable of inducing the differentiation of insulin-
positive endocrine cells to mature into SC-f cells {e.g., alone, or in combination with any of a
TGE-§ signaling pathway inhibitor and/or a thyroid bormone signaling pathway activator) can be
used. In some embodiments, the BMP signaling pathway inhibitor comprises LDN193189 or
DMH-1. In some examples, the method comprises contacting insulin-positive endocrine cells
with a concentration of BMP signaling pathway inhibitor (e.g., LDN1931189), such as, about 30
nM, about 40 nM, about 50 oM, about 60 nM, about 70 nM, about 80 aM. about 90 nM, about
100 nM, about 110 nM, about 120 nM, about 130 nM, about 140 nM, about 150 nM, about 160
nM, about 170 nM, about 180 nM, about 190 nM, about 200 nM, about 210 nM, about 220 nM,
about 230 nM, about 240 oM, about 250 oM, about 280 aM, about 300 nM, about 400 nM, about
500 oM, or about 1uM. In some examples, the method comprises contacting insulin-positive
endocrine cells with a concentration of BMP signaling pathway tohibitor (e.g., LDN1931189),
such as, about 70-130 oM, about 80-120 nM, about 90-110 nM. In some examples, the method
comprises contacting NKX6. 1 -positive pancreatic progentior cells with a concentration of BMP
signaling pathway inhibitor {e.g., LDN193 1189}, such as, about 100 nM.

10288} Any ROCK inhibitor that 1s capable of inducing the differentiation of insulin-positive
endocrine cells to mature into SC-f celis {e.g., alone, or in combination with any of a TGF-B
signaling pathway inhibitor and/or a thyroid hormone signaling pathway activator) can be used.
In some embodiments, the ROCK inhibitor comprises Thiazovivin, Y-27632, Fasudil/HA1077,
or H-1152. In some embodiments, the ROCK inhibitor comprises Y-27632. In some
embodiments, the ROCK inhibitor comprises Thiazovivin. In some examples, the method
comprises contacting insulin-positive endocrine cells with a concentration of a ROCK inhibitor
{e.g., Y-27632 or Thiazovivin}, such as, about 0.2 uM, about 0.5 uM, about 0.75 yM, about |
uM, about 2 uM, about 3 pM, about 4 uM, about § M, about & uM, about 7 uM, about 7.5 pM,
about 8 uM, about 9 uM, about 10 uM, about 11 uM, about 12 uM, about 13 uM, about 14 uM,
about 15 uM, about 16 pM, about 17 puM, about 18 pM, about 19 uM, about 20 uM, about 21
uM, about 22 uM, about 23 uM, about 24 uM, about 25 uM, about 26 M, about 27 pM, about
28 uM, about 29 ub, about 30 uM, about 35 uM, about 40 uM, about 50 uM, or about 100 uM.

In some embodiments, the ROCK inhibitor comprises Thiazovivin. In some examples, the
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method comprises contacting insulin-positive endocrine cells with a conceniration of a ROCK
inhibitor {e.g., Y-27632 or Thiazovivin}, such as, about 2.2-2.8 M, about 2.3-2.7 M, or about
2.4-2.6 uM. In some embodiments, the ROCK inhibitor comprises Thiazovivin. In some
examples, the method comprises contacting insulin-positive endocrine cells with a concentration
of a ROCK inhibitor {e.g.. Y-27632 or Thiazovivin), such as, about 2.5 pM.

{0289} Any epigenetic modifying compound that is capable of inducing the differentiation of
wnsulin-positive endocrine cells to mature into SC-J cells {e.g., alone, or in combination with any
of a TGF-f signaling pathway inhibitor and/or a thyroid hormone signaling pathway activator)
can be used. In some embodiments, the epigenetic modifying compound comprises a histone
methyltransferase inhibitor or a HDAC inhibitor. In some embodiments, the epigenetic
moditying compound comprises a histone methyltransferase inhibitor, e.g., DZNep. In some
embodiments, the epigenetic modifying compound comprises a3 HDAC inhibitor, e.g., KIIS170.
In some examples, the method comprises contacting insulin-positive endocrine cells to mature
into SC-P cells with a concentration of an epigenetic modifying compound (e.g., DZNep or
KD3170}, such as, about 0.01 M, about 0.025 pM, about 0.05 uM, about 0.075 M, about 0.1
uM, about §.15 pM, about 0.2 ud, about 0.5 uM, about 0.75 uM, about 1 uM, about 2 uM,
about 3 uM, about 4 uM, about 5 uM, about & uM, about 7 uM, about 7.5 uM, about § pM,
about © uM, about 10 uM, about 15 uM, about 20 uM, about 25 uM, about 30 M, about 35
M, about 40 M, about 50 uM, or about 100 uM. In some examples, the method comprises
contacting insulin-positive endocrine cells to mature into SC-f cells with a concentration of an
epigenetic modifying compound {e.g., DZNep or KDIS170), such as, about 70-1306 oM, about 80-
120 oM, or about 90-110 nM. In some examples, the method comprises contacting insulin-
positive endocrine cells to mature into SC-f cells with a concentration of an epigenetic
modifying compound (e.g., DZNep or KID5170), such as, about 100 nM.

{0290} Any protein kinase inhibitor that is capable of inducing the differentiation insulin-
positive endocrine cells to mature tnto SC-B cells {e.g., alone, or in combination with any of a
TGF-§ signaling pathway inhibitor and/or a thyroid hormone signaling pathway activator). In
some embodiments, the protein kinase inhibitor comprises staurosporine. In some examples, the
method comprises contacting insulin-positive endocrine cells with a concentration of a protein
kinase inhibitor {e.g., staurosporine), such as, about 0.1 oM, about 0.2 nM, about 0.3 nM, about

0.4 nM, about 4.5 nM, about 0.6 nM, about 0.7 aM, about 0.8 oM, about 0.9 nM, about 1 nM,
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about 1.1 nM, about 1 2 oM, about 1.3 nM, about 1.4 nM, about 1.5 nM, about 1.6 nM, about 1.7
nd, about 1.8 nM, about 1.9 nM, about 2.0 nM, about 2.1 nM, about 2.2 nM, about 2.3 nM,
about 2.4 oM, about 2.5 nM, about 2.6 nM, about 2.7 nM, about 2.8 uM, about 2.9 nM, about 3
aM, about 3.1 nM, about 3.2 oM, about 3.3 nM, about 3 4 nM, about 3.5 nM, sbout 3.6 nM,
about 3.7 nM, about 3 8 aM, about 3.9 nM, about 4.0 nM, about 4.1 oM, about 4.2 nM, about 4.3
M, about 4.4 nM, about 4.5 nM, about 4.6 nM, about 4.7 nM, about 4.8 uM, about 4.9 nM, or
about 5 nM. In some examples, the method comprises contacting insulin-positive endocrine
cells with a concentration of a protein kinase inhibitor {e.g., staurosporine), such as, about 1-5
aM, about 2-4 oM, or about 2.5-3.5 1M, In some examples, the method comprises contacting
insulin-positive endocrine cells with a concentration of a protein kinase inhibitor {e.g:,
staurosporine}, such as, about 3 nM.

{8291} In some embodiments, the method comprises contacting the population of cells {e.g.,
NKXo t-positive, ISL1-positive, insulin-positive cells) with one or more metabolites. In some
embodiments, the method comprises contacting the population of cells {e.g., NKX&. 1-positive,
ISL1-positive, insulin-positive cells) with one or more of an acetyl CoA-related metabolite, a
vitamin, histone deacetylase inhibitor (HDACY, a redox homeostasis regulator, a one carbon
metabolism pathway intermediate, glutamate, and/or carniiine. Examples of metabolites include
taurine, acetate, beta-hydroxybutyrate, biotin, carnttine, glutamate, and formate.

162921 In some embodiments, a composition {e.g., medium} of the disclosure comprises an
acety] CoA-related metabolite. Exemplary acetyl CoA-related metabolites include, but are not
fimited to acetate, pyruvaie, ketogenic amino acids, valine, leucine, isoleucine, phenylalanine,
tyrosine, lysine, tryptophan, fatty acids, CoA, Isovalervi-CeA, and f-hydroxybutyrate. In some
embodiments, the acetyl CoA-related metabolite is acetate. In some embodiments, the acetyl
CoA-related metabolite is present in or is added to a composition of the disclosure at a
concentration of about 10 nM, about 50 nM, about 80 nM, about 100 oM, about 120 nM, about
140 oM, about 150 nM, about 200 nM, about 300 nM, about 500 nb, about 300 oM, about 1
pM, about 10 M, about 100 uM, about 500 M, about 800 uM, about 900 uM, about 1 mM,
about 2 mM, about 3 mM, about 5 mM, or about 10 mM. In some embodiments, the acetyl
CoA-related metabolite is present in or is added to a composition of the disclosure at a
concentration of about 0.01-50 mM, 0.1-50 mM, 0.5-50 mM, 0.01-20 mM, 0.1-20 mM, 0.5-20
mM, 0.01-10 mM, 0.1-10 mM, 0.5-10 mM, 0.8-25 mM, 0.8-10 mM, 0.8-5 mM, 0.8-2Z mM, 0.8-
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1.5 mM, 0.8-1.2 mM, 0.9-1.1 mM, or 0.95-1.05 mM . In some embodiments, the acetyl CoA-
related metabolite is acetate present at a concentration of about 1 mM. In some embodiments,
the acetyl CoA-related metabolite is acetate present at a concentration of about 50-1000 oM, 30-
800 nM, 50-500 nM, 50-300 nM, 50-250 nM, 100-200 oM, or 125-175 oM. In some
embodiments, the acetyl CoA-related metabolite is acetate present at a concentration of about
160 M.

{8293} o some embodiments, a composition {e.g., medium) of the disclosure comprises one or
more vitamins. Hxemplary vitamins include, but are not limited to biotin, vitamin B1 (thiamine),
vitamin B2 {riboflavin), vitamin B3 (niacin), vitamin B6 (pyridoxine} and vitamin B12
{cyanocobalamin}. In some embodiments the vitamin modulates fatty acid synthesis. In some
embodiments the vitamin modulates branched-chain amino acid metabolism. In some
embodiments the vitamin modulates or participates as a co-factor in the TCA cycle, e.g., asa
cofacter for pyruvate carboxylase. In some embodiments, the vitamin is biotin. In some
embodiments, the vitamin 1s present in or is added to a composition of the disclosure at a
concentration of about 100 nM, about 300 nM, about 500 nM, about 600 nM, about 700 nM,
about 800 nM, about 900 oM, about 1 uM, about 1.5 uM, about 3 uM, about S pM, about 10 uM,
or about 100 uM. In sowe embodiments, the vitamin is biotin present at a concentration of about
800 nM. In some embodiments, the vitamin is present in or is added to a composition of the
disclosure at a concentration of about 1 nM to 500 uM, T oM to 100 UM, 1 oM 10 10 ubM, 1 nM
to 1 uM, 1 nM to 800 nM, 1 nM to 600 nM, 1 nM to 400 nM, | nM to 300 oM, T nM 10 200 nM,
25 oM to 500 pM, 25 nM to 100 uM, 25 oM to 10 uM, 25 eM to 1 M, 25 nM 10 800 oM, 25
nM to0 600 nM, 25 nM t0 400 nM, 25 nM 10 300 nM, 25 nM to 200 nM, 506 oM 1o 560 ubM, 56
nM to 100 uM, SO nM to 10 M, 50 nM to 1 uM, 50 nM to 800 nM, 50 oMM to 600 nM, SO nM to
400 nM, 50 nM to 300 oM, 50 nM to 200 nM, 100 nM to 500 uM, 100 nM to 100 pM, 100 nM
to 10 M, 100 nM to 1 pM, 100 nM to 800 nM, 100 nM to 600 nM, 100 nM to 400 M, 100 nM
10 300 nM, or 100 oM to 200 nM.

{82941 In some embodiments, a composition {e.g., medium} of the disclosure comprises a
histone deacetylase inhibitor (HDACI). Exemplary histone deacetylase inhibitors (HDACH)
include, but are not limited to B-Hydroxybutyrate, butyric acid, class | HDACH, class [IA
HDACH, class [IB HDACH, class T HDACE, class IV HDACH, HDAC-1, HBAC-2, HDAC-3,
HDAC-4, HDAC-3, HDAC-6, HDAC-7, HDAC-8, HDAC-9, HDAC-10, HDAC-1 1, sirtuins,
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SIRT1, SIRTZ, SIRT3, SIRT4, SIRTS, SIRT6, SIRTT, Vorinostat (suberoylanilide hydroxamic
acid, SAHA, MKO0683), Entinostat (MS8-275, SNDX-275), Pancbinostat (LBHS89, NVP-
LBHS589), Trichostatin A (TSA), Mocetinostat (MGCDO103, MGO103), GSK3117391
{GSK3117391A, HDAC-IN-33, BRD3308, BRD3308, Tubastatin A TFA (Tubastatin A
irifluoroacetate salt), Tubastatin A, SIS17, NKL 22, BML-210 {CAY10433), TC-H 106, SR~
4370, Belinostat (PXD101, NSC726630, PX-105684), Romidepsin (FK228, Depsipeptide, FR
901228, NSC 630176), MC1568, Givinostat (ITF2357), Dacinostat (LAQ824, NVP-LAQE24},
CUDC-101, Quisinostat (JNJ-26481583), Pracinostat (SB939), PCL-34051, Droxinostat (NS
41080}, Abexinostat (PCI- 24781), Abexinostat (PCI-24781, CRA-024781), RGFPO66, AR-42
{(HDAC-42), Ricolinostat {ACY-1215, Rocilinostat), Valproic acid sodium salt (Sodium
valproate), Tacedinaline (C1994, PD-123654, GOE-5549, Acetvldinaline), Fimepinostat (CUDC-
907}, Sodium butyrate (NaB}, Curcumin, Diferuloylmethane, M344, Tubacin, RG2833
(RGFP109), RG2833 (RGFP109), Resminostat (RAS82410), Divalproex Sodium, Scriptaid (GCK
1026}, Sodium Phenylbutyrate, Sinapinic acid (Sinapic acid), TMP269, Sauntacrozarate A
(CAY10683), TMP195 (TFMO 2), Valproic acid (VPA}, UF010, Tasquinimod (ABR-215050),
SKLB-23bb, Isoguanosing, Sulforaphane, BRI73954, Citarinostat {ACY-241, HDAC-IN-2),
Suberobydroxamic acid, Splitomicin, HPOB, LMK-235, Biphenyl-4-suffony! chloride {p-~
Phenylbenzenesulfonyl, 4- Phenylbenzenesulfonyl, p-Biphenylsulfonyl), Nexturastat A TH34,
Tucidinostat (Chidamide, HBI-8000, {S-053), {-)-Parthenolide, WT161, CAY10603,
CAY10603, ACY-738, Raddeanin A, Tinostamustine{EDO-8101), Domatinostat (45C-202), and
BG4S In some embodiments, the HDACH is B-Hydroxybutyrate. In some embodiments, the
HIDAC] is present in or is added to a composition of the disclosure at a concentration of about
100 oM, about 300 nMM, about 500 oM, about 600 nM, about 700 nM, about 800 nM, about 900
nM, about 1 pM, about 1.5 uM, about 3 uM, about 5 uM, about 10 uM, or about 100 uM. In
some embodiments, the HDACH 1s B-Hydroxybutyrate present at a concentration of about 200
aM. In some embodiments, the HDACH 15 present in or is added fo a composition of the
disclosure at a concentration of about T M to 300 uM, T oM to 100 uM, 1 nM 1o 10 uM, T nM
to 1 uM, 1 nM 1o 300 nM, 1 nM 10 600 nM, 1 nM to 400 nM, 1 oM to 300 nM, 1 sM to 200 nM,
25 nM to 500 puM, 25 nM to 100 uM, 25 nM to 10 uM, 25 nM to 1 uM, 25 nM to 800 nM, 25
nM to 600 nM, 25 nM 10 400 oM, 25 nM 10 300 nM, 25 oM to 200 nM, 56 oM to 300 b, 50
aM to 100 uM, 50 nM to [0 uM, 50 nM to T uM, 50 nM to 800 nM, 50 nM to 600 oM, 50 nM to
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400 nM, 50 nM 10 300 nM, 50 nM to 200 oM, 100 nM to 500 pM, 100 nM to 100 uM, 100 oM
to 10 uM, 100 nM to 1 uM, 100 nM to 800 nM, 100 nM to 600 nM, 100 nM to 400 nM, 100 oM
10 300 nM, or 100 oM to 200 nML

{0295} In some embodiments, a composition {¢.g., medium) of the disclosure comprises a redox
homeostasis regulator. Exemplary redox homeostasis regulators include, but are not limited to
taurine, respiratory chain regulators, free radical scavengers, regulators of mitochondrial protein
synthesis, alliurn sulphur compounds, anthocyanins, beta-carotene, catechins, copper,
cryptoxanthins, flavoneids, indoles, isotlavonoids, lignans, lutein, lycopene, alpha lipoic acid,
ellagic acid, manganese, polyphenols, selenium, glutathione, vitamin A, vitamin C, vitamin E,
zing, superoxide disutases, GSHPx, Prx-l, catalase, and co-enzyme (310, In some embodiments,
the redox homeostasis regulator is taurine. In some embodiments, the redox homeostasis
regutlator is present in or is added to a composition of the disclosure at a concentration of about
100 nM, about 500 nM, 1 uM, about 10 pM, about 20 uM, about 30 uM, about 40 M, about 50
pb, about 60 uM, about 70 uM, about 80 UM, about 90 uM, about 100 uM, about 110 M,
about 110 uM, about 150 uM, or about 200 yM. In some embodiments, the redox homeostasis
regulator is taurine. In some embodiments, the redox homeosiasis regulator is taurine present at
a concentration of about 30 uM. In some embodiments, the redox homeostasis regulator
intermediate 1s present or 1s added at a concentration of about 100 nMto 1 mM, 300 nM to 1
mM, T uMto I mM, 10 pM to 1 mM, 20 uM to 1 mM, 30 pM to 1 mM, 30 uM to 1 mM, 40 uM
to 1 mM, 30 (M to 1 suM, 60 pM to | mM, 70 uM to 1 mM, 80 pM to 1 mM, 100 nM to 250
UM, 500 nM 10 250 uM, T 1M to 250 uM, 10 uM to 250 pM, 20 uM to 250 1M, 30 1M to 250
(M, 30 1M 10 250 uM, 40 UM to 250 M, 50 uM to 250 pM, 60 1M to 250 uM, 70 uM to 250
g, 100 nM to 160 pM, 560 oM to 100 uM, 1 M to 100 oM, 10 uM to 100 uM, 20 uM to 100
UM, 30 uM to 100 M, 40 uM to 100 uM, 50 ud to 100 uM, 60 pM to 100 uM, 70 uM to 100
uM, or 80 uM to 100 uM.

{0296} In some embodiments, a composition {e.g., medium) of the disclosure comprises a one
carbon metabolism pathway intermediate. Exemplary one carbon metabolism pathway
intermediates include, but are not Bmited to formate, tetrahydrofolate (THEF}, 10-formy{ THF;
5,10-meTHF, 5,10-meTHF; and 10-formy!THF. In some embodiments, the one carbon
metabolism pathway intermediate is formate present at a concentration of about 50 pM. In some

embodiments, the one carbon metabolism pathway intermediate s present or is added at a
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concentration of about 100 nM to 1 mM, SO0 nMto I mM, T uMto T mM, 10 uM to 1 mM, 20
ubd to I mM, 30 pM to I mM, 100 nM to 250 uM, 500 nM to 250 uM, T uM 1o 250 pd, 10 uM
£0 250 UM, 20 uM to 250 uM, 30 1M 10 250 M, 100 oM to 100 wM, 500 nM to 100 pM, 1 uM
to 100 uM, 10 M to 100 pM, 20 M to 100 1M, 30 uM to 100 pM, 100 oM to 60 uM, 500 nM
t0 60 uM, 1 M to 60 uM, 10 pM 10 60 uM, 20 puM to 60 uM, 30 uM to 60 uM, 40 uM to 60
uM, or 43 uM to 55 M.

[8297] In some embodiments, a composition {e.z., medivm) of the disclosure comprises
glutamate (e.g., L-glutamate). In some embodiments, glutamate can be present in a composition
of the disclosure at a concentration of about 100 pM, about 200 uM, about 300 pM, about 400
g, about 456 uM, about 500 M, about 550 uM, about 600 uM, about 700 uM, about 300 uM,
about 900 M, about 1 mM, about 1.5 mM, about 2 mM, about 2.5 mM, about 3 mM, about 4
mM, or about 5 mM. In some embodiments, glutamate is present or is added to a composition of
the disclosure at a concentration of about 500 uM. In some embodiments, glutamate is present
or is added to a composition of the disclosure at a concentration of from about 100 pM to SmM,
200 pM to SmM, 300 pM to SmbM, 400 pM to 5mM, 100 pM to 3mM, 200 pM to 3mM, 300 pM
to 3mM, 400 pM to 3mbM, 100 M to 2ovM, 200 uM to ZroM, 300 uM to 2mM, 400 puM 1o
2ZraM, 100 uM to TmM, 200 uM to TmM, 300 uM to ImM, 400 uM to oM, 100 uM to 700
(M, 200 1M to 700 1M, 300 M to 700 uM, 400 uM to 700 uM, 100 uM to 600 yM, 200 uM to
600 uhd, 300 uM to 600 pM, or 400 pM to 600 uM.

{6298} In some embodiments, a composition {e.g., medium) of the disclosure comprises
carnitine. In some embodiments, camitive is present in or is added to a composition of the
disclosure at a concentration of about 100 nM, about 300 oM, about 1 uM, about 10 uM, about
15 uM, sbout 20 uM, about 25 uM, about 30 puM, about 35 pM, about 40 uM, about 45 uM,
about 30 uM, about 55 uM, about 60 pM, about 75 yM, or about 100 uM. In some
embodiments, carnitine is present or is added at a concentration of about 40 uM. In some
embodiments, carniting is present in ot is added to a composition of the disciosure at a
concentration of about 100 nM to 1 mM, 500 nMto I mM, 1 uM to I mM, 10 pM to T mM, 20
pM o 1 M, 30 M to 1 mM, 100 nM to 250 uM, S00 oM 10 2530 uM, 1 uM to 250 M, 10 uM
£0 250 1M, 20 1M to 250 pM, 30 uM to 250 uM, 100 nM to 100 uM, 500 nM to 100 pM, 1 uM
10 100 M, 10 uM to 100 pM, 20 uM o 100 uM, 30 uM to 100 M, 100 nM to 60 pM, 500 uhM
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to 60 uM, 1 uM to 60 uM, 10 pM to 60 uM, 20 pM to 60 pM, 30 pM o 60 uM, 35 uM to 60
pML, or 30 uM o 50 pM.

{02991 In some embodiments, the method comprises contacting the population of cells {e.g.,
NKX6. -positive, ISL1-positive, insulin-positive cells) with a serum albumin protein (e.g.,
HSA) o some embodiments, the serum atbumin 1s present at a concentration of 0.01-2% HSA
{n some embodiments, the serum albumin is present at a concentration of 0.03-0.1%, 0.03-
0.07%, or 0.04-0.05%. In some embodirents, the serum alburmin is present at a concentration of
0.05%. In some embodiments, the serum albumin is present at a concentration of 0.7-1.3%, 0.8~
1.2%, 0.9-1.1% or at 1%. In some embodiments, the serum albumin is present at a concentration
of 1%.

{63090} In some embodiments, the method comprises contacting the population of cells {e.g.,

NK X6 1-posttive, ISLI-positive, insulin-positive cells) with Za80q. In some embodiments, the
method comprises contacting the cells with 1-100 pM, 1-30 M, 1-20 M, 1-12 uM, 3-15 M,
8-12 uM or 9-11 uM of ZnSO4. In some embodiments, the method comprising contacting the
cells with about 10 uM of ZnSO4.

{8301} In some embodiments, the method comprises contacting the population of cells {e.g.,

NK X6 1-posttive, ISLI-positive, tnsulin-positive cells) with one or more of an a serum albumin
protein, a TGF-f signaling pathway inhibitor, a TH signaling pathway activator, a protein kinase
inhibitor, a ROCK inhibitor, a BMP signaling pathway inhibitor, an epigenetic modifying
compound, acetyl CoA-related metabolite, a vitamin, histone deacetylase inhibitor (HDACH), &
redox homeostasis regulator, a one carbon metabolism pathway intermediate, glutamate, and/or
carnitine for a first period of 1, 2, 3, 4, 5, 6, or 7 days {e.g., 4 days). In some embodiments, the
method further comprises contacting the population of cells following the first period with one or
more of a serum albumin protein, an acetyl CoA-related metabolite, a vitamin, histone
deacetylase inhibitor (HDACI), a redox homeostasis regulator, a one carbon metabolism pathway
intermediate, glutamate, and/or carnitine for a second period of 1, 2, 3, 4, 5, 6, or T days {e.g., 3
days) or more in the absence of a TGF-§ signaling pathway inhibitor, a TH signaling pathway
activator, a protein kinase inhibitor, a ROCK inhibitor, a BMP signaling pathway inhibitor,
and/or an epigenetic modifying compound. In some embodiments, the cells are contacted with a
higher concentration of the serum albumin in the second period as compared to the first period.

In some embodiments, the compositions further comprise ZnSQ04.

ii4
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{0302} In some embodiments, the method comprises contacting the population of cells (e.g,
NKXG6. -posttive, ISLi-positive, insulin-positive cells) with one or more of HSA, AlkS inhibitor
1, GC-1, staurosporine, thiazovivin, LDN193189, DZNEP, tauring, acetate, beta~
hydroxybutyrate, biotin, camitine, glutamate, and formate for a first period of 1,2, 3,4, 5, 6, ot 7
days {e.g., 4 days). In some embodiments, the method further comprises contacting the
population of cells following the first period with one or more of HSA, taurine, acetate, beta-
hydroxybutyrate, biotin, carnitine, glutamate, and formate for a second period of 1,2, 3, 4, 5, 6,
or 7 days (e.g., 3 days) or more in the absence of an AlkS5 inhibitor II, GC-1, staurosporine,
thiazovivin, LDN193189, DZNEP. In some embodiments, the compositions further comprise
ZnSOy. In some embodiments, the cells are contacted with a higher concentration of the HSA
{e.z., about 1.0%} in the second period as compared to the first period {e.g., about 0.05%).
{8303} In some examples, insulin-positive endocrine cells can be matured in a NS-GFs medium,
MCDBI131 medium, DMEM medium, or CMRL medium. In some embodiments, the insulin-
positive endocrine cells can be matured in a CMRL mediom supplemented with 10% FBS. In
some embodiments, the insulin-positive endocrine cells can be matured in a DMEM/F12
mediom supplemented with 1% HSA. In other cases, SC-f cells can be obtained by culturing the
population of cells containing the insulin-positive endocrine celis tn a MCDB 131 medium that
can be supplemented by 2% BSA. In some embodiments, the MCDB 131 medium with 2% BSA
for maturation of insulin-positive endocrine cells into SC-B cells can be comprise no small
molecule factors as described herein. In some case, the MCDB 131 medium with 2% BSA for
maturation of insulin-positive endocrine cells tnto SC-P cells can comprise no serum {e.g., no
FBS}. In other cases, SC-P cells can be obtained by culturing the population of cells containing
the insulin-positive endocring cells in a MCDBB131 medium that can be supplemented by 0.05%
HSA and vitamin C. In some embodiments, SC-B cells can be obtained by culturing the
population of cells containing the insulin-positive endocrine cells in a MCDB 131 medium that
can be supplemented by 0.05% HEA, I'TS-X, vitamin C, and glutamine {Glo, e.g, 4aM). In
some embodiments, the type of culture medium may be changed during S6. For instance, the So
cells are cultured in a MCDB 131 medium that can be supplemented by 0.05% HSA and vitamin
€ for the first two to four days, and then followed by a DMEM/F 12 medium supplemented with
1% HSA. Insome embodiments, additional factors are iniroduced into the culture medium. For

instance, 86 cells can be cultured in a MCDB131 medium that can be supplemented by 0.05%
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HESA, ITS-X, vitamin C, and glutamine (Gln, e.g., 4mM) throughout the 10-12 days, during
which ZnS04 is introduced from day 4 of 56.

{0304{ [n some embodiments, the medium used 1o culture the celis as described herein can be
xeno-free. A xeno-free medium for culturing cells and/or cell clusters of originated from an
aniygal can have no product from other amimals. In some emboduments, a xeno-free medium for
culturing human cells and/or cell clusters can have no products from any non-human animals.
For example, a xeno-free medium for culturing human cells and/or cell clusters can comprise
human platelet lysate (PLT) instead of fetal bovine serum (FBS). For example, a medium can
comprise from about 1% to about 20%, from about 5% to about 15%, from about 8% to about
12%, from about @ to about 11% serum. In some embodiments, medium can comprise about
10% of serum. In some embodiments, the medium can be free of small molecules and/or FBS.
For example, a medinm can comprise MCDB 131 basal medium supplemented with 2% BSA. In
some embodiments, the medium is serum-free. In some examples, a medium can comprise no
exogenous small molecules or signaling pathway agounists or aniagonisis, such as, growth factor
from fibroblast growth factor family (FGF, such as FGF2, FGF8B, FGF 10, or FGF21), Sonic
Hedgehog Antagonist (such as Santl, Sant2, Santd, Sant4, Cur61414, forskolin, tomatidine,
AY9944, triparavol, cyclopamine, or derivaiives thereof), Retinoic Acid Signaling agonist {e.g.
retinoic acid, CD1530, AMS80, TTHPB, CD437, Ch55, BMS961, AC261066, AC55649,
AMBE0, BMST53, azarotene, adapalene, or CD2314), inhibitor of Rho-assocliated, coiled-coil
containing protein kinase (ROCK) {e.g., Thiazovivin, Y-27632, Fasudil/HA 1077, or 14-1152),
activator of protetn kinase C (PKC) {e.g, phorbol 12,13-dibutyrate (PDBU), TPB, photbol 12-
myristate 13-acetate, bryostatin 1, or derivatives thereof), antagonist of TGF B super family {(e.g.,
AlkS inhibitor T (CAR 446859-33-2), AR3-01, SB431542, D4476, GW788388, L.Y364947,
LY580276, SB505124, GW6604, SB-525334, SD-208, $B-505124, or dernivatives thereof),
inhibitor of Bone Morphogenetic Protein (BMP) type 1 receptor {¢.g., LDN193189 or derivatives
thereof), thyroid hormone signaling pathway activator {e.g, T3, GC-1 or derivatives thereof},
gamma-secretase inhibitor (e.g., XX, DAPT, or derivatives thereof), activator of TGF-§
signaling pathway {e.g, WNT3a or Activin A} growth factor from epidermal growth factor
{EGF) family {e.g, betacellulin or EGF), broad kinase (e.g., staurosporine or derivatives
thereof), non-essential amivo acids, vitarning or antioxidants {e.g., cyclopamine, vitamin D,

vitamin C, vitamin A, or derivatives thereof), or other additions like N- acetyl cysteine, zinc
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sulfate, or heparin. In some embodiments, the reaggregation medium can comprise no
exogenous extraceltular matrix molecule. In some embodiments, the reaggregation medium does
not comprise Matrigel™. In some embodiments, the reaggregation medium does not comprise
other extracellular matrix molecules or materials, such as, collagen, gelatin, poly-L-lysine, poly-
D-lysine, vitronectin, laminin, fibronectin, PLO laminin, fibrin, thrombin, and RetroNectin and
mixtures thereof, for example, or lvsed cell membrane preparations.

{8305} A person of ordinary skill in the art will appreciate that the concentration of serum
albumin supplemented into the medium may vary. For example, a medium (e.g, MCDB131}
can comprise about 0.01%, 0.05%, 0.1%, 1%, about 2%, about 3%, about 4%, about 5%, about
10%, or about 15% BSA. In other cases, a medium can comprise about 0.01%, 0.05%, $.1%,
1%, about 2%, about 3%, about 4%, about 5%, about 10%, or about 15% HSA. The medium
used {e.g., MCDB131 medium) can contain components not found in traditional basal media,
such as trace elements, putrescine, adenine, thymidine, and higher levels of some amino acids
and vitamins. These additions can altow the medium to be supplemented with very low levels of
serum or defined components. The medium can be free of proteins and/or growth factors, and
may be supplemented with EGF, hydrocortisone, and/or glutamine. The medium can comprise
one or more extraceliular matrix molecules {e.g.. extracellular proteins). Nosn-limiting
exernplary extracellular matrix molecules used in the medium can include collagen, placental
matrix, fibronectin, laminin, merosin, tenascin, heparin, heparin sulfate, chondrottin sulfate,
dermatan sulfate, aggrecan, biglycan, thrombospondin, vitronectin, and decorin. In some
embodiments, the mediom comprises laminin, such as LN-332. Tn some embodiments, the
medium comprises heparin.

{0306} The medium can be changed periodically io the culture, e g, to provide optinaal
environment for the cells in the medium. When culturing the celis dissociated from the first cell
cluster for re-aggregation, the medium can be changed at least or about every 4 hours, 12 hours,
24 hours, 48 hours, 3 days or 4 days. For example, the medium can be changed about every 48
hours.

{0307} In some embodiments, cells can be cultured under dynamic conditions (e.g., under
conditions in which the cells are subject to constant movement or stirring while in the suspension
culture). For dynamic culturing of cells, the cells can be cultured 1o a container {e.g., a non-

adhesive container such as a spinner flask {e.g,, of 200 ml to 3000 ml, for example 250 ml; of
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100 ml; or in 125 mi Erlenmeyer), which can be connected to a control unit and thus present a
controlled culturing system. Alternatively, the cells can be cultured in a biorcactor. In some
embodiments, cells can be cultured under non-dynamic conditions {e.g., a static culture} while
preserving thetr proliferative capacity. For non-dynamic culturing of cells, the cells can be
cultured in an adherent culture vessel. An adhesive culture vessel can be coated with any of
substrates for cell adhesion such as extracellular matrix (ECM) to improve the adhesiveness of
the vessel surface to the cells. The substrate for cell adhesion can be any material intended to
attach stem cells or feeder cells (if used). The substrate for cell adhesion includes collagen,
gelatin, poly-L-lysine, poly-D-lysine, vitronectin, laminin, fibronectin, PLO laminin, fibrin,
thrombin, and RetroNectin and mixiures thereof, for example, Matrigel™, and lysed cell
membrane preparations.

{8308} Medium in a dynamic cell culture vessel {e.g., a spinner flask or bioreactor} can be stirred
{e.g., by a stirrer). The spinning speed can correlate with the size of the re-aggregated second
cell cluster. The spinning speed can be controlled 50 that the size of the second cell cluster can
be similar to an endogenous pancreatic istet. In some embodiments, the spinning speed is
controlled so that the size of the second cell cluster can be from about 75 wimn to about 250 um.
The spinning speed of a dynamic cell culture vessel {e.g., a spinner flask or bioreactor) can be
about 20 rounds per minute (rpm) to about 100 rpm, e.g., from about 30 rpm to about 30 rpm,
from about 40 rpm to about 60 tpmwy, from about 45 rpm to about 50 rpm.  In some embodiments,
the spinning speed can be about 5O rpm.

{83097 Stage 6 cells as provided herein may or may not be subject to the dissociation and
reaggregation process as described herein. In some embodiments, the cell cluster comprising the
msulin~-positive endocrine cells can be reaggregated. The reaggregation of the cell cluster can
enrich the insulin-positive endocrine cells. In some embodiments, the insulin-positive endocrine
cells in the cell cluster can be further matured into pancreatic § cells. For example, after
reaggregation, the second cell cluster can exhibit in vitro G5IS, resembling native pancreatic
islet. For example, after reaggregation, the second cell cluster can comprise non-native
pancreatic B celi that exhibits in vitro GSIS. In some embodiments, the reaggregation process
can be performed according to the disclosure of PCT application PCT/US2018/043179, which is

wncorporated herein by reference o its entirety,
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{0318} Stage 6 cells obtained according to methods provided herein can have high recovery vield
after cryopreservation and reaggregation procedures. In some embodiments, stage 6 cells that
are obtained in a differgntiation process that involves treatment of a BMP signaling pathway
inhibitor {e.g., DMH-1 or LDN) and a growth factor from TGE- superfamily {e.g., Activin A) at
stage 3 and treatment of an epigenetic modifying compound {e.g., histone methyliransferase
inhibitor, e.g., EZH2 inhibitor, e.g.. BZNep) at stage 5 can have a higher recovery vield after
cryopreservation post stage 5, as compared to a corresponding cell population without such
treatment. In some embodiments, stage 6 cells that are obtained in a differentiation process that
involves treatment of a BMP signaling pathway inhibitor {e.g., DMH-1 or LDN) and a growth
factor from TGF-8 superfamily {e.g., Activin A} at stage 3 and treatment of an epigenstic
moditying compound (e.g., histone methyltransterase inhibitor, e.g., EZHZ inhibitor, e.g.,

37 Nep) at stage 5 can have a higher recovery vield after cryopreservation post stage 5, as
compared to a corresponding cell population without treatment of a BMP signaling pathway
inhibitor {e.g., DMH-1 or LDN) and a growth factor from TGF-§ superfamily {e.g., Activin A) at
stage 3. In some embodiments, stage 6 cells that are obtained in a differentiation process that
involves treatment of a BMP signaling pathway ohibitor (e.g., DMH-1 or LDN) and a growih
factor from TGE-B superfamily {e.g., Activin A) at stage 3 and treatment of an epigenetic
modifying compound (e.g., histone methyliransferase inhibitor, e.g., EZH2 inhibitor, e.g.,

D7 Nep} at stage S can have a recovery vield after cryopreservation post stage 5 that is at least
about 35%, 37.5%, 40%, 42.5%, 45%, 47 5%, 48%, 49%, or 50%. The recovery yield can be
calculated as a percentage of cells that survive and form reaggregated cell clusters afier
cryopreservation, thawing and recovery, and reaggregation procedures, as compared to the cells
before the cryopreservation.

{6311} In some embodiments, the present disclosure relates to cryopreservation of the non-native
pancreatic p cells or precursors thereof obtained using the methods provided herein. In particular
embodiments, the cells are cryopreserved following stage 5 and before stage 6. In some
embodiments, the cell population comprising non-native pancreatic f§ cells can be stored via
cryopreservation. For instances, the cell population comprising non-native 8 cells, e.g., Stage ¢
cells. In some embodiments, the cells can be dissociated into cell suspension, e.g., single cell
suspeunsion, and the cell suspension can be crvopreserved, e.g., frozen in a crvopreservation

solution. The dissociation of the cells can be conducted by any of the technique provided herein,
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for example, by enzymatic treatment. The cells can be frozen at a temperature of at highest -20
°C, at highest -30 °C, at highest -40 °C, at highest -50 °C, at highest -60 °C, at highest -70 °C, at
highest ~80 °C, at highest -90 °C, at highest ~100 °C, at highest -110 °C, at highest 120 °C, at
highest -130 °C, at highest -140 °C, at highest -156 °C, at highest -160 °C, at highest -170 °C, at
highest -180 °C, at highest -190 °C, or at highest -200 °C. In some embodiments, the cells are
frozen at a temperature of about -80 °C. In some embodiments, the cells are frozen at a
temperature of about -195 °C. Any cooling methods can be used for providing the low
temperature needed for cryopreservation, such as, but not limited to, electric freezer, solid carbon
dioxide, and liguid nitrogen. In some embodiments, any cryopreservation solution available to
one skilled in the art can be used for incubating the cells for storage at low temperature,
including both custorn made and commercial solutions. For example, a solution containing a
cryoprotectant can be used. The crvoprotectant can be an agent that is configured to protect the
cell from freezing damage. For instance, a cryoprotectant can be a substance that can lower the
glass transition temperature of the cryopreservation solution. Exemplary crvoprotectants that can
be used include DMSO (dimethy! sulfoxide), glveols {e. g, ethylene glycol, propylene glycol and
glycerol}, dextran {e.g., dextran-40), and trehalose. Additional agents can be added into the
cryopreservation solution for other effects. In some embodiments, commercially available
cryopreservation solutions can be used in the method provided herein, for instance, FrostaLife™,
pZerve™ Prime-XV®, Gibco Synth-a-Freeze Cryopreservation Medium, STEM-
CELLBANKER®, CryoStor® Freezing Media, HypoThermosol® FRS Preservation Media, and
CryoDefend® Stem Cells Media,

{83121 During the differentiation process, the cells can be subject to irradiation treatiment as
provided herein. In some embodiments, the cell population at Stage 6, e.g., the cell population or
cell cluster that has cells being differentiated from insulin-positive endocrine cells into pancreatic
B cells, 15 irradiated for a period of time. o some embodiments, the cell population at Stage ©
after reaggregation following the recovery from cryopreservation is irradiated for a period of
time. In some embodiments, the cryopreserved cells {e.g, the cells that are cryopreserved at the
end of Stage 5) are irradiated for a certain period of time prior to thawing and recovery for
subsequent differentiation process.

{6313} In some embodiments, the stage 6 cells comprise NKX6. 1-positive, insulin-positive cells.

In some embodiments, the stage 6 cells comprise NKX6. 1-positive, insulin-negative cells. In
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some embodiments, the stage 6 cells comprise C-peptide positive cells. In some embodiments,
Stage 6 cells or cells that have characteristics of stage 6 cells are incubated in NS-GFs medium,
MCDB131 medium, DMEM medium, or CMRL medium. In some embodiments, the stage 6
cells or cells that have characteristics of stage 6 cells are contacted with any one or more of a
vitamin or anti-oxidant {e.g., vitamin C), an albumin protein {e.g., a humnan serurn albumin
protein), a TGF-beta pathway inhibitor {e.g., an ALKS inhibitor ), a bone morphogenic protein
(BMP) type 1 receptor inhibitor {e.g., LDN193189), a Rho-associated coiled-coil containing
protein kinase (ROCK) inhibitor (e.g., thiazovivin), a histone methyltransferase inhibitor {e.g.,
DZNEP), and a protein kinase inhibitor {e.g., staurosporine). See, e.g.., WG2020264072. In
some embodiments, the stage 6 cells are contacted with a PKC activator {see, e.g.,

WO2019217487, which is incorporated by reference herein in its entirety).

Differentiation factors

{0314} Aspects of the disclosure relate to contacting progenitor cells {e.g., stem cells, e.g., iPS
cells, definitive endoderm cells, primitive gut tube cells, PDX1-positive pancreatic progenitor

cells, NKX6.1-positive pancreatic progenitor cells, insulin-positive endocrine celis) with p cell

{e.g., 1IPSCs or hESCs) into definitive endoderm cells, e.g.. in accordance with a method
described herein. Tn some embodiments, the differentiation factor can tnduce the differentiation
of definitive endoderm cells into primitive gut tube cells, e.g., 1n accordance with a method
described herein. In some embodiments, the differentiation factor{s) can induce the
differentiation of primitive gut tube cells into PD¥X1-positive pancreatic progenitor cells, e.g., in
accordance with a method described herein. In some embodiments, the differentiation factor(s)
can induce the differentiation of PBX1-positive pancreatic progenitor cells into NKXeo-1-positive
pancreatic progenitor cells, ¢.g., in accordance with a method described herein. In some
embodiments, the differentiation factor{s} can induce the differentiation of NKX6-1-positive
pancreatic progenitor cells into insulin-positive endocrine cells, e.g., in accordance with a

method described herein. In some embodiments, the differentiation factor(s) can induce the
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maturation of insulin-positive endocrine cells into pancreatic islet cells, e.g., in accordance with
a method described herein.

{03151 At least one differentiation factor described herein can be used alone, or in combination
with other differentiation actors, to generate pancreatic islet cells {e.g., SC-beta cells) according
to the methods as disclosed herein. In some embodiments, at least two, at least three, at least
four, at teast five, at least six, at least seven, at least eight, at least nine, or at least ten
differentiation factors described herein are used in the methods of gevnerating pancreatic islet
cells.

{0316} In some embodiments, a composition described herein does not comprise one or more of

the differentiation factors provided herein.

