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MEDIA FOR STEM CELL PROLIFERATION AND INDUCTION
BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention:
[0002] The present application relates to stem cell growth media. The present application
also relates to media used to induce mature or somatic cells to revert to less mature state.
[0003] 2. General Background and State of the Art:
[0004] Stem cell therapy holds the promise of being able to not only treat but cure many
acquired diseases, heritable conditions and consequences of traumatic injury. However, there
are a number of gaps in current scientific knowledge as well as technical and regulatory
barriers that need to be overcome before the promise of stem cell therapies can become
reality. The first problem involves regulatory issues. FDA will impose guidelines to ensure
patient salety and product reproducibility, which are expected 10 be modeled after those
required for traditional drugs. This would mean that any therapeutic cell that began as a stem
cell would need to be generated, from day-1, using defined, quantifiable reagents and under
reproducible conditions.  In the case of stem cell derived cells for therapy, this has not been
possible. Both human embryonic stem (ES) cells as well as human induced pluripotent stem
(iPS) cells have traditionally been propagated in virro using complex mixtures of largely
undefined components. Current practice is still to culture ES and iP§ cells over a layer of
fibroblast feeder cells that are usually of murine origin (mouse embryonic fibroblasts: MEFs)
although human feeder cells have also been used. The use of cells from another species is
considered by many (o be unsafe. In addition to the issue of a diffcrent animal species, the
requirement for a layer of feeder cells introduces another layer of irreproducibility into the
systeny,; the growth of the stem cells requires factors that are secreted by the fibroblast feeder
cells. These required factors have not been identified or quantified. In an attempt to get
away [rom the use of feeder cells, stem cells have been grown over a layer of Matrigel, which
is a mixture of undefined and unquantifiable factors derived from mouse sarcoma cells. Stem
cells can be grown over a layer of MatrigelT,Mhowevcr, only if conditioned media from the
feeder cells is added. Thus, the Matn’gs{Mmethod does not provide defined conditions for
generating cells.
[0005] Conventionally known growth factor that enables human stem cell growth is basic
fibroblast growth factor (bFGF also called FGF-2, or simply FGF). In an effort to develop
stem cell growth conditions that could meet expected FDA regulations for human stem cell

therapeutics, a recent research article reported that human embryonic stem cells and iPS cells
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could be grown using a defined media, called “E8,” which does not contain animal
components but that contains extremely high levels of bFGF (100 ng/ml. compared to
standard 4 ng/ml.) plus TGF-beta. The major problem with this media and all other FGF-
based media is that true pluripotent stem cells, called “ground” state or “naive” state cells, are
unstable in FGF (I. Hanna, A. W. Cheng, K. Saha et al., Proc Natl Acad Sci U § A 107 (20),
9222 (2010), Jacob H. Hanna, Krishanu Saha, and Rudolf Jaenisch, Cell 143 (4), 508 (2010),
J. Nichols and A. Smith, Cell Stem Cell 4 (6), 487 (2009) ). These reports conclude that the
use of FGF or bFGF drives human stem cells from the nafve state into a “primed” stale.
“Primed” is a misnomer. Although primed stem cells have already undergone a degree of
differentiation, this does not “prime” them or set them up to differentiate into functional
human cells. The opposite is true. Scientific studies now show that primed stem cells are not
able to differentiate into any cell in the human body, which is required for the use of stem
cells for most if not all therapeutic applications (FGF signaling inhibits neural induction in
human embryonic stem cells. Boris Greber, Philippe Coulon, Miao Zhang, Soren Moritz,
Stefan Frank, Arnoldo Jose” Muller-Molina, Marcos J Arauzo-Bravo, Dong Wook Han,
Hans-Christian Pape and Hans R Scholer. The EMBO Journal (2011) 30, 4874-4884). Tor
example, FGF grown stem cells can not differentiate into all types of neuronal cells required
for treatment for neurodegenerative diseases like Parkinson’s or Alzheimer’s or for traumatic
spinal cord injury. In addition, researchers have not been able to make human stem cells
differentiate in a coordinated way, so they randomly differentiate into many cell types
whereas for therapeutics, one wants a single type of cell required for that therapy.
Researchers do not have these problems when working with mouse stem cells because they
are in the naive state. Another problem with the E§ media is the unusually high levels of
bFGF and TGF-beta, which are considered not to be physiologically relevant, and therefore
calls into question whether or not these unnaturally high levels of growth factors will cause
another unforeseen problem.

[0006] In summary, the body of recent research, into differences between primed and
naive or ground state stem cells, concludes that FGF is not the natural growth factor that
makes the true pluripotent human stem cells grow. The fact that human stem cells that are in
the true pluripotent state (ground state or naive) cannot be maintained in the presence of FGF
indicates that there is a need in the art to identify and use the real growth factor that supports
the growth of the truly pluripotent human naive stem cells for generating or maintaining

human stem cells for human therapeutics. The true growth factor for naive stem cells should
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be able to work in a variety of media and culture conditions, including those expected to be

required by drug regulatory agencies.

SUMMARY OF THE INVENTION

[0007] In one aspect, the present invention is directed to a cell culture media for growth,
maintenance and induction of reversion to a less mature state of a cell comprising a MUC1#
activating ligand. The cell may be stem or progenitor cell in the case where the cell is desired
to be proliferated without differentiation occurring, or the cell may be somaltic, mature or
progenitor cell in which the mature or progenitor cell is desired to be induced to be a
pluripotent cell. Preferably, the cell may be human cell. Preferably the media may be free of
bFGF, TGF-beta or both. Further, in another aspect, the media may be free of serum. The
media may further include insulin, selenium, transferrin, l-ascorbic acid or non-essential
amino acids.

[0008] In another aspect, the MUCT* ligand may be an NME family protein. Preferably,
the NME family protein may be NME1. The NME1 may exist as two monomers dimerized or
engineered as a single chain having two subunits. Alternatively, NME family protein may be
NME7 or NMES6.

[0009] In another aspect, the cell culture media may include an inhibitor of a rho
associated kinase. The cell culture media may include an inhibitor of a guanine exchange
factor. The inhibitor of the guanine exchange factor may be NME1 in hexamer form or a
peptide derived from NMEI.

[0010] In further other aspect, the cell culture media may further include other growth
factors, such as without limitation FGF-2 or TGF-beta.

[0011] In another aspect, the invention is directed to a method that includes contacting
cells with cell culture media of NME family protein to stimulate growth of stem or progenitor
cells or to induce cells to revert to a less mature state.

[0012] In this method, the cells may be stem or progenitor cells in the case where the
cells are desired to be proliferated without differentiation occurring, or the cells may be
somatic, mature or progenitor cells in which the mature or progenitor cells are desired to be
induced to be pluripotent. Preferably, the cells may be human cells. Preferably the media may
be free of bFGF, TGF-beta or both. Further, in another aspect, the media may be free of
serum. The media may further include insulin, selenium, transferrin, 1-ascorbic acid or non-

essential amino acids.
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[0013] Preferably, the NME family protein may be NME1. The NME1 may exist as two
monomers dimerized or engineered as a single chain having two subunits. Alternatively,
NME family protein may be NME7 or NME®6.

[0014] In another aspect of the inventive method, the cell culture media may include an
inhibitor of a rtho associated kinase. The cell culture media may include an inhibitor of a
guanine exchange factor. The inhibitor of the guanine exchange factor may be NMEI in
hexamer form or a peptide derived from NMEL. In further other aspect, the cell culture media
may further include other growth factors, such as without limitation FGF-2 or TGF-bela.
[0015] In yet another aspect, the invention is directed to a cell culture media of NME
family protein, plus a base media and non-essential amino acids for the growth or
maintenance of stem cells or induction to pluripotency of mature cells.

[0016] In another aspect, the invention is directed to a method that includes contacting
cells with cell culture media of NME family protein in serum-free minimal media to stimulate
growth of stem or progenitor cells or to induce cells to revert to a less mature state.

[0017] In yet another aspect, the invention is directed to a composition that includes
astem cell population, in which the composition further inlcudes a serum-free
culture media that includes NME family of proteins.

[0018] In yet another aspect, the invention is directed to a method of growing stem cells
on a surface on which are ligands that bind to the progenitor or stem cells, comprising
contacting the cells with media that includes NME family of proteins.

[0019] In another aspect, the present invention is directed to a method of making a pure
population of naive stem cells, comprising: (i) contacting cells with cell culture media
comprising NME family protein so as to obtain a single colony of naive stem cells; (ii)
isolating the single colony of naive stem cells; and (iii) contacting the colony with cell culture
media comprising NME family protein to obtain a pure population of naive stem cells. In step
(i) above, about 25 to 60%, or 30 to 50% of the cells in naive state may be obtained. In the
method above, in step (iii), the purity of the population of naive stem cell may be at least
about 80%, 90%, 95%, 99%, or 100%.

[0020] In another aspect, the invention is directed to a method of making a pure
population of naive stem cells from induced pluripotent stem cells, comprising: (i) contacting
mature or progenitor cells with cell culture media comprising NME family protein so as to
obtain a single colony of naive stem cells; (ii) isolating the single colony of naive stem cells;
and (iii) contacting the colony with cell culture media comprising NME family protein to

obtain a pure population of naive stem cells. The mature cells may be transfected with
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pluripotency genes in step (i). The mature or progenitor cells may be somatic cells,
dermablasts or fibroblasts. In step (i) above, about 25 to 60%, or 30 to 50% of the cells in
naive state may be obtained. In the method above, in step (iii), the purity of the population of
naive stem cell may be at least about 80%, 90%, 95%, 99%, or 100%.

[0021] In one aspect, the cell media and the method of using the cell media indicated
above may include cell culture media that includes NME7, which has molecular weight of
approximately 25 kDa or approximately 30 kDa. The NME7 protein may be NME7-AB. The
cell culture media may include an inhibitor of a tho associated kinase, or an activator of
signaling proteins in the PI3K or RAC pathway preferably in the absence of a tho kinase
inhibitor. Or, the cell culture media may further comprise nucleic acids that suppress
expression of NME1 or NME2.

[0022] In yet another aspect, the present invention is directed to a method of generating
human embryonic stem cell lines comprising: (i) contacting cells derived from a blastocyst
with cell culture media comprising NME family protein; (ii) isolating outgrowths having
stem-like morphology; (iii) contacting the isolated outgrowths with cell culture media
comprising NME family protein; and (iv) and isolating clones that have the desired karyotype
and express levels of pluripotency and naive genes that indicate the cells are pluripotent. In
this method, the NME family member may be NME7. The NME7 may be NME7-AB. The
media containing the NME family member preferably may not contain FGF. The above
method may include the step of suppressing NME1 and NME?2 in the cells.

[0023] In another aspect, the invention is directed to a method of generating human
induced pluripotent stem cell lines comprising: (i) contacting cells derived from a donor or
patient with cell culture media comprising NME family protein; (ii} contacting the cells with
agents that induce expression of pluripotency genes OCT4, SOX2, NANOG, KLF4, c-Myc or
LIN28; (iii) isolating cells having stem cell-like morphology; (iv) contacting the isolated cells
with cell culture media comprising NME family protein; (v) isolating clones that have the
desired karyotype and express levels of pluripotency genes that indicate the cells are
pluripotent; and (vi) and propagating clones in a media comprising an NME family member.
In this method, the NME family member may be NME7. The NME7 may be NME7-AB. The
media containing the NME family member preferably may not contain FGF. The above

method may include the step of suppressing NME1 and NME2 in the cells.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The present invention will become more fully understood from the detailed
description given herein below, and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present invention, and wherein;

[0025] Figure 1 shows magnified photographic images of fully confluent undifferentiated
human stem cells cultured in Minimal Stem Cell Media, “MM”, with NM23 as the only
growth factor plus a Rho kinase inhibitor, Y27632, on a Vitronectin surface as described.
[0026] Figure 2 shows magnified photographic images of partially confluent
undifferentiated human stem cells cultured in Minimal Stem Cell Media, “MM?”, with NM23
as the only growth factor without the Rho kinase inhibitor, Y27632, on a Vitronectin surface
as described.

[0027] I'igure 3 shows magnified photographic images of fully confluent undifferentiated
human stem cells cultured in Minimal Stem Cell Media with bFGF, 50% conditioned media
from human feeder cells, HS27, plus the Rho kinase inhibitor, Y27632, on a Vitronectin
surface as described.

[0028] Iigure 4 shows magnified photographic images of partially confluent
undifferentiated human stem cells cultured in Minimal Stem Cell Media with bFGF, 50%
conditioned media from human feeder cells, HS27, without the Rho kinase inhibitor, Y27632,
on a Vitronectin surface as described.

[0029] Figure 5 shows magnified photographic images of confluent undifferentiated
human stem cells cultured in completely defined stem cell media, “MN6”, with NM23 as the
only growth factor plus a Rho kinase inhibitor, Y27632, on a Vitronectin surface as
described.

[0030] Figure 6 shows magnified photographic images of partially confluent
undifferentiated human stem cells cultured in completely defined stem cell media, “MN67,
with NM23 as the only growth factor without the Rho kinase inhibitor, Y27632, on a
Vitronectin surface as described.

[0031] Figure 7 shows magnified photographic images of partially confluent
undifferentiated human stem cells cultured in a minimal completely defined stem cell media,
“MN2”, with NM23 as the only growth factor plus a Rho kinase inhibitor, Y27632, on a
Vitronectin surface as described.

[0032] Figurc 8 shows magnified photographic images of poorly attached and

differentiating human stem cells cultured in a minimal completely defined stem cell media,



“MN2”, with NM23 as the only growth factor without the Rho kinasc inhibitor, ¥Y27632, on a
Vitronectin surface as described.

[0033] Figure 9 shows magnified photographic images of partially confluent
undifferentiated human stem cells cultured in completely defined stem cell media, “E8”,
which is MN6 plus bFGF at 100ng/mL and T'GF-beta plus a Rho kinase inhibitor, Y27632,
on a Vitronectin surface as described.

[0034]  Figure 10 shows magnified photographic images of poorly attached and
differentiating human stem cells cultured in completely defined stem cell media, “E8”, which
is MNG6 plus bFGF at 100ng/mL and TGF-beta without the Rho kinase inhibitor, Y27632, on
a Vitronectin surface as described.