Forkhead Box (31 (Fox(} 1) inhibitor

10317} Aspects of the disclosure relate to the use of Forkhead Box 01 (FoxQ1) inhibitors as
differentiation factors. In some embodiments, the Fox(31 inhibitor used 1o the compositions and
methods described herein is a compound of Formula (1)

LONE™,
@ ®»|] 2 0
\{"\\\\\_ E//L\OR1

N SEEN ‘

R RE m,

or a pharmaceutically acceptable sali, solvate, bydrate, polymorph, co-crystal, tavtomer,
stereoisomer, isotopically labeled derivative, prodrug, composition, or mixture thereof, wherein:

Rlis hydrogen, optionally substituted acyl, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclvi, opticnally
substituted heterocyelyl, optionally substituted aryl, eptionally substituted hetercaryl, or an
oxygen protecting group;

R” is hydrogen, optionally substituted acyl, optionally substituted alkyl, optionally
substituted alkkenyl, optionally substinuted atkynyl, opticnally substituted carbocyclyl, optionally
substituted heterocyelyl, optionally substituted aryl, optionally substituted hetercaryl, or a
nitrogen protecting group,

each instance of R' is independently optionally substituted acyl, optionally substituted
alkyl, optionally substituied alkeny!, optionally substituted alkynyl, optionally substituted

i22
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carbocyclyl, optionally substituted heterocyclyl, optionally substituted aryl, optionally
substituted heteroaryl, or a nitrogen protecting group; or optionally two instances of R* are taken
together with their intervening atoms to form a substituted or unsubstituted heterocyclic or
substituted or unsubstituted heteroaryl ring;

each instance of R is independently halogen, optionally substituted acyl, optionally
substituted alkyl, optionally substituted heteroalkyi, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl, optionally substituted heterocycivl,
optionally substituted aryl, optionally substituted heteroaryl, ~OR®!, -NO,, -NR“), -SSR -
CN, or -SCN;

R is hydrogen, optionally substituted acyl, optionally substituted atkyl, optionally
substituted alkenyl, optionally substituted atkynyl, optionally substituted carbocyclyl, optionally
substituted heterocyclyl, optionally substituted aryl, optionally substituted heteroaryl, or a
nitrogen profecting group;

each instance of R® is independently halogen, optionally substituted acyl, optionally
substituted alkyl, optionally substituted hetercalkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl,
optionally substituted aryl, optionally substituted heteroaryl, ~OR®, ~NQO», ~N(R%),, -8R, ~
CN, or -8CN;

wherein R is hydrogen, optionally substituted acyl, optionally substituted alkyl,
optionally substituted alkenyi, optionally substituted alkynyi, optionally substituted carbocyelyl,
optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted hetercaryl,
an oxygen protecting group when attached to an oxygen atom, or a sulfur protecting group when
attached to a sulfur atom;

wherein each instance of R is independently hydrogen, optionally substituted acyl,
optionally substituted atkyl, optionally substituted altkenyl, optionally substituted alkynyl,
optionally substituted carbocyclyl, optionally substituted heterocyclyl, optionally substituted
aryl, optionally substituted heteroaryl, or a nitrogen protecting group; or optionally two instances
of R¥* are taken together with their intervening atoms to form a substituted or unsubstituted
heterocyclic or substituted or unsubstituted heteroaryl ring;

xis0, 1, ot 2;

yisOQorl;and
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7180,1,2,3, 4,5, 6,7, 8,9, or 10, as valency permits.

{6318} In some embodiments, the compound 1s of Formula (-A):

R R? (I-A),

ot a pharmaceutically acceptable salt, solvate, hydrate, polymorph, co-crystal, tautomer,
stereoisonter, 1sotopically labeled derivative, prodrug, composition, or mixiure thereof, wherein:

R'is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted alkynyl;

R? is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, or optionally
substituted atkynyl;

each instance of R’ is independently hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, or optionally substituted alkynyt;

R*is halogen, optionaily substituted acyl, optionally substituted alkyl, optionally
substituied heteroatkyl, optionally substituted alkenyl; and

R is hydrogen, optionally substituted alkyl, optionally substituted atkenyl, or optionally
substituted alloynyl.
{6319} In some embodiments, R* is hydrogen. In some embodiments, R” is optionally substituted
alkyl In some embodiments, R” is ethyl. In some embodiments, at least one instance of R7 is
hydrogen. In some embodiments, both instances of R? are hydrogen. In some embodiments, at
least one tostance of R is halogen. Tu some embodinents, at least one instance of R* is fluorine.
In some embodiments, x is |. In some embodiments, R is hydrogen. In some embodiments, v is
1. In some embodiments, z is 0.

{8326} In some embodiments, the compound is of formula:

NH, O O
SHhee N
|
N (AS1842856),

or a pharmaceutically acceptable salt, solvate, hydrate, polymorph, co-crystal, tautomer,
sterecisomer, 1sotopically labeled derivative, prodrug, composition, or mixture thereof,
i24
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{6321} In some embodiments, the compound is AS1842856.

{6322} [n some embodiments, a medium described herein does not comprise a FoxQ1 inhibitor.

Transforming Growth Factor-f (TGE-§) Superfomily

183231 Aspects of the disclosure relate to the use of growth factors from the transforming growth
factor-p {TGF-B) superfamily as differentiation factors. The “TGF-P superfamily” means
proteins having structural and functional characteristics of known TGF family wembers. The
TGFR family of proteins can include the TGFP series of proteins, the Inhibins (including Inhibin
A and Inhibin B}, the Activins (including Activin A, Activin B, and Activin AB), MIS
{Mulerian inhibiting substance}, BMP (bone morphogenetic proteins), dpp (decapentaplegic),
Vg-1, MNSF (monoclonal nonspecific suppressor factor), and others. Activity of this family of
proteins can be based on specific binding to certain receptors on various cell types. Members of
this family can share regions of sequence identity, particularly at the C-terminus, that correlate to
their function. The TGEFP family can inchude more than one hundred distinct proteios, all sharing
at feast one region of amino acid sequence identity. Members of the family that can be used in
the method disclosed herein can include, but are not Hnited to, the following proteins, as
identified by their GenBank accession numbers: PO7995, P18331, P0B476, (304998, PO3970,
P430632, PS5102, P27¢02, P42917, PO9S29, P27003, PO408SE, Q04999 P17491, PS5104,
QOWUKS, PS3103, (388959, O08717, P38166, 061643, P35621, PO9534, P48970, QONR23,
P25703, P30884, P12643, P40001, P21274, 046564, 019006, P22004, P20722, Q04906,
007104, P30BS6, P18075, P23339, P22003, P34B21, P49003, 90751, P21275, QU6826,
P3088BS, P34820, 29607, P12644, Q90752, 046576, P27539, P48969, (26974, POTT713,
POTT06, PO1699, PRT0OT, 042222, Q24735, P20RE3, (318828, P55106, QOPTQ2, 014793,
08689, 042221, O18830, C18831, (18836, 035312, 042220, P43026, P43027, P43029,
095390, QUR229, 093449, QOL1W4, QUBDWS, P43028, Q724PS5, PS0414, P17246, P54831,
PO4202, POTI37, PO9S33, P18341, 019011, Q9Z1Y6, PO7200, Q82217, 095393, P55105,
P30371, QOMZE2, (Q0T7258, Q96542, PO7737, AAAST415. 1, NP-776788 1, NP-058824.1,
EALZ4001 1, 1 84Y, NP-O01009856.1, NP-1-032406.1, NP-999193 1, XP-519063 .1,
AAGIT260.1, CAA40806.1, NP-1-001000458 .1, AAQSS808.1, AAK40341.1, AAP33019.1,
AAKZ1265.1, AACSS738.1, CAJ406003.1, B40905, AAQS5811.1, AAK40342.1, XP-540364.1,
PSS102, AAGSSSI0 1, NP-900727 1, CAASTIO3. ], AADS0448 1, JC4862, PNOS04,
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BABI7600.1, AAHS0742.1, BAB17596.1, CAGO6183.1, CAGOS339. 1, BABI7601 1,
CAB43091.1, A36192, AAA4G162.1, AAT42200.1, NP-789822.1, AAAS9451 .1, AAASS1a9 1,
XP-541000.7, NP-9905S37. 1, NP-1-002184.1, AAC14187.1, AAPS3319.1, AAASST70GT,
BAB16973.1, AAMOGGT766.1, WFPGRB, 1201278C, AAH30029.1, CAA49326.1, XP-344131. 1,
AA-148845.1, XP-1-148966.3, 148235, B4139§, AAHT7T857.1, AAB26363.1, 1706327A,
BAAB3804.1, NP-571143.1, CAGOO0858.1, BAB17599.1, BAB17602.1, AABGI408.1, PNOSOS
PNOSO6, CAB43092.1, BABI7S98. 1, BAA22570.1, BAB16972.1, BACBIGT2 1, BAAI2694 1,
BAAOB494.1, B36192, 36192, BAB10971.1, NP-034695.1, AAA49160.1, CAAGZ347 1,
AAA49161 .1, AAD3O0132 1, CAASE290 1, NP-005529 1, XP-522443 1, AAM27448 1, XP-
5382471, AAD30I33. I, AAC36741.1, AAHI0404.1, NP-032408.1, AANO3682.1, XP-
5001611, AAC3Z311. L, NP-651942.2, AALS100S. 1, AAC39083 .1, AAHBSS547.1, NP~
571023 1, CAF94113.1, EAL29247 1, AAW30007 1, AAHS0232.1, A29619, NP-O01007905 1,
AAHT3508.1, AADO2201.1, NP-999793 1, NP-000542.1, AAF19841.1, AACST488.1,
AACO0038. 1, NP 989197.1, NP-571434. 1, EAL41229 1, AATO7302.1, CA119472.1, NP-
0315821, AAA40548 1, XP-535880.1, NP-1-037239.1, AATT2007.1, XP-418930.1,
CAA41634.1, BAC30864.1, CAA38850.1, CABRIGST .2, CAA4S018. 1, CAA45010.
BACZ28247. 1, NP-031581.1, NP-930479.1, NP-999820.1, AAB27335.1, 845355, CABB2007 1,
XP-534351.1, NP-0OS8874.1, NP-031579.1, IREW, AAB96T85.1, AAB46367.1, CAAQSG33 1,
BAASSOI2.1, IEST, AAP20870.1, BACZ4087.1, AAGO9784.1, BACU6352. 1, AAQES234.1
AAMZ7000. 1, AAH30950. 1, CAGOI491. 1, NP-571435.1, IREU, AAC60286.1, BAA24400.1,
A36193, AAHSS9S9.1, AAHSB4647 1, AAHS0689.1, CAGO9422. 1, BADI6T43.1, NP-032134.1,
XP-532179.1, AABZ4870.1, AAHSTT02.1, AAABI616.1, CAA40222.1, CABS0273 .2, XP-
3425921, XP-534896.1, XP-334462 1, 1LXI, XP-417496.1, AAF34179 1, AAL7T3188.1,
CAF96266.1, AAB34226.1, AAB33846.1, AATIZ2415.1, AAQ33819.1, AATT2008.1,
AAD38402.1, BABOE39G. |, CAA45021 1, AABI7337 1, AAPGOO1T. 1, AATIZ416.1, NP~
5713961, CAAS3SI3.1, AAQ33820.1, AAA4B568.1, BAC02605.1, BACD2604.1, BAC02603 1,
BAC02602.1, BAC02601.1, BACO02599. 1, BACO2598.1, BAC02597.1, BACQ2SSS 1,
BAC02593.1, BACO2592.1, BACO2590.1, AAD28039.1, AAPT74560.1, AABO4786.1, NP-
001483 2, XP-528195.1, NP-571417.1, NP-001001557. 1, AAH43222.1, AAM33143.1,
CAGIO381.1, BAA3I32.1, EAL39680.1, EAATZ2482.2, P34820, AAPB8I72.1, AAPT74559.1,
CAIT6418.1, AAD30S38.1, XP-345502.1, NP-1-038554.1, CAGO4089.1, CADG0936 2, NP-
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0315841, B55452, AACH0285.1, BAAOG410.1, AAHN2ZB46.1, NP-031580.1, NP-1-036959.1,
CAA45836.1, CAA45020.1, Q29607 AAB27336.1, XP-547817.1, AATI2414.1, AAMS4049.1,
AAHTE901.1, AADZST45.1, NP-570012.1, XP-392194.1, AAD20829.1, AACY7113.1,
AACO6I694.1, AAHOU340.1, AARS7906.1, BAA32227 1, BABGR395.1, BACO2895.1, AAWS
1451.1, AAFR2188.1, XP-544189 1, NP-990568.1, BACB0211.1, AAWRB2620.1, AAFS9597 1,
NP-571062.1, CAC44179.1, AAB97467.1, AATO9303.1, AAD2ZBO38.1, AAHS2168.1, NP-
001004122 1, CAAT2733 1, NP-032133.2, XP-394252.1, XP-224733 2, JHO8O1, AAPOTT721 1,
NP-089009.1, 843296, P43029, AS5452, AAH324095.1, XP-542974 .1, NP-032135.1,
AAK30842.1, AAKZ27794.1, BAC30847. 1, EAA12064.2, AAPOT720.1, XP-525704 .1,
AATO7301.1, BADO7014.1, CAF94356.1, AARR7581.1, AAGI3400.1, AACODI27 1,
CAFQ2055.1, XP-540103.1, AAG20895.1, CAF97447.1, AASO1764.1, BADOS3 19 1,
CAATO208.1, NP-998140.1, AARO3824. 1, AAR4R405.1, AAS48403.1, AAKS35451,
AAKE4666.1, XP-395420.1, AAKSG941. 1, AACATS55. 1, AARERZSS 1, EAL33030.1,
AAWATTAN 1, AAW29442 1, NP-722813. 1, AARORS0L.1, AAD 154202, CACS9700 1,

AAT 268861, AAKT1708.1, AAKT1707.1, CACS1427 2, AAKGT984.1, AAKGT7983 1,
AAK2E8706.1, PO7713, P91706, PO1699, CAGO2450 1, AAC47552.1, NP-005802.1, XP-
3431491, AW34055.1, XP-538221.1, AARR7380.1, XP-1259353, AAF21633.1, AAFZ1630.1,
AADOS267.1, QUZ1 W4, NP-1-0315852 NP-5371094.1, CADA43439.1, CAF99217 1,
CABO3584.1, NP-722840.1, CAE46407.1, XP-1-417667.1, BACS3989.1, BAB19659.1,
AAMA6922 1, AAASTIOO 1, AAK28707.1, AALOS943 |, AABI7573.1, CAHZ5443 1,
CAGI0269.1, BADI6T31.1, EAAD0276.2, AATO7320.1, AATO7300.1, AANIS037 1,
CAH25442 1, AAKOB152.2, Z009388A, AARI21I6L.1, CAGO1961.1, CABG3656.1,
CADOTT14.1, CAF94162.1, NP-477340 1, EAL24792 1, NP-1-001009428 1, AABRGGES. 1,
AAT40572.1, AAT40571.1, AAT40569.1, NP-033886.1, AAB49%E5.1, AAG39206.1, 26974,
AACTT461 1, AACATZ6Z. 1, BACOSS509 1, NP-055297.1, XP-546146.1, XP-525772.1, NP-
0605252, AAH33585.1, AAHO9080.1, CAGIZ2751.1, AAHT47S7.2, NP-034964.1, NP-
038639.1, 042221, AAF02773.1, NP-062024.1, AAR18244. 1, AAR14345.1, XP-2282852,
AAT40573.1, AATO4456.1, AAL3S278.1, AAL35277.1, AALT7640.1, AACOR035 1,
AABBGEO2. 1, CAB40844.1, BAC38037.1, BABI6046.1, AANG3522.1, NP-571041 .1,
AABO4080.2, AAC26791.1, AABS5254.1, BAATIB351, AARIE246.1, XP-538528.1,
BAAZIES3. 1, AAKIB000.1, XP-1-420540.1, AAL35276.1, AAQOEO02. 1, CAET1944 1,
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AAWS0585.1, AAVO3982. 1, AAWZ9941 1, AANEBTRI0.1, AAT4056& 1, CADBATT30.1,
AABRIS08.1, AASODS34.1, AACS9736. 1, BABT9498 1, AAA9T392 1, AAPBSS526.1, NP-
999600 .2, NP-878293.1, BACB2629.1, CACO0268.1, CAGO4919.1, AANIOI23.1, CAAQTTO7 1
AAK20912 1, AARSE254.1, CAC34629 1, AAL3S275.1, AAD4a997 1, AAND3842. 1, NP-
571951.2, CACS0881 1, AALO9367 .1, AALA9502.1, AAB71839.1, AABGS41S5 1, NP-

024359 1, NP-990153.1, AAFTE009. 1, AAK49790 1, NP-919367.2, NP-001192.1, XP-
544948 1, AAQIB0I3.1, AAV3IBT39 1, NP-851298 1, CAAGT6E5.1, AATOT1TL 1,
AAT37502.1, AAD27804.1, AANT6665.1, BAC11909.1, XP-1-421648.1, CAB63704.1, NP-
037306.1, A557006, AAF02780.1, CAGO9623.1, NP-067589.1, NP-035707.1, AAV30547 1,
AAP49817 1, BACT7407.1, AALET7199.1, CAGO7172.1, B36193, CAA33024.1, NP-1-
0010094001, AAP36538.1, XP-512687 1, XP-510080.1, AAHO5S13.1, IKTZ, AAHI14690.1,
AAA3Z1IS26.1

10324} The growth factor from the TGF- superfamily in the methods and compositions
provided herein can be naturally obtained or recombinant. In some embodiments, the growth
factor from the TGF-§ superfamily comprises Activin A, The term “Activin A” can include
fragments and derivatives of Activin A, The sequence of an exemplary Activin A is provided as
SEQ ID NG: 17, Other nop-limiting examples of Activin A are provided in SEQ 1D NG: 19-32,
and non-limiting examples of nucleic acids encoding Activin A are provided in SEQ ID NO: 18,
SEQ 1D NGO 33, and SEQ 1D NO: 34, In some embodiments, the growth factor from the TGF-§
superfamily comprises a polypeptide comprising an amino acid sequence that is at least 30%6, at
feast 40%, at least 50%, at least 60%, at least T0%, at least 75%, at least 0%, at least 85%, at
least 90%, at feast 95%, at least 98% or at east 99% identical to the amino acid sequence of any
one of SEQ ID NOs: 17 and 19-32, or functional fragments thereof. o some embodiments, the
growth factor from the TGF-B superfamily comprises a polypeptide comprising the amino acid

sequence of— any one of SEQ ID NOs: 17 and 19-32.

SEQ 1D NO: 17 - Homo sapiens Inhibin beta A subunit {Activin A) amino acid sequence:
GLECDGEVNICCKKQFFVSFEKBIGWNDWIAPSGYHANYCEGECPSHIAGTSGSSLSPFHSE
TVINHYRMRGHSPFANLKSCCVPTKLRPMSMLY YDDGONIKKDIONMIVEECGCS

SEG ID NO: 18 - Homo sapiens Inhibin beta A chain (Activin A) nucleic acid sequence:
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GGOTTGOAGTGTGATOGUAAGGTCAACATCTGUTGTAAGAAACAGTTCTTTGTCAGT
TTCAAGGACATCGGCTGGAATCGACTGCGATCATTGCTCCCTCTGGCTATCATGCCAAC
TACTGUCGAGOGGTGAGTGCCUCGAGCCATATAGCAGGCACGTCCOGGHGTCCTCACTGTICC
TTCCACTCAACAGTCATCAACCACTACCGCATGCGGGGCCATAGCCCCTTTIGCCAAC
CTCAAATCGTGCTOTGTOGCCCACCAAGCTCGAGACCCATGTCCATGTTGTACTATGAT
GATGGTCAAAACATCATCAAAAAGGACATTICAGAACATGATCGTGGAGGAGTGTGEG
GTGCTCATAG

SEQ ID NO: 19 - Homo sapiens Erythroid ditferentiation protein (EDF) ovarian amino acid
sequence:
MPLLWLRGFLEASCWHVRSSPTPGSEGHSAAPDCPSCALAALPKDVENSQPEMVEAVE
KHILNMLHLKEKRPDBVTOPYVPRKAALLNAIRKLHVGKVGENGY VEIEDDIGRRAEMNELM
EQTSEHTFAESGTARKTLHFEISKEGSDLSVVERAEVWLFLKVPKANRTRTKVTIRLFQG
QKHPOGSLDTGEEAEEVGLKGERSELLLSEKVVDARKSTWHVEFPVSSSIQRLEDOQGKSS
LDVRIACEQCQESGASLVLLGKKKKKEEEGEGK KK GGGEGGAGADEEKEQSHRIPFLML
QARQSEDHPHRRRRRGLECDGKVNICCKKOQFFVSFKDIGWNDWHAPSGYHANYCEGE
CPSHIAGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVPTKLRPMSMLYYDDGONIKK
DIQNMIVEECGCS

SEQ ID NO: 20 - Homo sapiens Inhibin B subunit amino acid sequence:
ARGSEDHPHRRRRRGLECDGRKVNICCKKOQFFVSFKDIGWNDWHAPSGYHANYCEGECP
SHIAGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVPTRLRPMSMLYYDDGONIKK DI
ONMIVEECGCS

SEQ ID NO: 21 - Homo sapiens Inhibin B subunit in testis Homo sapiens amino acid sequence:
GLECDGKVYNICCKKGFFVSFKDIGWNDW HAPSGYHANYCEGECPSHIAGTSGSSLEFHS
TVINHY ACGHSPFANLKSCCVPTRLRPMSMLYYDDGONIKKDIQNMIVEECGCS

SEQ ID NO: 22 - Homo sapiens Inhibin B subunit erythroid differentiation protein (EDF), amino

acid sequence:
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MPLEWLRGFLLASCWIHVRSSPTPGSEGHSAAPDOPSCALAALPKDVPNSOQPEMVEAVK
KHILNMLHLKKRPDVTOPVPKAALLNARKLHVGKVGENGY VEIEDDIGRRAEMNELM
EQTSENTFAESGTARKTLHFEISKEGSDLSVVERAEVWLFLKVPKANRTRTKVTIRLFQQG
QKHPQGSLDTGEEAEEVGLKGERSELLL SEKVVDARKSTWHVEFPVSSSIQRLL DOGKSS
LPVRIACHQCOQESGASLVLLGKKKKKEEEGEGKEKKGGGEGGAGADEEKEQSHRPFLML
CQARQSEDHPHRRRRRGLECDGKVNICCKKQFFVEFKDIGWNDWHAPSGYHANYCEGE
CPSHIAGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVPTRLRPMSMLYYDDGONIIKK
DIONMIVEECGCS

SEQ 1D NG: 23 - Mus museuslus (Mouse) Inhibin beta A chain {(Activin beta-A chain} amino acid
sequence:
MPLLWLRGFLLASCWIIVRESPTPGSEGHGSAPDCPSCALATLPKDGPNSQPEMVEAVK
KHILNMLHLKKRPRVTOPYPKAALLNAIRKLHVGKVGENGY VEIEDDIGRRAEMNELM
EQTSENTFAESGTARKTLHFEISKEGSDLSVVERAEVWLFLEVPKANRTRTRVTIRLEFQQ
OKHPOGSLDTGDEAEEMGLKGERSELLLSEKVVDARKSTWHIFPYSSSIQRLLDBQGKSS
LDVRIACEQCQESGASLVLLGKKKKKEVDGDGKKKDGSDGGLEEEKEQSHRPFLMLOA
ROSEDHPHRRRRRGLECDOKVNICCKKQFFVSFKDIGWNDWHAPSGYHANYCEGECPS
HIAGTSGSSLSFHSTVINHYRMRGHSPFANLEKSCCVPTKLRPMSMLY YDDGONIIKKDIG
NMIVEECGCS

SEQ ID NO: 24 - Rattus norvegicus {Rat) fubibin beta A chain (Activin beta-A chain) amino acid
sequence:
MPLLWLRGFLLASCWIIVRSSPTPGSEGHGAAPDCPSCALATLPEKDGPNSQPEMVEAVK
KHIILNMEHLKKRPDVTOPVPKAALLNAIRKLHVGKVGENGYVEIEDDIGRRAEMNELM
EQTSENTFAESGTARKTLHFEISKEGSDLSVVERAEVWLFLKVPEKANRTRTKVTIRLEFQQ
QKHPOGSLDMGDEAEEMGLKGERSELLLSEKVVDARKSTWHIFPVSSSIGRLLDOQGKSS
LDVRIACEQCQESGASLVLLGKKKKKEVDGDGKKKDGSDGGLEEEKEGSHRPFLMLQA
ROSEDHPHRRRRRGLECDGKVNICCKKQPFFVSFKDIGWNDWIHAPSGYHANY CEGECPS
HIAGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVPTKLRPMSMLY YDDGONIIKKDIQ
NMIVEECGCS
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SEQ 1D NO: 25 - Gallus gallus (Chicken) [nhibin beta A chain (Activin beta-A chain} amino acid
sequence:
MPLLWKRGFLLVICWHVRSSPTPGSEGHSSVADCPSCALTTLSKDVPSSQPEMVEAVEK
HILNMLHLRDRPNITQPVPKAALLNATKKLHVGKVGDDGY VEIEDDYVGRRAEMNEVVE
QTSEHTFAESGTPKKTLHEEISKEGSELSVVEHAEVWLFLEVSKANRSRTKVTIRLEFGOQO
ROPKGNSEAAEDMEDMGELKGERSETLISEKAVDARKSTWHIFPISSSVORLLDQGQSSL
DVRIACDLCQETGASLYLLGKKKKKEDDGEGKEKDGGELTGEEEKEQGSHRPFLMMLAR
HSEDROHRRRERGLECDGKVNICCKKGFFYSFKDIGWSDWHAPTGYHANYCEEECPSHI
AGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVPTKLRPMSMELYYDDGONIKEKDION
MIVEECGCS

SEQ 1D NO: 26 ~ Bos taurus (Bovine) Inhibin beta A chain (Activin beta-A chain) amino acid
sequence:
MPLLWLRGFLLASCWHVRSSPTPGSEGHSAAPDCPSCALATLPEDVPNSOQPEMVEAVK
KHILNMEHLKKRPDVTGPVPKAALI NAIRKLHVGKVGENGYVEIEDDIGRRAEMNELM
EQTSENTFAESGTARKTLHFEISKEGSDLSVVERAETWLFLEVPKANRTRSKVTIRLFQQQO
KHLOGSLDAGEEAEEVGLKGEK SEMLISEK VVDARKSTWHIFPYSSCIQRLLDQGKSSL
DIRIACEQCQETGASLVLLGKKEKKEEEGEGKKRDGEGGAGGDEEKEQSHRPFLMLQA
ROSEDHPHRRRRRGLECDGKVNICCKKQFFVSFKDIGWNDWHAPSGYHANYCEGECPS
HIAGTSGSSLSFHSTVINHYRMRGHSPFANLK SCCVPTKLRPMSMLYYBDGQNIKKDIO
NMIVEECGCS

SEQ ID NG: 27 - Equus caballus (Horse) Inhibin beta A chain (Activin beta-A chain) amino acid
sequence:
MPLLWLRGFLLASCWHVKSSPTPGSEGHSAAPNCPSCALATLPEKDVPNAGPEMVEAVK
KHILNMLHLKKRPDVTOPVPKAALLNAIRKLHVGKVGENGY VEIEDDIGRRAEMNELM
EQTSEITFAESGTARKTLHFEISKEGSDLSVVERAEVWLFLKVPKANRTRSKVTIRLLQQ
QRHPOQGSSDTREEAEEADIMEERSEQLISEKVVDARKSTWHIFPVSSSIORLLDOQGKSSL
DIRTACDOQCHETGASLVLLGKKKKKEEEGEGKKKDGGEAGAGVDEEKEQSHRPFLMLQ
ARQSEDHPHRRRRRGLECDGKVNICCKKQFFVSFKDICGWNDWIIAPSGYHANYCEGECP
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SHIAGTSGSSLSFHSTVINOYRLRGHNPFANLKSCOVPTKLRPMSMLY YDDGONTIKKDI
QNMIVEECGCS

SEQ ID NO: 28 - Sus scrofa {Pig) Inhibin beta A chain {Activin beta-A chain} amino acid
sequence:
MPLLWLRGFLLASCWHVRSSPTPGSGGHSAAPDCPSCALATLFKDVPNSQPEMVEAVK
KHILNMLHLKKRPBVTOPVPKAALLNARKLHVGKVGENGYVELEDDIGRRAEMNELM
EQTSEIITFAEAGTARKTLRFEISKEGSDLSVVERAFTWLFLKVPKANRTRTKVSIRLFQQ
QRRPOGSADAGEEAEDYGFPEEKSEVLISEKVVDARKSTWHIFPVSSSIQRLLDOGKSAL
DIRTACEQCHETGASLVLLGKKKKKEEEAEGRKRDGEGAGVDEEKEQSHRPFLMLGAR
QSEEHPHRRRRRGLECDGKVNICCKEKQFFVSFKDIGWNDWHAPSGYHANYCEGECPSHI
AGTSGSSLSFHNTVINHYRMRGHSPFANLKSCCVPTRKLRPMSMLY YDDGONHEKDION
MIVEECGCS

SEQ D NO: 29 - Ovis artes {Sheep) Inhibin beta A chain {Activin beta-A chain) amino acid
SeGUeNCe!
MPLLWLRGFLLASCWIVRSSPTPGSEGHSAAPDCPSCALATLPKERVPNSQPEMVEAVK
KROUNMLHLKKRPDVTOPVPKAALLNAIRKLHVGKVGENGY VEIEDDIGRRAEMNELM
EQTSEHTFAESGTARKTLHFEISQEGSDLSVVERAEIWLFLKVPRANRTRSKVTIRLFQQQ
KHLOGSLDAGEEAEEVGLKGEKSEMLISEKVVDARKSTWHIFPVSSCIQRLLDOGKSSL
DIRTACEQCOQETGASLVLLGKKKRKEEEGEGKKRDGEGGAGGDEEKEQSHRPFLMLGQA
ROSEDHPHRRRRRGLECDGK VNICCKKQFY VSFKIMGWNDWHAPSGYHANYCEGECPS
HIAGTSGSSLSFHSTVINHYRMRGHSPFANLEKSCCVPTKLRPMSMLYYDDGONIIKKDIG
NMIVEECGCS

SEQ D NO: 30 - Felis catus {(cat) lnhibin beta A chain {(Activin beta-A chain} amino acid
sequence:
MPLEWLRGFLLASCWHVRSSPTPGSEGPGAAPDCPSCALATLPKDVPNSQPEMVEAVK
KHENMEHLKKRPEVTOPVPKAALENAIRKLHVGKVGENGYVEIEDDIGRRAEMNELM
EQTSENTFAESGTARKTLHIEISKEGSDLSVVERAEVWLFLKVPRKANRTRTKVTIQLLOK
QPQGGVDAGFFAEEMGLMEERNEVLISEKVVDARKSTWHIFPVSSSIQRLLDOQGKSSLD

i32
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VRIACEQCHETGASLVLLGKKK KK BEEGEGK KK DGGDGGAGADBDKEQSHRPFLMLG
ARGQSEDHPHRRRRRGLECDGK VNICCKKQFFVSFKDIGWNDWIIAPSGYHANYCEGECP
SHIAGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVPTELRPMSMLY YDDGONIKKDI
QNMIVEECGCS

SEQ 1D NO: 31 - Danio rerio {zebrafish) Inhibin beta A chain (Activin beta-A chain} amino acid
sequence:
MSPLPLLSGILLLLIRSCSLSAMYTKGSLPMSEQQAGATVUPSCALARFRIKGYSESEDEG
AQODVVEAVKRHILNMLHLGQERPNITHPVPRAALLNAIRKVHVGRVAKDGSVLIEDEAS
NRAETEQAEQTEHTFAETGEAPGIVNFLISKEGGEMSVVDGQGANVWIFLREPKGNRTRAN
YNIRLLLOQOGAGEKILAEKSVDTRRSGWHTFPASESVOSLLORGGSTLSLRVSCPLCADA
RATPVLVSPGGSEREQSHRPFLMAVVROMDELSLRRRRKRGLECDGKARVUCKROEFYV
NFEKDIGWNDWIHAPSGYHANYCEGDCASNVASITGNSLSFHSTVISHYRIRGYSPFTNIKS
CCVPTRLRAMSMLYYNEEQKIVKKDIONMIVERCGCS

SEQ ID NO: 32 - Carassius auratus {goldfish) Inhibiun beta A chain {Activin beta-A chain) amino
acid sequence:
MSSLTLVNRGTAALRLFVRGLLTHSSREWLSGDGEPDDPVTPCPSCALAQRQKDSEEQT
DMVEAVERHILNMLHINTRPNYTHPVPRAALLNAIRRLHVGRVGEDGTVEMEEDGGG
LGEHREQSEEQPFEUTFAEPGDAPDIMKFDISMEGNTLSVVEQANVWLLLEKVAKGSRGK
GRKVSVOLLOHGKADPGSADGPQEAVVSEKTVDTRRSGWHTLPVSRTVQTLLDGDSSM
LSERVSCPMCAEAGAVPILVPTESNKGKEREQSHRPFLMVVLKPAFEHPHRRSKRGLEC
DGKIRVCCKROFYVNFRDIGWSDWHAPSGYHANYCEGDCPSHVASITGSALSFHSTVIN
HYRMRGYSPEFNNIKSCCVYPTRLRAMSMLY YNEEQKIIKKDIGNMIVEECGCS

SEQG ID NO: 33 - Recombinant Inhibin B subunit nucleic acid sequence
GCCCGGCAGTCTGAAGACCACCCTCATCGCCGGCGTCGGCGGGGCTTGGAGTGTGA
TGGCAAGGTCAACATCTGCTGTAAGAAACAGTTCTTIGTCAGTTTCAAGGACATOGG
CTGGAATGACTGGATCATTGCTCCCTCTGGCTATCATGCCAACTACTGCGAGGGTGA
GTGCCCGAGCCATATAGCAGGCACGTCCGGGTCCTCACTGTCCTTCCACTCAACAGT
CATCAACCACTACCGCATGCGGGRCCATAGCCCCTTTGCCAACCTCAAATCGTGOTG

Y3y
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TGTOGCCCACCAAGCTGAGACCCATOGTCCATGTTGTACTATGATGATGOTCAAAACAT
CATCAAAAAGGACATTCAGAACATGATCGTGGAGGAGTGTGOGOTGCTCATAGAGTT
GCUCAGCCCAGGGOGAAAGGGAGUAAGA

SEQ ID NGO: 34 - Homo sapiens mature subunit beta(A) inhubin in testis nucleic acid sequence
GGCCTGGAGTGCGACGGCAAGGTCAACATCTGUTGTAAGAAACAGTTCTTTGTCAGT
TTCAAGGACATCGGCTGGAATGACTGGATCATTGCTCCCTCTGGCTATCATGCCAAL
TACTGCGAGGGTGAGTGCCCGAGCCATATAGCAGGCACGTCCGGGTCCTCACTGTCC
TTCCACTCAACAGTCATCAACCACTACGCATGCGGCCATAGCCCCTTTIGCCAACCTC
AAATCGTGCTGTGTGCCCACCAAGCTGAGACCCATGTCCATGTTGTACTATGATGAT
GGTCAAAACATCATCAAAAAGGACATTCAGAACATGATCGTGGAGGAGTGCGGGTG
CTCCTAA

{0325} In some embodiments, the growth factor from the TGF-B superfamily comprises growth
differentiation factor 8 {GDFES). The term “GDF8” can include fragments and derivatives of
GDFR. The sequences of GDFS polypeptides are available to the skilled artisan. In some
embodiments, the growth factor trom the TGEF-B superfamily comprises a polypeptide having an
amino acid sequence at feast 30%, at least 40%, at least 50%, at least 60%4, at least 70%, at least
&0%, at least 90%, at least 95%, or at least 99%, or greater identical to the human GDFS
polypeptide sequence (GenBank Accession EAX10880)

{8326} [o some embodiments, the growth factor from the TGF- superfamily comprises a growth
factor that is closely related to GDFE, e.g., growth differentiation factor 11 {(GDF11). In some
embodiments, the growth factor from the TGF-B superfamily comprises a polypeptide having an
amino acid sequence at least 30%, at least 40%, at least 50%, at least 66%, at least 70%, at least
80%, at least 90%, at least 95%, or at least 99%, or greater identical to the human GDF 11
polypeptide sequence {GenBank Accession AAF21630}.

103271 In some embodiments, the growth factor from the TGF-P superfamily can be replaced
with an agent mimics the af least one growth factor from the TGF-f superfamily. Exemplary
agents that nyimic the at least one growth factor from the TGF-f superfamily, include, without

fimitation, IDEL and [DEZ.
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{06328} In some embodiments, a medium described herein does not comprise a TGF-§

superfamily protein.

Bowne Morphogenetic Protein (BMP) Signaling Patliway Inhiibitors

183291 Aspects of the disclosure relate to the use of BMP signaling pathway 1ohibitors (which
also may be referred to as “BMP inhibitors” herein) as cell differentiation factors. The BMP
signaling family is a diverse subset of the TGF-B superfamily (Sebald et al Biol. Chem
385:697-710, 2004). Over twenty known BMP ligands are recognized by three distinct type I
{BMPRIL, ActRHa, and ActRIIb) and at least three type FHHALK2, ALK3, and ALKG) receptors.
Dimeric Hgands facilitate assembly of recepior heteromers, allowing the constitutively-active
type H receptor serine/threonine kinases to phosphorylate type I receptor serine/threonine
kinases. Activated type I receptors phosphorylate BMP-responsive (BR-) SMAID effectors
{SMADs 1, 5, and 8) to facilitate nuclear translocation in complex with SMAD4, a co-SMAD
that also facilitates TOF signaling. Tn addition, BMP signals can activate intracellular effectors
such as MAPK p38 in a SMAD-independent manner (Nohe et al. Cell Signal 16:291.299, 2004},
Soluble BMP antagonists such as noggin, chordin, gremlin, and follistatin limit BMP signaling
by ligand sequestiration.

18330} In some embodiments, the BMP signaling pathway inhibitor in the methods and
composition provided herein comprises BDMH-1, or a derivative, analogue, or variant thereof. In
some embodiments, the BMP signaling pathway inhibitor in the methods and composition
provided herein comprises the following compound or a denivative, analogue, or variant of the

following compound:
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{6331} In some embodiments, the BMP signaling pathway inhibitor in the methods and
composition provided herein comprises LDN193189 (also known as LDN193189, 1062368-24-
4, LIDN-19318%, DM 3189, DM-3189, [UPAC Name: 4-[6-(4-piperazin-1-
yiphenylpyrazolofl,S-ajpyrimidin-3-yliquinolone). In some embodiments, the BMP signaling
pathway 1nhibitor 1n the methods and coraposition provided herein comprises the following

compound or a derivative, analogue, or variant of the following compound:

N NH

{6332} In some embodiments, DMH-1 can be more selective as compared to LDN193189. In
some embodiments of the present disclosure, DMH-1 cau be particularly useful for the mwethods
provided herein. In some embodiments, the methods and compositions provided herein, or
specific stages of the methods disclosed herein (e.g., stage 3), exclode use of LDN193139. In
some embodiments, the methods and compositions provided herein exclude use of LDN193189,
or a derivative, analogue, or variant thereof for generating PDX1-positive pancreatic progenitor
cells from primitive gut tube cells. In some embodiments, the methods and compositions
provided herein relate to use of DMH-1, or a denivative, analogue, or variant thereof for
generating PDX 1-positive pancreatic progenitor cells from primitive gut tube cells.

{0333} In some embodiments, the BMP signaling pathway inhibitor in the methods and
composition provided herein comprise an analog or derivative of LDN193189, e.g., a salt,
hydrate, solvent, ester, or prodrug of LDN193189. In some embodiments, a derivative (e.g., salt)
of LDN193189 comprises LDN193189 hydrochlonide.

{6334} In some embodiments, the BMP signaling pathway inhibitor in the methods and
composition provided herein comprises a compound of Formula I from U.S. Patent Publication

No. 2011/0053930.
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{06335} In some embodiments, a medium described herein does not comprise a BMP signaling

pathway inhibitor.

TGF-B Signaling Pathway inhibitors

{0336} Aspects of the disclosure relate to the use of TGEF-P signaling pathway 1nhibitors as cell
differentiation factors.

{8337 o some embodiments, the TGF-B signaling pathway comprises TGF-J receptor type |
kinase {TGF-[ RI) signaling. In some embodiments, the TGF- signaling pathway inhibitor
comprises ALKS inhibitor IF{CAS 446859-33-2, an ATP-competitive inhibitor of TGF-B RI
kinase, also known as RepSox, IUPAC Name: 2-[5-{6-methylpyridin-2-y1)-1H-pyrazol-4-y1}-1,5-
naphthyridine. In some embodiments, the TGF-B signaling pathway inhibitor is an analog or
derivative of ALKS inhibitor 11

103381 In some embodiments, the analog or derivative of ALKS inhibitor H (also named
“ALKSIY is a compound of Formulda T as described in U.S. Patent Publication No.
2012/06021519, incorporated by reference herein in its entirety.

{0339} In some embodiments, the TGF-P signaling pathway inhibttor in the methods and
compositions provided herein 1s a TGF-B receptor inhibitor described in U.S. Patent Publication
No. 2010/0267731. In some embodiments, the TGF-§ signaling pathway inhibitor in the
methods and compositions provided herein comprises an ALKS inhibitor described in U.S.
Patent Publication Nos. 2009/0186076 and 2007/0142376. In some embodiments, the TGF-f
signaling pathway inhibitor in the methods and compositions provided herein is A 83-01. In
some embodiments, the TGE-B signaling pathway inhibitor in the methods and compositions
provided herein is not A §83-01. In some embodiments, the compositions and methods described
hierein exclude A 83-01. In some embodiments, the TGF-J signaling pathway inhibitor in the
methods and compositions provided herein 1s SB 431542 In some embodiments, the TGF-§
signaling pathway inhibitor is not 8B 431542, In some embodunents, the compositions and
methods described herein exclude 8B 431542 In some embodiments, the TGF-J signaling
pathway inhibitor in the methods and compositions provided herein is 13 4476, In some
embodiments, the TGF-[} signaling pathway inhibitor is not 12 4476, In some embodiments, the
compositions and methods described herein exclude D 4476, In some embodiments, the TGF-B

signaling pathway inhibitor in the methods and compositions provided herein is GW 788388, In

~F



WO 2024/097697 PCT/US2023/078272

some embodiments, the TGF-f signaling pathway inhibitor is not GW 788388, In some
embodiments, the compositions and methods described herein exclude GW 788388, In some
embodiments, the TGF- signaling pathway inbibitor in the methods and compositions provided
herein is LY 364947, In some embodiments, the TGF-f signaling pathway inhibitor is not LY
364947 In some emnbodiments, the conpositions and methods described heven exclude LY
364947 In some embodiments, the TGF-B signaling pathway inhibitor in the methods and
compositions provided hereinis LY 580276. v some embodiments, the TGF-J signaling
pathway inhibitor is not LY 580276, In some embodiments, the compositions and methods
described herein exclude LY 580276, In some embodiments, the TGF- signaling pathway
inhibitor in the methods and compositions provided herein is 8B 525334, In some embodiments,
the TGF-f signaling pathhway inhibitor is not SB 525334, In some embodiments, the
compositions and methods described herein exclude 8B 525334, fn some embodiments, the
TGF-§ signaling pathway inhibitor in the methods and compositions provided herein is SB
305124, In some erubodiments, the TGF-P signaliog pathway inhibitor is not SB 505124 In
some embodiments, the compositions and methods described herein exclude SB 505124, In
some embodiunents, the TGF-f signaling pathway inhibitor in the methods and compositions
provided herein is S 208, In some embodiments, the TG signaling pathway inhibitor is not
SD 208 In some embodiments, the compositions and methods described herein exclude SD 208
In some embodiments, the TGEF- signaling pathway inhibitor in the methods and compositions
provided herein 1s GW 6604, In some embodiments, the TGF-B signaling pathway inlubitor is
not GW 6604, To some embodiments, the compositions and methods described berein exclude
GW 6604, In some embodiments, the TGF-§ signaling pathway inhibitor in the methods and
compositions provided herein is GW 788388, In some embodiments, the TGF- signaling
pathway inhibitor in the methods and compositions provided herein is not GW 788388, In some
embodiments, the compositions and methods described herein exclude GW 788388

{3340} From the collection of compounds described above, the following can be obtained from
various sources: LY-364947, SB-5325334, SD-208, and SB-505124 available from Sigma, P.O.
Box 14308, St Louis, Mo, 63178-9916; 616452 and 616453 available from Calbiochem (EMD
Chemicals, Inc.), 480 8. Democrat Road, Gibbstown, N.J, 0B027; GW788388 and GW6604
available from GlaxoSmithKline, 980 Great West Road, Brentford, Middiesex, TW8 9G§,

United Kingdom; LY 580276 available from Lilly Research, Indianapolis, Ind. 46285; and SM16

138
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available from Biogen Idec, P.O. Box 14627, 5000 Davis Drive, Research Triangle Park, N.C |
27709-4627.
{03411 In some embodiments, a mediunm described herein does not comprise a TGF-B signaling

pathway inhibitor,

WNT Signaling Patlnwey

{83421 Aspects of the disclosure relate to the use of activators of the WNT signaling pathway as
cell differentiation factors.

{0343} In some embodiments, the WNT signaling pathway activator in the methods and
compositions provided herein comprises CHIR99021. In some embodiments, the WNT
signaling pathway activator in the methods and compositions provided herein comprises a
derivative of CHIR99021, e.g, a salt of CHIR99021, e.g., trihydrochloride, a hydrochloride salt
of CHIR99021  In some embodiments, the WNT signaling pathway activator in the metheds and
composttions provided herein comprises Wnt3a recombinant protein. In some embodiments, the
WNT signaling pathway activator in the methods and compositions provided herein comprises a
glycogen synthase kinase 3 (GSK3) whibitor. Exemplary GSK3 inhibitors tnclude, without
Hmitation, 3¥8, A 1070722, AR-A 014418, BIO, BiG-acetoxime, FRATide, 10Z-
Hymenialdisine, Indirubin-3'oxime, kenpaulione, L803, 1803 «ats, lithium carbonate, NSC
693868, SB 216763, SB 415286, TC-(G 24, TCS 2002, TCS 21311, TWS 119, and analogs or
derivatives of any of these. In certain embodiments, the methods, compositions, and kits
disclosed berein exclude a WNT signaling pathway activator.

03441 In some embodiments, a medium described herein does not comprise a Wnt signaling
pathway activator.

{6345] Aspects of the disclosure relate to the use of inhibitors of the WNT signaling pathway as
B cell differentiation factors.

{01346} In some embodiments, the WNT signaling inhibitor is a tankyrase inhibitor that inhibits
expression or activity of at least one tankyrase (TNKS) protein. In some embodiments, the at
feast one tankyrase protein is tankyrase 1 or tankyrase 2. In some embodiments, the WNT
signaling inhibitor inhibits binding of a substrate tc a nicotinamide subsite or an adencsine
subsite, or both, of a tankyrase protein. In some embodiments, the tankyrase inhibitor is AZ

6102 JWS3, MN64, IWR-l-endo, TC-ES001, WIKI4, TNKS 22, TNKS 49, 2X-121 (E7449},
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KAV-Q39 (XAV), GOO7-LK, NVP-TNKS656, decernotiniby, (VX-509), vismodegib (GDBC-
0449), M- 12, G8K429286A, INO-1001, Ofloxacin, TG101209, FG-4592, 1-BET-762,
LY2157299, MK~ 0752, Wni-{59 ({59), MC1568, Pacritinib {(SB 1518}, SB415286,
Drocinostat, IWR-l-endo, Norfloxacin, SH-4-34, Nexturastat A, SB216763, UNCO 79,
dephnetin, GF109203X, RepSox, Sotrastaurin, SB43 1542, tofacittiib (CP-6905350, Tasocitinb),
AG-14361, C1994 {(tacedinaling), Ro 31-8220 mesvlate, resveratrol, NVP-TNKS636, or YO-
01027, In some embodiments, said tankyrase inhibitor is AZ 6102, NVP-TNKS656, or IWR-I-
endo. In some embodiments, the tankyrase inhibitor is NVP-ITNKS656 (NVP). In some
embodiments, the tankyrase inhibitor selectively inhibits tankyrase 1 over tankyrase 2. In some
embodiments, the tankyrase inhibitor selectively inhibits tankyrase 2 over tankyrase 1.

{63471 In some embodiments, a medium described herein does not comprise a Wnt signaling

pathway inhibitor.

Fibroblaxt Growih Factor (FGE) Family

{0348} Aspects of the disclosure relate to the use of growth factors from the FGF family as cell
differentiation factors.

{83491 [n some embodiments, the growth factor from the FGF family in the methods and
compositions provided herein comprises keratinocyte growth factor (KGF). The polypeptide
sequences of KGF are available to the skilied artisan. An example of human KGF amino acid
sequence 15 provided in GenBank Accession No. AAB21431, provided as SEQ ID NG: 37).
{8358} [o some embodiments, the growth {actor from the FGF family comprises a polypeptide
comprises an amino acid sequence that is at feast 30%, at least 40%, at least 50%, at least 60%,
at least 70%, at feast 75%, ai least 80%, at least 83%, at least 90%, ai least 95%, at least 98% or
at feast 99% identical to the amino acid sequence of SEQ ID NO: 37, or a functional fragment
thereof. In some embodiments, the growth factor from the FGF family comprises a polypeptide
comprising the amino acid sequence of SEQ 2 NO: 37,

8331} Human KGF amino acid sequence (GenBank Accession AAB21431; SEQ ID NO: 37)
MHKWILTWILPTLLYRSCFHUHCLYOTISLACNDMTPEQMATNYNCSSPERHTRSYDYME
GGDIRVRRLFCRTOWYLRIDKRGKVKGTOQEMKNNYNIMEIRTVAVGIVAIKGVESEFYL
AMNKEGKLYARKKECNEDCNFRKELILENHYNTYASAKWTHNGGEMEVALNQKGIPVRG
KKTKKEQKTAHFLPMAIT
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{6352} In some embodiments, the growth factor from the FGF family in the methods and
composition provided herein comprises FGF2. The polypeptide sequences of FGF2 are available
to the skilied artisan. In some embodiments, the growth facior from the FGF family comprises a
polypeptide having an amino acid sequence at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 99%, or greater identical to
the human FGF2 polvpeptide sequence (GenBank Accession NP.001997).

{83583} o some embodiments, the at least one growth factor from the FGF family in the methods
and composition provided herein comprises FGFS8B. The polypeptide sequences of FGF8B are
available to the skilled artisan. In some embodiments, the growth factor from the FGF family
comprises a polypeptide having an amino acid sequence at least 30%, at least 40%;, at least 50%,
at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 99%, or greater
identical to the human FGFEB polypeptide sequence (GenBank Accession AAB40954)

10354} In some embodiments, the at least one growth factor from the FGF family in the methods
and composition provided heretn comprises FGF10. The polypeptide sequences of FGF10 are
available to the skilled artisan. In some embodiments, the growth factor from the FGF family
comprises a polypeptide having an amino acid sequence at least 30%, at least 40%, at least 50%,
at feast 60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 99%, or greater
identical to the human FGF10 polypeptide sequence (GenBank Accession CAG46489).

{0355} In some embodiments, the at least one growth factor from the FGF family in the methods
and composition provided herein comprises FGF21. The polypeptide sequences of FGF21 are
available to the skilled artisan. In some embodiments, the growth factor from the FGF family
comprises a polypeptide having an amino acid sequence at least 30%, at feast 40%, at least 50%,
at feast 60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 99%, or greater
identical to the human FGF21 polypeptide sequence {(GenBank Accession AAQ89444.1}

{0356} In some embodiments, a medium described herein does not comprise a FGF family

protein.

Sonic Hedgehog (SHH) Signaling Fotinway
1635871 Aspects of the disclosure relate to the use of SHH signaling pathway inhibitors as cell

differentiation factors.
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{0358} In some embodiments, the SHH signaling pathway inhibitor in the methods and
composition provided heretn comprises Santl. In some embodiments, the SHH signaling
pathway inhibitor in the methods and composition provided herein comprises SANT2 In some
embodiments, the SHH signaling pathway inhibitor in the methods and composition provided
heretn comprises SANTS. o some embodiments, the SHH signaling pathway inhibitor in the
methods and composition provided herein comprises SANT4. in some embodiments, the SHH
signaling pathway inhibitor coroprises Cur61414. In some emwbodiments, the SHH signaling
pathway inhibitor in the methods and composition provided herein comprises forskolin. In some
embodiments, the SHH signaling pathway inhibitor in the methods and composition provided
herein comprises tomatidine. In some embodiments, the SHH signaling pathway inhibitor in the
methods and composition provided herein comprises AY9944. In some emnbodiments, the SHH
signaling pathway inhibitor in the methods and composition provided herein comprises
triparancl. In some embodiments, the SHH signaling pathway inhibitor in the methods and
composition provided herein comprises compound A or compound B (a8 disclosed in U.S. Pub,
No. 2004/0060568). In some embodiments, the SHH signaling pathway inhibitor in the methods
and composition provided herein comprises a steroidal atkaloid that antagonizes hedgebog
signaling {e.g., cyclopamine or a derivative thereof) as disclosed in U.S. Pub. No. 2006/0276391.
In certain embodiments, the methods, compositions, and kits disclosed herein exclude a SHH

signaling pathway inhibitor.

Rho Kinase (ROCK) Signaling Pativway

03591 Aspects of the disclosure relate to the use of ROCK signaling pathway inhibitors (ROCK
inhibitors) as cell differentiation factors,

{6369} In some embodiments, the ROCK inhibitor in the methods and composition provided
herein comprises Y-27632 or Thiazovivin. In some embodiments, the ROCK inhibitor in the
methods and composition provided herein comprises Thiazovivin. In some embodiments, the
ROCK inhibitor in the methods and composition provided herein comprises Y-27632. In some
embodiments, the ROCK inhibitor in the msthods and composition provided herein comprises

the following compound or a derivative thereof:
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{0361} In some embodiments, the ROCK inhibitor in the methods and composition provided

herein comprises the following compound or a derivative thereot:

{0362} Non-limiting examples of ROCK inhibitor that can be used in the methods and
compostiions provided heretn include Thiazovivin, Y-27632, Fasudd/HA1077, H-1152,
Ripasudil, Y39943, Wi-536, SLx-2119, Azabenzimidazole-aminofurazans, DE-104, Olefins,
Isoquinolines, Tndazoles, and pyridineatkene denvatives, ROKuo inhibitor, XI3-4000, HMN-
1152, 4-{1-aminoalkyl}-N-{4-pyridyDcyclohexane-carboxamides, Rhostatin, BA-210, BA-207,
BA-215 BA-285, BA-1037, Ki-23095, VAS-012, and quinazoline.

16363} In some embodiments, a medium described herein does not comprise a SHH signaling

pathway inhibitor,

Retinoic Acid Signaling Patlway

[0364] Aspects of the disclosure relate to the use of modulators of retinoic acid signaling as cell
differentiation factors.

{8365} v some embodiments, the modulator of retinoic acid signaling in the methods and
composition provided herein comprises an activator of retinoic acid signaling. In some
embodiments, the RA signaling pathway activator in the methods and composition provided
herein comprises retinoic acid. In some embodiments, the RA signaling pathway activator in the
methods and composition provided herein comprises a retinoic acid receptor agonist. Exemplary

retinoic acid receptor agonists in the methods and composition provided herein include, without
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Hmitation, CD 1530, AM 580, TTNPB, CD 437, Ch 55, BMS 961, AC 261066, AT 53649, AM
80, BMS 753, tazarotene, adapalene, and CD 2314,

{03661 In some embodiments, the modulator of retinoic acid signaling in the methods and
composition provided herein comprises an inhubitor of retinoic acid signaling. In some
emnbodiments, the retinoie acid signalwog pathway inhibitor comprises DEAB (JUPAC Name: 2-
[2-(diethylamincjethoxy]-3-prop-2-envibenzaldehyde). In some embodiments, the retinoic acid
signaling pathway inhibitor comprises an analog or derivative of DEAR.

10367 In some embodiments, the retinoic acid signaling pathway inhibitor in the methods and
composition provided herein comprises a retinoic acid receptor antagonist. In some
embodiments, the retinote acid receptor antagonist in the methods and composition provided
herein comprises (E)-4-[2-(5 6-dihydro-$, 5-dimethyl-8-phenyl-2-naphthalenvliethenylbenzoic
acid, (E}-4-{{(5,6-dihydro-5,S-dimethyl-&-phenylethvoyl-2-naphthalenvlethenytbenzoic acid,
{E}-4-]2-[3,6-dihydro-5,5-dimethyl-8-(2-naphthalenyl}-2-naphthalenyl jethenyl}-benzoic acid,
and (B3-4-{2-[5,6-dihydro-5,5-dimethyl-8-(4~-methoxyphenyl}-2-naphthalenvijethenyllbenzoic
acid. In some embodiments, the retinoic acid receptor antagonist comprises BMS 105614
{CASH253310-42-8), ER 50891 (CAS#187400-85-7), BMS 493 (CAS#170355-78-9), €D 2665
(CAS#170355-78-9), LE 135 (CASH#155877-83-1), BMS 453 (CAS #166977-43-1), or MM
11253 (CAS#345952-44-5),

[0368] In certain embodiments, the methods, compositions, and kits disclosed herein exclude a
modulator of retinoic acid signaling. In certain embodiments, the methods, compositions, and
kits disclosed herein exclude a retinoic acid signaling pathway activator. In certain
embodiments, the methods, compositions, and kits disclosed herein exclude a retinoic acid
signaling pathway inhibitor.

{63691 In some embodiments, a medium described herein does not comprise retinoic acid.

Protein Kinase C

103761 Aspects of the disclosure relate to the use of protetn kinase C activators as cell
differentiation factors. Protein kinase C is one of the largest families of protein kinase enzymes
and is composed of & variety of isoforms. Conventional isoforms include g, BL, B, v; novel
isoforms include §, g, 1, 8; and atypical isoforms include &, and Vi, PEC enzymes are primarily

cytosolic but translocate to the membrane when activated. In the cytoplasm, PKC is

i44



WO 2024/097697 PCT/US2023/078272

phosphorylated by other kinases or autophosphorviated. In order to be activated, some PKC
isoforms (e.g., PKC-g) require a molecule to bind to the diacylglycerol (“DAG”) binding site or
the phosphatidylserine (“PS”) binding site. Others are able to be activated without any
secondary binding messengers at all PKC activators that bind to the DAG site include, but are
not lumited to, bryostatin, picologues, phorbol esters, aplysiatoxin, and gnidimacrin, PKC
activators that bind to the PS site include, but are not limited to, polvunsaturated fatty acids and
their derivatives. It is contemplated that any protein kinase € activator that is capable, either
alone or in combination with one or more other B cell differentiation factors, of inducing the
differentiation of at least one insulin-producing, endocrine cell or precursor thereof into a SC-B
cell can be used in the methods, compositions, and kits described herein,

{6371} In some embodiments, any of the PKC activators disclosed herein is a PKC activator
capable of binding to a DAG binding site on a PKC. In some embodiments, the PKC activator is
capable of binding to a C1 domain of a PKC. In some embodiments, the PKC activator is a
benzolactam-derivative. In some embodirents, the benzolactam-denivative is ((28,58)-{E,E)-8-
{5-(4-(Trifluoromethyl)phenyl)-2,4-pentadienoylamino)benzolactam}, which may be referred to
herein as TPPB or TPB. In some embodiments, contacting a population of cells with a
benzolactam-derivative PKC activator (e.g., TPPB) increases cell yield as compared to a
population of cells not treated with the benzolactam-derivative PKC activator. In some
embodiments, the PKC activator is a phorbol ester. In some embodiments, the phorbol ester is
Phorbol 12,13-dibutyrate, which mayv be referred to herein as PDBU or PdblU. In some
embodiments, contacting a population of cells with a benzolactam-derivative PKC activator
{e.g., TPPB)} increases cell vield as compared to a population of cells treated with a phorbol ester
PKC activator (e.g., PdbU). In some embodiments, the PKC activator in the methods and
composition provided herein comprises Pdbl. In some embodiments, the PKC activator in the
methods and composition provided herein comprises TPB. o some embodiments, the PKC
activator in the methods and composition provided herein comprises eyclopropanated
polyunsaturated fatty acids, cyclopropanated monounsaturated fatty acids, cyclopropanated
polvunsaturated fatty alcohols, cyclopropanated monounsaturated fatty alcohols,
cyclopropanated polyunsaturated fatty acid esters, cyclopropanated monounsaturated fatty acid
esters, eyclopropanated polyunsaturated fatty acid sulfates, cyclopropanated monounsaturated

fatty acid sulfates, cyclopropanated polyunsaturated fatty acid phosphates, cyclopropanated
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monounsaturated fatty acid phosphates, macrocyclic lactones, DAG derivatives, isoprenoids,
octylindolactam V, gnidimacrin, iripallidal, ingenol, napthalenesulfonamides, diacylglycerol
kinase inhibitors, fibroblast growth factor 18 (FGF-18}, insulin growth factor, hormones, and
growth factor activators, as described in WIPO Pub. No. WO/2013/071282. In some
emnbodiments, the bryostain comprises bryostatin-1, bryostatin-2, bryostatin-3, bryostatin-4,
bryostatin-5, bryostatin-6, bryostatin-7, bryostatin-&, bryostatin-9, bryostatin-10, bryostatin-11,
bryostatin-12, bryostatin-13, bryostatin-14, bryostatin-15, bryostatin- 16, bryostatin-17, ot
bryostatin-18. i certain embodiments, the methods, compositions, and kits disclosed herein
exclude a protein kinase C activator.

{63721 In some embodiments, a medium Described herein does not comprise a protein kinase C

activator.

y-Secretase Inhibitors

{0373} Aspects of the disclosure relate to the use of y-secretase inhibitors as cell differentiation
factors.

{8374} o some embodiments, the y-secretase inhibitor in the methods and composition provided
herein comprises XXI In some embodiments, the y-secretase inhibitor n the methods and
composition provided herein comprises DAPT. Additional exemplary y-secretase inhibitors in
the methods and composition provided heretn include, without limitation, the y-secretase
inhibitors described in U.S. Pat. Nos. 7,049,296, §, 481,499, §,501 813, and WIPO Pub. No.
W/2013/052700. In certain embodiments, the methods, compositions, and kits disclosed herein
exclude a y-secretase inhibitor.

{0375} In some embodiments, a medium described heretn does not comprise a y-secretase inhibitor.

Thyroid Hormone Signaling Pathway Activators

{3376} Aspects of the disclosure relate to the use of thyroid hormone signaling pathway
activators as cell differentiation factors.

{6377} In some embodiments, the thyrotd hormone signaling pathway activator in the methods
and composition provided herein comprises triiodothyronine (13). In some embodiments, the
thyroid hormone signaling pathway activator in the methods and composition provided herein

comprises GC-1. In some embodiments, the thyroid hormone signaling pathway activator in the

140



WO 2024/097697 PCT/US2023/078272

methods and composition provided herein comprises an analog or derivative of T3 or GC-1.
Exemplary analogs of T3 in the methods and compesition provided herein include, but are not
fimited to, selective and non-selective thyromimetics, TR selective agonist-GC-1, GC-24,4-
Hydroxy-PCB 106, MBO7811, MB07344,3,5-ditcdothyropropionic acid (DITPA),; the selective
TR-B agonist GC-1; 3-lodothyronamine (T{1}AM) and 3,3',S-initodothyreacetic acid (Triac)
{bicactive metabolites of the hormone thyroxine (F(41), KB-2115 and KB-141; thyronamines;
SKF L-94901; DIBIT; 3'-AC-T2; tetraiodothyroacetic acid (Tetrac) and triiodothyroacetic acid
{Triac) (via oxidative deamination and decarboxylation of thyroxine [T4] and triiodothyronine
[T3] alanine chain), 3,3",5"-triiodothyronine (rT3) (via T4 and T3 deicdination), 3,3'-
diiodothyronine (3,3'-T2) and 3,5-diiodothyronine (12} {via T4, T3, and 113 deiodination), and
3-iodothyronamine (T1AM) and thyronamine (TOAM) (via T4 and T3 deiodination and amino
acid decarboxylation), as well as for TH structural analogs, such as 3,3, 3'-triiodothyropropionic
acid {Triprop), 3,5-dibromeo-3-pyridazinone-1-thyronine (L-940901), N-[3,5-dimethyl-4-(4'-
hydroxy-3'-isopropylphenoxy -phenyl]-oxamic actd {(CGS 23425), 3,5-dimethyl-4-[{(4'-hydroxy-
3'-isopropylbenzyl)-phenoxyiacetic acid (GC-1), 3,5-dichloro-4-[{4-hydroxy-3-
isopropylpbenoxy jphenylacetic acid (KB-141), and 3,S-ditodothyropropionic acid (DITPA).
{83781 o some embodiments, the thyroid bormone signaling pathway activator in the methods
and composition provided herein comprises a prodrug or prohormone of T3, such as T4 thyreid
hormone {e.g., thyroxine or £.-3,5,3' S'-tetraiodothyroning).

{6379} In some embodiments, the thyroid hormone signaling pathway activator in the methods
and composttion provided herein is an iodothyronine composition described in U.S. Pat. No.
7,163,918,

{8380} In some embodiments, a medium described herein does not comprise a thyroid hormone.
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Fpidermal Growth Factor (EGF} Family

{0381 Aspects of the disclosure relate to the use of growth factors from the EGF family as cell
{0382} In some embodiments, the at least one growth factor trom the EGF family in the methods
and composition provided heretn comprises betacellulin. Ao example of human betaceliulin
amino acid sequence is provided in GenBank Accession No.» AAB25452 1 (SEQ D NG: 38). In
some embodiments, the growth factor from the EGF family used in the compositions and
methods described herein comprises an amino acid sequence that is at least 30%, at least 40%, at
feast 50%, at least 50%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
feast 95%, at feast 98% or ai feast 99% identical to the amino acid sequence of SEQ 1D NO: 38,
or a functional fragment thereof. In some embodiments, the growth factor from the EGF family
used in the compositions and methods described herein comprises the amino acid sequence of

SEQ ID NO: 38.

{0383} Human betacellulin amino acid sequence {GenBank: AAB25452.1; SEQ 1D NG: 38)
MIRAARCSGASSLPLLLALALGLVILHCVVADGNSTRSPETNGLLCGDPEENCAATITQ
SKRKGHFSRCPKOQYRKHYCIKGRCRFVVAEQTPSCVCDEGYIGARCERVDLEYLRGDRG
QILVICLIAVMYVVFHLVIGVCTCCHPLRKRRKRKKKEEEMETLGKDITPINEDIEETN
{0384} In some embodiments, at feast one growth factor from the EGF family in the methods and
composition provided herein comprises EGF. Epidermal growth factor (EGF) 1s a 53 amino acid
cytokine which is proteolytically cleaved from a large integral membrane protein precursor. In
some embodiments, the growth factor from the EGF family in the methods and composition
provided herein comprises a variant EGF polypeptide, for example an isolated epidermal growth
factor polypeptide having at least 90% amino acid identity to the human wild-type EGF
polypepiide sequence, as disclosed in U S, Pat. No. 7,084,246, In some embodiments, the
growth factor from the EGF family in the methods and composition provided herein comprises
an engineered EGF mutant that binds to and agonizes the EGF receptor, as is disclosed in U8,
Pat. No. 8,247,531, Non-limiting examples of amine actd sequences of growth factors from the
EGF family that may be used in the compositions and metheds described are provided below. In
some embodiments, the growth factor from the EGF faroily used in the compositions and

methods described herein comprises an amino acid sequence that is at feast 30%, at least 40%, at
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feast 50%, at least 60%, at least 70%, at least 75%, at ieast 80%, at least 85%, at least 90%, at
fcast 95%, at least 98% or at least 99% identical to the amino acid sequence of any one of SEQ
1D NOs: 39-56, or a functional fragment thereof. In some embodiments, the growth factor from
the EGF family used in the compositions and methods described herein comprises the amino acid

sequence of any one of SEQ 1D NO: 39-50.

Homo sapiens epidermal growth factor (WT) {Genbank: AASB3395 1; SEQ ID NO: 39)
NSDSECPLSHDGYCLHDGVCMYIEALDKYACNCVYGYIGERCQYRDLKWWELR

Homo sapiens epidermal growth factor {mutant) (SEQ ID NO: 40)
NSDSECPLSHDGYCLHGGVCMYIKAVDRYACUNCVVGYIGERCOYRDLETWWGPR

Homo sapiens epidermal growth factor (mutant) (SEQ D NG 41)
NEDSECPLSHDGYCLHDGVCMYIKALDEKYACNCVVOYTGERCQYRDLRWWGRR

Homo sapiens epidermal growih facior (rmutant) (SEQ D NO: 42)
NSNSECPLSHDGYCLHDGVCRYIEALDRYACUNCYVOYIGERCQYGDLRWWGRR

Homo sapiens epidermal growth factor {mutant) (SEQ 1D NG: 43)
NSDSGCPLSHSGYCLHDGVCMYIKALDRYACNCVVGYAGERCQYRDLRWWARR

Homo sapiens epidermal growth factor (mutant) (SEQ D NG: 44)
TROGRECPLSHDGYCLHDGVOMYIGALDRYACNCVVGYTGERCQYRDLRWWARR

Homo sapiens epidermal growth factor {mautant) (SEQ ID NG 45)
NSDFGCPLSYDGYCLHDOVOMYIKALDKYACNCVVOYAGERCQYRDLRWWGRR

Homo sapiens epidermal growth factor {mutant} (SEQ 1D NG 46)

SRGSKCPPSHDGYCLHDGVCMYIEALDRYACNCVVGYAGERCQYRDLRWWARR
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Homo sapiens epidermal growth factor {muiant} (SEQ 1D NG 47)

SSGSECPSSHDGYCLHDGACMYIEATL DRYACNCAVGYAGERCQYRDLRWWGRR

Homo sapiens epidermal growth factor {mutant) (SEQ 1D NG: 48)
SSNSECPPSHDGYCLHDGVCMYIEALDRYACNCVVGYAGERCOYRDLRWWARR

Homo sapiens epidermal growth factor (mutant) (SEQ D NG 49)
NSYSECPPSYDGYCLHDGVCRYIFALDSYACNCVVGYAGERCOYRDLRWWGRR

Homo sapiens epidermal growth factor {mutant) (SEQ ID NO: 30y

SSGSECPLSHDGYCLNDGVCMYIEAL DKYACNCYVGYVGERCQYRDLEWWARRK

18385} In some embodiments, the at least one growth factor trom the EGF family in the methods
and composition provided heretn is replaced with an agent that activates a signaling pathway o
the EGF family. In some embodiments, the growth factor from the EGF famuily in the methods
and composition provided herein comprises a compound that mimics EGF. I certain
embodiments, the methods, corupositions, and kits disclosed herein exclude a growth factor from
the EGF family.

16386} In some embodiments, a medium described herein does not comprise a EGF family

growth factor,

Epigenetic Modifving Compounds

{8387} Aspects of the disclosure refate to the use of epigenetic modifying compound as cell
differentiation factors.

{6388} The term “epigenetic modifying compound” can refer to a chemical compound that can
make epigenetic changes genes, i.e., change gene expression(s} without changing DNA
sequences. Epigenetic changes can help determine whether genes are turned on or off and can
influence the production of proteins in certain cells, e.g., beta-cells. Epigenetic modifications,
such as DNA methylation and histone modification, can alter DNA accessibility and chromatin
structure, thereby regulating patterns of gene expression. These processes can be crucial to

normal development and differentiation of distinct cell lineages in the adult organism. They can

150



WO 2024/097697 PCT/US2023/078272

be modified by exogenous influences, and, as such, can coniribute to or be the result of
cnvironmental alterations of phenotype or pathophenotype. Importantly, epigenetic modification
can have a crucial role in the regulation of pluripotency genes, which become inactivated during
differentiation. Non-limiting exemplary eptgenetic modifying compound include a DNA
methylation whibitor, a histone acetyltransferase iwnhibitor, a hustone deacetylase inhabitor, a
histone methyltransferase inhibitor, a bromodomain inhibitor, or any combination thereof
{8389] [u an embodiment, the histone methyliransferase inhibitor is an inhibitor of enhancer of
zeste homolog 2 (EZHZ). EZH2 is a histone-lysine N-methyltransferase enzyme. Non-limiting
examples of an EZHZ inhibitor that can be used in the methods provided herein include 3-
deazaneplanocin A (IXZNep), EPZ6438, EPZ003687 (an S-adencsylmethionine (SAM)
competitive inhibitor), EXl, GSK 126, and UNC1999. DZNep can inhibit the hydrolysis of 8-
adenosyl-L-homocysteine (SAH}, which s a produci-based inhibitor of all protein
methyltransferases, leading to increased cellular concentrations of SAH which in turn inhibits
EZH2. DZNep may not be specific to EZH2 and can also inhibit other DNA methyliransferases.
GSK126 is a SAM-competitive EZH2 inhibitor that has 150-fold selectivity over EZHL.
UNC1999 15 an analogue of GSK126, and it is less selective than its counterpart GSK126.
63901 o an embodiment, the histone methyltransferase inhibitor is DZNep. In an embodiment,
the HDAC inhibitor is a class I HDAC inhibitor, a class H HDAC inhibitor, or a combination
thereof. In an embodiment, the HDAC inhibitor is KD3170 (mercaptoketone-based HAAC
inhibitor), MC 1568 (class Ha HDAC inhibitor), TMP195 (class [Ta HDAC inhibitor), or any
combination thereof. In some embodiments, HDAC inhibitor is vorinostat, romidepsin (Istodax),
chidamide, panobinostat {farydak}, belinostat (PXD101), panobinostat (L BH589), vaiproic acid,
mocetinostat (MGCD0103), abexinostat (PCI-2478 1), entinostat (MS8-275), SB939, resminostat
{48C-201), givinostat (JTFZ357), quisinostat (JNJ-26481585), HBI-8000, (a benzanude HDI},
kevetrin, CUDC-101, AR-42, CHR-2845, CHR-3996, 45C-202, CG200745, ACY-1215, ME-
344, sulforaphane, or any variant thereof.

{0391} In some embodiments, a medium described herein does not comprise an epigenetic

modifving compound.
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Protein Kinase nhihitors

10392} Aspects of the disclosure relate to the use of protein kinase inhibitors as cell

{0393} In some embodiments, the protein kinase inhibitor in the methods and composition
provided heretn comprises staurosporine. fo some embodiments, the protein Kinase wohibitor 1o
the methods and composition provided herein comprises an analog of staurosporine. BExemplary
avalogs of staurosporine in the methods and composition provided herein include, without
Himitation, Ro-31-8220, a bisindolylmaleimide (Bis) compound, 10'-{5"-
[{methoxycarbonyamino]-2"-methyl }-phenylaminocarbonyistaurosporine, a staralog {see, e.g.,
Lopez et al., “Staurosporine-derived inhibitors broaden the scope of analog-sensitive kinase
technology”, J. Am. Chem. Soc. 2013; 135(48):18153-18159), and, cgp41251.

{8394} In some embodiments, the protein kinase inhibitor in the methods and composition
provided herein is an inhibitor of PKCP. In some embodiments, the protein kinase inhibitor in
ithe methods and composition provided heretn is an inhibitor of PKCP with the following

structure or a derivative, analogue or variant of the compound as follows:

- .
\\\{./ . ){,
w‘ ’fl
: N\ S aem—a———,
.":—';r"\ /‘ N\ !/ \
/ e HN =l P
S 7o N/
I W \x b/
N P h—
. N
M

183951 o some embodiments, the inhibitor of PKCP is a G8K-2 compound with the following

structure or a dertvative, analogue or vanant of the compound as follows:
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{03961 In some embodiments, the inhibitor of PKC in the methods and compaosition provided
herein is 2 bisindoivimaleimide. Exemplary bisindolylmaleimides include, without limitation,
bisindolylmaleimide {, bisindotylmaleimide If, bisindolyimaleimide 11}, hydrochloride, ora
derivative, analogue or variant thereof

{63971 v some embodirments, the PKC tnhibitor 10 the methods and composition provided
herein is a pseudohypericin, or a derivative, analogue, or variant thereof. In some embodiments,
the PKC inhibitor in the methods and composition provided herein is indorublin-3-mosoxirg, 5-
odo or a derivative, analogue or variant thereof. In certain embodiments, the methods,
compositions, and kits disclosed herein exclude a protein kinase inhibitor.

{0398} [n some embodiments, a medium described hergin does not comprise a protein kinase

inhibitor.

Acetyl Cod-related metabolite

[8399] In some embodiments, a composition {e.g., medium) of the disclosure comprises an
acetyl CoA-related metabolite. Metabolism of acetyl-coenzyme A (acetyl-CoA) can confer
numerous metabolic functions, including energy production, lipid syuthests, and protein
acetylation.

{0400} Exemplary acetyl CoA-related metabolites include, but are not limited to acetate,
pyruvate, ketogenic amino acids, valine, leucine, isoleucine, phenylalanine, tyrosine, lysine,
trvptophan, faity acids, CoA, Isovaleryl-CoA, and B-hydroxybuiyrate. In some embodiments,
the acetyl CoA-related metabolite is acetate In some embodiments, a composition of the

disclosure contains two or more different acetyl CoA related metabolites, for example, 2,3, 4, 5,



WO 2024/097697 PCT/US2023/078272

6,7, 8, 9, 10, or more different acety] CoA-related metabolites. In some embodiments, the acety!
CoA-related metabolite is acetate.
{04011 In some embodiments, a medium described hergin does not include an acetyl CoA-related

metabolite {e.g., does not include acetate).

Histone deacetylase inhibitor (HDACH)

[8402] In some embodiments, a composition {e.g., medium) of the disclosure comprises a
histone deacetylase inhibitor (HDACI). Histone deacetylase inhibitors (HDACH) are a class of
compounds that increase acetylation of lysine residues on histone proteins as well as other,
nonhistone, proteins by inhibiting the activity of HDAC enzymes.

{0403} Exemplary histone deacetylase inhibitors (HDACH) include, but are not imited 1o B-
Hydroxybutyrate, butyric acid, class I HDACH, class DA HDAC, class HB HDACH, class 11
HDACH, class IV HDACH, HDAC-1, HDAC-2, HDAC-3, HDAC-4, HDAC-5, HDAC-6, HDAC-
7, HDAC-8, HDAC-9, HDAC-10, HDAC-11, sirtuins, SIRT1, SIRT2, SIRT3, SIRT4, SIRTS,
SIRTG, SIRT7?, Vorinestat (suberoylanilide hydroxamic acid, SAHA, MKO683), Entinostat (MS-
275, SNDX-275), Panobinostat (LBHA89, NVP-LBHS89), Trichostatin A {TSA), Mocetinostat
(MGCDO103, MGO103), GSK3117391 (GSK31173914, HDAC-IN-3), BRD3308, BRI3308,
Tubastatin A TFA (Tubastatin A trifluoroacetate salt), Tubastatin A, SIS17, NKL 22, BML-210
{CAY10433), TC-H 106, SR-4370, Belinostat (PXI2 101, NS(C726630, PX-105684), Romidepsin
{FK228, Depsipeptide, FR 901228, NSC 630176), MC1568, Givinostat (ITF2357), Dacinostat
(LAQS24, NVP-LAQS824), CUDC-101, Quisinostat (JNJ-26481585), Pracinostat (SB939), PCI-
34051, Droxinostat (NS 410803, Abexinostat (PCI-24781), Abexinostat (PCI1-24781, CRA-
024781}, RGFPO66, AR-42 (HDAL-42), Ricolinostat (ACY-1215, Rocilinostat), Valproic acid
sodium salt {Sodium valproate}, Tacedinaline (C1994, PD-123654, GOE-5549, Acetyldinaline),
Fimepinostat (CUDC-907}, Sodium butyrate (NaB), Curcumin, Diferulovimethane, M344,
Tubacin, RG2833 (RGFP109), RG2833 (RGEP109), Resminostat (RAS2410), Divalproex
Sodium, Scriptaid (GCK 1026), Sodium Phenylbutyrate, Sinapinic acid (Sinapic acid), TMP269,
Santacruzamate A (CAY 10683}, TMP193 (TFMO 2), Valproic acid (VPA), UEDIO,
Tasquinimod {ABR-215050), SKLB-23bb, Isoguanosine, {foraphane, BRD73934, Citarinostat
{ACY-241, HDAC-IN-2), Suberchydroxamic acid, plitomicin, HPOB, LMK-235, Biphenyl-4-

sulfonyl chloride (p-Phenylbenzenesulfonyl, 4-henylbenzenesulfonyl, p-Biphenylsulfonyl),
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Nexturastat A, TH34, Tucidinostat (Chidamide, HBI-8000, C8-055), (-)-Parthenclide, WT161,
CAY10603, CAY 10603, ACY-738, RaddeaninA, Tinostamustine(EDO-S101), Domatinostat
{45-202), and BG4S,

8404} In some embodiments, the HDACG is §-Hydroxybutyrate. B-Hydroxybutyric acidis a
ketone body that, along with butyric acid, is an agonist of bydroxycarboxylic acid receptor 2
{HCAZ}, a Gi/o-coupled GPCR. In some embodiments, an HDACI inhibitor is an agonist of
hydroxycarboxylic acid receptor 2.

18405} In some embodiments, a medium described herein does not comprise an HDACH (e.g.,

does not include B-Hydroxvbutyrate).

Redox homeastasis regulator

{8406} In some embodiments, a composition {e.g., medium) of the disclosure comprises a
redoxhomeostasis regulator.

{0407} Exemplary redox homeostasis regulators include, but are vot limited to taurine,
respiratory chain regulators, free radical scavengers, regulators of mitochondrial protein
synthesis, allium sulphur compounds, anthocyanins, beta-carotene, catechins, copper,
cryptoxanthing, flavonoids, indoles, isoflavonoids, lignans, hutein, Iycopene, alpha lipoic acid,
ellagic acid, manganese, polyphenols, selenium, glutathione, vitamin A, vitanun C, vitamin E,
zing, superoxide disutases, GSHPx, Prx-l, catalase, and co-enzyme (Q10.

{6408} In some embodiments, the redox homeostasis regulator 18 taurine.

{84909} [u some embodiments, a medium described herein does not comprise a redox
homeostasis regulator.

{0410} Taurine is a non-proteinogenic S-aminosulfonic acid that can be derived from methionine
and cysteine metabolism. In some embodiments, taurine can inhibit ROS generation within the
respiratory chain.

{8411} In some embodiments, a medium described hersin does not comprise a redox

homeostasis regulator (e.g., does not include taurine),

One carbon metabolism pathway intermediate
[8412] In some embodiments, a composition {e.g., medium) of the disclosure comprises a one

carbon metabolism pathway intermediate. One-carbon metabolism mediated by folate cofactors,
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supports multiple physiological processes including amino acid homeostasts (methionine,
glycine and serine), biosynthesis of nucleotides (purines, thymidine), epigenctic maintenance,
and redox defense.

{0413} Exemplary one carbon metabolism pathway intermediates include, but are not limited to
formate, tetrahydrofolate (THF), 10-formyiTHE; S,10-meTHF; 5,10-meTHF, and 16-

formyl THE.

{8414} o some embodiments, a medium described herein does not comprise a one carbon

metabolism pathway intermediate {e.g., does not include formate).

Glutamine

{6415} In some embodiments, a composition {e.g., medium) of the disclosure comprises
glutamine. Glutamine (Gin or Q) is an alpha-amino acid.  Glutamine can be an essential amino
acid within in vitro cell cultures. Glutamine supports the growth of cells, including cells that
have high energy demands and synthesize farge amounts of proteins and nucleic acids. Ttis an
alternative energy source for rapidly dividing cells and cells that use glucose inefficiently.
{8416} lo some embodiments, compositions and methods of the disclosure utilize glutamine in a
form with increased bioavailability. Because of its chemical tustability and importance for cell
growth and function, it is important that delivery of L-glutamine be tatlored to each unique cell
culture process. Glutamine {e.g., L-glutamine) in a free form can be unstable at physiological pH
in liquid media, breaking down to ammonium and pyroglutamate at rates that make it a problem
o many cell culture and biomanufacturing applications. Therefore, many cell culture media
contain stabilized forms of glutamine, including dipeptide forms, such as alanyl-l-glutamine and
glveyl-l-glutamine. However, these more stable forms of L-glutamine can also have limited
bicavailability, for example, due to a requirement for processing by enzymes, such as cell
surface peptidases. Thus in some embodiments, compositions and methods of the disclosure
utilize glutamine in a form with increased bioavailability, such as a free glutamine form, such as
a non-dipeptide form, a non-alanine-glutamine dipeptide form {(e.g., a non-alanyi-l-glutamine
form}, a non-glycine-glutamine dipeptide form (e.g., a non-glycyi-l-glutamine form), a form that
in which glutamine is not conjugated to another amino acid or stabilizing moiety, a monomeric
form, a free form, or a corabination thereof. In some embodiments, glutamine is provided as a

protein hydrolysate.



WO 2024/097697 PCT/US2023/078272

{6417} In some embodiments, a basal media contains glutamine In some embodiments,
glutamine in a form as disclosed herein is added to a media that already contains glutamine. In
some embodiments, glutamine in a form as disclosed herein is added to a basal media that
contains no glutamine or only low levels of glutamine to increase the bioavailability of
glutamine.

{0418} In some embodiments, a medium described herein does not comprise glutamine.

Glutamate

{0419 In some embodiments, a composition {e.g., medium) of the disclosure comprises
glutamate {e.g., L-glutamate). Glutamate can be converted into, for example, g-amino butyric
acid (GABA), ornithine, 2-oxoglutarate, glucose or glutathione. Glutamate and metabolites
generated therefrom can contribute to, for example, redox homeostasis, cell signaling, nitrogen
assimilation, amine catabolism, amino acid biosynthesis, nucleoside biosynthesis, and cofactor
production.

{0429} In some embodiments, contacting cells with glutamate can improve production of SC-f
cells o vitro, for example, providing higher cell vields and recoveries, increased numbers and
relative percentages of SC-P cells, enhanced stabiiity and shelf-life of SC-J cells, SC-islet
clusters with advantageous characteristics such as reduced size and increased uniformity,
iraproved function of the SC-P celis in vitro, improved cell viability, improved cell function,
reduced immunogenicity after transplantation, or a combination thereof, e.g., relativeto a
composition that lacks glutamate, or containg a lower conceniration of glutamate.

04211 In some embodiments, a medium described herein does not comprise glutamate.

Vitamins

{0422} o some embodiments, a composition {e.g., medium) of the disclosure comprises one or
more vitanins.

0423} Exemplary vitamins include, but are not Himited to biotin, vitamin Bl {hiamine), vitamin
B2 {riboflavin}, vitamin B3 {niacin}, vitamin B6 {pyridoxine} and vitamin B12
{cyanocobalamin). In some embodiments the vitamin modulates fatty acid synthesis. In some
embodiments the vitamin modulates branched-chain amino acid metabolism, In some

embodiments the vitamin modulates or participates as a co-factor in the TCA cycle, e g, as a
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cotfactor for pyruvate carboxylase. In some embodiments, the vitamin is biotin. In some
embodiments, a composttion of the disclosure contains two or more different vitamins, for
example, 2, 3,4, 5,6, 7, 8,9, 10, or more different vitamins.

0424} In some embodiments, a medium described herein does not comprise a vitamin.

Water-soluble synthetic polyier

[8425] Water-soluble polymer described herein can refer o any polymer that bas hydrophilic
property and is soluble in agueous sclution at room temperature. The water-soluble polymer can
be either naturally occurring or synthetic. In some embodiments, a water-soluble polymer is an
albumin protein {e.g., human serum albumin or bovine serum albumin}. In some embodiments,
the water-soluble polymer is a water-soluble synthetic polymer. Water-soluble synthetic
polymers described herein can refer to any synthetic polymer that has hyvdrophilic property and is
sotuble in aqueous solution at room temperature. Water-soluble synthetic polymers applicable in
the subject methods and compositions include, but not limited to, poloxarner, polyviny! alcohol,
polyvinylpyrrolidone, polvethylene glycol {(PEG), PEG copolymers,
poly(Nisopropylacrylamide), and polyacrylaride. The water-soluble syathetic polymer can
refer 1o a polymer compound or a mixiure of polymer compounds that may have an idealized
chemical formula but a variety of derivatives and/or precursors of the idealized formula,
depending on the applicable manufacturing method. In some embodiments, the water-soluble
synthetic polymer is used to replace at least partially serum or serum albumin, ¢.g., BSA or HSA,
that is typically utilized in cell differentiation, e.g., differentiation of pancreatic § cells or
precursor cells thereof  In some embodiments, the water-soluble synthetic polvmer replaces
100% of serum albumin, e.g., BSA or HSA, that is typically utilized in cell differentiation, e.g.,
differentiation of pancreatic f cells or precursor cells thereof. In some embodiments, the water-
soluble synthetic polymer reduces the amount of serum albumin, e.g., BSA or HSA by at least
20%, 30%, 40%, 50%, 60%, 80%, 90%, 95%, or 99% of that is typically utilized in cel]
differentiation, e.g., differentiation of pancreatic B cells or precursor cells thereof. In some
embodiments, the disclosure provides for 2 composition comprising a population of any of the
cells disclosed herein {(e.g., pluripotent stem cells; endoderm celis; primitive gut cells; PDX1-
positive, NKX6. [-negative pancreatic progenitor cells; PDX1-posttive, NKX6. 1-positive

pancreatic progenitor cells; insulin-positive cells; and/or pancreatic beta cells} and water soluble
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polymers, wherein at feast 20%, 30%, 40%, 50%, 60%, 80%, 90%, 95%, or 99% of the water
soluble polymers in the composition are water-soluble synthetic polymers {e.g., any of the PVA
molecules disclosed herein) and wherein the remainder of the water soluble polymers are human
serum atbumin polypeptides. In some embodiments, the disclosure provides for a composition
comprising a population of any of the cells disclosed herein {e.g., pluripotent stem cells;
endoderm cells; primitive gut cells; PDX1-positive, NK X6 1-negative pancreatic progenitor
cells; PDX1-positive, NKX6.1-positive pancreatic progenitor cells; insulin-positive cells; and/or
pancreatic beta cells) and water soluble polymers, wherein no more than 1%, 2%, 3%, 4%, 5%,
6%, 7%, 8%, 9%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 80%, ©0%, 95%, or 99% of the water
soluble polymers are naturaily occurring water-soluble polymers (e.g., HSA or BSA). In some
embodiments, more than 90%, 95%, 99%, and up to 100% of the water-soluble polymers in the
composition are water-soluble synthetic polvimers {e.g., PVA).