[0035] Figures 11A-11D show magnified photographic images of fully confluent
undifferentiated human stem cells cultured in Minimal Stem Cell Media, “MM”, A,C or MN6
media B,D both with NM23, as the only growth factor plus a Rho kinase inhibitor, Y27632,
on an anti-MUCI* antibody surface.

[0036] Iigures 12A-12D show magnified photographic images of fully confluent
undifferentiated human stem cells cultured in mTeSI{MA,C or MN6 media with NM23 B,D
both with a Rho kinase inhibitor, Y27632, on an anti-MUCT* antibody surface.

[0037] Figures 13A-13D show graphs of RT-PCR measurements of pluripotency genes
and as well as nafve and primed genes for stem cells cultured in FGF-based media compared
to NME-based media on feeder cells, Matrigel, Vitronectin or anti-MUC1* coated surfaces..
[0038] Figures 14A-D shows Western blots of a pull-down assay wherein NME7 from
human stem cells and cancer cells bound to a synthetic peptide having the sequence of the
PSMGFR peptide.

[0039]  Figure 15 is a graph of cancer cell growth measured as a function of bivalent or
monovalent antibody concentration, showing that it is dimerization of the MUCI* receptor
that stimulates growth. The growth of MUCI1-positive breast cancer cells, ZR-75-30, was
stimulated by the addition of bivalent (Ab) Anti-MUC1* and inhibited by the addition of the
monovalent I'ab. The addition of bivalent antibody produces the characteristic bell-shaped
growth curve indicative of growth factor receptor dimecrization. The growth of MUCI-
negative HEK 293 cells was not impacted by either the bivalent or monovalent Fab Anti-
MUCI1*. When the bivalent antibody was added in excess, there is one bivalent antibody
bound to each receptor rather than one bivalent antibody dimerizing every two receptors and

thus inhibits growth.
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[0040] Figure 16 shows an overlay of FPLC traces that characterize the different
multimerization states of either wild type NM23 (W) or three different preparations of
mutant NM23-S120G. The wild type NM23 shows a single peak that corresponds to the
molecular weight of the hexamer and a shoulder corresponding to higher order multimers.
One preparation of NM23-8§120G (labeled “mixed”) that was not refolded, has the dominant
peak that corresponds to the dimer and a lesser peak of tetramers. Another preparation of
NM23-S120G (“hexamer”) that was also not refolded has the major peak of hexamers with
shoulder of higher order multimers. A refolded preparation of NM23-S120G (“dimer”) is
comprised mostly of dimers.

[0041] Figure 17A shows photographs of non-reducing gels of NM23-WT, NM23-
S120G-mixed, NM23-S120G-hexamer and NM23-S120G-dimer, showing the
multimerization state of the wild type protein and the three different preparations of the
S120G mutant. Figure 1783 shows Surface Plasmon Resonance (SPR) measurements of
different NM23 multimers binding to MUCI1* extra cellular domain peptide (PSMGFR)
attached to the SPR chip surface. Figure 17C shows photograph of a nanoparticle experiment
showing that only NM23 dimers bind to the cognate receptor MUCT*. MUC1* extra cellular
domain peptide was immobilized onto gold nanoparticles. Figures 17D-G show different
NM23-H1 multimers tested for their ability to support pluripotent stem cell growth.

[0042] Figure 18 shows a native, non-denaturing gel that shows the multimerization state
of NM23-WT versus three different preparations of recombinant NM23-S120G.

[0043] Figure 19 shows SPR measurements of A) NM23 wild type (WT) and B) a
preparation of NM23-S120G-“mixed” that produced 60% dimer.

[0044] Figure 20 shows photographs of human ES cells, BGO1v/hOG line, that were
cultured in 8nM of an NM23 variant in minimal stem cell media on Matrigel (a, b, d, €) and
on a cell culture plate coated with anti-MUC1* antibody, MN-C3 (c, f); (a-c) variant is
P96SAC2; (d-f) variant is P96SAC6. These variants were not refolded or purified, showing
that they do not need to be refolded or purified before use.

[0045] Figure 21 shows that the major population of NM23-S120G (refolded,”RS”)
exists as a dimer as shown in the FPLC trace (a) and verified by a non-reducing PAGE (b).
Dimer only fractions purified by FPLC were pooled and used at 8nM in minimal stem cell
media to grow human ES cells, BGO1v/hOG line. (c-e) photographs of the human stem cells
show that cultured in 8nM of the NM23 variant produces pluripotent stem cells whether on

Matrigel (c, d) or on a cell culture plate coated with anti-MUC1* antibody, MN-C3 (e).
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[0046] Figure 22 shows photographs of mouse embryonic stem (ES) cells that have been
cultured in on inactivated MEF feeder cell layers for two days in mouse ES cell minimal
medium supplemented with either mLIF or NM23-S120G-RS. The images show that mouse
ES cells grow as well using NM23 dimers as the only growth factor as they do in the standard
mouse stem cell media with m LIF as the basic growth factor.

[0047] Figure 23 shows photographs of Western blots detecting the presence of NMEL
(A,D), NMES6 (B,E) or NME7 (C.F) in human stem cells cultured in NM23-S120G dimers,
cultured in bFGF over MEFs or human breast cancer cells or the presence of the NME
isoforms in a MUCT* pull-down assay.

[0048] Figure 24 is a photograph of a Western blot of human embryonic stem cell lysates
probed with an antibody specific for NME7.

[0049] Figure 25 shows photographs of SDS-PAGE of NME7-1 (A) and NME7-2 (B)
expressed in E. coli.

[0050] Figure 25.1 is a non-reducing SDS-PAGE gel from NME7-1 and NME7-2
expression and purification over an NTA-Ni column, showing little or no protein expression
at the expected molecular weight of ~40 kDa.

[0051] Figure 25.2 is a Western blot of the eluate of NME7-1 and NME7-2 purification
over an NTA-Ni column, showing some expression of NME7-1 and of NME7-2 at the
expected molecular weight of ~40 kDa.

[0052] Figure 26 is a non-reducing SDS-PAGE gel from NME7-AB and NME7-A
expression and purification over an NTA-Ni column, showing good expression at the
expected molecular weight of ~30 kDa for NME7-AB (A) but not for NME7-A at the
expected molecular weight of ~14 kDa (B).

[0053] Figure 27 (A) is an elution profile of size exclusion chromatography purification
of NME7-AB; (B) is non-reducing SDS-PAGE gel from NME7-AB peak fractions; (C) is the
elution profile of size exclusion chromatography of the purified NME7-AB.

[0054] Figures 28 A-28D are magnified photographs of human iPS stem cells cultured in
either recombinant NME7-AB , or recombinant NM23 (NME1) purified dimers on Day 1
post-plating.

[0055] Figures 29A-29D are magnified photographs of human iPS stem cells cultured in
either recombinant NME7-AB , or recombinant NM23 (NME1) purified dimers on Day 2
post-plating.
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[0056] Figures 30A-30D are magnified photographs of human iPS stem cells cultured in
either recombinant NME7-AB , or recombinant NM23 (NMEI) purified dimers on Day 3
post-plating.

[0057] Figure 31A-31G show graphs and photographs of somatic cells undergoing
induction of pluripotency in either FGI'-based media or NME-based media. A-C are graphs
showing RT-PCR measurements of pluripotency markers at Day4 and Day 20 of the
pluripotency induction process. D-G show photographs of confocal microscope images of
representative cells induced to be pluripotent using standard method using standard FGF
media or omitting one pluripotency gene and culturing cells in NMET dimer media.

[0058] Figures 32A-32E show Western blots resulting from a MUC1* pull-down assay of
cancer cells and stem cells, wherein species that were pulled down by a MUC1T* antibody
were probed with antibodies against NME1, NME6 and NME7.

[0059] Figures 33A-33C show photographs of nanoparticle binding assays wherein a
MUCT* extra cellular domain peptide is immobilized onto SAM-coated nanoparticles and
NME proteins are added free in solution. A color change from pink to blue indicates that the
protein free in solution can simultaneously bind to two peptides on two different
nanoparticles.

[0060] Figures 34A-34F show photographs of human embryonic stem (ES) cells grown
in standard FGF media or in an NME7 media then stained for DAPI, OCT4 and H3K27me3
that stains Histone-3 which is condensed in the nucleus (red dot) if the cell has inactivated an
X chromosome, indicating it is no longer completely naive.

[0061] Figure 35 shows photographs of human embryonic stem (ES) cells grown in a
NME1 (NM23-S120G dimers) media then stained for DAPI, OCT4 and H3K27me3 that
stains Histone-3 which is condensed in the nucleus (red dot) if the cell has inactivated an X
chromosome, indicating it is no longer completely naive.

[0062] Figures 36A-36H show photographs of human embryonic stem (ES) cells grown
in an NME1 (NM23-S120G dimers) media then stained for DAPI, OCT4 and H3K27me3
that stains Histone-3 which is condensed in the nucleus (red dot) if the cell has inactivated an
X chromosome, indicating it is no longer completely naive.

[0063] Figure 37A-37D show photographs of human embryonic stem (ES) cells grown in
NME1 (NM23-S120G dimers) media then stained for DAPI, OCT4 and H3K27me3 that
stains Histone-3 which is condensed in the nucleus (red dot) if the cell has inactivated an X

chromosome, indicating it is no longer completely naive.
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[0064] Figure 38A-38H show photographs of human embryonic stem (ES) cells grown in
NME1 (NM23-S120G dimers) media then stained for DAPI, OCT4 and H3K27me3 that
stains Histone-3 which is condensed in the nucleus (red dot) if the cell has inactivated an X
chromosome, indicating it is no longer completely naive.

[0065] Iigure 39A-39H show photographs of human embryonic stem (I5S) cells grown in
NME1 (NM23-S120G dimers) media then stained for DAPI, OCT4 and H3K27me3 that
stains Histone-3 which is condensed in the nucleus (red dot) if the cell has inactivated an X
chromosome, indicating it is no longer completely naive.

[0066] I'igure 40 shows a bar graph of automated counting of the percentage of cells that
are pre-X-inactivation as a function of passage number and whether cells were cultured in
NMEI1 or NME7.

[0067] Figure 41A shows photographs of human embryonic stem cells from a cloning
efficiency assay wherein discrete colonies arising from 1,000, 3,000 or 5,000 single cells
plated were stained with alkaline phosphatase that showed that stem cells cultured in NME-
based media had a cloning efficiency of ~20%.

[0068] Figure 41B shows photographs of human embryonic stem cells from a cloning
efficiency assay wherein discrete colonies arising from 1,000, 3,000 or 5,000 single cells
plated were stained with alkaline phosphatase that showed that stem cells cultured in FGF-
based media had a cloning efficiency of ~1%.

[0069] Figure 41C shows a table of cell counts for the cloning efficiency assay.

[0070] Figure 42 shows Day 2 photographs (4X) of human iPS cells plated onto 6-well
tissue culture plates that were coated with an anti-MUC1#* antibody (MN-C3 or MN-C8) then
cultured in NME1 dimers (“NM23-RS”) in either Minimal stem cell Media (MM) or an even
more minimal media called MNG, in the presence or absence of a rho kinase inhibitor
(ROCi).

[0071] Figure 43 shows Day 2 photographs (10X) of human iPS cells plated onto 6-well
tissue culture plates that were coated with an anti-MUC1T* antibody (MN-C3 or MN-CS) then
cultured in NME1 dimers (“NM23-RS”) in either Minimal stem cell Media (MM) or an even
more minimal media called MN6, in the presence or absence of a rho kinase inhibitor
(ROCi).

[0072] Figure 44 shows Day 2 photographs (4X) of human iPS cells plated onto 6-well
tissue culture plates that were coated with an anti-MUC1* antibody (MN-C3 or MN-C8) then
cultured in NMEY7 in either Minimal stem cell Media (MM) or an ¢cven more minimal media

called MNG®, in the presence or absence of a rho kinase inhibitor (ROCi).
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[0073] Figure 45 shows Day 2 photographs (10X) of human iPS cells plated onto 6-well
tissue culture plates that were coated with an anti-MUC1T#* antibody (MN-C3 or MN-CS) then
cultured in NME7 in either Minimal stem cell Media (MM) or an even more minimal media
called MNG6, in the presence or absence of a rho kinase inhibitor (ROCi).

[0074] Figure 46 shows Day 2 photographs (4X) of human iPS cells plated onto 6-well
tissue culture plates that were coated with Matrigel then cultured in NMET7 in either Minimal
stem cell Media (MM) or an even more minimal media called MNG6, in the presence or
absence of a rho kinase inhibitor (ROCi).

[0075] I'igure 47 shows Day 2 photographs (10X) of human iPS cells plated onto 6-well
tissue culture plates that were coated with Matrigel then cultured in NME7 in either Minimal
stem cell Media (MM) or an even more minimal media called MNG6, in the presence or
absence of a rho kinase inhibitor (ROCi).

[0076] Figure 48 shows Day 4 photographs (10X) of human iPS cells plated onto 6-well
tissue culture plates that were coated with Matrigel then cultured in NME?7 in either Minimal
stem cell Media (MM) or an even more minimal media called MNG6, in the presence or
absence of a rho kinase inhibitor (ROCi).

[0077] Figure 49 shows Day 3 photographs (10X) of human embryonic stem (ES) cells
plated onto 6-well tissue culture plates that were coated with Matrigel then cultured in NME7
in either Minimal stem cell Media (MM) or an even more minimal media called MNG, in the
presence or absence of a tho kinase inhibitor (ROCi).

[0078] Figure 50 shows Day 3 photographs (10X) of human embryonic stem (ES) plated
onto 6-well tissue culture plates that were coated with Matrigel then cultured in NMEL
dimers (“NM23-RS”) in either Minimal stem cell Media (MM) or an even more minimal
media called MING6, in the presence or absence of a rho kinase inhibitor (ROCH).

[0079] Figure 51 shows graphs of RT-PCR measurements of pluripotency genes and as
well as naive and primed genes for stem cells plated onto Matrigel cultured in FGF-based
media (standard bFGF in MM or E8) , or NME7 added to MM media, or MN6 media , in the
presence or absence of a tho kinase inhibitor (ROCi)..