104261 In some embodiments, the water-soluble synthetic polymer applicable to the subject
compositions and wethods includes polyvinyl alcohol (PYA). Polyvinyl alcohol described
herein can refer to a water-soluble synthetic polymer that has an idealized formula
[CHZCH(OH) o, which can be either partially or completed hydrolyzed. In some ernbodiments,
the polyvinyl alcohol is manufactured by either partial or complete hydrolysis of polyvinyl
acetate to remove acetate groups. In some embodiments, the polyvinyl aleohol is at most 85%
hydrolyzed, e.g., 80% hydrolyzed. The percentage of hydrolyzation measures the approximate
percentage (e.g., average percentage) of acetate residue that is hydrolyzed in the polyvinyl
acetate precursor polymer. In some embodiments, the polyviny! alcohol is at least 85%
hydrolyzed, e.g., 87-89% hydrolyzed, 87-90% hydrolyzed, or 9% hydrolyzed. In some
embodiments, the polyvinyl alcohol 1s 78%, 79%, 80%, 81%, 82%, 83%, B4%, 85%, 86%, 87%,
88%, 89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% hydrolyzed.
Without wishing to be bound by a certain theory, the polyvinyl alcohol can assume a function of
carrier-molecule in the culture medium, which is typically carried out by serum or serum
albumin, e.g., HSA. The percentage of hydrolvzation of polyvinyl alechol can be determined by
the manufacturing method utilized to produce the polyvinyl alcohol, e.g., how polyvinyl acetate
precursor polymer is converted into polyvinyl alcohol, e.g., conversion by base-catalyzed
transesterification with ethanol. In some embodiments, the water-soluble synthetic polymer

preparation, e.g., polyvinyl alcohol, that is used in the subject method or present in the subject
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composiiion has purity of at least 90%, such as at least 92%, at least 95%, at teast 98%;, at least
99%, at feast 99.5%, at least 99.9%, or nearly 100%. Purity of polyvinyl alcohel measures the
percentage of synthetic polymer that has the idealized formula [CH2CH(OH)n in the
preparation, which includes polyvinyl alcohol of any percentage of hydrolvzation. Tapurity of
polyvinyl alcohol preparation can include other polymer maiterials that do not bave the 1dealized
formula [CH2ZCH(OH)n, or other organic inorganic materials.

[8427] In some embodiments, a medium described hersin does not comprise a water-soluble

synthetic polymer.

Pharmaceuntically accepiable excipients and/or carriers

{6428} In some aspects, any of the compositions disclosed herein includes a population of
genetically engineered cells in a liquid suspension. The liquid suspension can contain an
aqueous sofution that comprises pharmaceutically acceptable excipient(s) and/or carrier{(s). For
instanace, the pharmaceutical compositions can further comprise a physiologically compatible
solution including, for example, phosphate-buffered saline.

{84291 [u some cases, the present disclosure provides compaositions that can utilize genetically
engineered cell populations and cell components and products tn various methods for treatment
of a disease {e.z., diabetes). Certain cases encompass pharmaceutical compositions comprising
ive cells {e.g., non-native pancreatic B cells alone or admixed with other cell types). Other cases
encompass pharmaceutical compositions comprising non-native pancreatic B cell components
{e.g., cell lysates, soluble cell fractions, conditioned medium, ECM, or components of any of the
foregoing) or products {(e.g., trophic and other biological factors produced by non-native
pancreatic § cells or through genetic modification, conditioned mediom from non-native
pancreatic B cell culture). In either case, the pharmaceutical composition may further comprise
other active agents, such as anti-inflammatory agents, exogenous small molecule agonists,
exogenous small molecule antagonists, anti-apoptotic agents, antipxidants, and/or growth factors
known to a person having skill in the art.

{¢430] Pharmaceutical compositions of the present disclosure can comprise genetically
engineered cells, or components or products thereof, tormulated with a pharmaceutically
acceptable carrier {e.g. a medium or an excipient). The term pharmaceutically acceptable carrier

{or medium or excipient), which may be used interchangeably with the term biclogicaily
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compatible carrier or medium, can refer to reagents, cells, compounds, materials, compaositions,
and/or dosage forms that are not only compatibie with the cells and other agents to be
administered therapeutically, but also are suitable for use in contact with the tissues of human
beings and animals without excessive toxicity, irritation, allergic response, or other complication.
Suitable pharmaceutically acceptable carriers can include water, salt solution (such as Ringer's
solution), alcohols, oils, gelatins, and carbohydrates, such as lactose, amylose, or starch, fatty
acid esters, hydroxymethyleellulose, and polyvinyl pyrolidine  Such preparations can be
stertlized, and if desired, mixed with auxiliary agents such as lubricants, preservatives,
stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, and
coloring. Pharmaceutical compositions comprising cellular components or products, but not live
cells, can be formulated as a liquid suspension.

{0431} Pharmaceutical compositions may comprise auxiliary cormaponents as would be familiar to
a person having skill in the art. For example, they may contain antioxidants in ranges that vary
depending on the kind of antioxidant used. Reasonable ranges for commonly used antioxidants
are about 0.01% to about 6.15% weight by volume of EDTA, about 0.01% to about 2.0% weight
volure of sodium sulfite, and about ¢.01% to about 2.0% weight by volume of sodium
metabisulfite. One skilled in the art ;ay use a concentration of about 0.1% weight by volume
for each of the above. Other representative compounds include mercaptopropiony! glycine, N-
acetyl cysteine, beta-mercaptoethylamine, glutathione and similar species, although other anti-
oxidant agents suitable for renal administration, €.g2. ascorbic acid and its salts or sulfite or
sodium metabisulfite may also be employed.

04321 A buffering agent may be used to maintain the pH of formulations in the range of about
4.0 to about §.0; 30 as to mimimize irritation in the target tissue. For direct intraperitoneal
injection, formulations should be at pH 7.2 t0 7.5, preferably at pH 7.35-7.45. The compositions
may also include tonicity agents suitable for administration to the kidney. Among those suitable
is sodium chioride to make formulations approximately isotonic with blood.

0433 In certain cases, pharmaceutical compositions are formulated with viscosity enhancing
agents. Exemplary agents are bydroxvethylcellulose, hydroxypropyleellulose, methvicellulose,
and polyvinylpyrrofidone. The pharmaceutical compositions may have cosolvents added if
needed. Suitable cosolvents may include glyeerin, polyethyviene glycol (PEG), polysorbate,

propylene glycol, and polvviny! alcohol. Preservatives may alseo be included, e.g., benzalkonium
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chloride, benzethonium chloride, chlorobutanol, phenylmercuric acetate or nitrate, thimerosal, or
methyl or propylparabens.

{0434} Pharmaceutical compositions comprising genetically engineered cells, cell components or
cell products may be delivered to the liver of a patient in one or more of several methods of
delivery known o the art. In some cases, the compositions are delivered to the hiver. lo another
embodiment, the compositions may be delivered to the Hiver via intra-portal injection.

{8435} In some embodiments, any of the genetically engineered cell compositions disclosed
herein {¢.g., a composition comprising in vitro differentiated genetically engineered islet cells)
further comprises a liquid solution {or a medium). In some embodiments, the lguid solution
comprises a sugar. In some embodiments, the sugar is sucrose or glucose, In some
embodiments, the liguid solution comprises the sugar at a concentration of between about 0.05%
and about 1.5%. In some embodiments, the liquid solution is a CMRL medium . In some
embodiments, the composition comprises HypoThermosol® FRS Preservation Media. In some
cases, the liquid solution is serum free. Tu some cases, the liquid solution that the cells are
suspended in is free of proteins. In some cases, the liquid solution that the cells are suspended in
is free of animal components. In some cases, the liquid solution that the cells are suspended 1o is
free of proteins and animal components. In some cases, the liquid solution has physiological
osmolality. In some cases, the liquid solution is pH butfered.

{0436} In some instances, pharmaceutical compositions of the genetically engineered cells are
formulated in a conventional manner using one or more physiologically acceptable carriers
including excipients and auxiliaries which facilitate processing of the active corapounds into
preparations which can be used pharmaceutically. Proper formulation is dependent upon the
route of administration chosen. A summary of pharmaceutical compositions described herein is
found, for example, in Remington: The Science and Practice of Pharmacy, Nineteenth Ed
{Easton, Pa.. Mack Publishing Company, 1995}, Hoover, John E ., Remington’s Pharmaceutical
Nciences, Mack Publishing Co., Easton, Pennsylvania 1975; Liberman, H A and Lachman, L.,
Eds., Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y ., 1980; and Pharmaceutical
Dosage Forms and Drug Delivery Systems, Seventh Ed. (Lippincott Williams & Wilkins1999).
{0437} Pharmaceutical compositions are optionally manutactured in a conventional manner, such
as, by way of example only, by means of conventional mixing, dissolving, granulating, dragee-

making, levigating, emulsifying, encapsulating, entrapping or compression processes.
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{#438] In certain embodiments, compositions may also include one or more pH adjusting agents
or buffering agents, including acids such as acetic, boric, citric, lactic, phosphoric and
hydrochloric acids; bases such as sodivm hydroxide, sodium phosphate, sodium borate, sodium
citrate, sodium acetate, sedium lactate and tris-hydroxymethylaminomethane; and buffers such
as citrate/dextrose, sodium bicarbonate and ammonium chioride. Such acids, bases and buffers
are included in an amount required to maintain pH of the composition in an acceptable range.
{84391 [o other embodiments, compositions can also include one or more salts in an amount
required to bring osmolality of the composition inte an acceptable range. Such salts include
those having sodium, potassium or ammonium cations and chloride, citrate, ascorbate, borate,
phosphate, bicarbonate, sulfate, thiosulfate or bisulfite anions; suitable salts include sodium
chloride, potassiurn chloride, sodium thiosulfate, sodium bisulfite and ammonium sulfate.

{8449} The pharmaceutical compositions described herein are administered by any suitable
administration route, including but not limited to, oral, parenteral {e.g., intravenous,
subcutaneous, intramuscular, intracerebral, intracerebroventricular, intra-articular,
intraperitoneal, or iniracranial), intranasal, buccal, sublingual, or rectal administration routes. In
some instances, the pharmaceutical composition is formulated for parenteral (e.g., infravenous,
subcutaneous, intramuscular, intracerebral, intracerebroventricular, intra-articular,
intraperitoneal, or intracranial} administration. In some embodiments, any of the pharmaceutical
compositions disclosed herein is administered to a subject by infusion via the hepatic portal vein.
{8441} The pharmaceutical compositions described herein are formulated into any suitable
dosage form, including but not Hrtted to, agueous oral dispersions, liquads, gels, syraps, elixirs,
sturries, suspensions and the like, for oral ingestion by an individual to be treated, solid oral
dosage forms, agrosols, controlled release formulations, fast meli formulations, effervescent
formulations, lyophilized formulations, tablets, powders, pills, dragees, capsules, delayed release
formulations, extended release formulations, pulsatile release formulations, multiparticulate
formulations, and mixed immediate release and controiled release formulations. In some
embodiments, the pharmaceutical compositions are formulated into capsules. In some
embodiments, the pharmaceutical compositions are formulated into solutions {for example, for
1Y administration}. In some cases, the pharmaceutical composition is formulated as an infusion.

In some cases, the pharmaceutical composition is formulaied as an njection.
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{0442} The pharmaceutical solid dosage forms described herein optionally include a compound
described herein and one or more pharmaceutically acceptable additives such as a compatible
carrier, binder, filling agent, suspending agent, flavoring agent, sweetening agent, disintegrating
agent, dispersing agent, surfactant, lubricant, colorant, diluent, solubilizer, moistening agent,
plasticizer, stabilizer, penetration enhancer, wetting agent, anti-foaming agent, autioxidant,
preservaiive, or one or more combination thereof

{84431 [o still other aspects, using standard coating procedures, such as those described in
Remington's Pharmaceutical Sciences, 20th Edition (2000), a film coating is provided around the
compositions. In some embodiments, the compositions are formulated into particles (for
example for administration by capsule) and some or all of the particles are coated. In some
embodiments, the compositions are formulated into particies (for example for administration by
capsule} and some or all of the particles are microencapsulated. In some embodiments, the
compositions are formulated into particles (for exampie for administration by capsule) and some
or all of the particles are not microencapsulated and are uncoated.

{0444} In certain embodiments, compositions provided herein may also include one or more
preservatives o inhibit microbial activity. Suitable preservatives include mercury-containing
substances such as merfen and thiomersal; stabilized chlorine dioxide; and quaternary
ammonium compounds such as benzalkonium chloride, cetyltrimethylammontium bromide and
cetylpyridininm chlonde.

{0445} In some embodiments, a composition of the present disclosure can comprise the
genctically engineered stem cell derived islet cells, in an amount that is effective to treat or
prevent e.g., diabetes. A pharmaceutical composition can comprise the genetically engineered
stem cell derived islet cells as described hergin, in combination with cue or more
pharmaceutically or physiologically acceptable carriers, diluents or excipients. Such
compositions can corprise butters such as neutral butfered saline, phosphate buffered saline and
the like; carbohydrates such as glucose, mannose, sucrose or dextrans, mannitol; proteins;
polypeptides or amino acids such as glyeine, antioxidants; chelating agents such as EDTA or
glutathions; adjuvants (e.g., aluminum hydroxide); and preservatives.

{6446} Pharmaceutical compositions can comprise auxiliary components as would be familiar to
a person having skill in the art. For example, they can contain antioxidants in ranges that vary

depending on the kind of antioxidant used. Reasonable ranges for commonly used antioxidants
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are about 0.01% to about 0.15% weight by volume of EDTA, sbout 0.01% to about 2.0% weight
volume of sodium sulfite, and about 0.01% 1o about 2.0% weight by volume of sodium
metabisulfite. Gue skilled in the art may use & concentration of about ¢.1% weight by volume
for each of the above. Gther representative compounds include mercaptopropionyt glycine, N-
acetyl cysteine, f-mercaptoethylamine, glutathione and sumifar species, although other anti~
oxidant agents suitable for renal administration, e.g. ascorbic acid and its salts or sulfite or
sodinm metabisulfite may also be employed.

104471 A buffering agent can be used to maintain the pH of formulations in the range of about
4.0 to about 8.0; as to minimize irntation in the target tissue. For direct intraperitoneal injection,
formulations should be at pH 7.2 10 7.5, preferably at pH 7.35-7.45. The compositions may also
include tonicity agents suitable for administration to the kidney. Among those suitable 1s sodium
chioride to make formulations approximately isotonic with blood.

10448} In certain cases, pharmaceutical compositions are tormulated with viscosity enhancing
agents. Exemplary agents are hydroxyethyleellulose, hydroxypropyleellulose, methylcellulose,
and polyvinylpyrrolidone. The pharmaceutical compositions may have cosolvents added if
needed. Suitable cosolvents may include glycerin, polyethyviene giveol (PEG), polysorbaie,
propylene glycol, and polyviny! alcohol. Preservatives may also be included, e.g., benzalkonium
chloride, benzethonium chloride, chiorobutanol, phenylmercuric acetate or nitrate, thimerosal, or
methyl or propylparabens.

{8449} Formulations described herein may benefit from antioxidants, metal chelating agents,
thiol containing compounds and other general stabilizing agents. Examples of such stabilizing
agents, include, but are not limited to: (a) about 0.5% to about 2% w/v glycerol, (b) about 0.1%
to about 1% w/v methionine, {¢) about 0 1% to about 2% w/v monothioglycerol, (d) about 1 M
to about 10 mM EDTA, (e) about 0.01% to about 2% w/v ascorbic acid, (f) 0.003% to about
0.02% wiv polysorbate 80, (g) 0.001% to about 0.05% w/v. polysorbate 20, (h) arginine, (i)
heparin, (j} dextran sulfate, (k) cyclodextrins, (1) pentosan polysulfate and other heparinoids, (n1)
divalent cations such as magnesium and zing; or {n) combinations thereof,

{3450} “Binders” umpart cohesive qualities and include, e.g., alginic acid and salts thereof,
cellulose derivatives such as carboxymethylcellulose, methylcellulose (e.g., Mathocel®),
hydroxypropyhnethyleellulose, hydroxyethyleellulose, hydroxypropyleellulose {e.g., Klucel®),

ethylcellulose (e.g., Ethocel®), and microcrystaliine cellulose (e.g., Avicel®}); microcrystalline
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dextrose; amylose; magnesium aluminum silicate; polysaccharide acids; bentonites; gelatin,
polyvinylpyrrolidone/vinyl acetate copolymer; crospovidone; povidone, starch; pregelatinized

N

starch; tragacanth, dextrin, a sugar, such as sucrose {e.g., Dipac®}, ghucose, dexirose, molasses,
mannitol, sorbitol, xylitol {e.g., Xylitab®), and lactose; a natural or synthetic gum such as acacia,
iragacanth, ghatti gum, muciiage of 1sapol husks, polyvioylpyrrolidone {e.g., Polyvidone® CL,
Kollidon® CL, Polyplasdone® X1.-10}, larch arabogalactan, Veegum®, polvethylene glycol,
waxes, sodiur alginate, and the like.

10431} A “carrier” or “carrier materials” include any commonly used excipients in
pharmaceutics and should be selected on the basis of compatibility with compounds disclosed
herein, such as, compounds of ibrutinib and an anticancer agent, and the release profile
properties of the desired dosage form. Exemplary carrier materials include, e.g., binders,
suspending agents, disintegration agents, filling agents, surfactants, solubilizers, stabilizers,
lubricants, wetting agents, diluents, and the like. “Pharmaceutically compatible carrier
materials” may tnclude, but are not limited to, acacia, gelatin, colloidal silicon dioxide, calcium
elycerophosphate, calcium lactate, maltodextrin, glycerine, magnesium silicate,
polyvinylpyrrollidone (PVP), cholestercl, cholesterol esters, sodium caseinate, soy lecithin,
taurccholic acid, phosphotidylcholine, sodium chloride, tricalcium phosphate, dipotassium
phosphate, cellufose and cellulose conjugates, sugars sodium stearoy! lactylate, carrageenan,
monoglyceride, diglyceride, pregelatinized starch, and the like. See, e.g., Remington: The
Science and Practice of Pharmacy, Nineteenth Ed (Easton, Pa.. Mack Publishing Company,
1995Y; Hoover, John E., Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton,
Penngyivania 1975; Liberman, H A and Lachman, £, Eds.| Pharmaceutical Dosage Forms,
Marcel Decker, New York, N.Y ., 1980; and Pharmaceutical Dosage Forms and Drug Delivery
Systems, Seventh Ed. (Lippincott Williams & Wilkins1999).

{0452} “Dispersing agents,” and/or “viscosity modulating agents” include materials that control
the diffusion and homogeneity of a drug through liquid media or a granulation method or blend
method. In some embodiments, these agents also facilitate the effectiveness of a coating or
eroding matrix. Exemplary diffusion facilitators/dispersing agents include, e.g., hydrophilic
polymers, electrolytes, Tween ® 60 or 80, PEG, polyvinylpyrrolidone (BYP; commercially
known as Plasdone®), and the carbohydrate-based dispersing agents such as, for example,

hydroxypropyl celluloses {e.g., HPC, HP(C-SL, and HPC-L ), hydroxypropyl methylcelluloses

160



WO 2024/097697 PCT/US2023/078272

{e.g., HPMC K100, HPMC K4M, HPMC K15M, and HPMC K100M), carboxymethylceliulose
sodium, methylicellulose, hvdroxyethyleelluiose, hydroxypropyleclluiose,
hydroxypropylmethylcelluiose phthalate, hydroxypropylmethyicellulose acetate stearate
(HPMCAS), noncrystalline cellulose, magnesium aluminum silicate, triethanolamine, polyvinyl
alcohol (PVA), viny] pyrrolidone/vinyl acetate copolymer (§630), 4~(1,1,3 3-tetramethylbutyl)-
phenol polymer with ethylene oxide and formaldehvde (also known as tyloxapol), poloxamers
{e.g., Pluronics F68®, FRE®, and FI08®, which are block copolymers of ethylene oxide and
propylene oxide); and poloxamines {e.g., Tetronic 908®, also known as Poloxamine 908®,
which is a tetrafunctional block copolymer dernived from sequential addition of propylene oxide
and ethylene oxide to ethylenediamine (BASF Corporation, Parsippany, N.J.}3),
polyvinylpyrrolidone K12, polyvinylpyrrolidone K17, polyvinylpyrrolidone K28, or
polyvinylpyrrolidone K30, polyvinylpyrrotidong/viny! acetate copolymer (56303, polyethylene
glycol, e.g., the polyethylene glycol can have a molecular weight of about 300 to about 6000, or
about 3350 to about 4000, or about 7000 to about 5400, sodium carboxymethylcellulose,
methylceliulose, polysorbate-80, sedium alginate, gums, such as, e.g., gum tragacanth and gum
acacta, guar gum, xanthans, including xanthan gum, sugars, cellulosics, such as, e.g., sodium
carboxymethylcetiulose, methylcellulose, sodium carboxymethylceliulose, polysorbate-80,
sodium alginate, polyethoxylated sorbitan monolaurate, polyethoxylated sorbitan monolaurate,
povidone, carbomers, polyviny] alcohol (PVA), alginates, chitosans and combinations thereot.
Plasticizers such as cellulose or triethyi celiulose can also be used as dispersing agents.
Dispersing agents particularly useful in liposomal dispersions and self-emulsitying dispersions
are dimyristoy! phosphatidyl choline, natural phosphatidyl choline from eggs, natural
phosphatidyl glycerol from eggs, cholesterol and isopropy! myristate.

{0453} Combinations of one or more erosion facilitator with one or more diffusion facilitator can
also be used in the present compositions.

{8454 The term “diluent” refers to chemical compounds that are used to dilute the compound of
interest prior to delivery. Diluents can also be used to stabilize compounds because they can
provide a more stable environment. Salts dissolved in buffered solutions (which also can
provide pH control or maintenance) are utilized as diluents in the ari, including, but not limited
to & phosphate buffered saline solution, In certaiu embodiments, diluents increase bulk of the

composition to facilitate compression or create sutficient bulk for homogenous blend tor capsule
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filling. Such compounds include e.g., lactose, starch, mannitol, sorbitol, dextrose,
microcrystaliine cellulose such as Avicel®; dibasic calcium phosphate, dicalcium phosphate
dikydrate; tricalcium phosphate, calcium phosphate; anhydrous lactose, spray-dried lactose;
pregelatinized starch, compressible sugar, such as Di-Pac® (Amstar); mannitol,
hydroxypropylmethylcellulose, hydroxypropylmethylceliulose acetate stearate, sucrose-based
diluents, confectioner’s sugar; monchasic calcium sulfate monohydrate, calcium sulfate
dihydrate; calciun actate trihydrate, dexirates; hydrofyzed cereal solids, aroylose; powdered
cellulose, calcium carbonate; glycine, kaolin; mannitel, sodium chloride; inositol, bentonite, and
the like.

{0455} “Filling agents” include compounds such as lactose, calcium carbonate, calcium
phosphate, dibasic calcium phosphate, calcium sulfate, microcrystalline cellulose, cellulose
powder, dextrose, dextrates, dextran, starches, pregelatinized starch, sucrose, xylitol, actitol,
mannitol, sorbitol, sodium chloride, polyethyiene glveol, and the like,

[0456] “Lubricants” and “glidants™ are compounds that prevent, reduce or inhibit adhesion or
friction of materials. Exemplary lubricants include, e.g., stearic acid, calcium hydroxide, tale,
sodium stearyl fumerate, a hydrocarbon such as mineral oil, or hydrogenated vegetable oil such
as bvdrogenated soybean oif {Sterotex®), higher fatty acids and their alkali-metal and alkaline
earth metal salts, such as aluminum, calcium, magnesium, zing, stearic acid, sodium stearates,
glycerol, tale, waxes, Stearowet®, boric acid, sodium benzoate, sodium acetate, sodium chioride,
leucine, a polvethylene glycol {e.g., PEG-4000) or a methoxypolyethylene glycol such as
Carbowax™, sodium oleate, sodium benzoate, glyceryl behenate, polyethylene glycol,
magnesium or sodium lauryl sulfate, collotdal sifica such as Syloid™, Cab-0O-S11®, a starch such
as com starch, silicone oil, a surfactant, and the hike.

{6457] “Plasticizers” are compounds used to soften the microencapsulation material or film
coatings to make them less brittle. Suitable plasticizers include, e.g., polyethylene glycols such
as PEG 300, PEG 400, PEG 600, PEG 1450, PEG 3350, and PEG 800, stearic acid, propylene
glveol, oleic acid, triethyl cellulose and triacetin. In some embodiments, plasticizers can also
function as dispersing agents or wetting agents.

{0458} “Solubilizers” include compounds such as triacetin, triethylcitrate, ethyl oleate, ethyl
caprylate, sodium lauryl sulfate, sodium doccusate, vitamin E TPGS, dimethylacetarnde, N-

methylpyrrolidone, N-hydroxyethylpyrrolidone, polyvinylpyrrolidone, hydroxypropyimethyl
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cellulose, hydroxypropy! eyclodextrins, ethanol, n-butanol, isopropy! alcohol, cholesterol, bile
salts, polyethylene glycol 200-600, glyeofurol, transcutol, propylene glycol, and dimethyl
isosorbide and the like.

[0439] “Siabilizers” include compounds such as any antioxidation agents, buffers, acids,
preservatives and the like.

{0460} “Suspending agents” include compounds such as polyvinylpyrrolidone, e.g.,
polyvinylpyrrolidone K12, polyvinylpyrrolidone K17, polyvinylpyrrolidone K25, or
polyvinylpyrrolidone K230, vinyl pyrrolidone/vinyl acetate copolymer (8630), polyethylene
glveol, e.g., the polyethylene glveol can have a molecular weight of sbout 300 to about 6000, or
about 3350 to about 4000, or about 7000 to about 5400, scdium carboxymethylcellulose,
methyleelinlose, hydroxypropylmethyicellulose, hydroxyvmethyicellulose acetate stearate,
polysorbate-80, hydroxyethyicellulose, sodium alginate, gums, such as, e.g., gum tragacanth and
gum acacia, guar gum, xanthans, including xanthan gum, sugars, cellulosics, such as, e.g.,
sodium carboxymethylcellulose, methylceltulose, sodium carboxymethyvicetiulose,
hydroxypropyvlmethylcelinlose, hydroxyethyleellulose, polysorbate-80, sodium alginate,
polyethoxyiated sorbitan monolaurate, polyethoxylated sorbitan monolaurate, povidone and the
fike.

10461} “Surfactants” include compounds such as sodium lauryl sulfate, sodium docusate, Tween
60 or 80, triacetin, vitamin E TPGS, sorbitan moncoleate, polvoxyethylene sorbitan monooleate,
polysorbates, polaxomers, bile salts, glveeryl monostearate, copolymers of ethylene oxide and
propylene oxide, e.g., Pluronic® (BASF), and the like. Some other surfactanis include
polyoxyethylene fatty acid glycerides and vegetable oils, e.g., polvoxyethylene (60)
hydrogenated castor oil; and polyoxyethylene aliylethers and alkylphenyl ethers, e.g.. octoxynol
10, octoxynol 40. In some embodiments, surfactants may be included to enhance physical
stability or for other purposes.

{8462} “Viscosity enhancing agents” include, e.g., methyl cellulose, xanthan gum,
carboxymethyl cellulose, hydroxypropyl cellulose, hydroxypropylmethyl celluiose,
hydroxypropylmethyl cellulose acetate stearate, hydroxypropytmethy! cellulose phihalate,
carbomer, polyvinyl alcohol, alginates, acacia, chitosans and combinations thereof.

0463} “Wetting ageots” include compounds such as oleic acid, glyceryl mounosiearate, sorbitan

monooleate, sorbitan monolaurate, triethanolamine oleate, polyoxyethylene sorbitan monooleate,
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polvoxyethylene sorbitan monolaurate, sodium docusate, sodium oleate, sodium lauryl sulfate,
sodium doccusate, triacetin, Tween 80, vitamin E TPGS, ammonium salts and the like.
{04641 In some embodiments, any of the compositions disclosed herein are encapsulated in any

of the devices disclosed herein.

Improved Survivability

{8465} Iv some embodiments, any one or more of the cells disclosed herein is genetically
modified to improve survivability of the cell. In some embodiments, the cell is genetically
modified such that the cell has improved survivability following implantation into a subject {e.g.,
a human) as compared to a cell that has not been genetically modified. In some embodiments,
the cell is genetically modified such that it triggers less {e.g., at least 5%, 10%, 15%, 20%, 25%,
30%, 40%, S0%, 60%, 70%, B0%, or 90% less) immediate blood mediated inflammatory
reaction {(IBMIR) following implantation in a subject as compared to a cell that is not genetically
modified. o some erobodiments, the cell is genetically modified such that it triggers a lower
{e.g., at least 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% less)
antibody respouse {e.g., lower antibody generation or release) following umplantation in a subject
as compared to a cell that is not genetically modified. In some embodiments, the cell is
genetically modified such that it recruits fower {e.g., at least 5%, 10%, 15%, 20%, 25%, 30%,
401%, 50%, 60%, 70%, 80%, or 90% less) T cells following implantation in a subject as
compared to a cell that 1s not genetically modified. In some embodiments, the cell is genetically
modified such that it is less likely (e.g., at least 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%,
60%, 70%, 80%, or 90% less) to dig following implantation in a subject as compared to a cell
that is not genetically modified. In some embodiments, the disclosure provides for a population
of genetically modified cells, wherein at least 509, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%
or 95% of the cells in the population of genetically modified cells survive at least | hour, 5
hours, 12 bours, 24 hours, 2 days, 10 days, 15 days, 30 days, 60 days or 90 days following

tmplantation into a subject.

Genes of Interest
{0466} As described, some aspects of the current disclosure are directed 1o oammalian cells

genetically modified to increase or decrease the expression of one or more genes of interest. In
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some embodiments, “genes of interest” include ABO, renalase, CXCL10, B2M, tissue factor
{F3) and CD47.

{04671 The ABO gene determines the blood group antigen. In some embodiments, a cell {e.g.,
an isolated stem cell or a NKX6. 1-positive, ISLi-positive cell) described herein is negative for A
antigen and negative for B antigen. In some embodiments, the cell described hereln 15 vegative
for A antigen. In some embodiments, the cell described herein is negative for B antigen. In
some embodiments, a cell {e.g., an isolated siem cell or a NKX6.1-positive, ISL 1-positive cell}
described herein is negative for Rh antigen. In some embodiments, a cell {e.g., an isolated stem
cell or a NKX6. 1-positive, ISL L-positive cell} described herein is negative for A antigen,
negative for B antigen, and negative for Rb antigen. An “A antigen,” as used herein, refers to a
histo-blood group antigen produced by 3o-N-acetylgalactosaminyltransferase and expressed as a
cell-surface antigen. A "B antigen,” as used herein, refers to a histo-blood group antigen
produced by 3a-~palactosaminyltransferase and expressed as a celi-surface antigen. In some
embodiments, the cell coruprises a distuption in the ABO gene. In some embodiments, the cell
comprises a disruption in the ABO gene such that the cell has reduced or absent levels of A and
B antigens. In the absence of the ABO gene, the blood group is designated O and has been
referred o as the universal donor blood group due to the lack of blood group antigen.

10468} In particular embodiments, the ABO gene is the human ABO gene identified as NCBI
Gene No. 28, The human ABO Genbank cDNA Accession No. is NM_020469 and is set out as
SEQ ID NO: 1. The human ABQO Genbank protein Accession No is NP 065202 and 1s set out
as SEQ IDNG: 2.

04691 In some embodiments, the ABQO gene is disrupted using a CRISPR/Cas system. In some
embodiments, the CRISPR/Cas system utilizes Cas? (e.g., SpCasf) and cne or more guide
RNAs, e.g., one or more single guide (sgRNAs). In some embodiments, the one or more
sgRNAs target an ABO gene and comprise the nucleotide sequence of any one of the sequences
in Table 2. In some embodiments, the one or more sgRNAs target an ABO gene and comprise

the nucleotide sequence of any one of SEG 1D NQOs: 59-89,
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TABLE 2
Guide Sequence SEQ ID NO:
(9 ARG ex2 gRNAD05S GGATCATAGGTCGAAGTGCG 39
Co ABG ex5 pRNA008 AGCCAAAGGTGUTGACACCG 60
C9 ABO ex1 gRNAO04 GGCCAGCGTCCGCAACACCT 6
C9 ABO ex1 gRNA023 GAGGTGTTGCGGACGCTGGC 62
9 ABO ex3 gRNAD2T ACTTCCTTTCTGCAGTTACG 63
C9 ABO exd gRNADOS GAGACGCGCTGCAGATGGTC 64
C9 ABO ex3 gRNAOD3 GCTTCCTGGCATTAGACTTC 65
C9 ABO ex5 gRNA0D4 CGGTGTCAGCACCTTTGGCT 66
C9 ABO ex5 gRNA006 GTGTCAGCACCTITGGCTGG 67
C9 ABO ex6 gRNA006 GGAGCCTGAACTGCTCGITG 63
C9 ABO ex3 gRNA00Z AACCCCCGTTCCAGGCTTCC 69
0 ABO ex1 gRNA026 CAGACGCGGAGCCATGGCCG 70
o ABO ex6 gRNA03Z CAGTAGGAAGGATGICCTCG 7
(Y ABO ex6 pRNA025 ACATCCTCAACGAGCAGTTC 72
CO ABO ex5 gRNAGOS IGGTGTCAGCACCTTTGGCTG 73
C9 ABO ex] gRNAOOS ICGTCCGCAACACCTCGGCCA 74
C9 ABO ex6 gRNADOS AATGTGCCCTCCCAGACAAT 75
CO ABO ex4 gRNA00OO TGCAGCGCGTCTCGTTGCCA 76
C9 ABO ex3 gRNA020 AGCCCCAGAAGTCTAATGCC 7
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9 ABO_ex6 gRNADZO TCCTCGTGGTACCCCTTGHC 8
9 ABO ex5_¢RNAD0Z ACGGTGTCAGCACCITTGGC 79
C9 ABO ex3 ¢RNA006 GCATTAGACTTCTGGGGCTT 80
C9 ABO exl ¢RNA024 IGGCCGAGGTGTTGCGGACGC S
C9 ABO ex5 gRNA002Z CACCACGGTGTCAGCACCTT 82
O ABO ex6 gRNAOOS TTAACCCAATGGTGGTGTTC 83
C9 ABO ex3 gRNAOI9 AAGTCTAATGCCAGGAAGCC &4
C9 ABO ex4 pRNA004 GCAACGAGACGCGCTGCAGA 85
C9 ABO ex2 gRNA006 GGTCGAAGTGCGTGGCATTT 86
CO ABO ex5 gRNA009 IGATGGTCTACCCCCAGCCAA &7
C9 ABO ex6 gRNAOI2 GCCAGCCAAGGGGTACCACG 88
CO ABO ex6 gRNADZT GATGTCCTCGTGGTACCOCT 89

{6470} When SC-islets are transplanted into individuals with type 1 diabetes caused by beta cell
autoimmunity, it is possible that the 1slets could be detected and destroyed by multiple effector
arms of the immune sysiern. Such effector arms include €147 T cells that recognize
auteantigens presented by the recipient’s own immune cells with no requirement of HLA
expression on transplanted cells. Renalase is also designated monocamine oxidase C (MAO-C).
In some embodiments, deletion of RNLS protects transplanted beta cells.

{0471} Renalase has been described as a flavin adenine dinucleotide-containing moncanine
oxidase with an activity that selectively deaminates the catecholamines epinephrine,
aorepinephrine and dopamine. The renalase gene contains 9 exons spanning 310188 bp in
chromosome 10 of human genome. As used herein, the term "renalase” also includes renalase

isoforms. The renalase gene contains 9 exons spanning 310,188 bp in chromosome 10 of the
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human genome. In some embodiments, the renalase is 3 human renalase identified as Gene 1D
55328,

{04721 The renalase clone (SEQ H2 NO:35, GenBank accession number: BCO05364) (s a gene
containing exons 1, 2. 3,4, 5 6, 8. There are at least two alternatively-spliced forms of renalase
protein as shown in the human genome database. One alternatively spliced form of human
renalase contains exons 1, 2, 3, 4, 5, 6, 9, identified by clones in the human genome database as
GenBank accession number AKG02080 (SEQ ID NOG: 36) and NM 018363 (SEQ ID NO: 5)
Other alternatively spliced form contains exons 5, 6, 7, 8, identified by clones in the human
genome database as GenBank accession number. In summary, there is one renalase gene with at
least 4 different transcripts (i.e., 948 bp, 1447 bp, 1029 bp, and 3385 bp) encoding 2 different
renalase isoforms (342 aa and 315 aa). One transcript variant has 2409 bp and is identified with
Accession No. NM_001031709 and is shown in SEQ 1D NO: 3. This transcript variant encodes
the 342 aa length isoform has Accession No. NP_001026879 and is shown in SEQ ID NO: 4.
The 315 aa length tsoform is encoded by the 2175 bp mRNA with Accession No. NM 018363
shown in SEQ ID NO: 5. The transcribed protein has Accession No. NP_060833 and is shown
in SEQ 1D NO: 6. Unless otherwise indicated, "renalase” encompasses all known mammalian
renalases and renalases to be discovered, including but not limited to, mouse renalase and
chimpanzee renalase, having the characteristics and/or physical features of the renalase disclosed
herein.

{0473} In some embodiments, the renalase gene is disrupted using a CRISPR/Cas system. In
some embodiments, the CRISPR/Cas system utilizes Cas? {e.g., SpCas9) and one or more guide
RNAs, e.g., one or more single guide (sgRNAs). In some embodiments, the one or more
sgRNAs target the renalase gene and comprise the nucleotide sequence of any one of the
sequences in Table 3. In some embediments, the one or more sgRNAs target the renalase gene

and comprise the nucleotide sequence of any one of the sequences of SEQ ID Nos: 164-195.
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TABLE 3
Sequence SEQ ID NO
TGTGCGCTGCGCTGCTGAGH 164
GCTTGTGCGCTGCGCTGCTG 165
ATCGTGGGCOGCCGOGATGAC 166
AGGTGCTGATCGTGGGCGCC 167
ATGGCGCAGGTGCTGATCGT 168
CATGGCGCAGGTGCTGATCG 169
GCUCCCUCUCGCCAUGGLCGE 170
CACGATCAGCACCTGCGCCA 171
GATAATAAGAAGCGCAATAT 172
AGATTGATGTCCCTTIGGHCT i73
AAGATTGATGTCCCTITGGGC 174
GTGATGTACTGCCCAGCCCA 175
TCGTACCAGCTTCATAAAAG 176
UCGUACCAGCUUCAUAAAAG 177
GAGGCCCAGAGCATATCGAG 178
CAGCCUCCAGUUGCUGCCUY 179
GATAATAAGAAGCGCAATAT 180
AGAUUGAUGUCCCUUGGGCU ig1
AAGAUUGAUGUCCCUUGGGE 182
TACGAAGATTGATGTCCCTTY 183
GTACGAAGATTGATGTCCCT i84
CUGGGCCUCUUUUAUGAAGC 185
TACTCCTCTCGATATGCTICT 186
CTACTCCTICTCGATATGCTC 187
AUGCCAAAGGCAGCAACUGE i88
UGAAUGCCAAAGGCAGCAALC 189
CAGUAAUUAGUGAAUGCCAA 190
ATTGCGCTTCTTATTATCAA 191
173
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AAUGGAGACGAAGCGUAUGC 192
ATGGAGACGAAGCGTATGCA 193
TGAATGCCAAAGGCAGCAAC {04
UGAUGUACUGCCCAGCCCAA 195

{0474} Chemokines play a key role in the recruitment of immune cells to sites of inflammation.
In some embodiments, following transplantation, SC-islets may experience cellular stress caused
by multiple factors that include hypoxia and inflammation. C-¥X-C motif chemokine ligand 10
{CXCL10) 15 a key driver of T cell recruitment in autoimmune diabetes and in islet
iransplantation. The human CXCL 10 Genbank ¢DNA accession no is NM_ 001565 and shown
in SEGQ ID NO: 7. The human CXCL10 Genbank protein Accession No. is NP 001556 and
shown in SEQ ID NGO 8.

{8475} o some embodiments, the CXCL10 gene ts disrupted using a3 CRISPR/Cas system. In
some embodiments, the CRISPR/Cas system utilizes Cas9 {(e.g., SpCas9) and one or more guide
RNAs, e.g., one or more single guide (sgRNAs). In some embodiments, the one or more
sgRNAs target the CXCL 10 gene and compnise the nucleotide sequence of any one of the
sequences it Table 4. In some embodiments, the one or more sgRNAs target the CXCL10 gene
and comprise the nucleotide sequence of any one of the sequences of SEQ [P Nos: 155-161 and
196-204.

TABLE 4
Sequence SEQ ID NO
GTAATCAACCTGTTAATCCA 155
CAGCGTACAGTTCTAGAGAG 156
TTGATTACTAATGCTGATGC 157
CTGACTCTAAGTGGCATTCA 158
CAGAATGGCAGTTTGATTCA 159
TCTAAAGACCTTGGATTAAC 160
GATAAGGCAGCAAATCAGAA 161
CTITATCTTICTGACTCTAAG 196
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ACTCACATGATCTCAACAGC 197
TCTCAACACGTGGACAAAAT 198
TTCTTGATGGCCTTCGATTIC i99
TGCTTTCAGTAAATICTTGA 200
AGCAGTTAGCAAGGAAAGGT 201
TCGAAAGCAGTTAGCAAGGAA 202
ATGTCTGAATCCAGAATCGA 203
CGTGGACAAAATTGORCTTGC 204

{04761 In some embodiments, a barrier to transplantation is the disparity between donor and
recipient HLA molecules. These include class I HLA-A/B/C, and class 1T HLA DP/DG/DR.
HUA-disparity may cause acute T cell-dependent graft rejection. HLA mismatch can also elicit a
damaging antibody response. The expression of HLA class T molecules 1s strictly dependent on
its non-polymorphic component, the beta 2 microglobulin chain encoded by the BZM gene.

HLA class I molecuies are only expressed on select cell populations and have not been
convincingly detected on 8C-islets. The §§ chain of MHC class f molecules consists of beta-2
microglobulin, which is encoded by the non-polymorphic beta-2 microglobulin (B2M) gene on
chromosome 15, Beta-2 microglobulin is non-covalently linked to o3 subunit and ts common to
all MHC class I molecules. Furthermore, expression of MHC class I molecules at the cell
surface requires iis association with beta-2 microglobulio. The buman B2M geoe 1s identified by
NCBI Gene ID NQO. 567 (Accession No. NM_004048), which is set forth in SEQ 1D NO: 9. The
human NCBI protein Accession No. is NP_00403% and is set forth in SEG ID NO: 10,

{84771 ln some embodiments, the beta-Z microgiobulin gene is disrupted using a CRISPR/Cas
systemn. In some embodiments, the CRISPR/Cas system utilizes Cas9 {e.g., SpCas9) and one or
more guide RNAs, e.g., one or more single guide (sgRNAs). In some embodiments, the one or
more sgRNAs target the beta-2 micreglobulin gene and comprise the nucleotide sequence of any
one of the sequences in Table 5. In some embodiments, the one or more sgRNAGS target the beta-
2 microglobulin gene and comprise the nucleotide sequence of any one of the sequences of SE(}

1D Nos: 117-127 and 205-225,

3
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Sequence SEQ 1D NO
AGTCACATGGTTCACACGGO 117
COTGAGTAAACCTGAATCTT 118
CAGTAAGTCAACTTCAATGT 119
TCACGTCATCCAGCAGAGAA 120
CACAGCCCAAGATAGTTAAG 121
CAGCCCAAGATAGTTAAGTG 122
ACAGCCCAAGATAGTTAAGT 123
CITACCCCACTTAACTATCT 124
TCCTGAATTGCTATGYGTCT 1258
CATACTCATCTTTTTCAGTG 126
ACAAAGTCACATGGTTCACA 127
ACTCTCTCTTTCTGGCCTGO 2058
GCCCGAATGCTGTCAGCTTC 206
GGCCACGGAGCGAGACATCT 207
CGCGAGCACAGCTAAGGCCA 208
GAGTAGCGCGAGCACAGCTA 209
ACTCACGCTGGATAGCCTICC 210
GGCCGAGATGTICTCGCTCCG 211
CTCGCGCTACTCTCTCTTIC 212
GCTACTCTCTCTTICTGGCC 213
TITGACTTTCCATICTCTGL 214
ACCCAGACACATAGCAATIC 215
AAGTCAACTTCAATGTCGGA 216
ATACTCATCTTTITCAGTGG 217
GCATACTCATCTTTTTCAGT 218
GOGCATACTCATCTITITCAG 219
TGGGCTGTCGACAAAGTCACA 220
TTACCCCACTTAACTATCTT 221
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TTCCTGAATTGCTATGTGTC 222
GAAGTTGACTTACTGAAGAA 223
TTCAGACTTGTCTTTCAGCA 224
ACTTGTCTTTCAGCAAGGAC 225

[0478] The F3 gene encodes a surface molecule on transplanted cells known as tissue factor (aka
factor HI). Factor Il may trigger the immediate blood mediated inflammatory reaction (IBMIR)
which could cause the loss of islet cells within minutes post infusion into the liver. IBMIR is
characterized by coagulation and complement activation. Factor [1, {also called CD142,
coagulation factor I or tissue factor) may cnable cells to inttiate the blood coagulation
cascades, and 1t may function as the high-affintty receptor for the coagulation factor VIL The
resulting complex may provide a catalytic event that is responsible for initiation of the
coagulation protease cascades by specific limited proteolysis. Unlike the other cofactors of these
protease cascades, which circulate as nonfunctional precursers, this factor may be a potent
initiator that is fully functional when expressed on cell surfaces, for example, on monocytes.
There are 3 distinct domains of this factor: extracellular, transmembrane, and cytoplasmic. In
some embodiments, F3 is human F3 identified by NCBI gene ID 2152 and human F3 GenBank
cEINA accession no is NM_001993 and disclosed in SEQ I3 NG: 11, The corresponding human
F3 GenBank protein Accession No. is NP_001984 1 and disclosed in SEQ D NO: 12,

[6479] In some embodiments, the tissue factor gene is disrupted using a CRISPR/Cas systent. In
some embodiments, the CRISPR/Cas system utilizes Cas? (e.g., SpCas9) and one or more guide
RNAs, ¢ g., one or more single guide {(sgRNAs}). In some embodiments, the one or more
sgRNAs target the tissue factor gene and comprise the nucleotide sequence of any one of the
sequences in Table 6. In some embodiments, the one or more sgRMNAs target the tissue factor
gene and comprise the nuclgctide sequence of any one of the sequences of SEQ ID Nos: 128-142

and 226-241.
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Sequence SEQ ID NO
GTCGCTCOGACGUTCCTGOT 128
CCTTCACAATCTCGTCGGTG 129
CCTCACCGACGAGATTGTGA 130
GGCACGGGTCTTCTCCTALCC 131
GGATGTGAAGCAGACGTACT 132
TCGGACGCTCCTGCTCGROT 133
GCCCAGGTGGCCGGCGCTTIC 134
CACATCCTTCACAATCTCGT 135
GAAGCAGACGTACTTGGCAC 136
GOGCGAAGACCCAGCCGAGC 137
ACCTGAAGCGCCGGUCACCTY 138
GTGCCACTCACCTGAAGUGC 138
GCTCGGOTGGOTCTTCGCCC 140
TAAAGGCACTACAAATACTG 141
TAGACTTGATTGACGGGTTT 142
GAGCAGGAGCGTCCGAGCGA 226
CAGGAGCGTCCGAGCGACGG 227
CGTCCGAGCGACGGCGETICT 228
GTCCGAGCGACGGCGGTCTIC 229
TCCOAGCGACGGUGGTCTOG 2390
TGGGTCTTCGCCCAGGTGRC 231
CTCGGACGCTCCTGCTCGGC 232
GUCCOGAGACCGCCGETCGLT 233
AACAGTGTAGACTTGATTGA 234
ACAGTGTAGACTTGATIGAC 235
GTAGACTTGATTOGACGOGTT 239
AAGTCTACACTGTTCAAATA 237
TGGCAGCATATAATTTAACT 238
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CTCCTACCCGGCAGGGAATG 239
CGOOGTCTICTCCTACCCGGC 240
TAGACATGGAGACCCCTGCC 241

{0488} In addition to an antibody and T cell recognition of mismatched HL A, innate imamune
cells, including macrophages, dendritic cells and natural killer cells, may be able to recognize
allogenic (donor) cells through a variety of receptors. Activated innate immune cells can destroy
transplanted cells by phagocytosis, cytotoxicily and secretion of inflammatory cytokings. In
some embodiments, activation signals can be mitigated by inhibitory receptors that are also
present on innate immune cells. In some embodiments, CI47 gene modification increases
inhibitory CD47/SIRPa signaling, thereby mitigating activation signals of innate immune celis.
In some embodiments, the 47 1s the hurvan CD47 gene identified by gene 1D 967 and human
€547 GenBank cDNA accession number 1s NM_001777 4 and set forth in SEGQ ID NO: 13, The
human CD47 GenBank protein Accession No. 18 NP_001768 1 and is set forth in SEQ ID NG
14. In some embodiments, the CD47 protein comprises the amino acid sequence of SEQ D NO:
145, In some embodiments, the CD47 protein comprises the amino acid sequence of SEQ ID
NG 146, As with other genes of interest, there are variants listed on NCBI including human
CD47 transcript vanant X5 (GenBank Accession No. XM 005247909) set forth in SEQ ID NO:
15 and the transiated human CP47 protein isoform X1 {(GenBank Accession No.

XP 005247960) set forth in SEQ [D NO: 16, In some embodiments, the CD47 protein
comprises at least 3 amino acids added to the N-terminus of the mature CD47 protein wherein
the 3 amino acids added has the formula X3-X-X:, where X3 is W) Xs is selecied from Q, A and
Gy and X s selected from RO P L, T, F, 1 and M. In some embodiments, the at least 3 amino
acids added to the N-terminus of the mature CD47 protein are added by editing the CD47 gene
such that the added amino acids are added between the CD47 leader sequence {e.g, the amino
acid sequence of SEQ I NG: 244) and the start of the mature CD47 amino acid sequence (e.g.,
an amino acid sequence that is at least 85%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ 1D NQ: 145 or 146) (see, e.g, FIG. 3C). In some embodiments,
the at least three amino acids are added to the N-terminus of the mature CD47 protein by
replacing the N-terminal Q of the mature CD47 protein {e.g., a mature CP47 protein having an

amino acid sequence that is at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
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99%, or 100% identical to SEQ 1D NO: 145 or 146) with at least three amino acids. In some
embodiments, the at feast 3 amino acids added to the N-terminus of the mature CD47 protein are
added by replacing the “Q” at the position corresponding to position 19 of an aming acid
sequence that is at feast §5%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 14 or 243 with at least three amino acids. See, e.g, FIG. SC. Insome
embodiments, the at least three amino acids are selected from WOR, WAP, W(QL, WQB, WQPP,
WOT, WOF, WQIL, WGP, and WM. In some embodiments, the CD47 comprises substitutions
at one or more of amino acids corresponding to amino acid positions 1, L3, AS3, and L34 of an
amino acid sequence that is at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ 1D NO: 145 or 146. In some embodiments, the CD47 protein
comprises a Q1P or Q1L substitution. In some embodiments, the CD47 protein comprises a
L3R L3A, 3K, L3N, L3E, or L3V substitution. In some embodiments, the CD47 protein
comprises a AS3IW, AS3Y, AS3D, AS30Q, or AS3V substitution. In some embodiments, the
CD47 protein comprises a LS4A, L54%, L54K, LS4M, L34E, 1L54W, 15348, L5341, or L34V
substitution. In particular embodiments, the CD47 protein comprises a Q1P substitution. In
some embodiments, the disclosure provides for a cell encoding a CD47 protein comprising an
amino acid sequence that is at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% 1dentical to SEQ 1D NO: 245 In some embodiments, the CD47 protein comprises
any of the modified CD47 amino acid sequences disclosed in US Patent No. 10,358,472, which
is incorporated by reference herein in its entirety.

[8481] In some embodiments, the disclosure provides for a cell expressing a CID47 protein,
wherein the CD47 protein comprises at least 3 amino acids added to the N-terminus of the
mature (D47 protein (not including the leader sequence, e.g, not including the sequence of SEQ
1D NO: 244) wherein the 3 amino acids added has the formula X;3-X3-X,, where X515 W; Xy is
selected from @, Aand G; and X isselected from R P, L, T, F. I, and M. In some
embodiments, the CD47 protein comprises an aming acid other than § at the amino acid
corresponding to position 1 of an amino acid sequence that is at least 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 145 or 146, In some
embodiments, the CD47 protein comprises a proline at the aminoe acid corresponding to position
I of an amino acid sequence that is at least 85%, 90%, 915, 92%, 93%, 94%, 95%, 96%, 97%,

98%, 99%, or 100% identical to SEQ 1D NO: 145 or 146, In some embodiments, the three
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amino acids are selected from WOR, WAP, WQL, WOQP, WOT, WQF, WL WGP, and WQM.
In particular embodiments, the three amino acids are WQP or WGP, Tn some embodiments, the
CD47 protein comprises any of the modified CD47 amino acid sequences disclosed in US Patent
No. 10,358 472, which 18 tncorporated by reference herein in its entirety. In some embodiments,
the cell further comprises a disruption tu the beta-2Z-microglobulin gene. Io sore embodiments,
the cell further comprises a disruption in ABG. In some embodiments, the cell further comprises
a disraption in renalase. Tn some embodiments, the cell further comprises a disruption in
CXCL10. In some embodiments, the cell further comprises a disruption in F3.

{0482 In some embodiments, the cell does not encode an exogenous transgene encoding CD47.
In some embodiments, any of the genetically engineered cells disclosed herein does not have
increased expression of CD47 or expression of a mutant CD47. In some embodiments, the
disclosure provides for a genetically engineered cell iy which the endogenous C47 gene has
been mutated to express a mutant CD47 protein. In some embodiments, the mutated CD47
protein is expressed under the control of the cell’s endogenous CD47 promoter. In some
embodiments, the mutant C47 is membrane-bound. In some embeodiments, the mutant CD47 is
secreted and is soluble. In some embodiments, the CD47 protein comprises an amino acid other
than Q af the amino acid corresponding to position 1 of an amino acid sequence that is at least
85%, 90%, ©1%, 92%, 93%, 94%%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NG 145 or 146, In some embodiments, the CD47 protein comprises a proline at the amino acid
corresponding to position 1 of an amino acid sequence that s at least §5%, 90%, 91%, 92%,
3%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ D NO: 145 or 146, In some
embodiments, the mutant CD47 protein comprises at least 3 amino acids added to the N-terminus
of the mature CD47 protein (e.g,, a CD47 protein comprising an amino acid sequence that is at
Teast 85%, 00%, 91%, 92%, 93%, 94%, 95%, 96%, O7%, 98%, 99%, or 100% identical to SEQ
ID NO: 145 or 146) wherein the 3 amino acids added has the formula X3-X3-X1, where X318 W,
X is selected from G, A and G and Xy is selected from R, P, L, T, F, |, and M. o some
embodiments, the three amino acids are selected from WQR, WAP, WQL, WQP, WQT, WQF,
WL WGP, and WM. In particular embodiments, the three amino acids are WQP or WGP In
some embodiments, the mutant CD47 protein comprises an amino acid sequence that is at least
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID

NO: 245, 162 or 163, In some embodiments, the CD47 protein comprises any of the modified
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{1347 amino acid sequences disclosed in U8 Patent No. 10,358,472, which is incorporated by
reference herein in 1ts entirety. In some embodiments, the cell further comprises a disruption in
the beta-Z-microglobuiin gene. In some embodiments, the cell further comprises a disruption in
ABO.  In some embodiments, the cell further comprises a disruption in renalase. In some
emnbodiments, the cell further comprises a disruption in CXCL10. In sore ernbedinuents, the
cell further comprises a disruption in F3.

{8483} [ some embodiments, the CD47 mutants are generated using a CRISPR/Cas system. In
some embodiments, the CRISPR/Cas system utilizes Cas9 {(e.g., SpCas9) and cne or more guide
RNAs, e.g., one or more single guide (sgRNAs). In some embodiments, the one or more
sgRNAs target the CD47 gene and comprise the nucleotide sequence of any one of the sequences
in Table 7. In some embodiments, the one or more sgRNASs target the CD47 gene and comprise
the nuciectide sequence of any one of the sequences of SEQ 1D Nos: 147-154. In some
embodiments, any of the guides in Table 7 are used in combination with a Cas9 protein (e.g.,
SpCas9) to edit the CD47 gene by cutting the 347, thereby facilitating the introduction of an
exogenous template, such that following said edit the edited CD47 gene encodes any of the

CD47 mutant proteins disclosed herein.

TABLE 7
Sequence SEQID NO
ATGCTTTGTTACTAATATGG 147
TCCATGCTTTGTTACTAATA 148
TCCATATTAGTAACAAAGCA 149
AATAGTAGCTGAGCTGATCC 150
TAGCTGAGCTGATCCTGOAA 151
CATTTTTCTTTTTCCTTTCC 152
AGTCTGTACTGTAAGATCTT 153
AAATGTTGCTGTTTATCTTA 154

{0484} In some embodiments, a transgene encoding CD47 s inserted into & cell’s genome such
that the expression of the CD47 transgene is tied to the expression of an endogenous target gene
in the cell. In some embodiments, the endogenous target gene 18 a housekeeping gene, such as
ACTR, NANOG, or GAPDH. In some embodiments, the transgene is inserted such that the
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37UTR of the housekeeping gene (e g, the 3" UTR of the GAPDH gene) is intact. In some
cmbodiments, the CD47 template is ssDNA, dsDNA, a nanocircle, or a plasmid.
{0485¢ In some embodiments, the CD47 ransgene is tnserted into 3 target gene, e.g.,
housekeeping gene {e.g., GAPDH gene). In some embodiments, the expression of the CD47
transgene is linked to that of the target gene {e.g., a housekeeping geune such as GAPDH) to form
a bicistronic construct. In some embodiments, the expression of the CD47 transgene 1s linked to
that of the target gene {e.g,, a housekeeping gene such as GAPDH)} by a ribosomal skipping
element, such as a 2A or IRES sequence. In some embodiments, the bicistronic construct is
flanked by a left homology arm and a right homology arm, wherein the homology arms are each
homologous to an endogenous sequence of a target gene, e.g., a housekeeping gene such as
GAPDH. In some embodiments, the left homology arm comprises a sequence that is at least
B0%, 85%%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the
sequence of SEQ D NO: 531, or complementary sequences and/or fragments thereof. In some
embodiments, the right hornology arm comprises a sequence that 1s at least 80%, 85%, 90%,
1%, 92%, 93%%, 94%, 9554, 96%, 97%, 98%, 99% or 100% identical to the sequence of SEQ ID
NGO: 52, or complementiary sequences and/or fragments thereof. In some embodiments, the left
or right homology arms comprise a “codon wobble” sequence comprising “wobble bases” as
compared to a reference wildtype gene sequence (e.g., a wildtype GAPDH gene sequence) in
order to prevent a guide RNA that targets a portion of the reference wildiype gene sequence from
targeting a portion of the codon wobble sequence. In some embodiments, the left homology arm
further comprises at its 37 end a sequence that comprises a codon wobble sequence comprising 1,
2,3,4,5,6,7, 8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 wobble bases as compared to a
wildtype sequence. In some embodiments, the codon wobble sequence comprises a sequence
that is at least 80%, 83%, 0%, 91%, 92%, 93%, 94%¢, 95%, 96%6, 97%, 98%, 99% or 100%
identical to the sequence of SEQ ID NG: 53, or complementary sequences and/or fragments
thereof. In some embodiments, the codon wobble sequence comprises a sequence that is at least
8(%, 85%, 90%, 9194, 92%, 93%, 94%, 95%, 96%%, 97%, 98%, 99% or 100% identical to the
sequence of SEQ 1D NO: 53, or complementary sequences and/or fragments thereof, and
comprises 1,2, 3,4, 5,6, 7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 of the wobble
bases of SEQ ID NO: 33 (represented by capital etters in SEQ ID NQ: 53). In some

embodiments the left homology arm further comprises at its 37 end a sequence that comprises a
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“flex region” that may be 3’ to the codon wobble sequence. In some embodiments, the flex
rogion Sequence comprises a sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
5%, 96%, 97%, 98%, 99% or 100% identical to the sequence of SEQ 1D NOG: 54, or
complementary sequences and/or fragments thereof. In some embodiments, the left homology
arm comprises, in 57 to 37 orientation, a sequence that is at least 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the sequence of SEQ D NO: 51,
followed by a sequence comprising a sequence that is at least §0%, 85%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%%6, 98%, 99% or 100% identical to the sequence of SEQ ID NO: 53,
followed by a sequence comprising a sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%,
34%, 95%, 96%, 97%, 98%, 99% or 100% identical to the sequence of SEQ B3 NO: 54, In some
embodiments, the 2A sequence encodes a polypeptide comprising any one of SEQ ID Nos: 55-
58. In some embodiments, the 2A sequence further encodes an N-terminal GSG linker. In
preferred embodiments, the 2A sequence facilitates expression of both the target gene (e.g.,
GAPDH) and the CD47 transgene, but wherein the ultimate protein products {e.g., CD47 and
GAPDH) are separate.

SEQ ID NO- 51
cigccaaggcigigggeaaggicateccigagetgaacgggaagetcactggeatggecticegigiceccactigecaacgigicagiggt
ggacctgacctgecgtotagaaaaaccigecaaatatgatgacatcaagaaggtegtgaageaggegteggaggacccectcaagggca
icctgguctacactgagcaccaggtagictecicigacticaacagegacacecacicotecacettigacgeiggggctgacatigeocica
acgaccactitgtcaageteatttectggtatgtggctggeeccagagactggctcitaaaaagtgeagggtetggegoeccictpgtgetey
cteagaaaaagggeccigacaaciotiitcatotictagg

SEGQ ID NO: 52
gacccotggaccaccageoceageaagageacaagaggaagagagagacccteactgetggggagicocigecacacteagiceocea
ccacactgaatcteecctectcacagtigecatgtagaceoctigaagageevacuoocctaggeagecgcacciigicatgtaccateaat

aaagtacectgtgcteaaccagitacttgtontgtettatictaggetetgggacagaggggagggaageteegottgtgicaaggtyagac

atfctigetgggeagggacctggtatgticiecteagactgagggtagggcciccaaacagecttgettgeticgagaaceattigettcecge
tcagacgictigagigotacaggaagetggeace

SEQ 1D NG 53 (possibie wobble bases are capitalized)
taCgaTaaTgaGitCogctaTagTaaTCGCetAgtCgaTetAatggcAcaTatggeGteAaaAgaA

SEQ ID NO: 54

gasgegea
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SEQ 1D NO: 55
ATNFSLLKQAGDVEENPGP
SEQ ID NO: 56
EGRGSLLTCGDVEENPGP

SEQ ID NO. 57
QCTINYALLKLAGDVESNPGP
SEQ ID NO- 58
VKQTLNFDLLKLAGDVESNPGP

10486} In some embodiments, the CD47 transgene is inserted using a CRISPR/Cas system. In
some embodiments, the CRISPR/Cas system utilizes Cas® (e.g., SpCas9) and one or more guide
RNAs, e g., one or more sgRNAs. In some embodiments, the one or more sgRINAs target a
GAPDH gene and comprise the nucleotide sequence of any one of the sequences in Table 8. In
some embodirnents, the one or more sgRNAs target a GAPDH gene and comprise the nucleotide
sequence of any one of SEQ ID NQs: 90-116. In some embodiments, the one or more sgRNAs
target a GAPDH gene and comprise the nucleotide sequence of SEQ ID NO: 111 or 112 In
some embodiments, the exact sgRNA cut site and positing of template homology arms relative to
the cut site may determine the resultant insertion structure. In some embodiments, the CD47 is
inserted as a “scarless” insertion of CD47 at the target gene {e.g., GAPDH), i.¢., that does not
disrupt the target gene’s regulatory sequences {e.g., 3’ UTR sequence). In some embodiments,
the CD47 insertion pushes the wildtype exon 9 of GAPDH downstream of, but not in frame with,
the stop codon of CD47. In this instance the homology arm may provide a recoded partial exen
9 of GAPDH to eliminate template cutting by the sgRNA and nuclease  The recoding results in
the same GAPDH amino acid sequence but changes the nucleotide sequence to eliminate guide

binding. In some embodiments, a poly adenylation (pA) sequence is included with the insertion.
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TABLE 8

Name Sequence SEQ D NG
C9 GAPDH HDR gRNAIZ | ACAAGTAACTGGTTGAGCAC 90
9 GAPDH HDR gRNAISS CAAGTAACTGGTTGAGCACA 91
Co GAPDH HDR gRNA06C | GCCATGTAGACCCCTTGAAG 92
C9 GAPDH HDR gRNA043 GICTGGCGCCCTICTGGTGGL 93
9 GAPDH _HDR gRNA147 TTTTCTCGAGCCAGCCACCAG 94

9 GAPDH HDR gRNAI46 | TITCTGAGCCAGCCACCAGA a5
C9 _GAPDH _HDR _gRNA(O42 CAGGOTCTGOGCGUCCTOTGG 96
C9 GAPDH HDR gRNAO41 GTGCAGGGTCTGGCGCCCTC 97
Co GAPDH HPR gRMNA040 | CTCTTAAAAAGTGCAGGUGTC o8
9 GAPDH HDR gRNA(39 ACTGGUTCTTAAAAAGTGCA 99
C9 GAPDH HDR pRNAO038 GACTGGCTCTTAAAAAGTGC 100
9 GAPDH HDR gRNAT45 ACTTTTTAAGAGCCAGTCTC 101
€9 _GAPDH HDR _gBRNAD34 | CTCATTTICCTGGTATGTGGE 102
09 GAPDH HDR gRNA033 CAAGCTCATTTCCTGGTATG 103
CO_GAPDH_HDR_gRNAI44 | TCTGGCCCCAGCCACATACC 104
Co GAPDH HDR oRNA17S TCTACATGGCAACTGTGAGG 105
C9 GAPDH HBR gRNA174 | CTACATGGCAACTGTGAGGA 106
9 GAPDH HDR gRNA173 TACATGGCAACUTGTGAGGAG 107
C9 GAPDH HDR gRNAl6Z TCTTCCTCTITGTGCTCTTIGC 108
9 GAPDH HDR gRNAI161 CTTCCTCTTGTGCTCTTGCT 109
C9 GAPDH HDR gRNAI6C | TICCTCTTGTGCICTTGCIG 110
9 GAPDH HDR _gRNAO47 | TCTAGGTATGACAACGAATTY 111
O GAPDH HDR gBRNAG46 | GACAACTCTTTTCATCTTCT 112
C9 GAPDH HDR gRNA149 | AGAAGATGAAAAGAGTTGTC i3
C9 GAPDH HDR gRNAT48 GAAGATGAAAAGAGTTGTCA 114
o GAPDH HDR oRNAD4S TGGTGGUTGGCTCAGAAAAA 115
C9 GAPDH HDR gRNAO44 | CTGGTGGCTGGCTCAGAAAA {16
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{6487} In some embodiments, any of the genetically engineered cells disclosed herein comprises
a disruption of a gene encoding for any one or more of ABQ, renalase, CXCL10, B2M, and/or
3, wherein the disruption results in reduced or eliminated expression of AB(O, renalase,
CXCL10, B2M, and/or F3. In some embodiments, the disruption comprises a deletion, an
insertion, a translocation, an inversion, or a substitution of cue or more nucleotides in a gene
encoding for any one or more of ABO, renalase, CXCL10, B2M, and/or F3. In some
embodiments, the disruption comprises an insertion of 1, 2, 3, 4, or S nucleotides 1o a gene
encoding for any one or more of ABO, renalase, CXCL10, BZM, and/or F3 (e.g., as the result of
using a CRISPR system and any one or more of any of the guide RNAs disclosed herein). In
some embodiments, the disruption comprises a deletion of 1, 2, 3, 4, or 5 nucleotides in a gene
enceding for any one or more of ABO, renalase, CXCL10, B2M, and/or F3 (e.g., as the result of
using a CRISPR system and any one or more of any of the guide RNAs disclosed herein). In
some embodiments, the disruption comprises a deletion, an insertion, a translocation, an
inversion, or a substitution of atleast 1, 2,3, 4, 5,6, 7,8, 9, 10, 15, 20, 30, 40, 30, 75, 100, 159,
200, 250, 3006, 400, 500, or 1000 nucleotides in a gene encoding for any one or more of ABO,
renaiase, CXCL 10, BZM, and/or F3. In some embodiments, the disraption comprises a deletion,
an insertion, a transtocation, an inversion, or 2 substitution of 1-1000, 1-800, 1-600, 1-500, 1-
300, 1-200, 1-100, 1-50, 1-10, 1-5, 1-3, 500-1000, 100-1000, 100-500, 100-300, 10-100, 10-80,
10-50, or 10-25 nucieotides in a gene encoding for any one or more of ABQO, renalase, CXCL10,
B2M, and/or F3. In some embodiments, the disruption 13 in one copy of the gene encoding for
any one or more of ABO, renalase, CXCLIG, B2M, and/or ¥3 in a cell. In some embodiments,
the disruption is in both copies of the gene encoding for any one or more of ABQ, renalase,
CXCL1I0, B2M, and/or F3 in a cell. In some embodiments, the disruption of the gene encoding
for any one or more of ABO, renalase, CXCL10, B2ZM, and/or F3 is a disruption of one or more
H0trons, one or more exons, and/ot one or more regulatory elements {e.g., a prowoter or au
enhancer) of the gene encoding for any one or more of ABQ, renalase, CXCL1C, B2M, and/or
F3. In some embodiments, the disruption resulis in a decrease in expression of ABO, renalase,
CXCL1O, B2M, and/or F3. In some embodiments, the disruption results in a decrease of at least
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, or 100% in expression of ABO, renalase, CXCL10, BZM, and/or F3 as compared to a

cell of the same cell type lacking the disruption. In some embodiments, the disruption results in
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a decrease of 10-100%, 30-100%, 50-100%, 75-100%, 10-95%, 10-80%, 10-60%, 10-40%, 10-
20%, 20-100%, 20-95%, 20-80%, 20-60%, 20-40%, 40-100%, 40-95%, 40-80%, 40-60%, 60-
100%, 60-95%, 60-80%, &0-100%, 80-95%, or 90-98% in expression of ABQ, renalase,
CXCL1O, B2M, and/or F3 as compared to a cell of the same cell type lacking the disruption. In
some embodiments, the disclosure provides for a cell that does not have genetic distuption in the
ABQO gene. In some embodiments, the disclosure provides for a cell that does not have a genetic
disruption in the CXCL10 gene. In some embodiments, the disclosure provides for a cell that
does not have a genetic disruption in the renalase gene. In some embodiments. the disclosure
provides for a cell that does not have a genetic disruption in the B2M gene. In some
embodiments, the disclosure provides for a cell that does not have a genetic disruption in the
tissue factor gene.

{8488} In some embodiments, the genetically engineered cell comprises an insertion of gene
encoding CD47. In some embodiments, the insertion of the CI347 gene is into a safe harbor
focus. In some embodiments, the insertion of the CD47 gene is in a housekeeping gene. In some
embodiments, the insertion of the CD47 gene results in an increase of at least 10%, 25%, 30%,
50%, 60%, 70%, §0%, 90%, 100%, 150%, 200%, 250%, 300%, 400%, or 500% in expression of
D47 as compared to a cell lacking the insertion. I some embodiments, the tnsertion of the
CD47 gene results in an increase of 10-500%, 50-500%, 100-500%, 200-560%, 300-500%, 10-
300%, 50-300%, 100-300%, 100-200%, 10-200%, 50-200%, 100-200%, 10-100%, 10-75%, 10-
50%, or 10-30% in expression of CD47 as compared to a cell lacking the insertion.

{84898} [u some embodiments, the genetically engineered mammalian cell is engineered to have
decreased or no expression of the renalase gene, and wherein the engineered mammalian cell has
also been genetically engineered to bave decreased or no expression of the ABO gene; decreased
or no expression of the CXCL10 gene, decreased or no expression of the beta-2 microglobulin
{B2ZM), decreased or no expression for the fissue factor (F3) gene, and/or increased expression
of C1347 when compared o the expression levels of the corresponding genss in the same cell
type where the cell has not been genetically engineered. In some embodiments, the disclosure
provides for a genetically engineered cell in which the endogenous CB47 gene has been mutated
to express a mutant CD47 protein.

[8490] In some embodiments, the mammalian cell has been genetically engineered to have

decreased or no expression of the renalase gene, and the cell has been further genetically
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engineered to have decreased or no expression of the ABO gene as compared to the expression
fevel of the same cell type that has not been genetically engineered.

{04911 In some embodiments, the mammalian cell has been genetically engineered o have
decreased or no expression of the renalase gene, and the cell hag been further genetically
engineered to have decreased or no expression of the ABO gene and/or the cell bas been
genetically engineered to have decreased or no expression of the CXCL10 gene as compared to
the expression level of the same cell type that has not been genetically engineered.

10492 In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of the renalase gene, and the cell has been further genetically
engineered to have decreased or no expression of the ABO gene; the cell has been genetically
engineered to have decreased or no expression of the CXCL10 gene; and/or the cell has been
genetically engineered to have decreased or no expression of the B2ZM gene as compared to the
expression level of the same cell type that has not been genetically enginegered.

[0493] In some embodiments, the mammalian cell has been genetically engineered {0 have
decreased or no expression of the renalase gene, and the cell has been further genetically
engineered to have decreased or no expression of the AB(O gene; the cell has been genetically
engineered to have decreased or no expression of the CXCL.10 gene; the cell has been
genetically engineered to have decreased or no expression of the B2M gene; and/or the cell has
been genetically engineered to have decreased or no expression of the ¥3 gene as compared to
the expression level of the same cell type that has not been genetically engineered

[8494] In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of the renalase gene, and the cell has been further genetically
engineered to have decreased or no expression of the ABO gene; the cell has been genetically
engineered to have decreased or no expression of the CXCL10 gene; the cell has been
genetically engineered to have decreased or no expression of the B2M gene; the cell has been
genetically engineered to have decreased or no expression of the F3 gene; and/or the cell has
been genetically engineered to have increased expression of CD47 or expression of a mutant
{47 as compared to the expression {evel of the same cel type that has not been genetically
engineered. In some embodiments the engineered cell comprises an insertion of an exogenous

CP47 gene.
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{0495} Some aspects of the present disclosure provide a mammalian cell that has been
genetically engineered to have decreased or no expression of the CXCL10 gene, and wherein the
cell also has been genetically engineered to have decreased or no expression of the ABO gene
and/or the tissue factor {(F3) gene.

{0496} In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of the CXCL10 gene, and wherein the cell has further been
genetically engineered to have decreased or no expression of the ABQO gene as compared to the
expression level of the same cell type that has not been genetically engineered.

{0497} In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of the CXCL10 gene; the cell has further been genetically engineered
to have decreased or no expression of the ABO gene; and/or the cell has been genetically
engingered to have decreased or no expression of the tissue factor (TF3) gene as compared to the
expression level of the same cell type that has not been genetically enginegered.

{0498} In some embodiments, the mammalian cell has been has been genetically engineered to
have decreased or no expression of the CXCL10 gene; the cell has further been genetically
engineered to have decreased or no expression of the AB(O gene; the cell has been genetically
engineered to have decreased or no expression of the tissue factor (T3} gene; and/or the cell has
been genetically engineered to have decreased or no expression of the beta-Z-microglobulin
{B2ZM) gene as compared to the expression level of the same cell type that has not been
genetically engineered.

{84991 [o some embodiments, the mammalian cell has been has been genetically engineered 1o
have decreased or no expression of the CXCL10 gene; the celi has further been genetically
engineered to have decreased or no expression of the ABO gene; the cell has been genetically
engineered to have decreased or no expression of the tissue factor (TF3) gene; the cell has been
genetically engineered to have decreased or no expression of the beta-2-microglobulin (B2M)
gene; and/or the cell has been genetically engineered o have decreased or no expression of the
renalase gene as compared to the expression level of the same cell type that has not been
genetically engineerad.

{6509} In some embodiments, the mammalian cell has been has been genetically engineered to
have decreased or no expression of the CXCL10 gene; the cell bas further been genetically

engineered to have decreased or no expression of the ABO gene; the cell has been genetically
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engineered to have decreased or no expression of the tissue facior (TF3) gene; the cell has been
genetically engineered to have decreased or no expression of the beta-2-microglobulin (B2M)
gene; the cell has been genetically engineered to have decreased or o expression of the renalase
gene; and/or the cell has been genetically engineered to have increased expression of CD47 or
expression of a mutant CD47 as compared to the expression level of the same cell type that has
not been genetically engineered. In some embodiments the engineered cell comprises an
wnsertion of an exogenous CD47 gene.

10301} In some embodiments of the disclosure, the mammalian cell has been genetically
engineered to have decreased or no expression of the B2M, CXCL10, renalase, ABQO, and F3
genes, and to have increased expression of (147 or expression of a mutant CD47 as compared
to the expression level of the same mammalian cell type that has not been genetically engineered.
{8502} Certain aspects of the disclosure comprise a mammalian cell which is ABO blood group
type O, wherein the cell has been genetically engineered to have reduced or no expression of the
renalase gene. In some embodiments, the cell has been genetically engineered to have reduced
or no expression of the CXCL10 gene.

{65031 lv some embodiments, the mammalian cell 1s ABQO blood group type O, wherein the cell
has been genetically engineered to have reduced or no expression of the renalase gene; the cell
has been genetically engineered to have reduced or no expression of the CXCL10 gene; the cell
has been genetically engineered to have reduced or no expression of the B2M gene; the cell has
been genetically engineered to have reduced or no expression of the F3 gene; and the cell has
been genetically engineered to have increased expression of the CI¥7 gene as compared to the
expression level of the same celi type that has not been genetically engineered.

{0304} Some aspects of the current disclosure are directed to a genetically modified mammalian
cell, wherein the cell is a stem cell. In some embodiments, the modified mammalian cell is a
pluripotent stem cell (PSC), an embryonic stem cell (ESC), an induced pluripotent stem cell
(PSC}, or an embryonic germ stem cell (EGSC). In some embodiments, the moditied
mammalian cell is differentiated from a pluripotent stem cell. In some embodiments, the
genetically engineered mammalian cell is a somatic cell. In some embodiments, the modified
mammalian cell is a definitive endoderm cell. In some embodiments, the mammalian cell is a
primitive gut tube cell. In some embodiments, the cell 1s a PDX1-positive pancreatic progenitor

cetl. In some embodiments, the cell is a NKX6.1-positive pancreatic progenitor cell. In some
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embodiments, the cell is an Ngn3-positive endocrine progenitor cell. In some embodiments, the
cell is an insulin-positive endocrine cell. In some embodiments, the mammalian cell is a
pancreatic SC-B cell. In some embodiments, the cell is NKX6 1-positive. In some
embodiments, the cell 1s ISL1-negative. In some embodiments, the mammalian cell is NKX6.1-
positive and ISE l-positive,

{0505} Certain aspects of the disclosure are directed to a mammalian cell that has been
genetically modified as described herein, wherein the genetic manipulations are performed using
using CRISPR/Cas, piggybac transposon, TALEN, zinc finger technology, homing
endonucieases, or meganucleases. In some embodiments, at [east one genetic modification is
made in an intronic region of the gene. In some embodiments, at least one genetic modification
s made in an exon of the gene. In some embodiments, at least one genetic modification is made
in a regulatory region (e.g., promoter) of the gene.

108061 Certain aspects of the current disclosure are directed to a mammalian cell, wherein the
maromalian cell has been genetically engineered 1o have decreased or no expression of a protein
encoded by a nucleic acid that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99% or 100% identical to SEQ I NO: 3 and/or SEQ 1D NGO: 5 or a protein
comprising an aming acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100%% identical to SEQ ID NO: 4 and/or 6, and wherein the cell has also
been genetically engineered to have decreased or no expression of a protein encoded by a nucleic
acid that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
wdentical to SEQ ID NG: 1 or a protein comprising an amino acid sequence that is at least 80%,
85%, 00%, 91%, 92%. 93%, 94%. 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO:
2; decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, 85%,
90%, 91%, 92%%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ D NO: 7 or
a protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%,
Q4% 9556, 96%, 97%, 98%, 99% or 100% identical to SEQ I3 NO: 8; decreased or no
expression of a protein encoded by a nucleic acid that is at feast 80%, §5%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 7%, 98%, 99% or 100% identical to SEQ D NO: 9 or a protein
comprising an amino acid sequence that is at least 80%, 85%¢, 90%, 91%, 92%, 93%, 94%, 95%,
6%, 97%, 98%, 99% or 100% identical to SEQ 13 NG 10; decreased or no expression of a

rotein encoded by a nucleic acid that is at least 80%, 85%, 90%, 91%6, 92%, 93%, 94%, 95%
o 2 2 > > 5 ko 2
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96%, 7%, 98%, 99% or 100% identical to SEQ ID NO: 11 or a protein comprising an amino
acid sequence that is at feast 8094, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 28%,
99% or 100% identical to SEQ H3 NG 12; and/or increased expression of a protein encoded by a
nucleic acid that is at least 80%, 83%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identical to SEQ ID NO: 13 and/or SEQ ID NO: 18 or a protein comprising an amino
acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 28%,
99% ar 100% identical to SEQ ID NO. 14, SEQ ID NO: 16, SEQ ID NG 145 and/or SEQ 1D
NO: 1406, as compared to the expression level of the same cell type that has not been genetically
engineered.

{63071 In some embodiments, a mamunalian cell has been genetically engineered to have
decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, 85%, 90%,
91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ D NO- Tora
protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%,
94%%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 8, and the cell also has been
genetically engineered to have decreased or no expression of a protein encoded by a nucleic acid
that is at least 80%, 85%, 90%, 91%., 92%, 93%, 94%, 95%, 96%. 97%, 98%, 99% or 100%
identical to SEQ 1D NG 1 and/or SEQ 1D NO: 11 or a protein comprising an amino acid
sequence that 18 at least 80%, 85%6, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identical to SEQ 1D NO: 2 or 12, as compared to the expression level of the same celi type
that has not been genetically engineered.

[B508] In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, 85%, 90%,
91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or 100% identical to SEQ IDNO: 7or a
protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%,
04%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 8, and the cell also has been
genetically engineered to have decreased or no expression of a protein encoded by a nucleic acid
that is at least 80%, 85%, 90%, 91%, 92%, 93%%, 94%, 95%, 206%, 97%, 98%, 99% or 100%
identical to SEQ I NG: 1 and/or SEQ I3 NO: 11 or a protein comprising an amino acid
sequence that is at feast 80%, 85%, 90%, 91%, 92%, 93%%, 94%, 95%, 6%, 97%, 98%, 99% or
100% identical to SEQ 1D NO: 2 and/or 12 and ts further genetically engineered to have

decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, 853%, 20%,
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1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ D NO: Yora
protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, 99% or 100% identical to SE} I NG: 10 as compared to the
expression level of the same cell type that has not been genetically engineered.

{0309} In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, 85%, 90%,
Q1¢, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ IDNO: Tora
protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, ©8%, 99% or 100% identical 1o SEQ ID NO: 8, decreased or no
expression of a protein encoded by a nucleic acid that is at feast 30%, 859, 0%, 91%, 92%,
93%, 94%, 95%., 96%, 97%, 98%, 99%% or 100% identical to SEQ ID NO: 1 or a protein
comprising an aminc acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% identical to SEQ 2 NO: 2; decreased or no expression of a
protein encoded by a nucleic acid that s at least 80%, 85%, 90%, 91%%, 92%, 93%, 94%, 95%,
96%, 7%, 98%%, 99% or 100% identical to SEQ ID NO: 11 or a protein comprising an amino
actd sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identical to SEQ H3 NG 12; decreased or no expression of a protein encoded by a
nucleic acid that is at least 80%, 83%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identical 1o SEQ ID NO: 9 or a protein comprising an amino acid sequence that is at
feast 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ ID NG: 10; and is further genetically engineered have decreased or no expmssim ofa
protein encoded by a nucleic acid that is at least 80%, 85%, 90%, 91%6, 92%, 93%, 94%, 95%,
96%, 7%, 98%, 99% or 100% identical to SEQ D NG: 3 and/or SEQ ID NG 5 or a protein
comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%¢, 95%,
6%, 97%, 8%, 99% or 100% identical to SEQ ID NQO: 4 and/or SEQ ID NG: 6 as compared to
the expression level of the same cell type that has not been genetically engineered.

185161 In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, 85%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%:, 98%, 99% or 100% identical to SEQ IDNO: 7o

protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%, 92%, 93%,

4%, 95%, 96%, 97%, 08%, 99% or 100% identical to SEQ ID NO: 8, decreased or no
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expression of a protein encoded by a nucleic acid that is at least 80%, 85%, 90%, 91%, 92%,
93%, 94%, 35%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 1 or a protein
comprising an aming acid sequence that is at feast 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%
96%, 97%, 98%, 99% or 100% identical to SEQ 1D NG: 2; decreased or no expression of a
protein encoded by a nucleic acid that is at least 80%, 85%, 90%, 919, 92%, 93%, 94%, 95%
96%, 97%, 98%, 99% or 100% identical to SEQ ID NOG: 11 or a protein comprising an amino
acid sequence that is at feast 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identical to SEQ D NO: 12; decreased or no expression of a protein encoded by a
nucleic acid that is at least 80%, 83%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identical to SEG ID NO: 9 or a protein comprising an amino acid sequence that is at
least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%:, 98%, 99% or 160% identical 1o
SEQ ID NG: 10; decreased or no expression of a protein encoded by a nucleic acid that is at least
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEGQ
1D NO: 3 and/or SEQ 1D NG: 5 or a protein comprising an amino actd sequence that is at least
&%, 85%, 90%, 91%, 92%, 93%, 94%, 95%0, 96%, 97%, 98%, 99% or 100% identical toc SEQ
ID NGO 4 and/or SEGQ ID NO: 6, wherein the cell has been genetically engineered to have
increased expression of a protein encoded by a nucleic acid that is at least 80%, 85%, 50%, 91%
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 13 and/or SEQ
1D KO- 15 or a protein comprising an amino acid sequence that is at least 80%, 85%, 90%, 91%,
2%, 93%, 9454, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 14, SEQ ID NG:
16, SEQ 3 NO: 145 and/or SEQ ID NO: 146 as compared to the expression level of the same
cell type that has not been genetically engineered.

{0511} In some embodiments, the mammalian cell has been genetically engineered to have
decreased or no expression of proteins encoded by nucleic acid that are at least 80%, 85%%, 90%,
1%, 92%, 93%%, 94%, 95%, 26%, 97%, 98%, 99% or 100% identical to SEQ ID NG: ¢, SEQ ID
NG 7, SEQ ID NO: 1, and SEQ D NO: 11 or protein comprising amino acid sequences that are
at least 80%, 85%, 90%, 9196, 92%, 93%, 94%, 95%, 9%, B7%, 98%, 99% or 100% identical to
SEQ ID NG 10, SEQ ID NO: &, SEQ ID NO: 2 and SEG ID NO: 12; have decreased or no
expression of a protein encoded by a nucleic acid that is at feast 80%, 85%%, 90%, 91%, 92%,
3%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 3 and/or SEQ ID NO:

5 or a protein comprising an amino acid sequence that 1s at least 80%, 85%, 90%, 91%, 92%,

©
~F



WO 2024/097697 PCT/US2023/078272

93%, 94%, 953%, 96%, 97%, 9&%, 99% or 100% identical to SEQ D NO: 4 and/or SEQ 1D NO:

6; and have increased expression of a protein encoded by a nucleic acid that is at feast 80%, §5%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ D NO: 13
and/or SEQ ID NO: 15 or g protein comprising an amino acid sequence that is at least 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 14,
SEQ ID NO: 16, SEQ ID NO: 145 and/or SEQ [D NO: 146, as compared to the expression level
of the same cell type that has not been genetically engiveered.