[0080] Figure 52 shows a graph of RT-PCR measurement of naive and primed genes for
human embryonic stem cells plated onto plasticware coated with an antibody that recognizes
the MUCT1* extra cellular domain (MN-C3) and cultured in MM minimal media to which was
added either NM23 dimers (NME1 S120G dimers) or NME7.

[0081] Figure 53 shows a graph of RT-PCR measurements of pluripotency genes and as

well as naive and primed genes for human ES cells plated onto either plasticware coated with
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anti-MUCT* antibody (C3), MEF feeder cells, or Matrigel. Cells on the VITA/C3 antibody
surface were cultured in either Minimal Media (MM) plus NM23 (NMEI dimers) or in
NME7-AB. Cells plated over MEFs were cultured in MM plus FGF. Cells on Matrigel were
cultured for a single passage in NME7 in MM media or MN6 media and in the presence or
absence of a rho kinase inhibitor (ROCi).

[0082] Figure 54 shows a graph of RT-PCR measurements of pluripotency genes and as
well as naive and primed genes for human ES cells plated onto either plasticware coated with
anti-MUC1T* antibody (C3), MEF feeder cells, or Matrigel. Cells on the VITA/C3 antibody
surface were cultured in either Minimal Media (MM) plus NM23 (NME1 dimers) or in
NME7-AB. Cells plated over MEFs were cultured in MM plus FGF. Cells on Matrigel were
cultured for a single passage in NM23 (NME1 dimers) in MM media or MN6 media and in
the presence or absence of a rho kinase inhibitor (ROC1).

[0083]  Tigures 55A-55C show photographs of Western blots showing expression of
NMEY7 species in stem cell lysates (A,C) and stem cell conditioned media (B).

[0084] Figure 56 is a photograph of a Western blot, probing for NME7 species in human
stem cells, in some of which either OCT4, NME1, NME6 or NME7 was suppressed, but cells
were cultured in NME7 containing media.

[0085] Figure 57 shows photograph of an SDS-PAGE gel where proteins obtained from
an NME7 pull down assay were separated on a gel, bands excised and analyzed by mass
spectrometry. Mass spec showed that lower molecular weight species pulled down by NME7
antibody, ~ 23 kDa, were also NME7 but peptide sequences in that NME7 species all mapped
to the NDPK A domain of NME7.

[0086] Figure 58 shows graph of HRP signal from ELISA sandwich assay showing
NME7-AB dimerizes MUC1* extra cellular domain peptide.

[0087] Figures 59A-59B show photographs of SDS-PAGE gels showing expression and
purification of NMES6 in E coli.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0088] Definitions

[0089] The MUC1* extra cellular domain is defined primarily by the PSMGFR sequence
(GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID NO:6)).

Because the exact site of MUC1 cleavage depends on the enzyme that clips it, and that the
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cleavage enzyme varies depending on cell type, tissue type or the time in the evolution of the
cell, the exact sequence of the MUCT* extra cellular domain may vary at the N-terminus.
[0090] NME family proteins, numbered 1-10, are proteins grouped together because they
all have at least one NDPK (nucleotide diphosphate kinase) domain. In some cases, the
NDPK domain is not functional in terms of being able to catalyze the conversion of ATP to
ADP. NME proteins were formally known as NM23 proteins, numbered H1, H2 and so on.
Herein, the terms NM23 and NME are interchangeable. Herein, terms NME1, NME2, NME6
and NME7 are used to refer to the native protein as well as NME variants. In some cases
these variants are more soluble, express better in £. coli or are more soluble than the native
sequence protein. For example, NME7 as used in the specification can mean the native
protein or a variant, such as NME7-AB that has superior commercial applicability because
variations allow high yield expression of the soluble, properly folded protein in E. coli.
“NME1"” as referred to herein is interchangeable with “NM23-H1”. It is also intended that
the invention not be limited by the exact sequence of the NME proteins. The mutant NME1-
S120G, also called NM23-S120G, are used interchangeably throughout the application. The
S120G mutants and the P96S mutant are preferred because of their preference for dimer
formation, but may be referred to herein as NM23 dimers or NME1 dimers.

[0091] NMET7 as referred to herein is intended to mean native NME7, or variants that
increase yield, solubility or other characteristics that make the NME7 more effective or
cominercially more viable.

[0092] As used herein, FGF, FGF-2 or bFGF refer to fibroblast growth factor.

[0093] As used herein, Rho associated kinase inhibitors may be small molecules, peptides
or proteins (Rath N, Olson MF. Rho-associated kinases in tumorigenesis: re-considering
ROCK inhibition for cancer therapy. EMBO Rep. 2012;13(10):900-8). Examples of rho
kinase inhibitors are Y27632, HA-1077, also called Fasudil, I1-1152 and thiazovivin (Olson
MF. Applications for ROCK kinase inhibition. Curr Opin Cell Biol. 2008;20(2):242-8;
Watanabe K, Ueno M, Kamiya D, et al. A ROCK inhibitor permits survival of dissociated

human embryonic stem cells. Nat Biotechnol. 2007;25(6):681-6; Breitenlechner C, Gassel M,
Hidaka H, et al. Protein kinase A in complex with Rho-kinase inhibitors Y-27632, Fasudil,
and H-1152P: structural basis of selectivity. Structure. 2003;11(12):1595-607; Lin T,
Ambasudhan R, Yuan X, et al. A chemical platform for improved induction of human iPSCs.
Nat Methods. 2009;6(11):805-8). In addition to Rho kinase inhibitors, the invention
envisions using inhibitors of related pathways in place of the Rho kinase inhibitors. For

example, in the same pathway, guanine exchange factors (GEFs) are upstream of Rho kinase.
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The GEFs activate the Rho kinases. Therefore, instead of using tho kinase inhibitors, the
invention envisions using GEF inhibitors. Since rho kinase is in the inactive state when
bound to GDP, any agent that increases the amount of GDP present in a cell, such as RAD,
GEM,and RhoE as well as others, can be used in place of rho kinase inhibitors to aid in stem
cell growth, survival and attachment to surfaces (Riento K, Guasch RM, Garg R, Jin B,
Ridley AJ (2003) RhoE binds to ROCKI and inhibits downstream signaling. Mol Cell Biol
23: 4219-4229; Komander D, Garg R, Wan PT, Ridley Al, Barford D (2008) Mechanism of
multi-site phosphorylation from a ROCK-I:RhoE complex structure. EMBO J 27: 3175-
3185; Ward Y, Yap SI', Ravichandran V, Matsumura I, Ito M, Spinelli B, Kelly K (2002)
The GTP binding proteins Gem and Rad are negative regulators of the Rho-Rho kinase
pathway. J Cell Biol 157: 291-302), in their place. Myosin is also in the same pathway as
Rho kinases. Myosin is indirectly activated by Rho kinase and as such is downstream of rho
kinase in the same pathway. Therefore, myosin inhibitors can also be used in place of tho
kinase inhibitors according to methods of the invention to aid in stem cell survival and/or to
aid in stem cell attachment to surfaces. Blebbistatin is a myosin inhibitor and can be used in
place of any rho kinase inhibitor used according to methods of the invention (Ohgushi M,
Matsumura M, Eiraku M, Murakami K, Aramaki T, Nishiyama A, et al. Molecular pathway
and cell state responsible for dissociation-induced apoptosis in human pluripotent stem cells.
Cell Stem Cell 2010;7:225-39; Ohata H, Ishiguro T, Aihara Y, et al. Induction of the Stem-
like Cell Regulator CD44 by Rho Kinase Inhibition Contributes to the Maintenance of Colon
Cancer-Initiating Cells. Cancer Res. 2012;72(19):5101-10).
[0094] Rho kinase inhibitors are abbreviated here and elsewhere as ROCi or ROCKi.
The use of specific rho kinase inhibitors are meant to be exemplary and can be substituted for
any other rho kinase inhibitor.
[0095] Sequence Listing Free Text
[0096] As regards the use of nucleotide symbols other than a, g, c, t, they follow the
convention set forth in WIPO Standard ST.25, Appendix 2, Table 1, wherein k represents t or
g; n represents a, ¢, t or g; m represents a or ¢; r represents a or g; S represents ¢ or g; w
represents a or t and y represents ¢ or t.
[0097] MTPGTQSPFF LLLLLTVLTV VIGSGHASST PGGEKETSAT QRSSVPSSTE
KNAVSMTSSV LSSHSPGSGS STTQGQDVTL APATEPASGS AATWGQDVTS
VPVTRPALGS TTPPAHDVTS APDNKPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS
15
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TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDIRPAPGS TAPPAHGVTS  APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS  APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDIRPAPGS TAPPAHGVTS  APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS  APDTRPAPGS TAPPAHGVTS  APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS  APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS  APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDNRPALGS
TAPPVHNVTS  ASGSASGSAS TLVHNGTSAR  ATTTPASKST  PFSIPSHHSD
TPTTLASHST KTDASSTHHS SVPPLTSSNH STSPQLSTGV SFFFLSFHIS
NLQFNSSLED  PSTDYYQELQ  RDISEMFLQI  YKQGGFLGLS  NIKFRPGSVV
VQLTLAFREG TINVHDVETQ FNQYKTEAAS RYNLTISDVS VSDVPFPEFSA
QSGAGVPGWG TALLVLVCVL VALAIVYLIA LAVCQCRRKN YGQLDIFPAR

DTYHPMSEYP TYHTHGRYVP PSSTDRSPYE KVSAGNGGSS LSYTNPAVAA

[0098] ASANL (SEQ ID NO:1) describes full-length MUC1 Receptor (Mucin 1
precursor, Genbank Accession number: P15941).

[0099] MTPGTQSPFFLLLLLTVLT (SEQ ID NO:2)

[00100] MTPGTQSPFFLLLLLTVLT VVTA (SEQ ID NO:3)

[00101] MTPGTQSPFFLLLLLTVLT VVTG (SEQ ID NO:4)

[00102] SEQ ID NOS:2, 3 and 4 describe N-terminal MUC-1 signaling sequence for

directing MUCI receptor and truncated isoforms to cell membrane surface. Up to 3 amino
acid residues may be absent at C-terminal end as indicated by variants in SEQ ID NOS:2, 3
and 4.

[00103] GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGAGVPGW
GIALLVLVCVLVALAIVYLIALAVCQCRRKNYGQLDIFPARDTYHPMSEYPTYHTHG
RYVPPSSTDRSPYEKVSAGNGGSSLSYTNPAVAAASANL (SEQ ID NQO:5) describes a
truncated MUCT receptor isoform having nat-PSMGFR at its N-terminus and including the

transmembrane and cytoplasmic sequences of a full-length MUCT receptor.
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[00104] GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID
NO:6) describes Native Primary Sequence of the MUCI Growth Factor Receptor (nat-
PSMGEFR - an example of “PSMGFR”):

[00105] TINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID
NQO:7) describes Native Primary Sequence of the MUCIT Growth Factor Receptor (nat-
PSMGFR - An example of “PSMGFR”), having a single amino acid deletion at the N-
terminus of SEQ ID NO:6).

[00106] GTINVHDVETQFNQYKTEAASPYNLTISDVSVSDVPFPFSAQSGA (SEQ ID
NO:8) describes “SPY” functional variant of the native Primary Sequence of the MUCI
Growth Factor Receptor having enhanced stability (var-PSMGFR - An example of
“PSMGFR”).

[00107] TINVHDVETQFNQYKTEAASPYNLTISDVSVSDVPFPFSAQSGA (SEQ ID
NO:9) describes “SPY” functional variant of the native Primary Sequence of the MUCI1
Growth Factor Receptor having enhanced stability (var-PSMGFR — An example of
“PSMGFR”), having a single amino acid deletion at the C-terminus of SEQ ID NO:8).
[00108] tgtcagtgecgecgaaagaactacgggeagetggacatelttccageccgggataccetaccatectatgagegagta
ccecacctaccacacccatgggegetatgtecceectageagtaccgatcgtageecctatgagaaggtttetgecaggtaacggtggc
agcagcctctettacacaaacccagecagtggcageegettetgecaacttg (SEQ ID NO:10) describes MUCI
cytoplasmic domain nucleotide sequence.

[00109] CQCRRKNYGQLDIFPARDTYHPMSEYPTYHTHGRYVPPSSTDRSPYEKVS
AGNGGSSLSYTNPAVAAASANL (SEQ ID NO:11) describes MUC1 cytoplasmic domain
amino acid sequence.

[00110] gagatcctgagacaatgaatcatagtgaaagattegttttcattgcagagtggtatgatceaaatgetteacttettegac
gttatgagcttttattttacccaggggatggatctgttgaaatgeatgatgtaaagaatcatcgeaccttittaaagecggaccaaatatgata
acctgcacttggaagatttatttataggcaacaaagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagete
gccagetgggcagtaggaaagaaaaaacgetagecctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataa
acaaagctggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagace
ctttttcaatgagctgatccagtttattacaactggtectattattgecatggagattttaagagatgatgctatatgtgaatggaaaagactg
ctgggacctgeaaactetggagtggeacgeacagatgettctgaaageattagagecctetitggaacagatggcataagaaatgeag
cgeatggecctgattettttgettetgeggecagagaaatggagtettttttccticaagtggagettgteggccggeaaacactgetaa
atttactaattgtacctgttgcattgttaaaccceatgetgtcagtgaaggotatgttgaatacactatattcagtacattttgttaataggagag
caatgtttattttcttgatgtactttatgtatagaaaataa (SEQ ID NO:12) describes NME7 nucleotide
sequence (NME7: GENBANK ACCESSION AB209049).
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[00111] DPETMNHSERFVFIAEWYDPNASLILRRYELLFYPGDGSVEMHDVKNHRT
FLKRTKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAIL
SKAGEIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEIL
RDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELF
FPSSGGCGPANTAKFINCTCCIVKPHAVSEGMINTLYSVHIVNRRAMFIFLMYFMY
RK (SEQ 1D NO:13) describes NME7 amino acid sequence (NME7: GENBANK
ACCESSION AB209049).