10512 In some aspects of the current disclosure, a mammalian cell, wherein the cell is ABQ
blood group type O, has been genetically engineered to have reduced or no expression of a
protein encoded by a nucleic acid that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%
6%, 97%, 8%, 99% or 100% identical to SEQ ID NQ: 3, SEQ ID NO: S, and/or SEQ ID NG:

7 or a protein comprising an aming acid sequence that is at least 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NQO: 4, SEG IDNO: 6
and/or SEQ ID NO: 8, as compared to the expression level of the same cell type that has not been
genetically engineered. In some embodiments, the mammalian ABO blood group type O cell has
been genetically engineered to have decreased or no expression of proteins encoded by nucleic
acids that are at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identical to SEQ 1D NO: 9, SEQ ID NO: 7, and SEQ ID NO: 11 or protein comprising
amino acid sequences that are at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%6, 97%,
98%, 99% or 100% identical to SEQ ID NO: 10, SEQ ID NQG: 8 and SEQ ID NO: 12; have
decreased or no expression of a protein encoded by a nucleic acid that is at least 80%, 85%, 90%
01%, 92%, 93%, 94%, 95%, 96%%, 97%, 98%, 99% or 100% identical to SEQ 1D NO: 3 and/or
SEQ ID NG S or a protein comprising an amino acid sequence that is at least 80%, 85%, 90%,
1%, 92%, 93%%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 4 and/or
SEQ ID NO: 6; and have increased expression of a protein encoded by a nucleic acid that is at
teast 80%, 85%%, 90%, 91%, 92%, 93%, 04%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ 1D NO: 13 and/or SEQ D NO: 15 or a protein comprising an amino acid sequence that is at
feast 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ ID NG: 14, SEQ ID NO: 16, SEQ ID NO: 145 and/or SEQ D NG: 146, as compared to the

expression level of the same cell type that has not been genetically engioeered.
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{6513} Some aspects of the current disclosure describe a mammalian cell that has been
genetically engineered to have decreased or no expression of the protein encoded by the renalase
gene, and wherein the cell also has been genetically engineered to have decreased or no
expression of the protein encoded by the ABO gene; decreased or no expression of the protein
encoded by the CXCL10 gene; decreased or no expression of the protein encoded by the beta-2
microglobulin (B2M) gene; decreased or no expression of the protein encoded by the tissue
factor (F3) gene; and/or tncreased expression of the protein encoded by the CD47 gene, as
compared to the protein expression level of the same cell type that has not been genetically

engineered.

Methods for Genetig Moedification

{0514} In some embodiments of the disclosure, typical gene editing technigues are used to
genetically modify the mammalian cells. In some embodiments, the gene is disrupted using
CRISPR/Cas, piggybac transposon, TALEN, zine {inger technology, and/or homing
endonucieases or meganucleases. Homing endonucleases generally cleave their DNA substrates
as dimers, and do not have distinct binding and cleavage domains. ZFNs recognize target sites
that consist of two zinc-finger binding sites that flank a 5~ 10 7-base pair (bp) spacer sequence
recognized by the Fokl cleavage domain. TALENSs recogrize target sites that consist of two
TALE DNA-binding sites that flank a 12- to 20-bp spacer sequence recognized by the Fokl
cleavage domain. The Cas9 nuclease is targeted to DNA sequences complementary to the
targeting sequence within the single guide RNA {(gRNA) located immediately upstrears of a
compatible protospacer adjacent motif (PAM).

{0515} Piggybac transposon is a mobile genetic element that efficiently transposes between
vectors and chromosomes via a "cut and paste” mechanism. During transposition, the PB
transposase recognizes transposon-specific inverted terminal repeat sequences (ITRs) located on
both ends of the transposon vector and efficiently moves the contents from the original sites and
integrates them into TTAA chromosomal sites. The activity of the PiggyBac transposon system
enables genes of interest between the two [TRs tn the PB vector to be easily mobilized into target

genomes.
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{6516} Additionally, in embodiments where genes or their corresponding proteins are increased,
exogenous genes may be inserted into the mammalian cells through methods known to those in
the art. Such methods include transduction and transfection.

10517 In some embodiments, a modified viral vector is used for clustered regularly interspaced

short palindromic repeats-Cas endonuclease (CRISPR-Cas) gene editing in vifro and i vivo.

Methods of Treatment

{0518} The term “treatment” or “treating” refers to preventing or delaying the onset, slowing
down the progression, and/or or ameliorating the symptoms of the disorder. In some
embodiments, any of the genetically engineered SC-islet cell compositions disclosed herein may
be administered to a subject to treat diabetes, e.g., Type | Piabetes. In some embodiments, the
composition is administered to the subject intravenously, e.g., via the hepatic postal vein. In
some embodiments, the composition is administered to the subject in a device.

[0519] The terrn “subject” refers to any mwammalian subject, including human.

Disclosure of Sequences

{0528} The following is a listing and description of the sequences disclosed and used throughout
the disclosure. These sequences are also included in the aforementioned electronic sequence

fisting (41822W0_Sequencelbisting.xmi; Size: 333,380 bytes; and Date of Creation: October 27,

2023) incorporated by reference in its entirety.

EXEMPLIFICATION
{6521} hESCs were engineered by knocking-out the ABO gene using CRISPR/SpCas9
technology. ABO knockout stem cells were differentiated into ABO knockout SC-islet cells
according to a protocol substantially the same as that described in Tables 7 and 9 of
US2023218676, which is incorporated by reference herein in its entirety.
{6522} For the ADCC assay, wildtype ot ABO knockout stage & SC-islets were pretreated with
anti-A antigen antibody, washed, and then co-cultured with human NK cells at various E:T ratios
for 4 hours. SC-islets for analysis by flow cytometry for viability or apoptosis with AnnexinV,

where CD49a was used to mark SC-islets, and C45 NK cells. For the CDC assay, wildtype or
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ABGOG knockout siage 6 SC-islets were pre-treated with anti-A antigen antibody, washed, and then
treated with human serum for 3.5 hours. Cell viability was measured following serum treatment
using a modified version of the Cell Titer Glo Luminescent reagent. Stem cell clones with ABO
knockout showed no A-antigen expression by flow cytometry (FIG. 1A). ABO kneckout SC-
islets resisted anti-A-antigen antibody mediated NK cell based cytotoxicity w vitro (FIG, 1B).
ABO knockout SC-islets also resisted complement mediated cell death when cultured in the

presence of anti-A-antibody and human serurn (FIG. 1C).

Example 2

{6323} hESCs were engineered by knocking-cut the B2M gene using CRISPR/SpCas9
technology. SC-islet cells were generated according to a six-stage protocol substantially the
same as that described in Tables 7 and 9 of US2023218676, which 1s incorporated by reference
herein in its entirety. Human monocyte-derived dendritic cells (MoDCs) were generated by
incubating human monoecytes isolated from PBMCs with GM-CSF and 1L-4 for 7 days, followed
by maturation and activation with heat-killed cytokine-treated human islets resuspended in a
maiuration cockiail containing R848, LPS, PolyIC, and TFNy for 24 hrs. Autologous human T
cells isolated from the same PBMs were then subsequently added to the culture for a total of 7-
day co-culture, with ow dose IL-2, IL-7, and IL-15 supplemented at day 2 and day 4 toaid T
cell expansion. On day 7 of co~culture, expanded T cells were re-stimulated with the same heat-
kilied cytokine-treated human islets in media containing anti-CD28 and anti-CD49d antibodies
and then analyzed by flow cytometry for LAMP-1 {CD107a), s marker of degranulation, and
intracellular production of cytokines IFNy and TNFa. FIG. 2 shows the results with T celis from
three donors all tested at the same time. A response was detectable with WT SCislets 1n all
three cases, and the B2M KO islets diminished the response to near background levels, as shown.
{0324} B2M knockout SC-islets were implanted into humanized hu-PBMC-NSG MHC VI
Double Knockout mice (Jackson Laboratories Cat No. 025216}, Grafts that were rernoved at 2
and 4 weeks contained more SC-islets compared to wildtype (FIG. 3A). CD8+ T-cells recovered

from the 2 and 4 week prafts also showed less activation marker CD69 (FIG. 3B}
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Example 3

{0525} hESCs were engineered by knocking-out the CD142 gene using CRISPR/SpCas9
technology. Wildtype or CB142 konockout hESCs were stained with anti-CD142 PE conjugated
antibody clone NY2 and then analyzed by flow cytometry. For the tissue factor activity assay,
wildtype or CID3142 knockout pool of HESC were tested for the ability o activate factor X a sign
of tissue factor presence on cells. The Abcam Tissue Factor Activity Assay Kit {cat# ab108906)
was used to compare activation levels between wildtype and CD142 knockout hESC. Briefly,
the kit was prepared according to the manufacturer’s recommendation. Dissociated hESC cells
from either background were incubated for 30 minutes in the appropriate wells of the supplied
96-well assay plate. Absorbance was measured as the final step, and activity was calculated
based on the generation of a standard curve. CD142 knockout hESCs displayed significantly
rechiced tissue factor pathway activation in vitro. CD142 knockout hESC pools showed very fow
CD142 expression following nucleofection (F1G. 44). CD142 knockout pool hESCs showed
fower tissue factor pathway activation compared to wildtype in vitro measured by the Factor Xa

assay, a measure of CD 142 pathway activation (FIG. 4B).

Example 4

10826} hESCs were edited to generate clones expressing membrane-bound high-atfinity CD47
using the guide AATAGTAGCTGAGCTGATCC (SEQ 1D NO: 150) and teraplate indicated in
FIGs 5A-B, and according to the schematic in FIG. 5C. Clones were selected as homozygous
for “KI” {meaning the insertion of the WOPP motif was detected by sequencing following
editing), homozygous for “KO” {meaning a frameshifting INDEL that disrupted endogenous
CD47), or heterozygous for KVKO. Three clones were selected for SC-islet differentiation to
test whether modification at CD47 precludes SC-islet differentiation. The edited hESC cells
were then differentiated to SC-islet cells according 1o a six-stage protocol substantially the same
as that described in Table 9 of US2023218676, which is incorporated by reference herein in its
entirety. SC-islet cells were examined following Stage 5, and the results suggest that high

affinity WQPP edits at CD47 do not disrupt normal differentiation (FIG. 6).
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Example S

{0527} hESCs were engineered to distupt B2M and CUTA (“dKO”), and tn some instances the
dK () cells were further engingered to insert a) PDLT (TG1), or b) TG and CD47 (TG2).
Monocytes were isolated from human donor PBMCs via positive selection using CD14
Microbeads (Miltenyi Biotec) and plated in adhesion for maturation into macrophages in
presence of S0ng/mi of M-CSF for 8-10 days. hESC edited lines were differentiated into
endothelial cells using STEMAIY Endothelial Differentiation Kit (Stemcell Technologies)
following manufacturer instruction. At day 7, endothelial cells were collected and plated for
expansion until macrophages were matured. Expression of CD34 and CD144 expression was
assessed by flow cytometry to confirm successful differentiation. For the assay, endothelial
edited cell lines were labeled with CFSE and coculured with monocyte derived macrophages
{MI3M) at a ratio of 1.1, the plate was spun down at 2,000 rpm for 1 min to achieve sufficient
effector-to-target contact. MDM cultured in presence of FITC-dextran for 1 hour were
considered a positive control for the assay. After 6 hours, cells were collected and stained for
CD11b. Phagocytic engulfiment was measured by flow cytometry to assess the percentage of
CFSE positive CD11b positive cells. A significant reduction in the engulfinent of endothelial

edited cell lines expressing TG2 was observed (FIG. 7).

Example &

{0528} hESCs were edited using CRISPR-SpCas9 technology to disrupt ABO and B2M
expression, and to overexpress hCD47 (using the sequence of SEQ 1D NO: 242) from the
GAPDH locus via the PZA element from GAPDH. The edited pool of triple-edited cells was
single cell cloned, and three representative clones were tested by flow cytometry for loss of A-
antigen via ABO knockout, loss of HLA class { via B2M knockout, and increased CD47
expression via GAPDH insertion (FIG. 8A). Representative clones were alse examined for
phuripotency markers to ensure maintenance of stemness following the editing and cloning
process (F1G. 8B).

{6529] The tripie-edited hESCs were bulk sorted to enrich the edited population to greater than
80%. The edited hESC cells in the bulk pocl were then differentiated to 8C-islet cells according
to & six-siage protocol substantially the same as that described in Tables 7 and 9 of

182023218676, which is incorporated by reference herein in its entirety. SC-islet cells were
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examined following Stage 5 (FIG. 9A) and at day 6 of Stage 6 (FIG. 9B). The line successhully
reached stage 5 complete and Stage 6 with a composition, vield and morphology {(data not
shown} similar to SC-islets differentiated from wildtype BESCs (FIG. 9A and 9B},

{03530} The triple-edited hESC cells were further edited to disrupt CD 142 using CRISPR/SpCasS
technology. The pooled line exhibited > 90 % knockout at the stem cell state.  The quadruple-
edited hESC cells were then differentiated to SC-islet cells according to a six-stage protocol
substantially the same as that described in Tables 7 and 9 of US2023218676, which is
incorporated by reference herein in its entirety. SC-islet cells were examined following Stage 5
and at day 6 of Stage 6. Wildtype or quadruple edited stage 6 SC-islets were dissociated with
accutase, washed, and then live stained for CD142 with CD142-PE (clone: NY2) and examined
by flow cytometry. FIG. 10A-B demonstrates that quadruple-edited hESCs were differentiated

successfully to Stage 5 complete SC-islets and into stage 6 SC-islets.

SEQID NO:

Homo sapiens ABO mRNA

Nucleic acid
AGACGCGGAGUCATGOCCOAGGTETTGCGOACGUTGGUCGGAAAACCAAAATGOCA
CGCACTTCGACCTATGATCCTTTTCCTAATAATGCTTGTCTITGGTCTTIGTTTGGTTAC
GGGGTCCTAAGCCCCAGAAGTCTAATGCCAGGAAGCCTGOGAACGGGGUTTCTGCAT
GGCTGTTAGGGAACCTGACCATCTGCAGCGCGTCTCGTTGCCAAGGATGGTCTACCC
CCAGCCAAAGGTGCTGACACCOTGTAGGAAGGATGTCCTCGTGGTGACCCCTTGGOT
GGCTCCCATTGTCTGGGAGGGCACATTCAACATCGACATCCTCAACGAGCAGTTCAG
GCTCCAGAACACCACCATTGGGTTAACTGTGTTTGCCATCAAGAAATACGTGGCTTT
CCTGAAGCTGTTCCTGGAGACGGUGGAGAAGCACTTICATGGTGGGCCACCGTGTCC
ACTACTATGTCTITCACGACCAGCCGGLCCGLOGTGCCCCGCGTGACGCTGGGGACCG
GTCGGCAGCTGTCAGTGOTGGAGGTGUGCGCCTACAAGCGCTGGCAGGACGTGTCC
ATGCGCCGCATGGAGATGATCAGTGACTTICTGCGAGCGGCGCTTCCTCAGCGAGGTG
GATTACCTGOTOTGUOGTGOACOTGOACATGCAGTTCCGUGACCACGTGHGUGTGOA
SATCCTGACTCCGCTGTTCGGCACCCTGCACCCCGGCTTCTACGGAAGCAGCCGGGA
GOCCTTCACCTACGAGCGLCGOCCCCAGTCCCAGGUCTACATCCCCAAGGACGAGH
GCGATTTCTACTACCTGGGGGGGTTCTTCGGGGOGTCOGGTGCAAGAGGTGCAGCGE
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CTCACCAGOGGCCTGCCACCAGGCCATCGATGGTCGACCAGGCCAACGGCATCGAGGT
COTGTGGCACGACGAGAGCCACCTGAACAAGTACCTGCTGCGCCACAAACCCACCA
AGGTGCTCTCCCCCGAGTACTTGTGGOGACCAGCAGCTGCTGGGCTGGCCUGUCGTCC
TCGAGGAAGCTGAGGTTCACTGCGGTGCCCAAGAACCACCAGGCGGTCCGGAACCCG
TGAGCGGCTCGCCAGGGOCTCTGGGAGGOGCTGCCGGCAGCCCCGTCCCCCTCCCGLC
CTTGGTITTAGCAGAACGGGTAAACTCTIGTTICCTTTIGTICCOTCCTGTTGTIGAGTAAC
TGAAGCCTAGGCCCCGTCCCCACCTCAAATCACACACACCCCCTCCCCACCACAGAG
ACACCATTACATACACAGACACACACAGAAAGACACACACAGACACAAAATCACAC
ACACACCCTCCCCGUCACAGAGACACCATTACATACACAGACACACACAGAAAGAC
ACAGACACAAAATCACACACACACCCTCCCCGUUACAGAGACACACCATTACATAC
ACAGACACGCAATCGCAGATACGCCCTTCCGGCCACAGAAACACACCATTACACALC
ACATACACAGAAAGACACACACAGACACACAATCACACGCAGCCCCTCCCCGCCAL
AGAGACACACCATTACATACACAGACACACACAGAAAGACACACACAGACACAAA
ATCACACACACACCCTCCCCGUCACAGAGACACACCATTACATACACAGACACACA
CAGACACACAATCACACACAGCCCOTCCCCGUCACAGAGACACACCATTACATACA
CAGACACACACAGACACACAATCACAGATACCCCCTCCCOGUCATAGAGACACACC
GITACACACACATACACAGAAAGACACACACAGCCCCTCCCTGUCACAGAGACACA
CCATTACATACACAGACACACACAGACATACACAGACACACACACAGACACACAAT
CACACACATCCCCTCCCCGUCACAGAGACACACCATTACACACACAGACACACACA
GAAAGACACACATACACACAATCACACACACCCTCTTICTTGCCACAGAGACGCACC
ATTACATACACAGACACAGACACACAGAGACACAGACACACAAACATAGACACAC
ACACACAGACACACACCAGACACGCAAAGACACACAGACACAGATACACAGATAC
AAAGACACAGACATATAGACACACAGACATGCACAGAGACACATGCGAGACACATG
CAAAAATGCACAGAGAAAGACATACAGAAGTOTACACACAGACACATAGACCACA
CAGACACACAGACATGCATGCAAACACACAGACATGCAGACATGCACACAAACAC
AGACTCACGCACACAGACTTAGGCAGUCCAAATTCAGUGCOTGGGGCATAAGTTCC
TGCGAGGGGTGGCCACCTTICAGCCCCCACGGTAAGGTCCTGAGGAACCTTICCCCTTAG
ACAAGGGATCATOGGAGGAGGTCTCTTCCGGAGCCTGOGAGGGAGGUUTCAAGTGHTC
CTTCCACCTCGGCATCCCAAAGTGCTAGGATTATAAGCATCGAGCCACTGCACCTGGL
CCCAACATCATTITATTIGAACAGACTGTCGTTITCCACATTGTGTTTCTTIGGCATTICTG
TCAAAAATCAGTTGACCGTAAATGCATGGATTCACTTICCGGGCTICTICTATTICTIGTITIC
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ATTGGTCTOGTTTOTTTTTATGCCAATACCATGATGTTTTGATTATTATAGCTTTATAGT
ATATCTTGAAGTTAGGTAGTGTATTIGTCTCCAGCTITGTITCTTTTTGCTTAAGATTIGCE
TTTGGCTATTTAGGGOGTCTITGTGGUCATTACTGACAGTTAAAATOGGCCCTGGUTCAT
GTCTCCTGGOCCTCTACAGTACTITAGGTGOGCGAAGTACTGTGGCCCACATGTCCCA
ACAGCGCTGTGTGTGOCACCTGACAGTOGCTTTGTGCCACTGTGGAGCAGGTGTTACTC
CCTCATACGAATTTTAGGATTATTTITATTITATTTICAGTGAAAAATGTCAATGAAATTT
TGATAGGGATTGCATTGAATCTGTAGATTGTTTGGOGTTGTATGGACATTTTAACAA
TATTAATTCTTCCAATTCATGAACATGOGATGTICTTTTITITGGCACCTGATCTCAGA
TATGGGACAGCTTTICTAATTATTTGTATCTTICAATTTCTTITCACAAATGTTTITATAGTT
TTCAGCATACAGATCTTTCACTTCCTTGOTTGOATTTATTTGCAAGTATTITITGTAG
CTATTGTAAATGACATTGTITTCTIGATTTICTTTGTITAGGGTATAGAAATGCTACAGA
TTOTTOTATOGTTAATTTTATATCCTOGCAACTTTACTOGATTTCATITATTICTAACATCTT
ATTGOTGOGAATCTTTAGGGTTITCTATAAGATCATGTCATCTGTAAACAGGGACAAT
TTAAGTTCTTCCTTTCCAATTTGGATACCTTTITATTITCTTCCTCTTGCCTAATTATTTT
GGCTOGAGGGCCAACTTGTTGGGTTTGTTGTTGTTIGGTTTTTIGTCTGTGTCTTTITIGGTG
TTTCOTGTTGCTGGCTTITTCCAGCACACAGTCACAGATATATGAGGCAGAAAGAAAA
CCCAGGGAACTCCTGTCATGTCATTICCTCAGHGTCCCAAGGTCCUTACATGGTCTGCC
TTCTTCTCTCCACCTTITTAGTGTTITGATATACATACGTTTATGTATGTAGTTATATATG
TATGTGTAATACCCGOGUAAATATACAGAGATTTTAACTGTCCTTAGTGTAGGGCGT
GGGGACAGGTGCATCTATTCTACCTTGCCTGGAAGTGGAAAAATCTTCAAGAAATCA
ATTTATCACCAACTGOCATGACAGAACTCCTGGTTTAGTGTCTAGCTGTCTICCACTA
AAATCAATCACCATGCCATCAGGCACTCTCTTICCCTCTGGTGTGTACTOGGTACCTGA
AACAGCGTCCAGUCACCCTOAGAGCACAGAACGCAGCTTICTTATGTGCCCCACCCAA
TAATCCCAAATCGAGCACAGACCTGGGAGCTGAAGAGACAAGCTGGAGGTCAGGCA
CTTCTATTACTTAAGCCTGGTTCTICCTGACTCCAAAAGCCAGGCOGCCACCCCATGC
TCCTTCCCAGCAGAAGCTGOTTTTCACCGGGTCAGCGAGGACAGGATGGCTATTCCTG
ACCGTTGTACAGCAGTGCCACATCTCCTAGTTITCCAGAACATTTAATGTGTTGCTGTG
GAGGUUTGGUAGCTCTGAAGTAGCCCCTTGUGCCCAGGACAAACCGHGUUTGGAGH
GGTGGOGGTGOGOTAAGCTGAAGCTTCCAGTATCCCACGTGGOCATTCTGTTOCTGAG
GOCAACCGCCCCTCCCTOGCAAGGUGAGGGGAAGGAGUCAGGCAGGCACACCCTTCCTC
CCTCCACATTTCACTGGAGTTGACCTGTGTCCTACTGTGGTTGCACCTGGACCAGCC
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CAGAGOGACTGOAGTGACTCTTCCCGCAGGTAGOGCACAGUCAGCCTGOGCACAGE
GCCTCACTGCAATCCCTGCGCCCCGCCTCCCTGGGGOATTTCCAGGGOGTTIGTCCTGL
TGCTTGOTGAGCTGGOGHTGTGGGGGACCACAGATCAGGCAGGUGCUTAAATTGCT
TGGGCGGAGTCCGGCTGCTCTICTCCCTCCAGGCCCTTTCCTGTGTICCTCGGGCCCCTC
GOGTCCCTGCACCAGGCCAGCAGCAATCGOGOGTGTCAGAGGTTCAAGTCCAGGCTGA
CTCCTGGOATGCACCGACTTTGCCCAGGAGGGCTGGGGAGAGOGCAGCCCCAAAGT
GTCATCTTTGATTATICTTTGTICCCCAAAGCCAGCCTTGGGCATGTGCCCAGCACAG
GOAGAGCTGCTGCCTICTGTGGOCTTGAGTICATTTTITGCTTCCTTIGCCCCTCTCTGLTC
TGTTTGGTTTAAAAAACAAAAACCAACACCCATGGGTGAGGCGAGGCGAGGCGAGS
CTTOGCCTTGATCCACCCGUTTCCTCCCCTGCAGCCTCGGGUCCCATCCTCCCGUGTOE
CCGCACTAGGGOTGCTGGGOGLCGGAGTOGOGACCAGACCTGAGTGGOTTCTGGOTT
CGOHCTTCGCAGCAGGAGCAGCTOGGOUCATCATCAGTTGGOCAGGTGACCCAGGATC
TCGAGCAGGAATCTTCCAGGTGCGAGGTGGGGLCGCCCCTCTGCTTGCCACAGCTGCCT
TCTGCTCTGGGGOCAGCACTGGCTGAGAATCCAGTGAAGTAAGGUCTTTGAAATGGT
TTTGATTGTAAAAGTAATGTTTATGTTTAGCCATICCTTTTITTATTITTTATTTITITG
AGACGCGOTCTCCCTCTGTCACCLCAGGCTGGAGTGCAGTUGTGAAATOGTGGGCTCALT
GUAACCTCCACCTCCCAGGTTCAAGTCGATTUCTCCTGUCTCAGCCTCCTGAGTAGTTG
GOATTACAAGTGCCTGCCACCACACCTGACTAAGTTTTIGTATTTTTITAGTAGAGATG
GAGTTTCACCATGTTGOGCCAGGCTGGTCTCAAACTCATATCOTCAAGTGATCCACCC
TCCTCGTCCTCCCAAAGTGCTGGGATTITTGCCATGAGCCACCACGCTCAGCCATGTT
TAGCCATITTTAAAAGGTGTGAACAGATAATTAAGTCTATTAGCAACATTAGAAAAT
TTAAGTTAAAATTTAAATOACTCTAGCAAGAATTAGCCTTTAGGTGCCCTIGGGTCCC
CCTCCCCACCGCCCCCCACCLCOUCOCCTTICTGAGAAGCGTTTTIGTAATITTITCTTATY
TTATAAAATGGGTTTGATICAAAACTGACTTTTCCTCTTCACAGAGTCTCACAGGTCC
TTCCCCAGGTCCAAGAGGUTCTTCTGTGGTCTAATGACAAGTAGCTGUCTAGCCGTO
GTGGCACCTCCTATCACATGTTAAGGGACCCCTCCCCAGGGUCACACCTGGCAGAA
GOTGGCTTATGATGTTCGCAGCTTGAAAGTAGTGTAAACCAAAGATAAAATTICTAAG
CCCACTCOCCCAGUCATCGGAATGHGACCCCTCUTCTTGOCCAGOGGUACTCCAAAGTT
AACCTGAAAAACCGGTITCAGGCTOTGAAGAGAAGGTGGAGTGGACATGCCTCATTT
ATGTCCTCCTCCCTTITGGAATTCAGCAAAGCTGACCAGCATGAACATTAACACAGA
CCTTAAGTCTGATTAGTGGCATTTACAATCTATACTCTCTGAAGCGTGCTACCTGGA
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GGOTTCOTTTGCATGATAAAACTTTOGTCTCCACAACCCCTTATCATAACCTAGACAL
TCCTTTCTAGTGATAATAACTCTTICAACCAATTGCCAATAAAAAAATTTTGAATCTA
CCTATAACCTGGAACCTCCCTIGCTCCACCTICGAGTTGTCCTACCTTTCTGGACAGAA
GCAATGTGGATCTTGCATGTATTTGATTGATGTCTCATGTCTCCCTAAAATGTATACA
ATTAGOGUCTGTGCCCAGATCACCCTGGGCACATOTTCTCAGGCCCTCCTGAGGTCTCT
GTCTCGOGGCCATTGOTCACTCAGATTCGOGCTCAGAATAAATCTCTICAAATATT

SEQ ID NO: 2

Homo sapiens ABO protein

Amino acids
MAEVLRTLAGKPKCHALRPMILFLIMLVLVLFGYGVLSPRSLMPGSLERGFCMAVREPD
HLGRVSLPRMVYPOPKVLTPCRKDVLVVTPWLAPIVWEGTFNIDHNEQFRLONTTIGLT
VFAIKKYVAFLKLFLETAEKHFMVGHRVHYYVFTDGQPAAVPRVTLGTGROLSVLEVRA
YEKRWOQDVSMRRMEMISDFCERRFLSEVDYLVCVDVDMEFRDHVGVEILTPLFGTLHPG
FYGSSREAFTYERRPQSQAYIPKDEGDFYYLGGFFGGSVOEVORLTRACHOQAMMYVDQA
NGIEAVWHDESHLNKYLLRHKPTKVLAPEYLWDQOLLGWPAVLRKLRFTAVPKNHOA
VRNP

SEQIDNO: 3

Homo sapiens Renalase gene NM_001031709

Nucleic acids
AGGGCCCAGGTCGGCCCAGGGAGCACGGAACCAAAGAGCGUTAGCGCCGGTTCGG
CCGCCTTTCCAGAAAGUCCGGGCCGAACGGUCCCGLCGLAGAGACTCAGCGCGGAT
COCTGCTCCCTCTCGCCATGGCGCAGGTOCTGATCGTGGGCGCCGRGATGACAGGA
AGCTTGTGCGCTGCGCTGCTGAGGAGGCAGACGTCCGGTCCCTTGTACCTTIGCTIGTG
TGGGACAAGGCTGAGOACTCAGGGGGAAGAATGACTACAGCCTGCAGTCCTCATAA
TCCTCAGTGCACAGCTGACTTGGGTGCTCAGTACATCACCTGCACTCCTCATTATGC
CAAAAAACACCAACGTTTTTATGATGAACTGTTAGUCTATGGCGTTTTGAGGCCTCT
AAGCTCGCCTATTGAAGGAATGGTGATGAAAGAAGGAGACTGTAACTTTGTGGCALC
CTCAAGGAATTICTTCAATTATTAAGCATTACTTGAAAGAATCAGGTGCAGAAGTCT
ACTTCAGACATCGTGTGACACAGATCAACCTAAGAGATGACAAATGGGAAGTATCC
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AAACAAACAGGUTCCCCTGAGCAGTTTGATCTTATTGTTCTCACAATGCCAGTTCOT
GAGATTCTGCAGCTTCAAGOTCGACATCACCACCTTAATTAGTGAATGCCAAAGGCAG
CAACTGOAGGUTGTGAGUTACTCUTCTCGATATGCTCTGOGUCTCTTTTATGAAGCET
GOTACGAAGATTGATGTCCCTTIGOGCTGGGCAGTACATCACCAGTAATCCCTGCATA
COCTTCGTCTCCATTCGATAATAAGAAGCGCAATATAGAGTCATCAGAAATTOGGCCT
TCCCTCGTGATTCACACCACTGTCCCATTIGGAGTTACATACTTIGGAACACAGCATT
GAGGATGTGCAAGAGTTAGTCTTCCAGCAGCTGGAAAACATTTITGCCGGGTTTGCCT
CAGCCAATTGCTACCAAATGCCAAAAATGOAGACATTICACAGGTTACAAATGCTGC
TGCCAACTGTCCTGGUCCAAATCGACTCTGCATCACAAACCTTICCTTGCATGTGGAGE
GGATGGATTTACTCAGTCCAACTTTCGATGOCTGUCATCACTTCTGCCCTATGTGTTICTG
GAAGCTTTAAAGAATTATATTTAGTGCCTATATCCTTATTCTCTACATGTGTATTGGG
TTTTTATTTTCACAATTTTICTGTTATIGATTATTTTOGTTTTCTATITTGCTAAGAAAAA
TTACTGGAAAATTGTTCTTICACTTATTATCATTTTTCATGTGGAGTATAAAATCAATT
TTGTAATTITTGATAGTTACAACCCATGCTAGAATGGAAATTICCTCACACCTTGCACCT
TCCCTACTTTTCTGAATTGCTATGACTACTCCTTGTTGGAGGAAAAGTGGTACTTAAA
AAATAACAAACGACTCTCTCAAAAAAATTACATTAAATCACAATAACAGTTTGTGTG
CCAAAAACTTOGATTATCCTTATGAAAATTTCAATTCTGAATAAAGAATAATCACATYT
ATCAAAGCCCCATCTTAAGTCTTCGGATGTOTCCTTGAATCAATATTITTTGCAAATTA
TACAAAACAAGATTTTTCCAAAATCTAGGTAACAGAGTGTAATTCTTATTICTCATTT
ATCCCCCAAGTTATTAAGTGATCCTGAATTGTAGGTCATATATGTCATCATCTTAGTG
TGCAGGGCAACTTGACTGATAAAGAGACCTICCTTCACGATTTTCAGAAAGTATAAGA
TTCCACATGATTTICCCAGCCACACAGTACTTITTAACTITCAAACAAATTCCAGTCC
TAATATGAAAGATAAAAATTAAATAGAAACAGAGAGAAAGTATATCGATCCTTACC
TTTTGCTATATTITATAGCTGTIGCTGTTACTTITATGGGTTCTCCAGTATGTGUTOTIGG
CATTTAGACTGTOTCGAGTTITAATGAATTITAACACAACAAAAAATTTACTGAACCAG
AAAATAGATGCACTTAAAATAGTTCAATATTTGCCAAGTTGGTGGTTCAGUATATCA
CCCACATGCTTCAGTGACCTCGACCCCACGACTTGCTAGCTGGAGAGAAATCAATCTC
CAGCCTTCCAAACCAGCTACUTOTTGCTAATTTGAAAAGCAAAATGATGAGTTCTAT
TTCAGCATTTTGAAAGGAGAAAAATCATTGCAGCCTCTCAAACTAACAAAAGTTCAA
CAAAAGACTTCTTACTGTAATAGTGTTTAAAGTTTCACACTTACATGTCCACTGTCAT
ACATACACATACACAGGCACAGGCAGAACTTGUTTCTATAGCTGCAAAGTGGGTTIT

200



WO 2024/097697 PCT/US2023/078272

ATGACCCTATAGCATATTATTATATGTTTCCTCTTAGCAATAAATTGGTGAAAAACTT
AAATGCCAA

SEQID NG: 4

Homo Saptens Renalase Protein

Amino Acids
MAQVLIVGAGMTGSLCAALLRROTSGPLYLAVWDKAEDSGGRMTTACSPHNPQCTAD
LGAQYITCTPHYAKKHGRFYDELLAYGVLRPLSSPIEGMYMEKEGDCNFVAPQGISSTIKH
YLKESGAEVYFRHRVTOQINLRDDKWEVSKOQTGSPEGFDLIVLTMPVPEILQLOGDITTLIS
ECOROGOLEAVSYSSRYALGLFYEAGTKIDVPWAGQYITSNPCIRFVSIDNKKRNIESSEIG
PSLVIHTTVPFGVTYLEHSIEDVOELVFQQLENILPGLPQPIATKCQKWRHSQVTNAAAN
CPGOMTLHHKPFLACGGDGFTOSNEDGCITSALCVEEALKNYT

SEQIDND: S

Homo sapiens Renalase Transcription variant

Nucleic acids
AGGGCCCAGOTCGHCCCAGGGAGLCACGGAACCAAAGAGCGUTAGCGCCGETTCGG
CCGCCTTTCCAGAAAGCCCGGGCCGAACGGCCCCGCCGCAGAGACTCAGCGCGGAT
COCTGCTCCCTCTCGUCATGGCGCAGGTOCTGATCGTGGGLGCCGOGATCGACAGGA
AGCTTGTGCGCTGCGCTGUTCGAGGAGGCAGACGTCCGGTCCCTTGTACCTTIGCTGTG
TGGGACAAGGCTGAGGACTCAGGGGGAAGAATGACTACAGCCTGCAGTCCTCATAA
TCCTCAGTGCACAGCTGACTTIGOGTGCTCAGTACATCACCTGCACTCCTCATTATGC
CAAAAAACACCAACGTTTITTATGATGAACTGTTAGCCTATGGCGTTTTGAGGCCTCT
AAGCTCGCCTATTGAAGGAATGGTGATGAAAGAAGGAGACTGTAACTTTGTGGCAC
CTCAAGGAATTICTTICAATTATTAAGCATTACTTGAAAGAATCAGGTGCAGAAGTCT
ACTTCAGACATCGTGTGACACAGATCAACCTAAGAGATGACAAATGGGAAGTATCC
AAACAAACAGGCTCCCCTGAGCAGTTTGATCTTATTGTTCTCACAATGCCAGTTICCT
GAGATTCTGCAGCTTCAAGGTOACATCACCACCTTAATTAGTGAATGCCAAAGGCAG
CAACTGGAGGCTGTGAGCTACTCCTICTCGATATGCTCTGGGCCTCTTTTATGAAGCTY
GOTACGAAGATTGATGTCCCTTGOGCTGGOCAGTACATCACCAGTAATCCCTGCATA
CGCTTCGTCTCCATTGATAATAAGAAGCGCAATATAGAGTCATCAGAAATTGGGCCT
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TCCCTCGTGATTCACACCACTGTCCCATTTGOAGTTACATACTTGGAACACAGCATT
GAGGATGTGCAAGAGTTAGTCTTCCAGCAGCTGCGAAAACATTTITGCCGGGTITGCCT
CAGCCAATTGUTACCAAATGUCAAAAATGOAGACATTCACAGGTACCAAGTGCTGEG
TCGTGATTCTAGGATGTGCGAAGAGCCCCTGGATGATGGCGATTGGATTTCCCATCTG
ACTTCCTGGAAATTGGAGCACACAGTCAGOTITTATTTGATTTITTITITITAAGGATA
CCACTTCACAGCCTTTAGGATAGCTATTATTTAGAAGCAAAACAGAAGATAAATGTT
GOCAAGGATOTGGAGATATTGGATTCCCTTGTGCAGTGCCGOTGGGAATGTAAAAT
GATGTAGCTACTATGOAAAATGATACGGCAATTTCTTTAGAAATGAAATATAGAATT
GCTGTATGATCTGCAGTTCCACATCTGGATATCTATCCAAAAGAAGTGAAAGTAGGG
ACTTGAACGAACATTTIGTACACCAATGTTCACAGCGOCTTITATTCACAACAGCCAAA
AGGTGGAAGCAACCCAGTGTCCATGGATAGATGAATAGATAAATAAAATGTGGTAT
AAACATACAATOGGOCTATTGTTTAGCCTTAAAAGGGAAGGAAATTCTCGACATOCTGE
AATATGGATCGAAGCTTAAAGTCATTATGCAAAGTGGAATAAGCCTATCACAAAAAA
TAATATTACATAATTCTACTTATATGAGGAATCTAGAGCAGTCAGTTTCACAGAGAC
AGAAAATAGAATGGTGOTTGCCAAGGGCTGOGGAGAAGAGGGCAATGGAGAGTGAG
TGTTTAGTGGGTCAGAGTTITAGTTTGGOAAGGTAAAAAGTTICTGGAGATGOATGAT
GOTTATGGGTGCTCAACAGTGTGAATGTACTTAATGUCACAGAACTGCACATTITAAA
TCTGGTTAAAATCATCACTTTITATGTITATGTATATTTACCACAATAAATAAAGAAGTT
CATATTTCTTATACTTACAAAGAGOGAGAAGGGUCATTTGCAAATCAACAAGAAGTGT
GAGGCCCCTCTCTCTAGCAGAAAAATAGACTAAATCTATTTCTTTATCTTTITAACATC
CTGTTTAAGGGAAATGCCAAAACAAATGGGAAAAAATACACACACACAAATATATA
TGAACATGTTITTIGCCTCATGAGTAATCAAAATGTOTACATATGTATGTTTATGTATGY
GTGTTTATATTTAAAATCGTGTTCTGCUTTATCAGTAAACAAAAAGTATACAAATTA
AAAACTATAATGAAACGTAA

SEQIDNG: 6

Homo sapiens Renalase Isoform X1 Protein

Amino acids
MAQVLIVGAGMTGSLCAALLRRQTSGPLYLAVWDKAEDSGGRMTTACSPHNPQCTAD
LOGAGYITCTPHYARKHORFYDELLAYGVLRPLSSPIEGMVMEEGDCNFVAPQGISSIIKH
YLKESGAEVYFRHARVTOINLRDDKWEVSKOTGSPEGFDLIVLTMPVPELQLQGDITTLIS
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ECORQULEAVSYSSRYALGLFYEAGTKIDVPWAGQYITSNPCIRFVSIDNKKRNIESSEIG
PSLVIHTTVPFGVTYLEHSIEDVOELVFQQLENILPGLPQPIATKCQKWRHSQVPSAGVIL
GUAKSPWMMA IGFPI

SEQID NG 7

Homo Sapiens CXCL10 gene

Nucleic Acids
GAGACATTCCTCAATTGCTTAGACATATTCTGAGCCTACAGCAGAGGAACCTCCAGT
CTCAGCACCATGAATCAAACTGCCATTCTGATTTIGCTGCCTTATCTTITCTGACTCTAA
GTGGCATTCAAGGAGTACCTCTCTCTAGAACTGTACGUTGTACCTGCATCAGCATTA
GTAATCAACCTGTTAATCCAAGGTCTTTAGAAAAACTTGAAATTATTICCTGCAAGCC
AATTTTGTCCACGTGTTGAGATCATTGCTACAATGAAAAAGAAGGGTGAGAAGAGA
TGTCTGAATCCAGAATCGAAGGCCATCAAGAATTTACTGAAAGCAGTTAGCAAGGA
AAGGTCTAAAAGATCTCCTTAAAACCAGAGOGGAGCAAAATCGATGCAGTGCTTICC
AAGGATGGACCACACAGAGGCTGCCTCTCCCATCACTTCCCTACATGGAGTATATGT
CAAGCCATAATTGTTCTTAGTTTGCAGTTACACTAAAAGGTGACCAATGATGGTCAC
CAAATCAGUTGCTACTACTCUTGTAGGAAGGTTAATGTTCATCATCCTAAGCTATTC
AGTAATAACTCTACCCTGGCACTATAATGTAAGCTCTACTGAGGTGCTATGTTICTTA
GTGGATGTITCTGACCUTGCTTCAAATATTTCCCTCACCTTTCCCATCTTCCAAGGGTA
CTAAGGAATCTTTCTGCTTTIGGGGTTTATCAGAATTCTCAGAATCTCAAATAACTAA
AAGGTATGCAATCAAATCTGCTTTTITAAAGAATGCTCTITACTTCATGGACTTICCACT
GUCATCCTCCCAAGGGGUCCCAAATTCTTTICAGTGGCTACCTACATACAATICCAAAC
ACATACAGGAAGGTAGAAATATCTGAAAATGTATGTGTAAGTATTCTTATTTAATGA
AAGACTGTACAAAGTAGAAGTCTTAGATGTATATATTTCCTATATTGTITTITCAGTGTA
CATGGAATAACATGTAATTAAGTACTATGTATCAATGAGTAACAGGAAAATTTTAAA
AATACAGATAGATATATGCTCTGCATOTTACATAAGATAAATGTGCTGAATGGTTTT
CAAAATAAAAATGAGGTACTCTCCTGGAAATATTAAGAAAGACTATCTAAATGTTG
AAAGATCAAA AGGTTAATAA AGTAATTATA ACTAA

b
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SEG D NO: 8

Homo sapiens CXCL10 Protein

Amino Acids
MNQTALLICCLIFLTLSGIQGVPLSRTVRCTCISISNQPVNPRSLEKLETNPASQFCPRVEHAT
MKKKGEKRCENPESKAIKNLLKAVS KERSKRSP

STO ID NO: 9

Homo sapiens B2M mRNA

Nucleic Acids
ATTCCTCGAAGCTGACAGCATTCGGGCCCAGATGTCTCGCTCCGTGGCCTTAGCTGTG
CTCGCGCTACTCTCTCTTTCTGGCCTGGAGGCTATCCAGCGTACTCCAAAGATTCAG
GTTTACTCACGTCATCCAGCAGAGAATCGAAAGTCAAATTTCCTGAATTGUTATGTG
TCTGGGTTTCATCCATCCGACATTGAAGTTGACTTACTGAAGAATGGAGAGAGAATT
GAAAAAGTGGAGCATTCAGACTTGTCTTTCAGCAAGGACTGGTCTTTICTATCTCTTG
TACTACACTGAATTCACCCCCACTGAAAAAGATGAGTATGCCTGCCGTGTGAACCAT
GTGACTTTGTCACAGCCCAAGATAGTTAAGTGGGATCGAGACATGTAAGCAGCATC
ATGGAGGTTTGAAGATGCCGCATTTGGATTGGATGAATTCCAAATTCTGCTTGCTTG
CTTTTTAATATTGATATGCTTATACACTTACACTTITATGCACAAAATGTAGGGTTATA
ATAATGTTAACATGOACATGATCTTCTTTATAATTCTACTTTGAGTGCTGTCTICCATG
TTTGATGTATCTGAGCAGGTTGCTCCACAGGTAGCTCTAGGAGGGCTGGCAACTTAG
AGGTGGGGAGCAGAGAATTCTCTTATCCAACATCAACATCTTGGTCAGATTTGAACT
CTTCAATCTCTTGCACTCAAAGCTTGTTAAGATAGTTAAGCGTGCATAAGTTAACTTC
CAATTTACATACTCTGCTTAGAATTTGGGGGAAAATTTAGAAATATAATTGACAGGA
TTATTGGAAATTTGTTATAATGAATGAAACATTTTIGTCATATAAGATTCATATTTACT
TCTTATACATTTGATAAAGTAAGGCATGGTTGTGGTTAATCTGGTITATTTTITGTTCC
ACAAGTTAAATAAATCATAAAACTTGA