[00112] atggtgctactgtetactitagggategletitcaaggegaggggecteetateicaagetgtgatacaggaaceatgge
caactgtgagecgtaccttcattgcgatcaaaccagatggggtecageggggtcttgtogggagagattatcaagegttttgagcagaaag
gattccgecttgttggtetgaaattcatgeaagettcegaagatettctcaaggaacactacgttgacctgaaggaccgtecattetttgee
ggcctggtgaaatacatgeactcagggecggtagttgccatggtetgggagggoctgaatgtggtgaagacgggcegagteatgete
ggggagaccaacccelgeagactecaagectgggaccatecglggagactictgeatacaagltggeaggaacattatacatggeagt
gattctgtggagagtgcagagaaggagatcggcttgtggtitcaccctgaggaactggtagattacacgagetgtgctcagaactggat
ctatgaatga (SEQ ID NO:14) describes NM23-H1 nucleotide sequence (NM23-HI:
GENBANK ACCESSION AF487339).

[00113] MVLLSTLGIVFQGEGPPISSCDTGTMANCERTFIAIKPDGVQRGLVGEIIKR
FEQKGFRLVGLKFMQASEDLLKEHY VDLKDRPFFAGLVKYMHSGPVVAMVWEGL
NVVKTGRVMLGETNPADSKPGTIRGDFCIQVGRNIIHGSDSVESAEKEIGLWFHPEEL
VDYTSCAQNWIYE (SEQ ID NO:15) NM23-H1 describes amino acid sequence (NM23-
H1: GENBANK ACCESSION AF487339).

[00114] atggtgctactgtctactttagggategtetitcaaggegaggggcectectatetcaagetgtgatacaggaaccatggc
caactgtgagegtaccttcattgcgatcaaaccagatggggtecageggggtettgtgggagagattatcaagegttttgagcagaaag
gattccgecttgttggtetgaaattcatgeaagettcegaagatcttctcaaggaacactacgttgacctgaaggaccgtecattetttgee
ggcctggtgaaatacatgeactcagggecggtagttgecatggtetggoagggoctgaatgtggtgaagacgggccgagteatgete
ggggagaccaaccetgeagactccaagectgggaccatecgtggagacttetgeatacaagttggeaggaacattatacatggeggt
gattctgtggagagtegcagagaaggagatcggettgtggtitcaccctgaggaactggtagattacacgagetgtgctecagaactggat
ctatgaatga (SEQ ID NO:16) describes NM23-H1 S120G mutant nucleotide sequence (NM23-
H1: GENBANK ACCESSION AF487339).

[00115] MVLLSTLGIVFQGEGPPISSCDTGTMANCERTFIAIKPDGVQRGLVGEIKR
FEQKGFRLVGLKFMQASEDLLKEHY VDLKDRPFFAGLVKYMHSGPVVAMVWEGL
NVVKTGRVMLGETNPADSKPGTIRGDFCIQVGRNIIHGGDSVESAEKEIGLWFHPEEL
VDYTSCAQNWIYE (SEQ ID NO:17) describes NM23-H1 S120G mutant amino acid
sequence (NM23-H1: GENBANK ACCESSION AF487339).
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[00116] atggccaacctggagegeaccttcatcgecatcaagecggacggegtgeagegeggectggtgggcgagatcate
aagcgcettcgageagaagggattcegectegtggecatgaagttectecgggectetgaagaacacctgaageageactacattgac
ctgaaagaccgaccattettecctgggcetggtgaagtacatgaactcagggecggttgtggccatggtetgggaggegctgaacgtg
gtgaagacaggecgagteatgettggogagaceaatceageagattcaaagecaggeaccattcgtggggacttetgeattcaggtt
ggcaggaacatcattcatggcagtgattcagtaaaaagtgctgaaaaagaaatcagectatggtttaagectgaagaactggttgacta
caagtcttgtgctcatgactgggtetatgaataa (SEQ ID NO:18) describes NM23-H2 nucleotide sequence
(NM23-H2: GENBANK ACCESSION AK313448).
[00117] MANLERTFIAIKPDGVQRGLVGEIKRFEQKGFRLVAMKFLRASEEHLKQH
YIDLKDRPIFFPGLVKYMNSGPVVAMVWEGLNVVKTGRVMLGETNPADSKPGTIRG
DFCIQVGRNITHGSDSVKSAEKEISLWFKPEELVDYKSCAHDWVYE (SEQ ID NO:19)
describes NM23-H2 amino acid sequence (NM23-H2: GENBANK ACCESSION
AK313448).
[00118] IHuman NM23-117-2 sequence optimized for E. coli expression:
[00119] (DNA)
[00120] atgcatgacgttaaaaatcaccgtacctitctgaaacgcacgaaatatgataatctgeatctggaagacctgtttattgge
aacaaagtcaatgtgttetetcgteagetggtgetgategattatggegaccagtacacegegegtcaactgggtagicgecaaagaaaa
aacgctggecctgattaaaccggatgeaatctccaaagetggegaaattatcgaaattatcaacaaagegggtttcaccatcacgaaac
tgaaaatgatgatgctgagecgtaaagaageectggattttcatgtegaccaccagtetegecegtttttcaatgaactgattcaattcate
accacgggtccgattatcgcaatggaaattctgegtgatgacgetatetgegaatggaaacgectgetgggeccggeaaactcaggtg
ttgcgeglacegatgecagtgaatecattegegetetgtitggeaccgatggtateegtaatgeageacatggtecggactcattegeat
cggeagetegtgaaatggaactgtttttecccgagetetggeggttgeggtecggeaaacaccgecaaatttaccaattgtacgtgetgta
ttgtcaaaccgeacgeagtgtcagaaggectgetgggtaaaattctgatggcaatecgtgatgetggetttgaaateteggecatgeag
atgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatatcacgatatggttacggaaatg
tactccggtecgtgegtegegatggaaattcageaaaacaatgecaccaaaacgtttcgtgaattetgtggteeggeagatceggaaat
cgeacgteatetgegtecgggtaceetgegegeaatttttggtaaaacgaaaatccagaacgetgtgcactgtaccgatetgecggaa
gacggtctgetggaagticaatactttitcaaaattetggataatiga (SEQ ID NO:20)
[00121] (amino acids)
[00122] MHDVKNHRTFLKRTKYDNILHLEDLFIGNKVNVFSRQLVLIDYGDQYTAR
QLGSRKEKTLALIKPDAISKAGEIEINNKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPITAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNA
AHGPDSFASAAREMELFFPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIR
DAGFEISAMQMFENMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNN
ATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILD
N- (SEQ ID NO:21)
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[00123] Human NME7-A:
[00124] (DNA)
[00125] atggaaaaaacgctagecctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaaget
ggatttactataaccaaactcaaaatgatgatgctitcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttttcaat
gagctgatccagtttattacaactggtectattattgecatggagattttaagagatgatgctatatgtgaatggaaaagactgctgggace
tgcaaactctggagtggeacgeacagatgettctgaaageattagagecectctttggaacagatggcataagaaatgeagegeatggc
cctgattettttgetictgeggecagagaaatggagtigttttttga (SEQ ID NO:22)
[00126] (amino acids)
[00127] MEKTLALIKPDAISKAGEIEINKAGFTITKLKMMMISRKEALDFHVDHQS
RPFFNELIQFITTGPIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFF- (SEQ ID NO:23)
[00128] Human NME7-ATl:
[00129] (DNA)
[00130] atggaaaaaacgctagecctaattaaaccagatgeaatatcaaaggetggagaaataattgaaataataaacaaaget
ggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttttcaat
gagclgatceagtttattacaactggtectattattgecatggagattttaagagatgatgetatatgtgaatggaaaagactgetgggace
tgcaaactctggagtggeacgeacagatgetictgaaageattagagecectctttggaacagatggcataagaaatgecagegeatggc
cctgattcttttgcttctgeggecagagaaatggagttgtettttccticaagtggaggttetgggccggcaaacactgctaaatttacttga
(SEQ ID NO:24)
[00131] (amino acids)
[00132] MEKTLALIKPDAISKAGEIENNKAGFTITKLKMMMLSRKEALDFHVDHQS
RPFFNELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKEFT- (SEQ ID NO:25)
[00133] Human NME7-A2:
[00134] (DNA)
[00135] atgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgettcacttcttcgacgttatgagettteattet
acccaggggatggatctgttgaaatgeatgatgtaaagaatcatcgeacctttttaaageggaccaaatatgataacetgeacttggaag
atttatttataggcaacaaagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagetcgecagetgggcagta
ggaaagaaaaaacgctagcectaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetggatttact
ataaccaaactcaaaatgatgatgctttcaaggaaagaagceattggattttcatgtagatcaccagtcaagaccctttttcaatgagetgat
ccagtttattacaactggtectattattgccatggagattttaagagatgatgetatatgtgaatggaaaagactgetgggacetgeaaact
ctggagtggcacgceacagatgcttctgaaageattagagecctetitggaacagatggcataagaaatgeagegeatggecctgattet
tttgettctgeggecagagaaatggagttgtttttitga (SEQ 1D NO:26)
[00136] (amino acids)
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[00137] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDD
AICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFF-
(SEQ ID NO:27)
[00138] Human NME7-A3:
[00139] (DNA)
[00140] atgaatcatagtgaaagattcgtittcattgeagagtggtatgatceaaatgeticactteticgacgttatgagettttatttt
acccaggggatggatctgtigaaatgcatgatgtaaagaatcatcgeacctitttaaagcggaccaaatatgataacctgeacttggaag
atttatttataggcaacaaagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagetegecagetgggeagta
ggaaagaaaaaacgclagcectaattaaaccagatgeaatatcaaaggetggagaaataattgaaataataaacaaagetggatttact
ataaccaaaclcaaaatgatgatgetttcaaggaaagaageattggattitcatgtagatcaccagtcaagaccctitttcaatgagetgat
ccaglttattacaactggtcctattattgccatggagattttaagagatgatgcetatatgtgaatggaaaagactgctgggacctgeaaact
ctggagtggcacgcacagatgctictgaaageattagageectetitggaacagatggeataagaaatgcagegeatggecctgattet
tttgetictgeggecagagaaatggagttgtititiccticaagtggaggttgtggaceggcaaacactgetaaatttacttga  (SEQ
1D NO:28)
[00141] (amino acids)
[00142] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDD
AICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSS
GGCGPANTAKFT- (SEQ ID NO:29)
[00143] Human NME7-B:
[00144] (DNA)
[00145] atgaattgtacctgttgcattgttaaaccccatgetgtcagtgaaggactgttgggaaagatectgatggctatccgaga
tgcaggttttgaaatctcagetatgeagatgttcaatatggatcgggttaatgtigaggaattctatgaagtttataaaggagtagtgaceg
aatatcatgacatggtgacagaaatgtatictggccctigtgtagcaatggagaticaacagaataatgctacaaagacatttcgagaatit
tgtggacctgetgateetgaaattgeecggeatttacgecctggaactetcagageaatetttggtaaaactaagatccagaatgetgttc
actgtactgatctgccagaggatggectattagaggttcaatacttettetga (SEQ ID NO:30)
[00146] (amino acids)
[00147] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQQONNATKTFREFCGPADPEIARHLRPGTI.
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:31)
[00148] Human NME7-B1:
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[00149] (DNA)

[00150] atgaattgtacctgttgcattgttaaaccccatgetgtcagtgaaggactgttgggaaagatectgatggctatcegaga
tgcaggttitgaaatctcagetatgeagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaceg
aatatcatgacatggtgacagaaatgtattetggeecttgtgtageaatggagattcaacagaataatgetacaaagacatttcgagaattt
tgtggacctgctgatcctgaaattgeceggeatttacgecctggaactctcagageaatctttggtaaaactaagatccagaatgctgttc
actgtactgatctgccagaggatggectattagaggticaatacticticaagatcttggataattagtga (SEQ 1D NO:32)
[00151] (amino acids)

[00152] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQQONNATKTIREFCGPADPEIARHLRPGTL
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN-— (SEQ ID NO:33)

[00153] Human NME7-B2:

[00154] (DNA)

[00155] atgccticaagtggaggttgtgggccggcaaacactgctaaatttactaattgtacetgttgeattgttaaaccecatget
gtcagtgaaggactgttgggaaagatcctgatggetatccgagatgeaggttttgaaatctcagetatgeagatgttcaatatggatcge
gttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggeccttgtgtage
aatggagattcaacagaataatgctacaaagacatitcgagaaltlttgtggacctgetgatectgaaattgeccggeatttacgeectgga
actctcagagcaatctitggtaaaactaagatccagaatgetgttcactgtactgatctgecagaggatggcctattagaggttcaatactt
cttetga (SEQ ID NO:34)

[00156] (amino acids)

[00157] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAM
OMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFC
GPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:35)
[00158] Human NME7-B3:

[00159] (DNA)

[00160] atgccttcaagtggaggttgtgggecggcaaacactgctaaatttactaattgtacetgttgeattgttaaaceccatget
gtcagtgaaggactgttgggaaagatcctgatggetatccgagatgeaggttttgaaatctcagetatgeagatgttcaatatggatcgg
gttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggeccttgtgtage
aatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgetgatectgaaattgeccggeatttacgeectgga
actctcagagcaatctttggtaaaactaagatccagaatgetgttcactgtactgatetgecagaggatggcectattagaggttcaatactt
cttcaagatcttggataattagtga (SEQ ID NO:36)

[00161] (amino acids)

[00162] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGILLGKILMAIRDAGFEISAM
OMENMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFC
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GPADPEIARHILRPGTLRAIFGKTKIQNAVHCTDLPEDGILLEVQYFFKILDN-- (SEQ ID
NO:37)

[00163] Human NME7-AB:

[00164] (DNA)

[00165] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaaget
ggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttttcaat
gagctgatccagtttattacaactggtectattattgecatggagattttaagagatgatgetatatgtgaatggaaaagactgetgggace
tgcaaactetggagtggeacgeacagatgetictgaaageattagageectetttggaacagatggeataagaaatgeagegeatgge
cctgattcttttgctictgcggecagagaaatggagttottttttccticaagtggaggttgtegeccggeaaacactgctaaatttactaatt
gtacctgttgeattgttaaaccccatgetgtcagtgaaggactgttgggaaagatectgatggctatecgagatgeaggttttgaaatcte
agctatgcagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtga
cagaaatgtattctggeccttgtgtageaatggagattcaacagaataatgetacaaagacatttcgagaattttgtggacetgetgatect
gaaattgcccggeatttacgecctggaactctcagageaatctttggtaaaactaagatccagaatgetgttcactgtactgatctgecag
aggatggcctattagaggticaatacttcttcaagatetiggataattagtga (SEQ 1D NO:38)

[00166] (amino acids)

[00167] MEKTLALIKPDAISKAGEIEINKAGFTITKLKMMMLSRKEAILDFHVDHQS
RPFFNELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILM
AIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQ
NNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFK
ILDN-- (SEQ ID NO:39)

[00168] Human NME7-ABI:

[00169] (DNA)

[00170] atggaaaaaacgctagccctaattaaaccagatgeaatatcaaaggetggagaaataattgaaataataaacaaaget
ggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttttcaat
gagctgatccagtttattacaactggtectattattgecatggagattttaagagatgatgetatatgtgaatggaaaagactgetgggace
tgcaaactetggagtggcacgeacagatgettctgaaageattagagecectctttggaacagatggeataagaaatgeagegeatggc
cctgattcttttgetictgeggecagagaaatggagttgttttttccticaagtggagettgtegggccggcaaacactgctaaatttactaatt
gtacctgttgeattgttaaaccccatgetgtcagtgaaggactgttgggaaagatectgatggctatccgagatgeaggttttgaaatcte
agctatgcagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtga
cagaaatgtattctggeccttgtgtagcaatggagattcaacagaataatgetacaaagacatttcgagaattttgtggacctgetgatect
gaaattgcccggcatttacgecctggaactctcagageaatcetttggtaaaactaagatccagaatgetgttcactgtactgatetgecag
aggatggcctattagaggttcaatacttctictga (SEQ ID NO:40)

[00171] (amino acids)
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[00172] MEKTLALIKPDAISKAGEIEINKAGFTITKLKMMMISRKEALDFHVDHQS
RPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILM
AIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQ
NNATKTFREFCGPADPEIARHILRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF-
(SEQ ID NO:41)

[00173] Human NME7-A sequence optimized for E. coli expression:

[00174] (DNA)

[00175] atggaaaaaacgctggecectgattaaaccggatgcaatctccaaagetggegaaattatcgaaattatcaacaaageg
ggtttcaccatcacgaaactgaaaatgatgatgetgageegtaaagaagecctggattitcatgtegaccaccagtctegeecgttttica
atgaactgattcaattcatcaccacggglccgattatcgeaatggaaatictgegtgatgacgcetatetgegaatggaaacgeetgetgg
geeeggeaaactcaggtgtigegegtacegatgecagtgaatecaticgegetetgtitggeaccgatggtateegtaatgeageacat
ggtcecggacteattcgeatcggeagetegtgaaatggaactgtttttetga (SEQ ID NO:42)

[00176] (amino acids)

[00177] MEKTLALIKPDAISKAGEIEINNKAGFTITKLKMMMLSRKEALDFHVDHQS
RPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFF- (SEQ ID NO:43)

[00178] Human NME7-A1 sequence optimized for E. coli expression:

[00179] (DNA)

[00180] atggaaaaaacgctggeeclgallaaaccggatgcaateticcaaagetggegaaattatcgaaaltatcaacaaageg
gglttcaccatcacgaaactgaaaatgatgatgetlgageegtaaagaagecctggattitcatgtegaccaccagtctegeecgtttttca
atgaactgattcaattcatcaccacgggtccgattatcgcaatggaaatictgegtgatgacgcetatetgegaatggaaacgeetgetgg
gcceggeaaactecagglgttgegegtacegatgecagtgaatecattcgegeletgtitggeaccgatggtateegtaatgecageacat
ggtceggacteattegeatcggeagetegtgaaatggaactgtttttcecgagetetggeggttgeggtecggeaaacaccgecaaatt
tacctga (SEQ ID NO:44)

[00181] (amino acids)

[00182] MEKTLALIKPDAISKAGEIEINNKAGFTITKLKMMMLSRKEALDFHVDHQS
RPFENELIQFITTGPITAMEILRDDAICEWKRILGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKET- (SEQ ID NO:45)

[00183] Human NME7-A2 sequence optimized for E. coli expression:

[00184] (DNA)

[00185] atgaatcactccgaacgctttgtttttatcgecgaatggtatgacecgaatgcettcectgetgegeegetacgaactget
gtittatccgggegatggtagegtggaaatgeatgacgttaaaaatcaccgtacctitctgaaacgecacgaaatatgataatetgeatetg

gaagacctgtttattggcaacaaagtcaatgtgtictetegtcagetggtgctgatcgattatggegaccagtacacegegegtcaactg
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ggtagtcgcaaagaaaaaacgetggecctgattaaaccggatgeaatctecaaagetggegaaattatcgaaattatcaacaaagegg
gtitcaccatcacgaaactgaaaatgatgatgctgagcegtaaagaagecctggattttcatgtcgaccaceagtetcgeecegtttttcaa
tgaactgattcaaticatcaccacgggtcegattatcgeaatggaaatictgegtgatgacgetatetgegaatggaaacgeetgetggg
cceggeaaacteaggtgligegegtacegatgecagtgaateeaticgegetetgtitggeacegatggtatecgtaatgeageacatg
gtceggactcattegeatcggeagetegtgaaatggaactgtttttctga (SEQ 1D NO:46)

[00186] (amino acids)

[00187] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEHEINNKAGFTITKLKMMMIELSRKEALDFHVDHQSRPFFNELIQFITTGPITAMEITLRDD
AICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFAS AAREMELFF-
(SEQ ID NO:47)

[00188] Human NME7-A3 sequence optimized for F. coli expression:

[00189] (DNA)

[00190] atgaatcactccgaacgetttgtttttatcgecgaatggtatgacecgaatgettcectgetgegeegetacgaactget
gtittatccgggegatgglagegtggaaatgeatgacgitaaaaatcacegtacctitctgaaacgeacgaaatatgataatetgeatetg
gaagacclglitattggcaacaaagtcaatgtgtictetegtecagetggtgctgatcgatiatggegaccagtacacegegegteaactg
ggtagtcgcaaagaaaaaacgetggecctgattaaaccggatgeaatctccaaagetggegaaattatcgaaattatcaacaaagegg
gtitcaccatcacgaaactgaaaatgatgatgctgagcegtaaagaagecctggattttcatgtcgaccaccagtetcgeecegtitttcaa
tgaactgattcaattcatcaccacgggtcegattatcgeaatggaaatictgegtgatgacgetatctgegaatggaaacgectgetggg
cceggeaaactcagglgligegegtacegatgecagtgaatecattegegeletgittggeacegatggtateegtaatgeageacatg
gtceggactcattcgeateggeagetegtgaaatggaactgtttitcccgagetetggeggtigeggtecggeaaacaccgecaaattt
acctga (SEQ ID NO:48)

[00191] (amino acids)

[00192] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDD
AICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSS
GGCGPANTAKEFT- (SEQ ID NO:49)

[00193] Human NME7-B sequence optimized for E. coli expression:

[00194] (DNA)

[00195] atgaattgtacgtgctgtatigtcaaaccgeacgeagtglcagaaggectgctgggtaaaattctgatggeaatcegtg
atgetggctttgaaatctcggecatgeagatgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggtta

ccgaatatcacgatatggttacggaaatgtactceggtcegtgegtegegatggaaattcagecaaaacaatgeecaccaaaacgtitegt
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gaattctgtggtecggeagatceggaaatcgeacgteatetgegtecgggtacectgegegeaatttttggtaaaacgaaaatccagaa
cgetgtgcactgtaccgatetgecggaagacggtctgetggaagttcaatactttttetga (SEQ 1D NO:50)

[00196] (amino acids)

[00197] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQONNATKTFREFCGPADPEIARHLRPGTL.
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:51)

[00198] Human NME7-B1 sequence optimized for E. coli expression:

[00199] (DNA)

[00200] atgaattgtacgtgctgtattgtcaaaccgcacgeagtgtcagaaggectgctgggtaaaattctgatggcaatecgte
atgetggetttgaaatctcggecatgeagatgticaacatggaccgegttaacgtcgaagaattctacgaagtitacaaaggegtggtta
ccgaatatcacgatatggttacggaaatgtactceggtcegtgegicgegatggaaattcageaaaacaatgeeaccaaaacgtttegt
gaattctgtgglceggeagatceggaaategeacgleatelgegtecgggtaceetgegegeaatlittggtaaaacgaaaatccagaa
cgcetgtgeactgtaccgatctgecggaagacggletgctggaagttcaatacttittcaaaattctggataattga  (SEQ 1D
NO:52)

[00201] (amino acids)

[00202] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTL
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID NO:53)

[00203] Human NME7-B2 sequence optimized for E. coli expression :

[00204] (DNA)

[00205] atgccgagetctggeggttgcggtecggeaaacaccgecaaatttaccaattgtacgtgctgtattgtcaaaccgeac
gcagtgtcagaaggectgetgggtaaaattctgatggeaatecgtgatgetggetttgaaateteggecatgeagatgticaacatggac
cgcgttaacgtcgaagaattctacgaagtitacaaaggegtggttaccgaatatcacgatatggttacggaaatgtactceggteegtge
gtcgegatggaaattcagcaaaacaatgecaccaaaacgtttcgtgaattetgtggtceggcagatecggaaategeacgteatctgeg
tccgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgetgtgeactgtacegatetgecggaagacggtetgetggaa
gttcaatactttttctga (SEQ ID NO:54)

[00206] (amino acids)

[00207] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGILLGKILMAIRDAGFEISAM
QMFENMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFC
GPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:55)
[00208] Human NME7-B3 sequence optimized for E. coli expression:

[060209] (DNA)

[00210] atgccgagetetggeggttgeggtecggeaaacaccgecaaatttaccaattgtacgtgetgtattgtcaaaccgeac
gecagtgtcagaaggectgetgggtaaaattctgatggcaatecgtgatgetggetttgaaateteggecatgeagatgttcaacatggac
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cgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatatcacgatatggttacggaaatgtactceggteegtge
gtcgegatggaaattcagcaaaacaatgecaccaaaacgtticgtgaattetgtggtceggeagatecggaaategeacgteatetgeg
tccgggtaceetgegegeaatttttggtaaaacgaaaatccagaacgetgtgeactgtacegatetgecggaagacggtetgctggaa
gttcaatactttitcaaaattctggataattga (SEQ ID NO:56)

[00211] (amino acids)

[00212] MPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAM
QMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFC
GPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID
NO:57)

[00213] Human NME7-AB sequence optimized for E. coli expression:

[00214] (DNA)

[00215] atggaaaaaacgctggecctgattaaaccggatgceaaleiccaaagetggegaaallalcgaaattatcaacaaageg
ggtttcaccatcacgaaactgaaaatgatgatgetgagecgtaaagaagecctggattttcatgtcgaccaccagtctegeecgttttica
atgaactgattcaattcatcaccacgggtccgattatcgcaatggaaattctgegtgatgacgetatetgegaatggaaacgeetgetgg
geceggeaaactcagglgitgegegtacegatgecagtgaatecattegegeletgtitggeaccgatggtatcegtaatgecageacat
ggteceggacteaticgeatcggeagetegtgaaatggaactgtttttceegagetetggeggtigeggtceggeaaacaccgeeaaatt
taccaattgtacgtgctgtatigtcaaaccgcacgeagtgtcagaaggectgctgggtaaaattctgatggcaatcegtgatgetggcttt
gaaatctcggecatgeagatgticaacatggaccgegttaacgtcgaagaatictacgaagtitacaaaggegtggttaccgaatatea
cgatatggttacggaaatgtactccggtecgtgegtegegatggaaatticageaaaacaatgeecaccaaaacgtitcgtgaattetglgg
tccggeagatecggaaategeacgtealetgegteegggtaceetgegegeaattittggtaaaacgaaaatccagaacgetgtgeact
gtaccgatctgecggaagacggtetgetggaagttcaatactttttcaaaattctggataattga (SEQ ID NO:58)

[00216] (amino acids)

[00217] MEKTLALIKPDAISKAGEIEINKAGFTITKLKMMMLSRKEALDFHVDHQS
RPFENELIQFITTGPITAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILM
AIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMY SGPCVAMEIQQ
NNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFK
IL.DN- (SEQ ID NO:59)

[00218] Human NME7-ABI1 sequence optimized for E. coli expression;

[00219] (DNA)

[00220] Atggaaaaaacgctggecctgattaaaccggatgcaatctccaaagetggegaaattatcgaaattatcaacaaage
gggtitcaccatcacgaaactgaaaatgatgatgctgageegtaaagaagecetggattttcatgtcgaccaccagtetcgeecgttttte
aatgaactgattcaattcatcaccacgggtcegattatcgcaatggaaattctgegtgatgacgetatetgegaatggaaacgectgetg
ggeccggeaaactcaggtgttgcgegtacegatgecagtgaateeaticgegetetgtitggeacegatggtatecgtaatgeageaca
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tggtceggactcattcgeateggeagetegtgaaatggaactgtttttcccgagetetggeggttgeggtecggeaaacacegecaaat
ttaccaattgtacgtgctgtattgtcaaaccgeacgeagtgtcagaaggectgetgggtaaaattetgatggeaateegtgatgetggctt
tgaaatctcggecatgcagatgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatatca
cgatatggttacggaaatgtactceggteegtgegtegegatggaaattcageaaaacaatgecaccaaaacgtttcgtgaattetgtg g
tccggeagatccggaaatcgeacgteatctgegtecgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgetgtgeact
gtaccgatctgecggaagacggtetgetggaagticaatactttttctga (SEQ 1D NO:60)

[00221] (amino acids)

[00222] MEKTLALIKPDAISKAGEIEINKAGFTITKLKMMMLSRKEALDFHVDHQS
RPFINELIQFITTGPITAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILM
AIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQ
NNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF-
(SEQ ID NO:61)

[00223] Mouse NME6

[00224] (DNA)

[00225] Atgacciccatettgegaagtceecaagetettcagetcacactageeetgatcaagectgatgeagttgeccaceca
ctgatcctggaggctgttcatcageagattctgagecaacaagttccteattgtacgaacgagggaactgcagtggaagetggaggact
gccggagettitaccgagageatgaagggegtettttctatcageggetggtggagttcatgacaagtgggecaatecgagectatate
cttgcccacaaagatgecatccaactttggaggacactgatgggacceaccagagtatttcgageacgetatatageeceagattcaat
tcgtggaagtttgggectcactgacacccgaaatactaceeatggetcagacteegtgglitcegecageagagagattgeagecttett
ccetgacttcagtgaacagegetggtatgaggaggaggaacccecagetgeggtgtggtectgtgcactacagtccagaggaaggtat
ccactgtgcagetgaaacaggaggecacaaacaacctaacaaaacctag (SEQ ID NO:62)