SEQ ID NO: 18
Homo sapiens BZM Protein

Amino Acids

b
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MSRSVALAVLALLSLSGLEAIQRTPKIQOVY SRHPAENGKESNFLNCY VESGFHPSDIEVDLL
KNGERIEKVEHSDLSFSKDWSFYLLYYTEFTPTEKDEYACRVNHVTLSQPKIVKWDRD
M

SEGQ ID NO: 11

Homo sapiens Tissue Factor 3 gene

Nucleic Acid
AAGACTGCGAGCTCCCCGCACCCCCTCGCACTCCCTCTGGCCGGCCCAGGGCGCCTT
CAGCCCAACCTCCCCAGCCCCACGGGUGCCACGGAACCCGCTCGATCTCGCCGCCA
ACTGOTAGACATGGAGACCCCTGCCTGGUCCCOGETCCCGUGCCCCGAGACCGCCG
TCGCTCGGACGCTCCTGCTCGGCTGGGTCTTCGCCCAGGTGGCCGGCGCTTCAGGCA
CTACAAATACTGTGGCAGCATATAATTTAACTTGGAAATCAACTAATTTCAAGACAA
TTTTGGAGTGGGAACCCAAACCCGTCAATCAAGTCTACACTGTTCAAATAAGCACTA
AGTCAGGAGATTGGAAAAGCAAATGCTTTTACACAACAGACACAGAGTGTGACCTC
ACCGACGAGATTIGTGAAGGATGTGAAGCAGACGTACTTGGCACGGGTCTTCTCCTALC
CCGGCAGGGAATGTGGAGAGCACCGGTTCTGCTGOGGAGCCTCTGTATGAGAACTC
CCCAGAGTTCACACCTTACCTGOAGACAAACCTCGGACAGUC AACAATTCAGAGTTT
TGAACAGGTGGGAACAAAAGTGAATGTGACCGTAGAAGATGAACGGACTTTAGTCA
GAAGGAACAACACTTTCCTAAGCCTCCGGOATGTTTITGGCAAGGACTTAATITATA
CACTTTATTATTGGAAATCTTCAAGTTCAGGAAAGAAAACAGCCAAAACAAACACT
AATGAGTTTTTGATTGATGTGGATAAAGGAGAAAACTACTGTTTCAGTGTTCAAGCA
GTGATTCCCTCCCGAACAGTTAACCGGAAGAGTACAGACAGCCCGGTAGAGTGTAT
GGGCCAGGAGAAAGGGGAATTCAGAGAAATATTCTACATCATTGGAGCTGTGGTAT
TTGTGGTCATCATCCTIGTCATCATCCTGGCTATATCTCTACACAAGTGTAGAAAGGC
AGGAGTGGGGCAGAGCTGGAAGGAGAACTCCCCACTGAATGTTITCATAAAGGAAGC
ACTGTTGGAGCTACTGCAAATGCTATATTGCACTGTGACCGAGAACTTTTAAGAGGA
TAGAATACATGGAAACGCAAATGAGTATTTCGGAGCATGAAGACCCTGGAGTTCAA
AAAACTCTTGATATCGACCTGITATTACCATTAGCATTCTGGTTITTGACATCAGCATTA
GTCACTTTGAAATGTAACGAATGGTACTACAACCAATTCCAAGTTTTAATTTTTAAC
ACCATGGCACCTTTTGCACATAACATGCTTTAGATTATATATTCCGCACTCAAGGAG
TAACCAGGTCGTCCAAGCAAAAACAAATGGGAAAATGTCTTAAAAAATCCTGGGTG
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GACTTTTGAAAAGCTTTTTTTTTTITTTTTTTTITTTITGAGACGGAGTCTTGCTCTGTTY
GCCCAGGCTGGAGTGCAGTAGCACGATCTCGGLTCACTGCACCCTCCGTCTICTCGGE
TTCAAGCAATIGTCTGCCTCAGCCTCCCGAGTAGCTGGGATTACAGOTGUGCACTAC
CACGCCAAGCTAATTTITIGTATTITTTTAGTAGAGATGGGGTITCACCATCTTGGCCAG
GCTGOTCTTGAATTCCTGACCTCAGGTGATCCACCCACCTTGGCCTCCCAAAGTGOT
AGTATTATGGGCOTGAACCACCATGUCCAGCCGAAAAGCTTTTGAGGGGCTGACTTC
AATCCATOTAGGAAAGTAAAATGOAAGGAAATTGGOTGCATTTCTAGGACTTTITCTA
ACATATGTCTATAATATAGTGTTITAGGTTICTITITITTTTCAGGAATACATTITGGAAA
TTCAAAACAATTGGCAAACTTTIGTATTAATGTGTTAAGTGCAGGAGACATTGGTATT
CTGGOGCACCTTCCTAATATGUTTTACAATCTOCACTTTAACTGACTTAAGTGGUATTA
AACATTTCGAGAGCTAACTATATITITATAAGACTACTATACAAACTACAGAGTTTAT
GATTTAAGGTACTTAAAGCTTCTATGGTTGACATTGTATATATAATTTTTITAAAAAGG
TTTTCTATATGGGGATTTITCTATTTATGTAGGTAATATTGTTCTATITGTATATATIGA
GATAATTTATTTAATATACTTITAAATAAAGOGTGACTGGGAATTGTTACTGTTGTACTT
ATTCTATCTTCCATITATTATTTATCTACAATTTGOTGTTTGTATTAGCTCTACTACAG
TAAATGACTGTAAAATTGTCAGTOGGCTTACAACAACGTATCTTTTTICGCTTATAATAC
ATTTITGGTGACTGTA

SEQID NO: 12

Homo sapiens Tissue Factor 3 protein

Amino Acid
METPAWPRVPRPETAVARTLLLGWVFAQVAGASGTINTVAAYNLTWKSTNFKTILEW
EPEPVNOQVYTVOISTKSGDWKSKCFYTTDTECDLTBEIVKDVRKQTYLARVFESYPAGNVE
STGSAGEPLYENSPEFTPYLETNLGQPTIOSFEQVGTKVNVTVEDERTLVRRNNTFLSLR
DVFGKDLIYTLYYWEKSSSSGKKTAKTNTNEFLIDYVDKGENY CFSVQAVIPSRTYVNRKST
DSPVECMGQEKGEFREIFYHGAVVEVVIHLVILAISLHKCRKAGVGOSWEKENS PLNVS

SEQ ID NO: 13
Homo sapiens CD47 gene

Nucleic Acid

2]
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GCAGCUTOGGHGCAGTGOGTCOTGCCTGTGACGCOCGHCGGCGETCGGTCUTGCCTGTA
ACGGCOGLOGCGGCTGCTOGUTCCGOACACCTGCGGLGGLCGGCGGCGACCCCGLGGL
GOGCGCOGAGATGTGGCCCCTOOGTAGUGGUGCTGTTOCTGOGGUTCGGLGTGUTGUG
GATCAGCTCAGCTACTATITAATAAAACAAAATCTGTAGAATTCACGTTTITGTAATG
ACACTOTCGTCATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAG
TATACGTAAAGTGGAAATTTAAAGGAAGAGATATITACACCTTTGATGGAGCTCTAA
ACAAGTCCACTGTCCCCACTGACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTAC
TAAAAGGAGATGCCTCTITTGAAGATGOATAAGAGTGATOCTGTICTCACACACAGGA
AACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGGTGAAACGATCATCGAGCT
AAAATATCGTGTTGTTTCATGOTTTTCTICCAAATGAAAATATTCTTATTGTTATITIC
CCAATTTTITGCTATACTCCTOTTCTIGGGOGACAGTTTIGOTATTAAAACACTTAAATATA
GATCCGOTGOTATGOGATGAGAAAACAATTGUTTTACTTOTTOCTGOACTAGTGATCA
CTGTCATTGTCATIGTTGGAGCCATTCTTITTCGTCCCAGGTGAATATTCATTAAAGAA
TGCTACTGGCCTTGOTTTAATTGTGACTTCTACAGGGATATTAATATTACTTICACTAC
TATGTGTTTAGTACAGCGATTGCGATTAACCTCCTTCGTCATTGCCATATTGGTTATTC
AGGTGATAGCCTATATCCTCGUTGTGOTTGGACTCGAGTCTCTGTATTIGCGGCGTGTA
TACCAATGCATGGCCCTCTTCTGATTICAGGTTTGAGTATCTTAGCTCTAGCACAATT
ACTTGGACTAGTTTATATGAAATTTGTGGCTTICCAATCAGAAGACTATACAACCTCC
TAGGAAAGCTGTAGAGGAACCCCTTAATGCATTCAAAGAATCAAAAGGAATGATGA
ATGATGAATAACTGAAGTGAAGTGATGGACTCCGATTTGGAGAGTAGTAAGACGTG
AAAGCGAATACACTTIGTOTTTAAGCACCATGCGCCTTCGATCGATTCACTGTTIGGGGAGAA
GAAACAAGAAAAGTAACTGOTTGTCACCTATGAGACCCTTACGTGATTIGTTAGTTAA
GTTTITATTCAAAGCAGCTGTAATTTAGTTAATAAAATAATTATGATCTATGTTGTTT
GCCCAATTGAGATCCAGTTTTIITGTTGTTATTTITAATCAATTAGGGGCAATAGTAGA
ATGGACAATTTCCAAGAATGATGCCTITCAGGTCCTAGGGCCTCTGGCCTCTAGGTA
ACCAGTTTAAATTGGTTCAGGGTGATAACTACTTAGCACTGCCCTGGTGATTACCCA
GAGATATCTATGAAAACCAGTGGCTTICCATCAAACCTTTGCCAACTCAGGTTCACAG
CAGCTTTGOGGCAGTTATGOCAGTATGGCATTAGUTGAGAGOTGTCTGUCACTTCTGO
GTCAATGGAATAATAAATTAAGTACAGGCAGGAATTTGGTTGGGAGCATCTTGTATG
ATCTCCCTATGATGTCGATATTGATGGAGATAGTOGGTCCTCATTCTTGGOGGOGTTGOCA
TTCCCACATICCCCOCTTCAACAAACAGTGTAACAGGTCCTTCCCAGATTTAGGGTAC
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TTTTATTGATGGATATGTTTTCOCTTTTATTCACATAACCCCTTGAAACCCTGTCTTGTC
CTCCTGTTACTTIGCTTCTGCTGTACAAGATGTAGCACCTTTTCTCCTCTTITGAACATG
GTCTAGTGACACGOGTAGCACCAGTTGCAGGAAGGAGCCAGACTTGTTCTCAGAGCA
CTGTGTTCACACTTTTCAGCAAAAATAGCTATGGTTGTAACATATGTATTCCCTTCCT
CTGATTTGAAGGCAAAAATCTACAGTOGTTTCTTICACTTICTTTTICTCGATCTGOGGCATG
AAAAAAGCAAGATTGAAATTTGAACTATGAGTCTCCTGCATGGCAACAAAATGTGT
GTCACCATCAGGCCAACAGGCCAGCCCTTGAATGGGGATTTATTACTGTTGTATCTA
TCTTGCATGATAAACATTCATCACCTTCCTICCTIGTAGTCCTGCCTCGTACTCCCCTTC
CCCTATGATTGAAAAGTAAACAAAACCCACATTTCCTATCCTGGTTAGAAGAAAATT
AATGTTCTCACAGTTGTGATCGCCTOOAGTACTTTTAGACTTTTAGCATTCGTTTTTT
ACCTGTTIGTOGGATGTGTGTTTGTATGTGCATACGTATGAGATAGGCACATGCATCTT
CTGTATGGACAAAGGTGOGOOGTACCTACAGGAGAGUAAAGGTTAATTTITGTGCTTTITA
GTAAAAACATITAAATACAAAGTTICTTITATTOGOTGGAATTATATTTGATGCAAATA
TTTGATCACTTAAAACTTTTAAAACTTICTAGGTAATTTGCCACGCTTTTTGACTGCTC
ACCAATACCCTGTAAAAATACGTAATTCTTCCTGTTTGTGTAATAAGATATTCATATT
TGTAGTTGCATTAATAATAGTTATTTCTTAGTCCATCAGATOTTCCCGTGTGCCTOTTY
TTATGCUCAAATTGATTOGTCATATTTCATGTTGGGACCAAGTAGTTITGCCCATGGCAA
ACCTAAATTTATGACCTGCTGAGGCCTCTCAGAAAACTGAGCATACTAGCAAGACA
GCTCTTCTTOAAAAAAAAAATATOTATACACAAATATATACGTATATCTATATATAC
GTATGTATATACACACATGTATATTCTTICCTTGATTGTGTAGCTGTCCAAAATAATAA
CATATATAGAGGGAGCTGTATTCCTTTATACAAATCTGATGGCTCCTGCAGCACTTTT
TCCTTICTGAAAATATTTACATTITTGCTAACCTAGTTIGTTACTTITAAAAATCAGTTTT
GATGAAAGGAGGGAAAAGCAGATGGACTTGAAAAAGATCCAAGCTCCTATTAGAA
AAGGTATGAAAATCTITATAGTAAAATTTTTTATAAACTAAAGTTGTACCTTTTAATA
TGTAGTAAACTCTCATTTATTTIGOGOGTICGUTCTTGGATCTCATCCATCCATTGTGTT
CTCTTTAATGCTGOCTGCCTTTTGAGGCATTCACTGCCUTAGACAATGCCACCAGAG
ATAGTGGGGGAAATGCCAGATCGAAACCAACTCTTGCTCTCACTAGTTGTCAGCTECT
CTGGATAAGTGACCACAGAAGUAGGAGTCCTCCTGCTTGOGGUATCATTGGGCCAGTT
CCTTCTCTTTAAATCAGATTTGTAATGGUTCCCAAATTCCATCACATCACATITAAAT
TGCAGACAGTGTITITGCACATCATGTATCTGTTITTGTCCCATAATATGCTTTTTACTC
CCTGATCCCAGTTTCTGCTGTTGACTCTTCCATTCAGTTTTATTTATTGTIGTGTICTCA
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CAGTGACACCATTTOTCCTTTTICTGCAACAACCTTTCCAGCTACTTTTGCCAAATTCT
ATTTOGTCTTCTCCTTCAAAACATTICTCCTTTGCAGTTCCTCTTCATCTGTGTAGCTGCT
CTTTTGTCTCTTAACTTACCATTCCTATAGTACTITATGCATCICTGCTTAGTTCTATT
AGTTTTTTGGCCTTGCTCTTICTCCTTGATTITTAAAATTCCTICTATAGCTAGAGCTTTY
CTTICTTTCATICTCTCTTCCTGCAGTGTTTITGCATACATCAGAAGCTAGGTACATAA
GTTAAATGATTGAGAGTTIGGUCTGTATTTAGATTTATCACTTTTITAATAGGGTGAGCTT
GAGAGTTTTCTTTCTTTICTGTTT TITT T T TTTGTTITIT I ITITT T TITT T TTITTITTTITTE
TTTCGACTAATTTCACATGUTCTAAAAACCTICAAAGGTOATTATTTTICTCCTIGGAAA
CTCCAGGTCCATTCTGTTTAAATCCCTAAGAATGTCAGAATTAAAATAACAGOGCTA
TCCCGTAATTGGAAATATTICTTTTTITCAGGATGCTATAGTCAATTTAGTAAGTGACC
ACCAAATTOTITATTTGCACTAACAAAGCTCAAAACACGATAAGTTITACTCCTCCATC
TCAGTAATAAAAATTAAGUTGTAATCAACCTTCTAGGTTTCTCTTOTCTTAAAATGG
GTATTCAAAAATGGGGATCTOTGGTGTATGTATGGAAACACATACTCCTTAATTTAC
CTGTTOGTTGGAAACTGOAGAAATCGATIGTCGGGCAACCOGTTITATTTTTITATTGTATIT
TATTTGGTTGAGGGATTTTTTTATAAACAGTTTITACTTGTGTCATATTTTAAAATTAC
TAACTGCCATCACCTGCTGGOOTCCTTTGTTAGGTCATTTTICAGTGACTAATAGGGAT
AATCCAGGTAAUTTIGAAGAGATGAGCAGTGAGTGACCAGGCAGTTTTTOTGCCTTY
AGCTITGACAGTTCTTAATTAAGATCATTGAAGACCAGCTITCTCATAAATTTCTCTT
TITGAAAAAAAGAAAGCATTTGTACTAAGCTCOTCTGTAAGACAACATCTTAAATCT
TAAAAGTGTTGTTATCATGACTGGTGAGAGAAGAAAACATTITTGTTITTTATTAAATG
GAGCATTATTTACAAAAAGCCATTIGTTCGAGAATTAGATCCCACATCOGTATAAATATC
TATTAACCATTCTAAATAAAGAGAACTCCAGTGTTGCTATGTGCAAGATCCTICICTT
GGAGCTTTTTTGCATAGCAATTAAAGGTGTGCTATTTGTCAGTAGCCATTITTTTTGCA
OTGATTTGAAGACCAAAGTTGTTITTACAGCTGTGTTACCOGTTAAAGGTTTTTTTTITTIT
ATATGTATTAAATCAATTITATCACTGTTTAAAGCTTTGAATATCTGCAATCTTTIGCCA
AGGTACTTTTITATTTAAAAAAAAACATAACTTTGTAAATATTACCUTGTAATATTAT
ATATACTTAATAAAACATTITAAGCTATTTIGTTGGGCTATITCTATTGCTGCTACAG
CAGACCACAAGCACATTTCTGAAAAATTTAATTTATTAATGTATTTTTAAGTTGCTTA
TATTCTAGGTAACAATGTAAAGAATGATTTAAAATATTAATTATGAATTTITTTGAGT
ATAATACCCAATAAGCTTTITAATTAGAGCAGAGTTTITAATTAAAAGTTTTAAATCAG
TCCAA

b3
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SEG D NO: 14

Homo sapiens CD47

Amino Acid
MWPLVAALLLGSACCGSAGQLLFNKTKSVEFTFCNDTVVIPCFVTINMEAONTTEVY VKW
KFKGRDIYTFDGALNESTVPTDEFSSAKIEVSQLLKGDASLEMDKSDAVSHTONYTCEVT
ELTREGETHELKYRVVSWESPNENILIVIFPIFAH LFWGQFGIKTLK YRSGGMDEKTIALL
VAGLVITVIVIVGAILFVPGEYSLEKNATGLGLIVTSTGILILLHYYVFSTAIGLTSFVIATL VI
QVIAYILAVVGLSLCIAACIPMHGPLLISGLSIEAL AQLLGLVYMKFVASNQKTIQPPRKA
VEEPLNAFKESKGMMNDE

SEQ ID NO: 13

Homo sapiens CD47 gene Transcript Variant

Nucleic Acid
GCAGCCTGGGCAGTGGGTCCTGCCTGTGACGCGLCGOCGGUGGTCOGTCCTGCCTGTA
ACGGCGGUGGCGGCTGCTGCTCCGGACACCTGCGGCGGCGGUGGLGACCCOGCGGT
GGGUGCGGAGATGTGGCCCCTGATAGCGGCGCTGTTGCTGGGCTCGGLCGTGLTGCG
GATCAGCTCAGCTACTATTTAATAAAACAAAATOTGTAGAATTCACGTTTTIGTAATG
ACACTGTCGTCATTCCATGCTTTGTTACTAATATGGAGGCACAAAACACTACTGAAG
TATACGTAAAGTGGAAATTTAAAGGAAGAGATATTITACACCTITGATGGAGCTCTAA
ACAAGTCCACTGTCCCCACTGACTTTAGTAGTGCAAAAATTGAAGTCTCACAATTAC
TAAAAGGAGATGCCTCTTTGAAGATGGATAAGAGTGATGCTGTCTCACACACAGGA
AACTACACTTGTGAAGTAACAGAATTAACCAGAGAAGGTGAAACGATCATCGAGCT
AAAATATCGTGTIGTTTCATGGTTITTCTCCAAATGAAAATATTCTTATTIGTTATITIC
CCAATTTITGCTATACTCCTGTTCTGGGGACAGTTTGGTATTAAAACACTTAAATATA
GATCCGGTGGTATGGATGAGAAAACAATTGCTTTACTTIGTTGCTGGACTAGTGATCA
CTGTCATTGTCATIGTTGCGAGCCATTCTTTTCGTCCCAGGTGAATATICATTAAAGAA
TGCTACTGGCCTTGGTTTAATTGTGACTTICTACAGGGATATTAATATTACTTICACTAC
TATGTGTTITAGTACAGCGATTGGATTAACCTCCTTCGICATTGCCATATTGGTTATTC
AGGTGATAGCCTATATCCTCGCTGTGGTTGGACTGAGTCTCTGTATTGCGGCGTGTA
TACCAATGCATGGCCCTCTTCTGATTTCAGGTTTGAGTATCTTAGCTCTAGCACAATT
ACTTGGACTAGTTTATATGAAATTTGTGGAATAACTGAAGTGAAGTGATGGACTCCG
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ATTTGCGAGAGTAGTAAGACGTOAAAGGAATACACTTOTGTTTAAGCACCATGGCCTT
GATGATTCACTGTTGGGGAGAAGAAACAAGAAAAGTAACTGOTTGTICACCTATGAG
ACCCTTACGTOGATTGTTAGTTAAGTTTTTATTCAAAGCAGCTGTAATTTAGTTAATAA
AATAATTATGATCTATGTTGTTTGCCCAATTGAGATCCAGTTITTTGTTGTTATTTTITA
ATCAATTAGGGGCAATAGTAGAATGGACAATTTCCAAGAATGATGCCTTTCAGGTCC
TAGGGCCTCTGGCCTCTAGOGTAACCAGTTTAAATTGOTICAGGOTGATAACTACTTA
GCACTGCCCTGGTGATTACCCAGAGATATCTATGAAAACCAGTGGCTTCCATCAAAC
CTTTGCCAACTCAGGTTCACAGCAGCTTTGGOCAGTTATGGCAGTATGGCATTAGCT
GAGAGOTGTCTGCCACTTCTGGOTCAATGGAATAATAAATTAAGTACAGGCAGGAA
TTTGOTTOGGGAGCATCTTGTATGATCTCCGTATGATOTCGATATIGATGGAGATAGTG
GTCCTCATTICTTGGGOGTTGCCATTCCCACATTICCCCCTTCAACAAACAGTGTAACA
GOTCCTTCCCAGATTTAGGGTACTTTTATTGATGGATATGTTTTCCTTITATTCACAT
AACCCCTTGAAACCCTGTICTTIGTICCTCCTGTTACTTGCTTICTGCTGTACAAGATGTAG
CACCTTTTCTCCTCTTTGAACATGGTCTAGTGACACGOGTAGCACCAGTTGCAGGAAG
GAGCCAGACTTIGTTCTCAGAGCACTGTIGTTCACACTTTTICAGCAAAAATAGCTATGG
TTGTAACATATOGTATTICCCTTCCTCTGATTITGAAGGCAAAAATCTACAGTGTTTICTTC
ACTTCTTTTCTGATCUTOGGOGUATCGAAAAAAGCAAGATTGAAATTTGAACTATGAGTC
TCCTGCATGGCAACAAAATGTOGTGTICACCATCAGGCCAACAGGCCAGCCCTTGAAT
GGOGATTTATTACTGTTGTATCTATGTTGCATGATAAACATTCATCACCTTCCTCCTG
TAGTCCTGCCTCGTACTCCCOTTCCCCTATGATTGAAAAGTAAACAAAACCCACATT
TCCTATCCTGGTTAGAAGAAAATTAATGTTCTGACAGTTIGTGATCGCCTGGAGTALCT
TTTAGACTTTTAGCATTCGTITTTTTACCTGTTTGTGGATGTGTGTTTIGTATGTIGCATALC
GTATCGAGATAGGCACATGCATCTTCTOGTATGGACAAAGGTGGGOTACCTACAGGAG
AGCAAAGOTTAATTITIGTGCTTTITAGTAAAAACATTTAAATACAAAGTICTTTATIC
GOTGGAATTATATTTGATGCAAATATTTGATCACTTAAAACTTTITAAAACTTICTAGGT
AATTTGCCACGUTTTTTGACTGUTCACCAATACCCTGTAAAAATACGTAATTCTTCCT
GTTTGTGTAATAAGATATTCATATITGTAGTTIGCATTAATAATAGTTATTTICTTAGTC
CATCAGATOGTTCCCGTCTGCOTCTTTTATGCCAAATTGATTGTCATATTTCATGTTGG
GACCAAGTAGTTTIGCCCATGOCAAACCTAAATTITATGACCTGCTGAGGCCTICTCAGA
AAACTGAGCATACTAGCAAGACAGCTCTTCTTGAAAAAAAAAATATOTATACACAA
ATATATACGTATATCTATATATACGTATGTATATACACACATGTATATICTTICCTTGA
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TTGTOTAGCTGTCCAAAATAATAACATATATAGAGGGAGUTGTATTCCTTTATACAA
ATCTGATGGCTCCTGCAGCACTTIITTCCTTCTGAAAATATTITACATTITTGCTAACCTA
GTTTGTTACTTTAAAAATCAGTTTTGATGAAAGGAGGGAAAAGUAGATGOATTTGA
AAAAGATCCAAGCTCCTATTAGAAAAGGTATGAAAATCTTTATAGTAAAATTTITTITA
TAAACTAAAGTTGTACCTTTTAATATGTAGTAAACTCTCATTTATTTGGOGGTTCGCTC
TTGGATCTCATCCATCCATIGIGTTCTCTTTAATGUTGCCTGCCTTITGAGGCATTCA
CTGCCCTAGACAATGCCACCAGAGATAGTGGGGGAAATGCCAGATGAAACCAALCTC
TTGCTCTCACTAGTTGTCAGCTTCTICTGGATAAGTCGACCACAGAAGCAGGAGTCCTC
CTGCTTGGGCATCATTGOGGCCAGTTCCTTCTCTTTAAATCAGATTTGTAATGGCTCCC
AAATTCCATCACATCACATITAAATTGCAGACAGTGTTTTGCACATCATGTATCTGTT
TTGTCCCATAATATOGCTTTITTACTCCCTGATCCCAGTTICTGCTOTTCGACTCTTCCATT
CAGTTTTATTTATTOCTOGTGTTCTCACAGTGACCCATTTGTCCTTTTOTGCAACAACCTT
TCCAGCTACTTTTGCCAAATICTATTTIGTCTTCTCCTTCAAAACATTCTCCTTTGCAGT
TCCTCTTCATCTGTOGTAGCTGCTCTITTGTCTCTTAACTTACCATTICCTATAGTACTTT
ATGCATCTCTGCTTAGTITCTATTAGTTTTTTGGCCTTGCTCTICTCCTTGATTTTAAAA
TTCCTTCTATAGCTAGAGCTTTTCTITCTTTCATTICTCTCTTCCTGCAGTGTTTTIGCAT
ACATCAGAAGUTAGOTACATAAGTTAAATOATTGAGAGTTGGUTGTATTITAGATTTA
TCACTTTTITAATAGGGTGAGCTTGAGAGTTTTICTTTCTTICTGTTTTITTITITTIGTTTIT
TTITITTTTITTITIITTITTTITITITTCGACTAATTTCACATGOUTCTAAAAACCTTCAAA
GGTGATTATTITTCTCCTGGAAACTCCAGGTCCATTCTGTTTAAATCCCTAAGAATGT
CAGAATTAAAATAACAGGGUTATCCCOTAATTGGAAATATTITCTTTTTTCAGGATGC
TATAGTCAATTTAGTAAGTGACCACCAAATTGTTATTITGCACTAACAAAGCTCAAAA
CACGATAAGTTTACTCCTCCATCTCAGTAATAAAAATTAAGCTGTAATCAACCTICT
AGOTTTICTCTTGTCTTAAAATGOGTATTCAAAAATGGGGATCTOTGOTGTATGTATG
GAAACACATACTCCTTAATTTACCTGTITOTTGGAAACTGGAGAAATGATTGTCGGGC
AACCGTTTATTITITTATTGTATTTTATTTGGTTGAGGGATTTTTTTATAAACAGTTITA
CTTGTGTCATATTTITAAAATTACTAACTGCCATCACCTGCTGGGGTCCTTIGTTAGGT
CATTTTCAGTGACTAATAGGGATAATCCAGGTAACTTITGAAGAGATGAGCAGTGAGT
GACCAGGCAGTTTTTCTGCCTITAGCTTIGACAGTTCTTAATTAAGATCATTGAAGAC
CAGCTTTCTCATAAATTTICTCTTTITGAAAAAAAGAAAGCATTTGTACTAAGUTCCTC
TGTAAGACAACATCTTAAATCTTAAAAGTGTTGTTATCATGACTGGTGAGAGAAGAA
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AACATTTTGTTTTTATTAAATGGAGCATTATTTACAAAAAGUCCATTGTTGAGAATTA
GATCCCACATCGTATAAATATCTATTAACCATICTAAATAAAGAGAACTCCAGTGTT
GUTATGTGCAAGATCCTCTCTTGGAGCTTITITIGCATAGCAATTAAAGOGTGTGUTATTY
TCGTCAGTAGCCATTTTTITTGCAGTGATTTGAAGACCAAAGTTOGTTTTACAGCTGTIGTT
ACCGTTAAAGOTTTTTITITTTATATGTATTAAATCAATTTATCACTGTITAAAGCTTT
GAATATCTGCAATCTTTIGUCAAGGTACTTTITTTATTTAAAAAAAAACATAACTTITGTA
AATATTACCCTGTAATATTATATATACTTAATAAAACATTTTAAGCTATTTTGTTGGG
CTATTICTATTGCTGCTACAGCAGACCACAAGCACATTITCTGAAAAATTTAATTTATT
AATGTATTTITAAGTTGCTTATATICTAGGTAACAATGTAAAGAATGATTTAAAATA
TTAATTATGAATTTTTTCGAGTATAATACCCAATAAGUTTTTAATTAGAGCAGAGTTTY
AATTAAAAGTTITAAATCAGTCCAA

SEQ ID NO: 16

Homo sapiens CD47 isoform x1 protein

Aming Acid
MWPLVAALLLGSACCGSAQLLEFNKTKSVEFTFCNDTVVIPCEFVTNMEAQNTTEVYVEW
KFKGRDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSBDAVSHTGNYTCEVT
ELTREGETHELKYRVVSWESPNENILIVIFPIFATLLFWGOQFGIK TLKYRSGGMDEKTIALL
VAGLVITVIVIVGAILFVPGEYSLKNATGLGLIVTSTGH L LHYYVEFSTAIGLTSFVIALL VI
OVIAYHLAVVGLSLCIAACIPMHGPLLISGLSILALAQLEGLVYMK FVE

SEQ ID NG: 17

Homo sapiens Inhibin beta A subunit (Activin A)

amino acid sequence:
GLECDGKVNICCKKQFFVSFKDICWNDWHAPSGYHANYCEGECPSHIAGTSGSSLSFHS
TYINHYRMRGHSPFANLKSCCVPTKLRPMSMLYYDDGONIKKDIQNMIVEECGCS

SEQ ID NO: 18

Homo sapiens Inhibin beta A chain (Activin A)

nucleic acid sequence:

222



WO 2024/097697 PCT/US2023/078272

GGOTTGOAGTGTGATOGUAAGGTCAACATCTGUTGTAAGAAACAGTTCTTTGTCAGT
TTCAAGGACATCGGCTGGAATCGACTGCGATCATTGCTCCCTCTGGCTATCATGCCAAC
TACTGUCGAGOGGTGAGTGCCUCGAGCCATATAGCAGGCACGTCCOGGHGTCCTCACTGTICC
TTCCACTCAACAGTCATCAACCACTACCGCATGCGGGGCCATAGCCCCTTTIGCCAAC
CTCAAATCGTGCTOTGTOGCCCACCAAGCTCGAGACCCATGTCCATGTTGTACTATGAT
GATGGTCAAAACATCATCAAAAAGGACATTICAGAACATGATCGTGGAGGAGTGTGEG
GTGCTCATAG

SEQ ID NO: 19

Homo sapiens Ervthroid differentiation protein (EDF) ovarian

amino acid sequence:
MPLLWILRGFLLASCWIIVRSSPTPGSEGHSAAPDCPSCALAALPKDVPNSQPEMVEAVK
KHILNMLHLKKRPRVTOPYPKAALLNAIRKLHVGKVGENGY VEIEDDIGRRAEMNELM
EQTSENTFAESGTARKTLHFEISKEGSDLSVVERAEVWLFLEVPKANRTRTRVTIRLEFQQ
OKHPOGSLDTGEEAEEVGLKGERSELLLSEKVVDARKSTWHVFPYSSSIQRLLDQGKSS
LDVRIACEQCQESGASLVLLGKKKKKEEEGEGKKKGGGEGGAGADEEKEQSHRPFLML
QARQSEDHPHRRRRRGLECDGKVNICCKKQFFVSFKDIGWNDWHAPSGYHANYCEGE
CPSHIAGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVPTKLRPMSMLY YDDGONIIKK
DIONMIVEECGCS

SEQ ID NG: 28

Homo sapiens Inhibin B subunit

amino acid sequence’

ARQGSEDHPHRRRRRGLECDGK VNICCKKQFFVSFKDIGWNDWIIAPSGYHANYCEGECP
SHIAGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVYVPTKLRPMSML Y YDDGONIKKDI
ONMIVEECGCS

SEQ 1D NO: 21
Homo sapiens Inhibin B subunit in testis

amino acid sequence:
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GLECDGKVNICCKKQFFVSFEDIGWNDWHAPSGYHANYCEGECPSHIAGTSGSSLSFHS
TVINHYACGHSPFANLKSCCVPTKLRPMSMLY YDDGONIKKDIGNMIVEECGCS

SEQ ID NG: 22

Homo sapiens Inhibin B subunit evythrowd differentiation protein (EDFE),

amino acid sequence:
MPLLEWLRGFLLASCWIIVRASPTPGSEGHSAAPDCPSCALAALPKDVPNSQPEMVEAVK
KHILNMLHLKKRPDVTQPYVPKAALLNAIRKLHVGKVGENGY VEIEDRDIGRRAEMNELM
EQTSEHTFAESGTARKTLHFEISKEGSDLSVVERAEVWLFLEKVPKANRTRTEVTIRLEFQ(O
ORHPOGSLDTGEEAEEVGLKGERSELLLSEKVVDARKSTWHVEFPVSSSIQRLLDBOQGKSS
LDVRIACEQCQESGASLVLLGKKKKKEEEGEGKKK GGGEGGAGADEEKEQSHRPFLML
CARQSEDHPHRRRRRGLECDGKVNICCKKGFFVEFKDIGWNDWHAPSGYHANYCEGE
CPSHIAGTSGSSLSFHSTVENHYRMRGHSPFANLKSCCVPTKLREPMSMLY YDDGONIIKK
DIONMIVEECGCS

SEQ ID NO: 23

Mus muscutus (Mouse} Inhibin beta A chain (Activin beta-A chain)

amino acid sequence:
MPLLEWLRGFLLASCWHVRSSPTPGSEGHGSAPDCPSCALATLPEDGPNSQPEMVEAVK
KHILNMLHLKKRPDVTOPVPRKAALLNATRKLHVGKVGENGY VEIEDDIGRRAEMNELM
EQTSEINTFAESGTARKTLHEEISKEGSDLSVVERAEVWLFLKVPKANRTRTKVTIRLF(G
QKHPQGSLDTGDEAEEMGLKGERSELLLSEKVVDARKSTWHIFPYVSSSIQRLLDOQGKSS
LBVRIACEQCOESGASLVLLGKEKEKEVDGDGKKKDGSDGGLEEEKEQSHRPFLMILQA
ROSEDHPHRRRRRGLECDGK VNICCKKQFFVSFEKDIGWNDWHAPSGYHANYCEGECPES
HIAGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVPTKLRPMSMLY YDDGONUKKDIOQ
NMIVEECGCS

SEQ ID NO: 24

Rattus norvegicus (Rat) Inhibin beta A chain (Activin beta-A chain)

amino acid sequence:
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MPLEWLRGFLLASCWIHVRSSPTPGSEGHGAAPDUPSCALATUPKDGPNSQPEMVEAVK
KHILNMLHLKKRPDVTOPVPKAALLNARKLHVGKVGENGY VEIEDDIGRRAEMNELM
EQTSENTFAESGTARKTLHFEISKEGSDLSVVERAEVWLFLKVPKANRTRTKVTIRLFQQG
QKHPOQGSLDMGDEAEEMGLEGERSELLLUSEKVVDARKSTWHIFPVSSSIQRLLDGGKSS
LDVRIACEQCOQESGASLVLLGKKKKKEVDGDGKKKDGSDGGLEEEKEQSHRPFLMLGA
ROSEDHPHRRRRRGLECDGKVNICCKKQFFVSFKDIGWNDWHAPSGYHANYCEGECPS
HIAGTSGSSLASFHSTVINHYRMRGHRPFANLKSCCOVPTKLRPMEMLY YBDGONIIKKDIO
NMIVEECGCS

SEG ID NG: 25

Gallus gallus (Chicken) Inhibin beta A chain {(Activin beta-A chain)

amino acid sequence:
MPLLWKRGFLLVICWHVYRSSPTPGSEGHSSVADCPSCALTTLSKDVPSSQPEMVEAVKIK
HILNMEHELRDRPNITOPVPRAALLNATEKLHVGKYGDDGYVEIEDDVGRRAEMNEVVE
QTSENTFAESGTPRKKTLHFFISKEGSELSVVEHAEVWLFLKVSKANRSRTKVTIRLFQGQ
ROPKONSEAAEDMEDMGLKGERSETLISEKAVDARKSTWHIFPISSSVQRLLDOQGQOSSL
DVRIACDLCOQETGASLVLLGKKKKKEDDGEGKEKDGGELTGEEEKEQSHRPFLMMILAR
HSEDROQHRRRERGLECDGKVNICCKKOFFVSFEKDIGWSDWHAPTGYHANYCEEECPSHI
AGTSGSSLSFHSTVINHYRMRGHSPFANLKSCOCVPTKLRPMSMLYYDDGONIKKDIQN
MIVEECGCS

SEQ ID NO: 26

Bos taurus (Bovioe) Inhibin beta A chain (Activin beta-A chain)

amino acid sequence:
MPLLWLRGFLLASCWHVRSSPTPGSEGHSAAPDCPSCALATLPKDVPNSQPEMVEAVK
KHINMLHLKKRPDVTOPVPKAALLNAIRKLHVGKVGENGY VEIEDDIGRRAEMNELM
EQTSENTFAESGTARKTLHFEISKEGSDLSVVERAETWLFLKVPKANRTRSKVTIRLFQQQ
KHLOGSLDAGEEAEEVGLKGEKSEMLISEK VVDARKSTWHIFPVSSCIQRLLDOQGKSSL
DIRTACEQCOQETGASLVLLGKKKKKEEEGEGKKRDGEGGAGGDEEKEQSHRPFLMLOA
ROSEDHPHRRRRROGLECDGKVNICCKKQFFVSFKIMGWNDWHAPSGYHANYCEGECPS
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HIAGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVPTKLRPMSMLY YDDGONIIKK DI
NMIVEECGCS

SEQ ID NO: 27

Equus caballus (Horse) Inhibin beta A chain {Activin beta-A chain)

amino acid sequence:
MPLLEWLRGFLLASCWIVKSSPTPGSEGHSAAPNCPSCALATLPEDVPNAQPEMVEAVK
KHILNMLHLKKRPDVTQPYVPKAALLNAIRKLHVGKVGENGY VEIEDRDIGRRAEMNELM
EQTSEHTFAESGTARKTLHFEISKEGSDLSYVERAEVWLFLEKVPKANRTRSKVTIRLLOG
OQRHPOGSSDTREEAEEADLMEERSEGLISEKVVDARKSTWHIFPVSSSIORLLDOQGKSSL
DIRIACDOQCHETGASLVLLGEKKKKKEFEGEGKKKDGGEAGAGVDEEKEQSHRPFLMLQ
ARQSEDHPHRRRRRGLECDGKVNICCKKOQFFVSFK DIGWNDWIHAPSGYHANYCEGECP
SHIAGTSGSSLSFHSTVINOQYRLRGHNPFANLKSCCVPTKLRPMSMLY YDDGONIKK DY
QNMIVEECGCS

SEQ ID NO: 28

Sus scrofa {(Pig) Inhibin beta A chain (Activin beia-A chain)

amino acid sequence:
MPLLWLRGFLLASCWHVRSSPTPGSGGHSAAPDUPSCALATLPKDVPENSQPEMVEAVK
KHILNMLHLKKRPDVTOPVPRKAALLNAIRKLHVGKVGENGYVELEDDIGRRAEMNELM
EQTSEINTFAEAGTARKTLRFEISKEGSDLSVVERAEIWLFLKVPKANRTRTKVSIRLFQO
QRRPOGSADAGEEAEDVGEFPEEKSEVLISEKVVDARKSTWHIFPVSSSIORLLDOGKSAL
DIRTACEQCHETGASLVLLGKEKKKEEFAEGRKRDGEGAGVDEEKEQSHRPFLMLQAR
OQSEEHPHRRRRRGLECDGK VNICCKKQFFVSFKDIGWNDWHAPSGYHANYCEGECPSHI
AGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVPFTKLRPMSML Y YDBGONIKKDIOQN
MIVEECGCS

SEQ ID NO: 29

Ovis aries (Sheep) Inhibin beta A chain (Activin beta-A chain)

amino acid sequence:
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MPLEWLRGFLLASCWIHVRSSPTPGSEGHSAAPDOPSCALATLPKDVPNSQPEMVEAVK
KHILNMLHLKKRPDVTOPVPKAALLNARKLHVGKVGENGY VEIEDDIGRRAEMNELM
EOQTSENTFAESGTARKTLHFEISQEGSDLSVVERAEIWLFLEVPKANRTRSKVTIRLFQQQ
KBLOGSLDAGEEAEEVGLEKGEKSEMLISEKVVDARKSTWHIFPVSSCIQRLLDOQGKSSE
DIRIACEQCOQETGASLVLLGKKKRKEEEGEGKERDGEGGAGGDEEKEQSHRPFLMLOA
ROSEDHPHRRRRROGLECDGKVNICCKKQFYVSFKBIGWNDWHAPSGYHANYCEGECPS
HIAGTSGSSLASFHSTVINHYRMRGHRPFANLKSCCOVPTKLRPMEMLY YBDGONIIKKDIO
NMIVEECGCS

SEG ID NO: 38

Felis catus (cat) Inhibin beta A chain (Activin beta-A chain)

amino acid sequence:
MPLLWLRGFLLASCWHVRSSPTPGSEGPGAAPDCPSCALATLPKDVPNSGPEMVEAVK
KHINMLHLKKRPEVTQPVPKAALLNARKLHVGEKVGENGYVEIEDDIGRRAEMNELM
EQTSENTFAESGTARKTLHFEISKEGSDLSVVERAEVWLFLKVPKANRTRTKVTIQLLQK
QPOGGVDAGEEAEEMGLMEERNEVLISEXKVYVDARKSTWHIFPVSSSIQRLLDOQGKSSLD
VRIACEQUHETGASLVLLGKKKKKEEEGEGKKKDGGDGGAGADEDKEQSHRPFLMLG
ARQSEDHPHRRRRRGLECDGKVNICCKKQFFVSFKDIGWNDWIAPSGYHANYCEGECP
SHIAGTSGSSLSFHSTVINHYRMRGHSPFANLKSCCVPTKLRPMSMLY YDDGONIKKD
ONMIVEECGCS