[00226] (amino acids)

[00227] MTSILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRTRELQWK
LEDCRRFYREHEGRFFYQRLVEFMTSGPIRAYILAHKDAIQLWRTLMGPTRVFRARY
IAPDSIRGSLGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVHY
SPEEGIHCAAETGGHKQPNKT- (SEQ ID NO:63)

[00228] Human NME6:

[00229] (DNA)

[00230] Atgacccagaatctggggagtgagatggccteaatctigegaageccteaggetetccageteactetageeetgat
caagcctgacgeagtegeccatecactgattctggaggctgttcatcageagattctaageaacaagttectgattgtacgaatgagag
aactactgtggagaaaggaagattgccagaggttttaccgagageatgaagggcettttttctatcagaggetggtggagttcatggce
agcgggcecaatccgagectacatecttgeccacaaggatgecatccagetetggaggacgetcatgggacccacecagagtgtteega

gecacgecatgtggecccagatictatcegtgggagtitcggecteactgacaccegeaacaccacccatggticggactetgtggttte
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agccagcagagagattgecagecttettecetgacttcagtgaacagegcetggtatgaggaggaagagecccagttgegetgtggecct
gtgtgctatagcccagagggaggtgtccactatgtagetggaacaggaggectaggaccagectga (SEQ 1D NO:64)
[00231] (amino acids)
[00232] MTONLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFY QRLVEFMASGPIRAYILAHKDAIQLWRTLMG
PITRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPVCYSPEGGVHYVAGTGGLGPA- (SEQ ID NO:65)
[00233] Human NMES6 1:
[00234] (DNA)
[00235] Atgacccagaatctggggagtgagatggccteaatctigecgaageccteaggetcetecageteactetageeetgat
caagcctgacgeagtegeccatccactgattctggaggcetgttcatcageagattctaagcaacaagttectgattgtacgaatgagag
aaclactgtggagaaaggaagatigecagaggttitaccgagageatgaagggcgtttttictatcagaggetggtggagticatggee
agcgggcecaatccgagectacatecttgeccacaaggatgecatccagetetggaggacgetcatgggacccacecagagtgttcega
gcacgecatgtggeeccagattetatecgtgggagtttcggecteactgacaccegeaacaceacceatggtteggactetgtegttte
agccagcagagagattgcagecttettecetgacttcagtgaacagegetggtatgaggaggaagagecccagttgegetgtggecct
gtetga (SEQ ID NO:66)
[00236] (amino acids)
[00237] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQOQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMG
PTRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPV- (SEQ ID NO:67)
[00238] Human NMES6 2:
[00239] (DNA)
[00240] Atgctcactctageectgatcaagectgacgeagtcgeccatecactgattctggaggctgttcatcageagattctaa
gcaacaagttcctgattgtacgaatgagagaactactgtggagaaaggaagattgecagaggttttaccgagageatgaaggecgtttt
ttctatcagaggctggtggagttcatggecagegggecaatecgagectacatecttgeccacaaggatgecatecagetetggagga
cgetcatgggacccaccagagtgtteccgageacgecatgtggeceeagattetatcegtgggagtttcggecteactgacacecgeaa
caccacccatggttcggactetgtggtttcageeageagagagattgeagecttettceetgacttcagtgaacagegetggtatgage
aggaagagcccecagttgegetgtggecctgtgtga (SEQ ID NO:68)
[00241] (amino acids)
[00242] MLTLALIKPDAVAHPLILEAVHQOQILSNKFLIVRMRELLWRKEDCQRFYRE
HEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSF
GLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPV- (SEQ ID
NO:69)
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[00243] Human NMEG6 3:

[00244] (DNA)

[00245]  Atgctcactctagecctgatcaagectgacgeagtegeccateecactgattctggaggctattcatcageagattctaa
gcaacaagttcetgattgtacgaatgagagaactactgtggagaaaggaagattgecagaggttttaccgagageatgaagggegtett
ttctatcagaggctggtggagticatggecagegggecaatccgagectacatccttgeecacaaggatgecatccagetetggagga
cgctcatgggacccaccagagtgttccgageacgecatgtggecceagattctatcegtgggagtticggecteactgacaccegeaa
caccacccatggttcggactetgtggtttcagccagcagagagattgcagecttcttcectgacttcagtgaacagegetggtatgagg
aggaagagceccagligegetgtggecctgtgtgctatageecagagggaggtgtecactatgtagetggaacaggaggectagga
ccagectga (SEQ ID NO:70)

[00246] (amino acids)

[00247] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYRE
HEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSF
GLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVCYSPEGGVHY
VAGTGGLGPA- (SEQ ID NO:71)

[00248] Human NME6 sequence optimized for E. coli expression:

[00249] (DNA)

[00250] Atgacgcaaaatctgggcetcggaaatggcaagtatectgegeteccegeaageactgeaactgaccetggetetgat
caaaccggacgctgttgctcatcegetgattctggaageggtecaccageaaattctgageaacaaatttetgategtgegtatgegeg
aactgetgtggcgtaaagaagattgccagegttittatcgcgaacatgaaggecgtttettttatcaacgeetggttgaattcatggectet
gglccgaticgegeatatateetggetcacaaagatgegaticagelgtggegtacectgatgggtecgacgegegletiteglgeacgt
catgtggcaccggactcaatcegtggetegttcggtetgaccgatacgegeaataccacgeacggtagegactetgttgttagtgegte
ccgtgaaatcgeggcectttttcecggacttctccgaacagegttggtacgaagaagaagaaccgeaactgegetgtggeccggtetgtt
attctccggaaggtggtgtecattatgtggegggeacgggtggtetgggtecggeatga (SEQ ID NO:72)

[00251] (amino acids)

[00252] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFY QRLVEFMASGPIRAYILAHKDAIQLWRTLMG
PTRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPVCYSPEGGVHYVAGTGGLGPA- (SEQ ID NO:73)

[00253] Human NMES6 1 sequence optimized for E. coli expression:

[00254] (DNA)

[00255] Atgacgcaaaatctgggetcggaaatggeaagtatcetgegeteccegeaageactgeaactgacectggetetgat
caaaccggacgctgltgctecatcegetgatictggaageggtecaccageaaatictgageaacaaatttctgatcgtecgtatgegeg
aactgctgtggcgtaaagaagattgccagegttittatcgcgaacatgaaggecgtttettttatcaacgeetggttgaattcatggectct
ggtcegattcgegeatatatcetggetcacaaagatgegattcagetgtggegtacectgatgggtecgacgegcegtetttegtgcacgt
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catgtggcaccggactcaatccgtggetegttcggtetgaccgatacgegeaataccacgeacggtagegactetgttgttagtgegte
ccgtgaaatcgeggectitttcecggacttctccgaacagegtiggtacgaagaagaagaaccgeaactgegetgtggeecggtetga
(SEQ ID NO:74)

[00256] (amino acids)

[00257] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMG
PTRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPV- (SEQ ID NO:75)

[00258] Human NME6 2 sequence optimized for E. coli expression:

[00259] (DNA)

[00260] Atgctgaccctggetetgatcaaaccggacgetgitgeteatcegetgatictggaagegglecacecageaaattctg
agcaacaaatitctgalcgtgeglatgegegaactgetglggeglaaagaagatigecagegitittatcgegaacatgaaggecgtitet
tttatcaacgcctggtigaattcatggectetggtecgaticgegeatatatectggetcacaaagatgegattcagetgtggegtacectg
atgggtccgacgegegtetttegtgeacgteatgtggcaceggactcaatecgtggetegticggtetgacegatacgegeaataccac
gcacggtagcgactetgligttagtgegteccglgaaategeggectitticceggactictcegaacagegtiggtacgaagaagaag
aaccgcaactgegetgtggeccggtetga (SEQ ID NQO:76)

[00261] (amino acids)

[00262] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYRE
HEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSF
GLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPV- (SEQ ID
NO:77)

[00263] Human NMES6 3 sequence optimized for E. coli expression;

[00264] (DNA)

[00265] Atgctgacectggetetgatcaaaccggacgetgttgetcatcegetgattetggaageggtecaccageaaattctg
agcaacaaatttctgatcgtgegtatgegegaactgetgtggegtaaagaagattgecagegtttttatcgegaacatgaaggeegtttet
ttitatcaacgcetggtigaattcatggecetetggtecgattcgegeatatatectggeteacaaagatgegattcagetgtggegtaceetg
atgggtccgacgegegtcetitegtgeacgteatgtggcaceggactcaatecgtggetegticggletgaccgatacgegeaataccac
geacggtagegactetgttgttagtgegteecgtgaaatcgeggectttttcceggacttctcegaacagegtiggtacgaagaagaag
aaccgcaactgcgcetgtggeccggtetgttatictccggaaggtggtgtecattatgtggegggeacgggtggtetgggtceggeatg
a (SEQ ID NO:78)

[00266] (amino acids)

[00267] MITLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYRE
HEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSF
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GLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQIRCGPVCYSPEGGVHY
VAGTGGLGPA- (SEQ 1D NO:79)

[00268] OriGene-NME7-1 full length

[00269] (DNA)

[00270] gacgttgtatacgactcctatagggeggeegggaattcgtegactggatecggtaccgaggagatctgecgecgeg
atcgccatgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgettcacttettcgacgttatgagcettttattttacce
aggggatggatctgtigaaatgcatgatgtaaagaatcatcgeacctitttaaageggaccaaatatgataacctgeacttggaagattta
titataggeaacaaagtgaatgtetictetegacaactggtatiaaltgactatggggatcaalatacagele geecagetgggeaglagga
aagaaaaaacgctagcectaattaaaccagatgeaatatcaaaggetggagaaataattgaaataataaacaaagetggatttactataa
ccaaactcaaaatgatgatgctitcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttitcaatgagetgatcea
gtitattacaactggtectattattgecatggagattttaagagatgatgetatatgtgaatggaaaagactgctgggacctgeaaactetg
gagtggcacgcacagatgelictgaaagealtagageecletitggaacagatggeataagaaatgecagegeatggeectgattetttt
gettetgeggccagagaaatggagttgtittttecttcaagtggaggttgtggeccggeaaacactgctaaatttactaattgtacetgteg
cattgttaaaccccatgetgtcagtgaaggactgttgggaaagateetgatggetatccgagatgeaggttttgaaatctcagetatgeag
atgttcaatatggatcgggttaatgtigaggaatictatgaagtitataaaggagtagtgaccgaatatcatgacatggtgacagaaatgta
ttetggecctigtgtageaatggagaticaacagaataatgetacaaagacatticgagaatittgtggacetgetgateetgaaattgeec
ggcatttacgeectggaactctcagageaatcetitggtaaaactaagatccagaatgetgttcactgtactgatetgecagaggatggect
attagaggttcaatacttcttcaagatcttggataatacgegtacgeggeegetcgageagaaactcatctcagaagaggatetggeag
caaatgatatcctggattacaaggatgacgacgataaggtttaa (SEQ ID NO:80)

[00271] (amino acids)

[00272] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEHEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDD
AICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSS
GGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFENMDRVNV
EEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQONNATKTFREFCGPADPEIARHLR
PGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDNTRTRRLEQKLISEEDLAAN
DILDYKDDDDKYV (SEQ I NO:81)

[00273] Abnova NME7-1 Full length
(amino acids)

[00274] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVFSRQILVLIDYGDQYTARQI.GSRKEKTLALIKPDAISKA
GEHEINKAGFITTKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDD
AICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSS
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GGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNV

EEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQOQNNATKTFREFCGPADPEIARHLR

PGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:82)

[00275] Abnova Partial NME7-B

[00276] (amino acids)

[00277] DRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREF

CGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKIL  (SEQ ID
NO:83)

[00278] Histidine Tag

[00279] (ctcgag)caccaccaccaccaccactga (SEQ ID NO:84)

[00280] Strept II Tag

[00281] (accgg)tggagecalecteagticgaaaagtaatga (SEQ ID NO:85)

[00282] Ligands of MUC1*

[00283] The inventors previously disclosed that ligands of the MUCI1* receptor can
function as growth factors, and in particular are growth factors for stem and progenitor cells.
NME family proteins (previously called NM23) are ligands of MUC1*. NME proteins are
grouped together because they all have an NDPK (nucleotide diphosphate kinase) domain.
NME1 or NME2 expressed or purified such that a significant population exists as a dimer,
support the growth of embryonic or induced pluripotent stem cells in the absence of feeder
cells, their extracts, serum or any other cytokine. Herein, we report that NME7 is also a
ligand of MUC1* and also supports the growth of embryonic or induced pluripotent stem
cells in the absence of feeder cells, their extracts, serum or any other cytokine. NMES6,
NME1 and NME2 all have a single NDPK domain and are of similar molecular weight.
NME?7 is twice their molecular weight and contains two NDPK domains. NME6 can exist as
a dimer, like NME1. Therefore, NME1, NME2 and NME®6 in dimeric form and NME7 are
preferred NME family proteins for the growth of stem or progenitor cells, which included but
are not limited to mesenchymal stem cells, hematopoietic stem cells, pluripotent stem cells
and naive state stem cells, as well as for the maintenance or induction of pluripotency.
Especially preferred are NME1 and NME7. Still more preferred are NME1 in dimeric form
and NME7. It is not intended that the invention be restricted to the natural forms of the
proteins. For commercial advantage, the proteins may be made as recombinant proteins that
may bear mutations, truncations or additional sequences. Herein, this NME7 variant is
referred to simply as NME7 since the invention is not meant to be limited by specific variants

that may increase the yield of expressed recombinant protein, solubility and the like. Further,
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the invention envisions the use of single chain variants of NME1 or NMEG, wherein the
single chain protein is comprised of two connected monomers, wherein each monomer may
consist of a single NDPK A or B domain.

[00284] Induced pluripotency

[00285] Forced expression of combinations of the transcription factors, Oct4, Sox2, Klf4
and c-Myc or Oct4, Sox2, Nanog and Lin28 have been shown to cause mature cells to revert
to the pluripotent state (Takahashi and Yamanaka, 2006). Each of the transcription factors
that induce pluripotency regulates the transcription of about a dozen genes. Among these
were several that the inventor has identified as being MUCT1-associated factors. OCT4 and
SOX2 bind to the MUCT promoter itself. Pluripotency proteins SOX2 and NANOG bind to
the NME7 promoter, underscoring its importance for pluripotency of stem cells. NM23 (also
known as NME) was previously identified, by the present inventor, as the activating ligand of
MUC1* (Mahanta et al., 2008). NME7 is an activating ligand of MUC1*. OCT4 and SOX2
both bind to the promoter for MMP16 which we disclose herein is a cleavage enzyme of
MUCI1. OCT4, SOX2 or NANOG also bind to promoter sites for cleavage enzymes MMP2,
MMP9, MMP10, ADAM TSL-1, ADAM TS-4, ADAM-17 (a MUCI1 cleavage enzyme),
ADAM-TS16, ADAM-19 and ADAM-28. Some or all of these cleavage enzymes may be
upregulated to enhance the cleavage of MUCI to the MUCT* form to induce pluripotency or
maintain it (Boyer et al, 2005). Taken together, it is clear that MUC1* (cleaved form) and its
ligand NMET7 are activators of pluripotency, since the key pluripotency proteins, SOX2 and
NANOG bind to the NME7 promoter and OCT4 and SOX2 bind to the MUC1 promoter, and
turn on expression of these genes.

[00286] Our previous work with embryonic stem cells, which only express the cleaved
form of MUC1, MUC1*, showed that dimerization of its extracellular domain stimulate
growth and inhibit differentiation (Hikita et al., 2008). These effects were achieved by
dimerizing the MUC1* extracellular domain using either a bivalent Anti-MUC1#* antibody
(Figure 15), recombinant NM23, or a mutant NM23 (S120G) that preferentially forms dimers
(Kim et al., 2003). Inhibition of MUCT* extracellular domain using the monovalent Anti-
MUC1* Fab was lethal within hours.

[00287] Surface Plasmon Resonance (SPR) experiments were performed that show that
only NME1 dimers bind to the MUC1* extra cellular domain peptide. Figure 17A shows
photographs of non-reducing gels of NM23-WT, NM23-S120G-mixed, NM23-5120G-
hexamer and NM23-5120G-dimer, which show the multimerization state of the wild type

protein and the three different preparations of the S120G mutant. Figure 17B shows an
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overlay of Surface Plasmon Resonance (SPR) measurements showing the ability of the four
different NM23s to bind to a MUC1* extra cellular domain peptide (PSMGFR) attached to
the SPR chip surface. Results show that the amount of binding of NM23 to its cognate
receptor, MUC1T*, is a function of how much dimer is present in the sample. SPR measures
protein mass at the chip-solution interface, so if the hexamer bound to the MUCT* peptide
surface, it would yield an SPR signal 3-times greater than if a dimer bound. Figure 17C
shows photograph of a nanoparticle experiment that shows that only NM23 dimers bind to
the cognate receptor MUCT*. MUCT* extra cellular domain peptide was immobilized onto
gold nanoparticles. To each aliquot of nanoparticles, either NM23-W'T, NM23-S120G-dimer
or NM23-S120G-hexamer was added. If the NM23 bound to the nanoparticle immobilized
MUCT# peptide, it would cause the nanoparticles to become drawn close together which
causes the solution to change from pink to blue. The experiment shows that only the NM23-
S120G-dimer bound to the MUCI1* peptide. The addition of an anti-MUCI1* Fab
competitively inhibited binding of NM23-S120G-dimers in solution to the MUCI1* peptide
on the nanoparticles. Figures 17D-G show different NM23 multimers tested for their ability
to support pluripotent stem cell growth. Human ES (embryonic stem) cells were cultured in
either Figure 17D - NM23-S120G-dimer, Figure 17E - NM23-5S120G-hexamer, Figure 17F -
NM23-WT, or Figure 17G - NM23-S120G-dimer plus the MUC1* extra cellular domain
peptide (PSMGFR) to competitively inhibit binding of the NM23 dimer to the MUCT*
receptor on the stem cell surface. Induction of differentiation is readily observed (colony
thickening, darkening) in (G), (E), and (F in that order, showing that inhibition of the NM23-
dimer-MUC1* interaction induces differentiation as does culturing the cell in NM23
hexamers that do not bind to MUCT*. Only the dimer preparation of NM23-S120G (D) was
able to support undifferentiated stem cell growth.

[00288] Figure 18 shows a native, non-denaturing gel that shows the multimerization state
of NM23-WT versus three different preparations of recombinant NM23-S120G.

[00289] Figure 19 shows SPR measurements of A) NM23 wild type (WT) and B) a
preparation of NM23-S120G-“mixed” that produced 60% dimer. Protein was injected at five
different concentrations. Results show that 8-times more NM23-S120G-mixed protein bound
to a MUCT* extra cellular domain peptide surface than NM23-W'T. Because the wild type
protein is a hexamer, the number of RUs must be divided by 3 to compare to the amount of
dimer that bound. Although both wild type and S120G-dimer show a concentration
dependence in binding, the amount of wild type hexamer that bound is so small that it may

still be within the noise range of the system.
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[00290] These findings indicate that MUCI* is a significant “stemness” factor. In
addition, OCT4 and SOX2 bind to the MUC1 gene promoter and also to the promoter of its
cleavage enzymes. SOX2 and NANOG bind to the NM23 (NME7) promoter. Since blocking
the extracellular domain of MUCT* is lethal to hES cells, it follows that the pluripotency
genes, OCT4, SOX2, and NANOG, bind to the promoter sites of MUCI, its cleavage
enzymes and its activating ligand NME7 and induce their expression of MUC1. One or more
of the genes or gene products that have already been shown to induce pluripotency can be
replaced by transfecting the gene or introducing the gene product for MUCT* alone or in
addition to its cleavage enzymes and/or activating ligands, NMIY7, NME-H1, NMIE-H2 or an
antibody that dimerizes the PSMGFR epitope of MUC1 or MUCT#*.

[00291] Experiments were performed to test the efficiency of induction of pluripotency in
somatic cells using the standard protocol that uses FGF-based media or an altered protocol
that uses NME-based media.

[00292] The conventionally used standard protocol is to first plate dermablasts or
fibroblasts (human foreskin fibroblast-neonatal, “hFFn”: #PC501 A-hFF, System Biosciences,
Mountain View, CA) on plastic and culture them in fibroblast media (FM), changed every 24
hours. After 5 days, the cells are transferred to a surface coated with inactivated fibroblast
feeder cells, which can be mouse (MEFs) or human (HS27). For the next 2 days, cells remain
in FM. On Day 7 the media is changed to bFGF-based media and media is changed every 24
hours. ~2-4 weeks post initial plating, colonies (clones) that have embryonic stem (ES) cell-
like morphology are selected and individually plated into new wells coated with inactivated
feeder cells (MEFs or HS27s) and sequentially passaged every 3-4 days. Wells that continue
to grow as ES-like cells are propagated and tested for the presence of pluripotency markers.
[00293] Contrary to the conventionally used standard protocol, we cultured the somatic
cells in NME media always (NMEI1 dimers: “NM23-MM-A”). In addition, we either plated
the cells over a layer of fibroblast feeder cells or over a layer of anti-MUC1* antibody (C3 or
(8 that recognize the N-10 PSMGFR peptide. RT-PCR measurements were performed to
quantify the amount of Oct4 expressed under a variety of conditions by Day 4 (Figure 31A)
or by day 20 (Figure 31B). By Day 4, the only condition that resulted in an induction of
pluripotency, as measured by expression levels of Oct4, was for fibroblasts transfected with
OCT4, SOX2 and KLF4 (“OSK”) (no ¢-Myc) and cultured in NME1 dimers in minimal
media (“MM”). For those cells Oct4 was 119-times greater than the starting cells and nearly
200-times greater than identical cells that were instead cultured in fibroblast media. By Day

20, cells transfected with only three genes, OSK and cultured in NM23-MM-A expressed
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Oct4 at 109-times greater than the control. Cells that had been transfected with OSKM and
cultured in NM23-MM always had Oct4 expression that was 3-times greater than identical
cells cultured in fibroblast media (FM) then switched to bFGF media (standard), while cells
cultured in FM then switched to NM23-MM only had Oct4 expression that was 1.3-times
greater than cells cultured in I'M then bFGF-M (Figure 31C). Immunocytochemical staining
of the cells at Day 20 for pluripotency marker Tra 1-60 shows the major advantage of
inducing pluripotency in cells using an NME-based media. Cells that were transfected with
OCT4, SOX2 and KLF4 and cultured in NME]1 diemrs in minimal media and in the absence
of added FGI'" had a vast increase in efficiency of induction of pluripotency (Figure 31I°,(3)
compared to cells transfected with all four pluripotency genes OCT4, SOX2, KLF4 and c-
Myc and cultured according to standard protocol in FGF-media (Figure 31D,E). Cells that
were transfected with three pluripotency genes, OCT4, SOX2 and KLF4, did not have
detectable pluripotency markers and lacked stem-like morphology.

[00294] In a preferred embodiment, NM23 (NM23-Hl, NM23-H2, or NME7) is
introduced to cells, as the gene that encodes it, as the protein itself or as a protein bearing a
leader sequence such as a poly-arginine tract, to facilitate entry into the cell, to aid in the
induction or maintenance of pluripotency. The inventors recently showed that when NM23 is
secreted by pluripotent stem cells (and cancer cells), it is an activating ligand of the cleaved
form of MUC1 — MUCT* - and triggers the MAP kinase proliferation pathway. NM23
stimulation of MUC1* was shown to promote the growth of pluripotent hESCs and inhibited
their differentiation (Hikita et al., 2008). NM23 also induces the transcription of ¢-MYC
(Dexheimer at al., 2009) and replaces the need for c-MYC. NM23 is added exogenously
either in its native state to activate the MUC1* growth factor receptor or with a poly arginine
tract to facilitate entry into the cell and nucleus where it induces C-MYC expression. NM23
(NME) may be added as the encoding nucleic acid, or as the expressed protein with or
without a modification that facilitates entry into the cell. NMElor NME2 can be used in their
native state or in mutant forms that favor the dimeric state, such as the S120G mutation or
NME?7.

[00295] In another aspect of the invention, a bivalent antibody that binds to the
extracellular domain of MUC1* (PSMGFR) or a dimeric MUC1* ligand, such as NM23, or
genes encoding them are added to MUCT*-expressing cells to induce pluripotency, increase
the efficiency of the induction of pluripotency, to maintain pluripotency or to inhibit

differentiation. The cells to which these MUCT or MUC1* interacting proteins are added may
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be naturally occurring cells or those into which genes to induce stem cell-like characteristics
have been added, or have already entered the differentiation process or may be stem cells.
[00296] Genes for inducing pluripotency may be introduced on the same or different
plasmids, which may be lenti viral vector driven or adenovirus vectors or any integrating or
non-integrating viral or non-viral vector, or any other system that facilitates introduction of
these genes into the desired cells.

[00297] In many cases, it is preferential to achieve the effects of pluripotency-inducing
proteins by introducing the proteins themselves rather than the nucleic acids or genes that
encode them. The invention encompasses genes disclosed here for the induction of stem-like
characteristics or pluripotency that can be replaced by the gene products, the proteins, either
in their native state or modified with leader sequences such as poly-arginine tracts to allow
entry into the cells. The products of these genes, i.e. proteins, or other proteins which interact
with one or more of the products of the transfected genes are introduced to cells to induce or
maintain pluripotency or other stem-cell like characteristics.

[00298] NM23 protein such as, but not limited to, NME-H1, NME-H2, NME6 or NME-7
enhances the induction or maintenance of pluripotency. NM23 is introduced along with one
or more of the previously identified pluripotency factors, including but not limited to OCT4,
SOX2, KLF4, as well as others disclosed herein.

[00299] NM23 Family Proteins

[00300] NM23 exists as a family of proteins wherein the commonality among these
proteins is the presence of a nucleoside diphosphate kinase (NDPK) domain that catalyzes the
conversion of ATP to ADP. NM23 has previously been known as Tumor Metastasis Factor.
With the recent identification of ten NM23 family members, they are now also known as
NME proteins 1-10 (Boissan et al., Mol Cell Biochem (2009) 329:51-62, “The mammalian
Nm23/NDPK family: from metastasis control to cilia movement,”).

[00301] Scientists first isolated a differentiation inhibition factor from human leukemia
cells and showed that the addition of this factor blocked chemically induced differentiation of
certain types of leukemia and myeloid cells (Okabe-Kado, 1985, Cancer Research 45, 4848-
4852, “Characterization of a Differentiation-inhibitory Activity from Nondifferentiating
Mouse Myeloid Leukemia Cells); this inhibitory factor was later identified as NME1 (NM23-
HI1) (Okabe-Kado, 1992, “Identity of a differentiation inhibiting factor for mouse myeloid
leukemia cells with NM23/nucleoside diphosphate kinase”, Biochem Biophys Res Comm,
182 No.3 987-994). Lecukemia cells are blood cells that are blocked from terminal

differentiation. Interestingly, the ability to inhibit differentiation of leukemia cells was shown
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to be independent of its catalytic domain. Mutations in the NDPK domain that abrogated its
enzymatic activity had no effect on the protein’s ability to block differentiation of some types
of leukemia cells. However, the scientific literature of the following decades paints a picture
of total confusion as to whether NM23 inhibits differentiation, accelerates differentiation or
has no effect at all.