SEQ ID NO: 31

Dawio rerio (zebrafish) Inhibin beta A chain (Activin beta-A chain)

amino acid sequence:
MSPLPLLSGILLELIRSCSLSAMVTEKGSLPMSEQQAGATVCPICALARFRKGVYSESEDEG
AQGODVVEAVKRHILNMUHLGERPNITHPVPRAALLNAIRKVHVGRYAKDGSVLIEDEAS
NRAETEQAEQTEHTFAETGEAPGIVNFLISKEGGEMSVVDQANVWIFLRLPKGNRTRAN
YNIRLLLOQGAGEKILAEKSVDTRRSGWHTFPASESVOSLLORGGSTLSLRVSCPLCADA
RATPVLVSPGGSEREQSHRPFLMAVVRGMDELSLRRRRKRGLECDGKARVCCKRGFYY
NFEDIGWNDWUHAPSGYHANYCEGDCASNVASITGNSLSFHSTVISHYRIRGYSPETNIKS
CCVPTRLRAMSMLY YNEEQKIVKEKDIONMIVERCGCS
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SEQ ID NO: 32

Carassius auratus {goldfish) Inhibin beta A chain (Activin beta-A chain)

amino acid sequence’
MSSLTLVNRGTAALRLFVRGLLTHSSREWLSGDGEPRDPVIPCPSCALAQROKDSEEQT
DMVEAVKRHILNMEHENTRPNYVTHPVPRAALLNAIRRLHVGRYGEDGTVEMEEDGGG
LGEHREQSEEQPFENTFAEPGRDAPDIMKFDISMEGNTLEVVEQANVWLLLEVAKGSRGK
GKVSVOQLLOQHGKADPGSADGPQEAVVSEKTVDTRRSGWHTLPVSRTVQTLLDGDSSM
LSERVSCPMCAEAGAVPILVPTESNKGKEREQSHRPFLMYVLKPAFEHPHRRSKRGLEC
DGRKIRVCCKROFYVNFEDIGWSDWHAPSGYHANYCEGDCPSHVASITGSALSFHSTVIN
HYRMRGYSPFNNIKSCCVPTRLRAMSMLY YNEEQKIIKKDIGNMIVEECGCS

SEQ ID NO: 33

Recombinant Inhibin B subunit

nucleic acid sequence
GCCCGOCAGTCTGAAGACCACCCTCATCGCCGOCOGTCGGCGOGOGCTTGGAGTGTGA
TGOUAAGOGTCAACATCTGCTGTAAGAAACAGTTCTITGTCAGTTTCAAGGACATCGG
CTGGAATGACTGGATCATTGCTCCCTCTGGCTATCATGCCAACTACTGCGAGGGTGA
GTGCCCGAGCCATATAGCAGOGCACGTCCOGOTCCTCACTGTCCTTCCACTCAACAGT
CATCAACCACTACCGCATGCGGGGCCATAGCCCCTTTGUCAACCTCAAATCGTGCTG
TGTGCCCACCAAGCTCGAGACCCATOTCCATGTTGTACTATGATGATGGTCAAAACAT
CATCAAAAAGGACATTCAGAACATGATCGTGGAGGAGTGTGGGTGCTCATAGAGTT
GCCCAGCCCAGGOGGAAAGGGAGCAAGA

SEQ ID NO: 34

Homo sapiens mature subunit beta{ A} inhibin in testis

nucleic acid sequence
GGUCTGGAGTOCGACGGCAAGGTCAACATCTGCTGTAAGAAACAGTITCTTTIGTCAGT
TTCAAGGACATCGGUTGGAATGACTGGATCATTGCTCCCTCTGGCTATCATGCCAAL
TACTGCGAGGGTGAGTGCCCGAGCCATATAGCAGGCACGTCCGGOGTCCTCACTGTICC
TTCCACTCAACAGTCATCAACCACTACGCATGOGGUCATAGCCCCTTTGCCAACCTC
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AAATCGTGCTOTGTOCCCACCAAGCTGAGACCCATGTCCATGTTGTACTATGATGAT
GOGTCAAAACATCATCAAAAAGCGACATTCAGAACATGATCGTGGAGGAGTGCGGGTG
CTCCTAA

SEQID NO: 35

Homo Sapiens Renalase Clone

Nucleic Acid
GCGGATCGUTGCTCCCTCTCGCCATGGCGCAGGTGUTGATCRTGGOGCGCCGGHATGA
CAGGAAGCTTGTGCGCTGCGCTGCTGAGGAGGCAGACGTCCGGTCCCTTGTACCTTG
CTGTGTGGGACAAGGUTGACGACTCAGGGGGAAGAATGACTACAGCCTGCAGTCCT
CATAATCCTCAGTGCACAGCTGACTTIGGGTGCTCAGTACATCACCTGCACTCCTCAT
TATGCCAAAAAACACCAACGTTTTTATGATGAACTGTTAGCCTATGGCGTTTIGAGG
CCTCTAAGCTCGCCTATTGAAGGAATGGTGATGAAAGAAGGAGACTGTAACTTTGTG
GCACCTCAAGGAATTTCTTCAATTATTAAGCATTACTTGAAAGAATCAGGTGCAGAA
GTCTACTTCAGACATCGTGTGACACAGATCAACCTAAGAGATGACAAATGGGAAGT
ATCCAAACAAACAGGUTCCCCTGAGCAGTTTIGATCTTATTGTTCTCACAATGUCAGT
TCCTGAGATTCTGCAGUTTICAAGGTGACATCACCACUTTAATTAGTGAATGUCAAAG
GCAGCAACTGGAGGCTGTGAGCTACTCCTCTCGATATGCTCTGGGCCTCTTTTATGA
AGCTGGTACGAAGATTGATGTCCCTTGGGCTGGGCAGTACATCACCAGTAATCCCTG
CATACGCTTCGTCTCCATTGATAATAAGAAGCGCAATATAGAGTCATCAGAAATTGG
GCCTTCCCTCGTGATTCACACCACTGTCCCATTITGGAGTTACATACTTGGAACACAG
CATTGAGGATGTGCAAGAGTTAGTCTTCCAGCAGCTGGAAAACATTTTGCCGGGTTT
GCCTCAGCCAATTGCTACCAAATGUCAAAAATGGAGACATTCACAGGTTACAAATG
CTGCTGCCAACTGTICCTGGCUCAAATGACTCTGCATCACAAACCTTTICCTTIGCATGTG
GAGGGGATGGATTITACTCAGTCCAACTTTGATGGCTGCATCACTICTGCCCTATGTG
TTCTGGAAGCTTTAAAGAATTATATTTAGTGCCTATATCCTTATTCTCTATATGTGTA
TTGGGTTTTTATTTTICACAATTTTICTGTTATTGATTATTTTIGTTITTICTATTTITGCTAAG
AAAAATTACTGOAAAATTGITCTTCACTTATTATCATITTTCATGTGGAGTATAAAAT
CAATTTTGTAATTTTGATAGTTACAACCCATGCTAGAATGGAAATTCCTCACACCTTG
CACCTTCCCTACTTITCTGAATTGCTATGACTACTCCTTGTTGGAGGAAAAGTGGTAC
TTAAAAAATAACAAACGACTCTCTCAAAAAAATTACATTAAATCACAATAACAGTTT
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GTATGCCAAAAACTTGATTATCOTTATGAAAATTTCAATTCTGAATAAAGAATAATC
ACATTATCAAAGCCCCATCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NG: 3¢

Homo Saptens Renalase Clone

Nucleic acids
AAAAGCCCGOGLCGAACGGUCCCGCCGrAGAGACTCAGCGCGGATCGCTGCTCCCT
CTCGCCATGGCOCAGGTGCTGATCGTGGOCGCCGRGATGACAGGAAGCTTGTGLCGC
TGCGCTGCTGAGGAGGCAGACGTCCGGTCCCTTIGTACCTTGCTGTGTGGGACAAGGC
TGAGGACTCAGGGGGAAGAATCGACTACAGCUTGCAGTCCTCATAATCCTCAGTGCA
CAGCTGACTTGGGTGCTCAGTACATCACCTGCACTCCTCATTATGCCAAAAAACACC
AACGTTTTTATGATGAACTGTTAGCCTATGGCOGTTTTGAGGCCTCTAAGCTCGUCTATY
TGAAGGAATGOTGATGAAAGAAGGAGACTGTAACTTTGTGGCACCTCAAGGAATTT
CTTCAATTATTAAGCATTACTTGAAAGAATCAGGTGCAGAAGTCTACTTCAGACATC
GTGTGACACAGATCAACCTAAGAGATGACAAATGGGAAGTATCCAAACAAACAGGC
TCCCCTGAGCAGTTTGATCTTATTGTTCTCACAATGCCAGTTICCTGAGATTCTGCAGC
TTCAAGOGTGACATCACCACCTTAATTAGTGAATGCCAAAGGCAGCAACTGGAGGCT
GTGAGCTACTCCTCTCGATATGCTCTGGGCCTCTTITTATGAAGCTGGTACGAAGATT
GATGTCCCTTGGOCTOGGOGCAGTACATCACCAGTAATCCCTGCATACGCTTCGTCTCC
ATTGATAATAAGAAGCGCAATATAGAGTCATCAGAAATTGGGCCTTCCCTCGTGATT
CACACCACTGTCCCATTTGGAGTTACATACTTGGAACACAGCATTGAGGATOTGCAA
GAGTTAGTCTTCCAGCAGUTGGAAAACATTTTGCCGGGTTTGCCTCAGCCAATTIGCT
ACCAAATGCCAAAAATGGAGACATTCACAGOTACCAAGTGCTGGTGTGATTCTAGS
ATGTGCGAAGAGCCCCTGGATGATGGCGATTGGATTTCCCATCTGACTTCCTGGAAA
TTGCGAGCACACAGTCAGGTTTTATITGATTITITTITITTAAGGATACCACTTICACAGC
CTTTAGOATAGUTATTATTTAGAAGCAAAACAGAAGATAAATGTTGGCAAGGATGT
GGAGATATTGGATTCCCTTGTGCAGTGCCGGTGGGAATGTAAAATGATGTAGCTACT
ATGGAAAATOATACGGCAATTTCTTTAGAAATGAAATATAGAATTGCCGTATGATCT
GCAGTTCCACATCTGGATATCTATCCAAAAGAAGTGAAAGTAGGGACTTGAACGAA
CATTTGTACACCAATGTITCACAGCGGCTTTATTCACAACAGCCAAAAGGTGGAAGCA
ACCCAGTGTCCATGGATAGATGAATAGATAAATAAAATGTGGTATAAACATACAAT
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GGOCTATTGTTTAGCCTTAAAAGGGAAGGAAATTCTGACATGCTGCAATATGGATGA
AGCTTAAAGTCATTATGCAAAGTGGAATAAGCCTATCACAAAAAATAATATTACAT
AATTCTACTTATATGAGGAATCTAGAGCAGTCAGTTTCACAGAGACAGAAAATAGA
ATGGTGOGTTGCCAAGGGCTGGGAGAAGAGGGCAATGCGAGAGTGAGTGTTTAGTGGE
TCAGAGTTTTAGTTTGGGAAGGTAAAAAGTTCTGGAGATGGATCGATGGTTATGGGTG
CTCAACAGTGTGAATGTACTTAATGCCACAGAACTGCACATTTAAATGTGGTTAAAA
TCATCACTTTTATGTTATGTATATTTACCACAATAAATAAAGAAGTTGATATTTCTTA
TACTTACAAAGAGGAGAAGGGCATTTGCAAATCAACAAGAAGTOTGAGGLCCCTCT
CTCTAGCAGAAAAATAGACTAAATCTATTTCTTTATCTTITTAACATCCTGTTITAAGGG
AAATGCCAAAACAAATGGGAAAAAATACACACACACAAATATATATGAACATOTTT
TGCCTCATCGAGTAATCAAAATCGTCTACATATGTATOTTITATGTATGTGTIGTTTATATT
TAAAATCOGTGTICTGCCTTATGAGTAAACAAAAAGTATACAAATTAAAAACTATAATY
GAAACGT

SEG 1D NO: 37

Huoman KGF amino acid sequence (GenBank Accession AAB2143 1))
MHEKWILTWILPTLLYRSCFHICLVGTISLACNDMTPEQMATNVNCSSPERHTRSYDYME
GGDIRVRRLFCRTOQWYLRIDKRGKVKGTOEMEKNNYNIMEIRTVAVGIVAIKGVESEFYL
AMNKEGRLY AKKECNEDCNFKELILENHYNTYASAKWTHNGGEMEVALNQKGIPVRG
KKTKKEGKTAHFLPMAIT

SEQ ID NG: 38

Human betacellulin amino acid sequence {GenBank: AAB25452 1)
MDRAARCSGASSLPLLLAL ALGLVILHCVVADGNSTRSPETNGLLCGDPEENCAATTTO
SKRKGHFSRCPKOYKHYCIKGRCRFVVAEQTPSCVCDEGYIGARCERVDLFYLRGDRG
QILVICLIAVMVYVFHLVIGVCTCCHPLRKRRERKKKEEEMETLGKDITPINEDIEETN

SEQ 1D NO: 39
Homo sapiens epidermal growth factor (WT) (GenBank: AAS83395.1)
NSDSECPLSHDGYCLHDGVCMYIEALDEKYACONCVYVVGYIGERCOYRDLKWWELR
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SEG 1D NO: 48
Homo sapiens epidermal growth factor (rautant)

NSDSECPLSHDGYCLHGGVCMYIKAVDRYACNCVVGYIGERCOQYRDLTWWGPR

SEQIDNO: 41
Homo sapiens epidermal growth factor {mutant}

NSDSECPLSHDGYCLHDGVCMYIKALDKYACNCVVGYTGERCOYRDLRWWGRR

SEQ ID NG: 42
Homo sapiens epidermal growth factor {mutant}

NSNSECPLSHPGYCLHDGVCRYIEALDRYACNCVVGYIGERCQYGBLRWWGRR

SEQ ID NO: 43
Homo sapiens epiderraal growth factor {mutant}

NSDSGCPLSHSGYCLHDGVOMYIKALDRYACNCVVGYAGERCQYRDLRWWARR

SEQ ID NG: 44
Homo sapiens epidermal growth factor {mutant)

TRGSECPLSHDGYCLHDGVCMYIGALDRYACNCVVGYTGERCOYRDBLRWWARR

SEQ ID NG: 45
Homo sapiens epidermal growth factor (mutant)

NSDFGCPLSYRGYCLHDGVCMYIKALDKYACNCVVGYAGERCQYRDLRWWGRR

SEQ ID NO: 46
Homo sapiens epidermal growth factor (mutant)

SRGSKCPPSHBGYCLHDGVCMYIEALDRYACNCVVGYAGERCQYRDLRWWARR

SEQ 1D NO: 47
Homo sapiens epidermal growth factor (ruutant)

SSGSECPSSHDGYULHDGACMYIEALDRYACNCAVGY AGERCQYRDLRWWGRR

-y
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SEQ ID NG: 48
Homo sapiens eptdermal growih factor (mutant}

SSNSECPPSHDGYCLHDGVCMYIEALDRYACNCVVGYAGERCQYRDLEWWARRK

SEQ ID NO: 49
Homo sapiens epidermal growth factor (routant)

NSYSECPPSYDGYCTIHDGVCRYIEALDSYACNCVVGYAGERCOQYRDLRWWGRR

SEQ 1D NO: 50
Homo sapiens epidermal growth factor {(routant)

SSGSECPLSHDGYCLNDGVCMYIEALDKYACNCVVGYVGERCOYRDLRWWARR

SEQ ID NO: 145

Mature CD47 Protein
QLLINKTKSVEFTFCNDTYVVIPCEFVTNMEAQNTTEVYVKWEFEGRDIYTFDGALNKSTY
PTDFSSAKIEVSGLLKGBDASLKMDKSDAVSHTONYTCEVTIELTREGETHELKYRVVSEWE
SPNENILIVIFPIFATLLFWGQFGIKTLKYRSGGMDEKTIALLVAGLVITVIVIVGAILFVPG
EYSLENATGLGLIVTSTGILILLHYYVESTAIGLTSFVIAILVIOVIAYILAVVGLSLCIAACH
PMHGPLLISGLSILALAQLLGLVYMKFVE

SEQ ID NO: 146

CD47 Extracellular Bomain

QLEFNKTKSVEFTFCNDTVVIPCEVTINMEAQNTTEVY VKWK FKGRDIY TFDGALNKSTY
PIDFSSAKIEVSOLLKGDASLKMDKSDAVSHTGNY TCEVTIELTREGETHELKYRVVSWE
SPNENI

SEQ 1D NO: 162

Mutant CD47 Protein
WOPPLLENKTKSVEFTEFCNDTVVIPCEFVTNMEAQNTTEVYVKWEFKGRDIYTFDGALN
KESTVPTDFSSAKHHYVSQLEKGDASLKMDKSDAVSHTGNY TCEVTELTREGETHELK YRV

Ny
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VISWFSPNENILIVIFPIFAILLFWGOFGIKTLKYRSGOMDEKTIALLVAGLVITVIVIVGAIL
FVPGEYSLKNATGLGLIVTSTGILILLHY Y VESTAIGLTSFVIAL VIQVIAYILAVVGLSLCE
AACIPMHGPLLISGLSILALAQLLGLVYMKFVE

SEQ ID NO: 183

Mutant CD47 Hxtracellular Domain
WOPPLLFNKTKSVEFTFONDTVVIPCFVTNMEAQNTTEVYVKWEFKGRDIYTFDGALN
KSTVPTDFSSAKIEVSOQLLKGDASLKMDKSDAVSHTGNYTCEVTELTREGETHELKYRY
VSWFSPNENI

SEG ID NO: 242

CH47 Sequence
tefccagaacatcatcectgoctetactggegetgccaaggctgteggcaagatcateccigagetgaacgggaagcteactggeatggce
ttecgigtecceactgecaacgigicagtggtggacctgacctgecgtctagaaaraaccigecaaatatgalgacatcaagaaggiggigaa
gcaggegtcggaggpccoectcaagggcatecipggctacactgageaccaggiggictecictgacttcaacagegacacccactocte
cacctitgacgetgggectggcattgeccicaacgaccacttigicaagetcatiteciggtatgtggciggogecagagactggcictiaaaa
agtgeagggiciggcgccctctggtggcigecticagaaaaagygpcoctgacaactettticatcitctagglatgacaacgaatttggctaca
geaacagggtggtagaccteatggeccacatggectecaaggagGGATCCGGAGCCACGAACTTCTCTCTGTT
AAAGCAAGCAGGAGACGTGOAAGAAAACCCCOGTC CTatgtgpeccctyptagegeegeigitgeig
ggcteggegtectgcggateageicagetactatttaataaaacaaaatetgtagagticacgtitigtaatgacactgtegteaticeatgettt
gttactaatatggaggcacaaaacactactgaagtatacgiaaagiggaaatitaraggaagagatatttacacctttgatggagctctasaca
agtecactgtecocactgactitagtagtgcaaaaatipaagicicacaattactaaaaggagatecctotitgaagatggataagagtoatect
gictcacacacaggaaactacacitgtgaagtaacagaatiaaccagagaaggtoasacgateatcgagetaanatategtgttatitcaigg
tttictccaaatgaaaataticttattgtiatiticecaatttitgctatacicctgticigpggacagtitpotatiaaaacacttaaatatagatccggt
ggtatggaigagaaaacaatigetitactigitgotgactagtaatcacigicatigtcatigtiggagecattettticgieccaggigaatattc
attaaagaatgctactggectiggtttaatigigactictacagggatattaatattacitcactactatgigtttagtacagegatiggattaaccic
cttegtcatigecatatiggttattcaggteatagectatatcotegetgtggtiggacteagtetctgtatigegecgtgtataccaatgeatgge
cetotictgatttcaggtttgagtatettagetetageacaatiactiggactagtitatatgaaattigtggoticcaateagaagactatacaacct
cctaggaaagcetgtagaggaaccectiaatgcaticaaagaatcaaaaggaatgateaatgatgaataaGGATCCCTGTGCCT

TCTAGTTGCCAGCCATCTGTITGTTTGCCCCTCCCCCGTOGCCTTCCTTGACCCTGGAAG
GTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGICTGA
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GTAGGTGTCATTCTATTCTGGGGGGTGGGOTGGHGCAGGACAGCAAGGGGGAGGAT
TGGGAAGACAATAGCAGGCATGCTGGGGATGLGGTGGGCTCTATGGactcagtcocccacca
cactgaatcteecctecicacagitgccatgtagacecotigaagaggggagggacctagggagecgeaccitgieatgtaceatcaataaa

gtaccctgtgcteaaccagitactigtectgictatictaggetetggpocagagpgpagpoaagctggecttotateaaggtoagacatter
igctggggageoacctggtatgttciccicagacigaggatagggcotecaaacagectigettgeticgagaaccatitgeticeegeicag
acgteitpaptgctacaggaagetggeaccactacticagagaacaaggecttitecictectogetecagtcctaggetatetgctatigges

aaacatggaagaagetatictgigggoagecceagggagactigacaggtiggaggaagicagggctegeactg

SEQ ID NO: 243

CD47 Amino Acid Sequence with Leader Sequence
MWPLVAALLLGSACCGSAQLLFNKTKSVEFTFCNDTVVIPCFVINMEAGQNTTEVYVEW
KFKGRBDIYTFDGALNKSTVPTDFSSAKIEVSQLLKGDASLKMDKSDAVSHTGNYTCEVT
ELTREGETHELKYRVVSWFSPNENILIVIFPIFATLLFWGOQFGIKTLK YRSGGMDEKTIALL
VAGLVITVIVIVGAILFVPGEYSLEKNATGLGLIVTSTGILILLHY Y VESTAIGLTSFVIAILVI
OQVIAYILAVVGLSLCIAACIPMHGPLLISGLSIEALAQLLGLVYMKFY

SEQ D NG: 244
CD47 Leader Sequence

MWPLVAALLLGSACCGSA

SEQ ID NG: 245

Mutant C47 Amino Acid Sequence with Leader Sequence
MWPLVAALLLGSACCGSAWOPPLLENKTEKSVEFTFCNDTVVIPCFVINMEAQNTTEVY
YKWKFKGRDIYTFDGALNKSTYVPTDFSSAKIEVSQLLKGDASLEKMDKSDAVSHTGNYT
CEVIELTREGETHELKYRVVSWESPNENILIVIFPIFAR LFWGQFGIKTLKYRSGGMDEK
TIALLVAGLVITVIVIVGALLFVPGEY SLKNATGLGLIVTSTGILILLHY Y VFSTAIGLTSFVI
ATLVIQVIAYILAVVGLSLCIAACTPMHGPLLISGLSILALAQLLGLVYMKFV
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WHAT IS CLATMED IS:

1. A mammalian cell that has been genetically engingered to have decreased or no
expression of the renalase gene, and wherein the cell also has been genetically engineered to
have:

a decreased or no expression of the ABO gene;

by decreased or no expression of the CXCL10 gene;

¢) decreased or no expression of the beta-2 microglobulin (B2M) gene;

d) decreased or no expression of the tissue factor {F3) gene; and/or

e} increased expression of CD47 or expression of a mutant (147,
as compared to the expression level of the same cell type that has not been genetically

engineered.

~

2. The cell of claim 1, wherein the cell has been genetically engineegred to have decreased or
ng expression of the ABO gene as compared to the expression level of the same cell type that has

not been genetically engineered.

By

3. The cell of claim 1 or 2, wherein the cell has been genetically engineered to have
decreased or no expression of the CXCL10 gene as compared to the expression level of the same

cell type that has not been genetically engineered.

4. The cell of any one of claims 1-3, wherein the cell has been genetically engineered to
have decreased or no expression of the BZM gene as compared to the expression level of the

same cell type that has not been genetically engineered.

5. The cell of any one of claims 1-4, wherein the cell has been genetically engineered to
have decreased or uo expression of the F3 gene as compared to the expression level of the same

cell type that has not been genetically engineered.

6. The cell of any one of claims 1-5, wherein the cell has been genetically engineered to
have increased expression of CD47 as compared to the expression level of the same cell type that

has not been genetically engineered.
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7 The cell of claim 6, wherein the cell comprises an insertion of an exogenous (D47 gene.
g. The cell of any one of claims 1-5, wherein the cell has been genetically engineered to

express a mutant CD47.

9. A mammalian cell that has been genetically engineered to have decreased or no
expression of the CXCL10 gene, and wherein the cell also has been genetically engineered to
have decreased or no expression of:

a) the ABO gene; and/or

b) the tissue factor (F3) gene.

10. The cell of claim 9, wherein the cell has been genetically engineered to have decreased or
no expression of the ABO gene as comnpared (o the expression level of the same cell type that has

not been genetically engineered.

11 The cell of claim 9 or 10, wherein the cell has been genetically engineered to have
decreased or no expression of the tissue factor gene as compared to the expression level of the

same cell type that has not been genetically engineered.

12. The cell of any one of claims 9-11, wherein the cell has been genetically engineered to
have decreased or no expression of the beta~-2-microglobulin (B2M) gene as compared to the

expression fevel of the same cell type that has not been genetically engineered.

3. The cell of any one of claims 9-12, wherein the cell has been genetically engineered to
have decreased or no expressicn of the renalase gene as compared to the expression level of the

same cell type that has not been genetically engineered.

4. The cell of any one of claims 9-13, wherein the cell has been genetically engineered to
have increased expression of CD47 as compared to the expression level of the same cell type that

has not been genetically enginesred.
2 o fon)

|
[9%]

~F
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15, The cell of claim 14, wherein the cell comprises an insertion of an exogenous (1347
gene,
L6, The cell of any one of claims 9-13, wherein the cell has been genetically engineered to

express a mutant CD47 protein.

17.  The cell of any one of claims 1-16, wherein the cell has been genetically engineered to:
aj have decreased or no expression of the B2M, CXCL10, renalase, ABO, and F3
genes, and
b} have increased expression of CD47;
as compared to the expression level of the same cell type that has not been genetically

engingered.

I8, The cell of any one of claims 1-16, wherein the cell has been genetically engineered to:
a) have decreased or no expression of the B2M, CXCL 10, renalase, ABOQ, and F3
genes, and
b) express a mutant CD47;
as compared to the expression level of the same cell type that bas vot been genetically

engineered.

e The cell of claim 8, 16 or 18, wherein the CD47 protein comprises at feast 3 amino acids
added to the N-terminus of the mature CD47 protein, wherein the added 3 amino acids has the
formula X3-X3-X;, wherein X5 is W, X is selected from Q, A and G; and X is selected from R,

PLTFLandM.

20. The cell of claim 8, 16 or 18, wherein the mutant CD47 protein comprises an amino acid
sequence that is at feast 85%, 90%, 91%, 92%, 93%, 94%, 95%, 9%, 97%, 98%, 99%, or 100%
identical to the amino acid sequence of SEQ I3 NO: 145 or 146, but wherein the () at position |

is replaced with at least 3 amiono acids,

21 The cell of claim 20, wherein the § at position 1 is replaced with any one of WOR,

WAP, WOL, WOP, WOPP, WQT, WOF, WOL WGP, and WOM.
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22. The cell of claim 20 or 21, wherein the cell comprises a gene encoding the nuutant CD47
protein, wherein the gene encodes a CD47 protein in which at feast three amino acids are added
between the U247 leader sequence {e.g., the amino acid sequence of SEQ 1D NO: 244) and the
start of the mature CD47 amino acid sequence {(e.g., an amino acid sequence that is at least 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 145
or 146}

23. The cell of claim 20 or 21, wherein the cell comprises a gene encoding the CD47
protein, wheretn the gene eucodes a CD47 protein in which the “Q7 at the position corresponding
to position 19 of an amine acid sequence that is at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to SEQ 1D NO: 14 or 243 is replaced with at least three

amino acids.

24, The cell of claim 22 or 23, wherein the at least three amino acids are selecied from any of

WOR, WAP, WOL, WQP, WOPP, WQT, WGQF, WQL WGP, or WOM.
25, The cell of claim 24, wherein the at least three amino acids are WOPP.
26. The cell of claim 21, wherein the (@ at position | is replaced with WQPP.

27. The cell of claim 20, wherein the at east three amino acids comprises the formula X5-Xz-
Xy, wherein Xz 1s W; X is selected from G, A and G, and X is selected from R, P, L. T.F, L,
and M.

Z8. The mammalian cell of claim 19, wherein the CD47 protein comprises an aming acid
sequence that 1s at feast 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 90%, 97%, 98%, 99% or
100% identical to the sequence of SEQ 1D NO: 145 or 146, and wherein the CD47 protein
comprises at least 3 amino acids added to the N-terminus of the mature CD47 protein, wherein
the added 3 amino acids bas the formula X3-Xo-X,, wherein X313 W) X2 13 selected from (3, A

and G; and X isselected from R, P, L. T, F. I and M.

29, The mammalian cell of claim 19 or 28, wherein the three amino acids are selected from

WQR, WAP, WOL, WQP, WQT, WOF, WOL WGP, and WOM.
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30 A mammalian cell, wherein the cell 1s ABO blood group type O, wherein the cell has

been genetically engineered to:
a) have reduced or no expression of the renalase gene and/or the CXCL10 gene; and/or
b) express a mutant CD47 protein.

31 The cell of claim 30, wherein the cell has been genetically engineered to:

@ have decreased or no expression of the B2M, CXCL 10, renalase, and F3 genes,

and

b) have increased expression of D47,

as compared to the expression level of the same cell type that has not been genetically
engineered.
32, A mammalian cell, wherein the cell expresses a membrane-bound CD47 protein, wherein

the CD47 protein comprises at least 3 amino acids added to the N-terminus of the mature CD47
protein, wherein the added 3 amino acids has the formula X5-XG-X5, wherein X318 W; X5 15

selected from Q, A and G; and Xy 1s selected from R, P, L, T, F, [ and M.

33 The cell of claim 32, wherein the CD47 protein comprises an amino acid sequence that s at
feast 80%, 85%, 90%%, 91%, 92%, 93%, 94%, 95%0, 96%, 97%, 98%, 99% or 100% identical to
the sequence of SEQ 1D NQ: 145 or 146, and wherein the CD47 protein comprises at least 3
amino acids added to the N-terminus of the mature C47 protein, wherein the added 3 amino
acids has the formula X5-X3-X3, wherein X5 is W, X5 15 selected from Q, A and G; and X is

selected from R, B, L, T, F, [, and M.

34, The cell of claim 32 or 33, wherein the three armino acids are selected from WQR, WAP,

WOL, WQP, WQT, WOF, WOL WGP, and WOM.

35. A mammalian cell, wherein the cell expresses a membrane-bound C247 protein, wherein
the CD47 protein comprises an amino actd sequence that i at least 85%, 90%, 91%, 92%, 93%,
4%, 05%, 96%, 97%, 98%, 99%, or 100% identical to the amino acid sequence of SEQ 1D NO:

145 or 146, but wherein the Q at position 1 is replaced with at least 3 amino acids.
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36. The cell of claim 35, wherein the (} at position 1 is replaced with any one of WQR,

WAP, WOL, WOP, WOPP, WQT, WOF, WOL WGP, and WOM.

37 The cell of claim 35 or 36, wherein the cell comprises a gene encoding the mutant CD47
protein, wherein the gene encodes a CD47 protein in which at feast three amino acids are added

between the CP47 leader sequence {e.g., the amino acid sequence of SEQ 1D NO: 244) and the

start of the mature CI347 amino acid sequence {e.g., an amino acid sequence that 1s at least 85%,
0%, 91%, 92%%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ 1D NO: 145
or 146}

38. The cell of claim 35 or 36, wherein the cell comprises a gene encoding the mutant CD47
protein, wherein the gene encodes a CD47 protein in which the “Q” at the position corresponding
to position 19 of an amine acid sequence that is at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to SEL) 12 NO: 14 or 243 is replaced with at least three

amino acids.

39. The cell of claim 37 or 38, wherein the at least three amino acids are selected from any of

WOR, WAP, WL, WOP, WOPP, WQT, WQF, WQL WGP, or WOM.
40, The cell of claim 39, wherein the at least three amino acids are WQPP.
41. The cell of claim 36, wherein the Q at position | is replaced with WQPE.

42. The cell of claim 35, wherein the at least three amino acids comprise the formula X5-Xo-
Xy, wherein X318 W, X is selected from 3, A and G and Xy is selected from R, P L, T, F, L
and M.

43, The cell of any one of claims 32-42, wherein the cell has been genetically engineered to

have decreased or no expression of the B2M gene.

44, The cell of any one of claims 32-43, wherein the cell has been genetically engineered to

have decreased or no expression of the F3 gene.

45. The cell of any one of claims 32-44, wherein the cell has been genetically engineered to

have decreased or no expression of the CXCL10 gene.
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46, The cell of any one of claims 32-45, wherein the cell has been genetically engineered to

have decreased or no expression of the renalase gene.
47, The cell of any one of claims 32-46, wherein the cell is ABO blood group type O

48, The cell of claim 47, wherein the cell has been genetically engineered to have decreased

or 1o expression of the ABO gene.
49, The cell of claim 47, wherein the cell is naturally ABO blood group type O,

50. The cell of any one of claims 32-49, wherein a transgene encoding the CD47 protein is
inserted into a cell’s genome such that the expression of the CD47 transgene is tied to the

expression of an endogenous target gene in the cell.

K3 The cell of any one of claims 32-49, wherein the endogenous target geneis a

housekeeping gene, such as ACTB, NANQOG, or GAPDH.

52, The cell of claim 51, wherein the transgene is inserted such that the 3" UTR of the

housekeeping gene {e.g, the 3" UTR of the GAPDH gene} is intact.

53. The cell of any one of claims 32-49, wherein the cell’s endogenous CD47 gene is
mutated such that the cell expresses a CD47 protein that comprises an amino acid sequence that
is at least 80%%, 85%, 90%, 91%, 92%, 93%%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical
to the sequence of SEG ID NO: 145 or 140, and wherein the CD47 protein comprises at least 3
amino acids added to the N-terminus of the mature CDB47 protein, wherein the added 3 amino
acids has the formulda X5-30-X;, wherein X318 W; Xs is selected from Q, A and G; and Xj 15

selected from R, P, L, T, F, I, and M.

S4.  The cell of any one of claims 32-33, wherein the CD347 protein comprises an amino acid

sequence that is at least 80%, 85%%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or

100% identical to the sequence of SEQ ID NG: 245, 162 or 163,

55, The cell of any one of the previous claimus, whereln the cell s a stem cell.
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56.  The cell of any one of the previous claims, wherein the cell is a pluripotent stem cell
{PSC), an embryonic stem cell (ESC), an induced pluripotent stem cell GPSC), or an embryonic

germ stem cell (EGSC).

57. The cell of any one of claims 1-54, wherein the cell is differentiated from a pluripotent

stem cell.

8. The cell of any one of claims 1-54, wherein the cell is a somatic cell.

59. The cell of any one of claims 1-54, wherein the cell is a definitive endoderm cell.
60. The cell of any one of claims 1-54, wherein the cell is a primitive gut tube cell.
61 The cell of any one of claims 1-54, wherein the cell is a PDX 1-positive pancreatic

progenitor cell.

62. The cell of any one of claims 1-54, wherein the cell is a NKX6. [-positive pancreatic

progenitor cell.

63, The cell of any one of claims 1-534, wherein the cell is a Ngn3-positive endocrine

progenitor cell.

64, The cell of any one of claims 1-34, wherein the cell is an insulin-positive endocrine cell.
65, The cell of any one of claims 1-54, wherein the cell is a pancreatic SC-8 cell.

66, The cell of any one of claims 1-34, wherein the cell is NKX6.1-positive.

67, The cell of claim 66, wherein the cell is {SL1-negative.

68, The cell of any one of claims 1-54, wherein the cell is NKX6.1-positive and ISL1-
positive.

69, The cell of any one of claims 1-54, wherein the cell is NKX6.1-negative and ISL1-
negative.

70. The cell of any one of claims 1-53, wherein the ceil 13 ISL.1-positive.
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7% The cell of claim 70, wherein the cell is NK X6 T-negative.

72. The cell of any one of the previous claims, wherein the genetic manipulations are
performed using CRISPR/Cas, piggybac transposon, TALEN, zine finger technology, homing

endonucieases, or meganucleases,

-

73. The cell of any one of the previous claims, wherein at least oue genetic modification is

made in an intronic region of the gene.

74, The cell of any one of the previous claims, wherein at least one genetic modification is

made in an exon of the gene.

75 The cell of any one of the previous claims, wherein at least one genetic modification is

made in a promoter of the gene

76. The cell of any one of the previous claims, wherein the mammalian cell has been
genetically engineered to have decreased or no expression of proteins encoded by nucleic acids
that are at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99% or 100%
identical to SEQ ID NO: 3 and/or SEQ ID NO: 3, and wherein the cell has alsc been genetically
engineered to have:

a) decreased or no expression of proteins encoded by nucleic acid that are at feast
80%, 85%, 90%%. 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99% or 100% identical 1o SEQ
D NO: 1

b)Y  decreased or no expression of proteins encoded by nucleic acid that are at least
&(1%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 37%, 98%, 99% or 100% identical to SEQ
D NO: 7;

c) decreased or no expression of proteins encoded by nucleic acid that are at feast
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEG
NG9

d) decreased or no expression of proteins encoded by nucleic acid that are at feast
B0%, 85%, 90%. 91%, 92%, 93%, 04%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ

IDNG: 11 and/or
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e} increased expression of proteins encoded by nucleic acid that are at least 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NOG:
13 and/or SEQ I3 NG 15,
as compared to the expression level of the same cell type that has not been genetically

engineered.

77. A mammalian cell that bas been genetically engineered to have comprise decreased or no
expression of proteins encoded by nucleic acid that are at 1east 80%, 85%, 20%, 91%, 92%, 93%,
Q4% 95%, 96%, 87%, 9%, 99% or 100% identical to SEQ I3 NO: 7, and wherein the cell also
has been genetically engineered to comprise:

a) decreased or no expression of proteins encoded by nucleic acid that are at least
&(1%, B5%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ
ID NO: 1 gene; and/or

b} decreased or no expression of pmteins encoded by nucleic acid that are at feast
80%, &5%, 90%, 919, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ
D NO: 11,

as compared to the expression level of the same cell type that has not been genetically

engineered.
78. The mammalian cell of claim 77, further genetically engineered to have decreased or no
expression of proteins encoded by nucleic acid that are at least 80%, 85%, 90%, 91%, 92%, 93%

4%, 95%, 96%, 97%, 98%, 99% or 100% identical 1o SEQ D NG: 9 as compared 1o the

expression {evel of the same cell type that bas not been genetically engineered.

79. The cell of any one of claims 77-78, wherein the cell has been genetically engineered to
have decreased or no expression of proteins encoded by nucleic acid that are at least 80%, 85%
0%, 31%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 3

and/or SEQ ID NO: 5 as compared to the expression level of the same cell type that has not been

genetically engineered.

80.  The cell of any one of claims 77-79, wherein the cell has been genetically engineered to
have increased expression of proteins encoded by nucleic acid that are at least 80%, 85%, 90%,
91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NG: 13 and/or
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SEQ 1D NG 15 as compared to the expression level of the same cell type that has not been

genctically engineered

a1 The cell of any one of claims 76-80, wherein the cell has been genetically engineered to:
aj have decreased or no expression of proteins encoded by nucleic acid that are at

least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQIDNG: 9 SEQIDNG: 7, SEGIDNG: 1, and SEQ ID NG 17

b} have decreased or no expression of proteins encoded by nucleic acid that are at
teast 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, 99% or 100% identical o
SEG ID NO: 3 and/or SEQ D NG 5, and

c have increased expression of proteins encoded by nucleic acid that are at least
&%, 85%, 90%, ©1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ
1D NG: 13 and/or SEQ ID NO: 15,
as compared to the expression level of the same cell type that has not been genetically

engineered.

82, A mammalian cell, wherein the cell is ABQO biood group type O, wherein the cell has
heen genetically engineered to have reduced or no expression of proteins encoded by nucleic
acid that are at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% identical to SEQ 1D NG: 3, SEQ ID NG: 3, and/or SEQ 1D NO: 7 as compared to the

expression level of the same cell type that has not been genetically engineered.

83. The celi of claim 82, wherein the cell has been geuetically engineered to:

aj have decreased or no expression of proteins encoded by nucleic acid that are at
least 80%, 85%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ IDNG: 0, SEQIDNO: 7, and SEQ D NO: 11

b}  have decreased or no expression of proteins encoded by nucleic acid that are at
feast 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ ID NO: 3 and/or SEQ ID NO: 5; and

c) have increased expression of proteins encoded by nucleic acid that are at least
80%, 85%, 90%%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical 10 SEQ

D NG: 13 and/or SEQ ID NG: 15,
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as compared to the expression level of the same cell type that has not been genetically

engineered.

34, A mammalian cell that has been genetically engineered to have decreased or no
expression of the protein encoded by the renalase gene, and wherein the cell also has been
genetically engineered to have:

a) decreased or no expression of the protewn encoded by the ABO gene;

by decreased or no expression of the protein encoded by the CXCL10 gene;

c decreased or no expression of the protein encoded by the beta-2 microglobulin
{(B2M) gene;

d) decreased or no expression of the protein encoded by the tissue factor (F3) gene;
and/or

¢}  increased expression of the protein encoded by the CD47 gene,

as compared 1o the protein expression level of the same cell type that has not been

genetically engineered.

8

¥,

The cell of any one of claims §, 16, 18, 19, 28-30, 32-34, and 43-83, wherein the CD47
protein comprises an amino acid sequence that is at least 5%, 90%, 91%, 92%, 93%, 94%, 95%,
D%, 97%, 8%, 99%, or 100% identical to SEQ ID NG: 145 or 146, wherein the CD47 protein
comptises a substitution at one or more of the amino acids corresponding to amino acid positions

Q1, L3, A53, and L54 of SEQ ID NO: 145 or 146,

86. The cell of claim 85, wherein the CD47 protein comprises a P or an L at the amino acid

position corresponding to position T of SEQ D NO: 145 or 146,

87. The cell of claim 85, wherein the CD47 protein comprises an R, A, K, N, E or V at the

amino acid position corresponding to position 3 of SEQ 1D NO: 145 or 146

%8, The cell of claim 85, wherein the D47 protein comprisesa W, Y, D, Q or V at the

amino acid position corresponding to position 53 of SEQ ID NG: 145 or 146.

89, The cell of claim 85, wherein the CD47 protein comprises an A, L K, M, E, W, S, or V at

the amino acid position corresponding to position 54 of SEQ I NG: 145 or 146,
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90, The cell of claim 85, wherein the CD47 protein comprises a P at the amino acid position

corresponding to position 1 of SEQ ID NO: 145 or 146,

91, The cell of claim 85, wherein the CD47 comprises an amino acid other than a Q at the

amino acid position corresponding to position 1 of SEQ ID NO: 145 or 140,

92, The cell of claim 85, wherein the CD47 comprises an amino acid other than L at the

amino acid pesition corresponding to position 3 of SEQ ID NO: 145 or 1406.

93. The cell of claim 85, wherein the CD47 comprises an amino acid other than a A at the

amino acid position corresponding to position 33 of SEQ ID NO: 145 or 146,

94, The cell of claim 85, wherein the CD47 comprises an amino acid other than a L at the

amino acid position corresponding to position 54 of SEQ 1D NO: 145 or 146,

95, The cell of any one of claims 1-94, wherein the CD47 protein is membrane-bound.
96. A composition comprising one or more of the cells of any one of claims 1-95.
97. The composition of claim 96, wherein the composition comprises a plurality of non-

native cells; wherein:
a} at feast 30% of the cells in the cormposition are NKX6. 1-positive, ISL1-positive
cells;
b) at least 25% of the cells in the composition are NKX6.1-negative, ISL1-positive
cells:
¢ there are more NKX6.1-positive, ISL 1-positive cells than NKX& 1-negative,
IS1.1-positive cells in the composition;
d)
1) less than 12% of the cells tn the composition are NKX6.1-negative, ISL.1-
negative cells; and/or
i) between 9-25% of the celis in the composttion are NIKX6. 1-positive,
ISLi-negative cells; and

e tess than 40% of the cells in the composition are VMAT L-positive cells.
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98, A method of administering the composition of claim 96 or 97 o a subject.

99, The method of claim 98, wherein the subject has diabetes,
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