[00302] Many research articles provided evidence indicating that NM23 induces
differentiation. Rosengard et al, 1989, Dearolf et al 1993, and Timmons et al 1993 reported
that in vivo the Drosophila NM23 homologue, awd, is required for proper differentiation.
Lakso et al 1992 reported that NM23 (mouse in vivo) increases with initiation of tissue
differentiation, implying that it induces differentiation. Yamashiro et al 1994 reported that in
vitro NM23 levels increase during differentiation of human erythroleukemia cells. Lombardi
et al 1995 concluded that NM23 (mouse in vitro) increases with initiation of cellular
differentiation, again indicating that NM23 induces differentiation. Gervasi 1996, reported
that overexpression of NM23 (rat irn vitro) induced neuronal differentiation and down
regulation of NM23 with anti-sense DNA inhibited differentiation. Amendola et al 1997
showed that transfection of NM23 in human neuroblastoma cells increased differentiation.
[00303] In direct contradiction to the many research articles that reported that NM23
induced differentiation, an equal number of papers published in the same time frame reported
the opposite: that NM23 inhibited differentiation. Munoz-Dorado et al 1990 found that ndk
(Myxococcus NM23 homologue, in vivo) was essential for growth but was down regulated
during development, implying that its presence would inhibit differentiation. Okabe-Kado
1992 showed that in vitro a differentiation inhibitory factor (later identified by same group as
NM23) inhibited differentiation of mouse leukemia. Yamashiro et al 1994 reported that
NM23 levels decrease during differentiation of human megakaryoblasts, consistent with
NM23 inhibiting differentiation. QOkabe-Kado 1995 showed that recombinant NM?23
inhibited erythroid differentiation of leukemia cell lines HEL, KU812, and K562 but not
monocyte or granulocyte differentiation of progenitors HL60, U937, or HEL/S cells.
Venturelli et al 1995 reported that NM23 overexpression inhibited G-CSF dependent
granulocyte differentiation of human hematopoietic progenitors. Willems et al 1998 found
that NM23 expression decreases as human CD34" hematopoietic progenitors from the bone
marrow cells differentiate. In 2002, Willems et al showed that NM23 had no effect on cell
proliferation, did not induce or inhibit differentiation but skewed differentiation of CD34+

cells toward the erythroid lineage.
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[00304] In a 2000 review article, l.ombardi summarized these and other contradictory
results pertaining to the role of NM23 in differentiation and concluded, “Although the role of
the NM23 genes in the control of cell differentiation is widely under investigation, the
functional connection between NMZ23 expression levels and such processes remains to be
completely elucidated.” In other words, the functional connection between NM23 and
differentiation was not understood.

[00305] The inventors previously discovered that the growth factor receptor function of a
MUCT1 cleavage product, MUC1*, is activated by ligand induced dimerization of its extra
cellular domain and that the ligand of MUCI* was NM23. The inventors further
demonstrated that it was the dimer form of NM23 that inhibits differentiation and supports
the growth of stem and progenitor cells. In addition, the inventors discovered that NM23
species induce pluripotency. We have now discovered that several NM23 family members
have this stem-related function. NME1 (NM23-H1) promotes stem cell growth and inhibits
differentiation when it is a dimer only. NME6 is roughly the same molecular weight as
NME]1 and in sea sponge (Suberites domuncila) it is reported to exist as a dimer (Perina et al,
2011, “Characterization of Nme6-like gene/protein from  marine sponge  Suberites
donmuncula” Nawvnyn-Schmiedeberg’s Arch Pharmacol, 384:451-460).  Although NME7
(NM23-H7) is a monomeric protein, the inventors have discovered that it functions like a
dimer. It contains two NDPK catalytic domains, is approximately twice the molecular weight
of an NME1 or NME6 monomer and is expressed and secreted by human embryonic stem
(ES) and induced pluripotent stem (iPS) cells (see Figure 23 and Figure 24). Depletion of
NME7 and NMEI from stem cells caused the cells to differentiate (data not shown). In a
sandwich ELISA assay, recombinant NME7 (NME7-AB) simultaneously bound to two
MUC1* extra cellular domain peptides, wherein both peptides were the full PSMGFR
sequence. The first peptide was coupled to ovalbumin via a C-terminal Cysteine and was
coated onto an ELISA plate. The addition of recombinant NME7 resulted in significant
specific binding with little or no background. NME7 was then added to the peptide surface to
saturation. The second PSMGFR peptide bore either a histidine tag or a biotin molecule.
Then, either HRP labeled anti-His-tag antibody or streptavidin was added, which showed
robust and concentration dependent binding of the second MUC1* peptide to the NME7.
The results show that monomeric NME7 is able to dimerize MUC1* on a cell surface.
[00306] NME7 can also exist as a smaller protein of molecular weight ~25 kDa. Pull
down assays of stem cell lysates and supernatants were performed followed by mass

spectrometry. The smaller molecular weight forms of NME7 all contained peptide sequences
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from its NDPK A domain, but not from the B domain. This may be an alternative splice
isoform or a cleavage product. Like NME], this smaller A domain NME7 may dimerize.
[00307] NME family proteins are differentially expressed at different times of cell and
tissue development. Whereas we detect NME6, NME7 and NMEI in embryonic stem cells,
only NMIi1 and NME2 are routinely expressed in adult cells or adult stem cells. Because
NME]1 forms hexamers which induce rather than inhibit stem cell differentiation, it follows
that NME6 and NME7 are expressed earlier in embryogenesis and in true pluripotent stem
cells because they cannot [orm the hexamers.

[00308] In the earliest stages of embryogenesis, growth and inhibition of differentiation
would be the default, with the regulatory function of the hexamer being important in later
stages when one wants to initiate differentiation when a certain density of stem cells is
reached. In support of our findings, Boyer et al (Boyer et al, 2005, “Core Transcriptional
Regulatory Circuitry in Human Embryonic Stem Cells”, Cell, Vol. 122, 947-956) reported
that pluripotency inducing proteins SOX2 and NANOG bind to the promoter of NME7 but
not other NME family members, indicating that it is the first NME protein expressed and is
consistent with the notion that it can induce or maintain pluripotency but cannot form the
hexamers that turn it off. Boyer et al also report that pluripotency inducing proteins SOX2
and OCT4 bind to the promoter of MUC1, the target receptor of NME7 following cleavage to
MUCT*#. SOX2 and OCT4 also bind to the promoter of the MUCI cleavage enzyme MMP-
16. The fact that these pluripotency inducing proteins redundantly bind to the promoters of
MUCI, its cleavage enzyme and its ligand, NME7 argue that this subset of proteins is
important to pluripotency and that NME7 is the first of the pluripotency proteins expressed in
the developing embryo. NMET7 is highly expressed by human stem cells if they are cultured
in NM23 variants that prefer dimer formation.

[00309] Example 7 describes an experiment in which BGO1v human embryonic stem cells
are grown in either NM23-S120G, which has been refolded and purified to exist primarily as
a dimer (Figs. 16-17), over a coating of anti-MUC1* monoclonal antibody MN-C3 or
cultured in bFGF over mouse fibroblast feeder cells. Western blots of the resultant cells show
that NME7 is highly expressed in stem cells that have been cultured in NM23-S120G dimers
(Figure 23 Part I. C — Lane 1) but only weakly expressed in stem cells cultured in bFGF
(Lane 2). These results imply that stem cells cultured in NM23 dimers revert to a more
pluripotent state also called the naive state, whereas culturing stem cells in bFGF drives stem

cclls into a more differentiated state called the “primed” state. Research indicates that stem
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cells in the primed state are not capable of differentiating into any cell type the way true
pluripotent stem cells should be able to.

[00310] Jaenisch and colleagues reported a set of markers of the naive state and a second
set of markers that are characteristic of the primed state (J. Hanna, A. W. Cheng, K. Saha et
al., Proc Natl Acad Sci U S A 107 (20), 9222 (2010), Jacob H. Hanna, Krishanu Saha, and
Rudolf Jaenisch, Cell 143 (4), 508 (2010)). Experiments were performed in which human
embryonic stem (ES)or induced pluripotent stem (iPS) cells were cultured in NME1 dimers
or in NME7 in a variety of minimal media or they were cultured in FGF-based media. The
surfaces upon which the stem cells were plated was also varied. RT-PCR measurements
were then performed to measure expression levels of the naive genes versus the primed genes
for cells cultured in NME-based media compared to FGF-based media. In all cases, NME-
based media generated stem cells that were in a more naive state than cells cultured in FGF-
based media. For example, cells grown in FGF in minimal media (MM) grown over MEF
feeder cells had higher expression of the primed markers and lower expression of the naive
markers than the same source cells grown in NME1 dimers in minimal media (MM) wherein
cells were plated over plasticware coated with an anti-MUC1* antibody. Another FGF-based
media called mTeSR fared even worse with very high levels of the primed genes and lower
levels of the naive ones (Figure 13). As stem cells that had previously been cultured in FGF
were transitioned to NME-based media, there was a trend toward expressing higher levels of
the naive genes and lower levels of the primed genes with successive passage number. For
one example of this trend, see Example 13C. These results are consistent with measurement
of Histone-3 in the nucleus which is a more stringent determinant of the naive state. Histone-
3 is detected as a condensed dot in the nucleus of primed stem cells but not in the nucleus of
naive stem cells. 100% of FGF-grown cells are in the primed state and have condensed
Histone-3 in their nucleus. By the 6™ passage in NME1 dimers or NME7, about 25-30% of
the stem cells, which had previously been grown in FGF, had transitioned to the full naive
state, which is pre-X-inactivation. By the 10™ passage, the percentage in the true naive state
had increased to 50-60%. For several examples of this see Figures 34-40. These results are
consistent with the findings shown in Figure 23 Part I. C. Comparing Lane 1 to Lane 2,
NMET7 is expressed to a greater degree in the desirable naive stem cells, which are able to
differentiate into any cell type in the human body. Therefore, strategies that increase
expression of NME7 in a cell, for example via introduction of nucleic acids capable of
causing expression of NME7 or methods that add NME7 protein, or NME] mutants or

variants that prefer dimer formation are strategies that maintain pluripotency, maintain the
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naive stem cell state in embryonic or induced pluripotent stem cells, and/or induce
pluripotency in more mature cell types, including somatic cells, dermablasts and fibroblasts.
These strategies may include ectopic expression of one or more of the pluripotency genes
Octd, Sox2, Nanog, KIf4 or c-myc in addition to NME7 or NME1 dimer forming or dimer
mimicking variants.

[00311] NME7 exists as a single protein but structurally is comprised of two monomers
and so functions as a dimer. NME7 contains two NDPK domains, portions of which bind to
the MUCT* growth factor receptor. Example 7 also describes a binding experiment called a
pull-down assay. In this experiment, the MUCT* extra cellular domain peptide was attached
to beads which were then incubated with lysates from BGO1v human embryonic stem cells.
After wash steps and release from the beads, species capture by interaction with the MUC1#
peptide were separated on an SDS-PAGE gel then probed with an anti-NME7 antibody.
Figure 23 Part II. F) — Lane 1 shows that NME7 binds to the MUC1* extra cellular domain.
Portions of the double NDPK domains in NME7 bind to MUCT* growth factor receptor and
dimerize it which activates pathways that maintain pluripotency, induce pluripotency and
inhibit differentiation of stem and progenitor cells.

[00312] NMES6 exists as a dimer, and resists formation of higher order multimers. NME6
dimers bind to MUCT* growth factor receptor and dimerize it which activates pathways that
maintain pluripotency, induce pluripotency and inhibit differentiation of stem and progenitor
cells. Like NME1 mutants and variants that prefer dimer formation, both NME6 and NME7
are capable of maintaining and inducing pluripotency and inhibiting differentiation of stem
and progenitor cells, including iPS cells.

[00313] Like NME1 mutants and variants that prefer dimer formation, NME6 and NME7
can be added exogenously to stem cells (embryonic or induced pluripotent) or progenitor
cells to induce growth, maintain them in an undifferentiated state or inhibit their
differentiation. NME6 and NME7 can be added exogenously to stem or progenitor cells to
induce pluripotency. In addition, nucleic acids encoding NME1 mutants and variants that
prefer dimer formation, NME6 and/or NME7, or variants thereof, including single chain
variants that behave as dimers, can be introduced into cells to induce the cells to revert to a
less differentiated state or to maintain cells in a less mature state.

[00314] Because NME is highly conserved among all species, the methods described
herein are not intended to be limited to human NME species nor limited to use with human

cells.
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[00315] In another aspect of the invention, we have discovered that the addition of
exogenous NME7 fully maintains stem cell growth and pluripotency, inhibits differentiation
and is also able to induce pluripotency. NME?7 is a monomeric protein that has two NDPK
domains, A and B. Until now, its function has not been elucidated. It was previously only
known that NMIE7 was expressed in testes, ovary and brain. NMIZ7 is suspected to be
involved in the motility of flagella and is thought not to have NDPK activity because of the
lack of certain key residues.

[00316] NMET7 expressed in E. coli and secreted as a soluble protein was added to human
stem cells in culture in a minimal stem cell media devoid of any other growth factor, feeder
cells or their conditioned media. The stem cells were adsorbed onto the cell culture plate by
adhering to a layer of an antibody that recognizes a stem cell surface antigen. In this way,
interference by growth factors and other cytokines present in surface coatings such as
Matrigel were avoided.

[00317] As a comparison, stem cells from the same source were cultured side-by-side but
instead of adding exogenous recombinant NME7, recombinant NM23-H1 (also known as
NMEL1) that had been refolded and purified as a population of dimers was added (See
Examples 9 and 10 and Figures 25-30). In both NME7 and NM23-H1 dimers, stem cells
proliferated without differentiating. Figures 27-30 show that the cells have stem cell
morphology in that they are growing as a single layer of cells that have a high nucleus to
cytoplasm ratio. In addition, immunocytochemistry and quantitative PCR showed that the
resultant cells both expressed pluripotency markers but did not express differentiation
markers such as FOXa2 and miR-145. A cell count showed that stem cells cultured in NME7
produced 1.4-times more cells than those cultured in NM23-H1 dimers. This represents a
significant improvement over the state of the art because the NM23-H1 isoform can exist as a
dimer, tetramer or hexamer, wherein only the dimer is the active form and the hexamer
induces differentiation. Thus, it is advantageous to add the NME form that only activates,
such as NME7. From a commercial standpoint, it is more cost-effective to produce NME7
since it is active as a monomer, expressed in E. coli and secreted as the soluble protein. This
eliminates the problems and expense of denaturing, refolding, inducing to form dimers and
isolating as stable populations of dimers. NME7 can also be added exogenously to induce
cells to revert to a less mature state in vitro or in vivo or to induce pluripotency in somatic
cells. In some cases it could be advantageous to suppress expression of NM23-H1 (NME]1),
using siRNA, anti-sense nucleic acids, or any other method for suppressing gene expression,

while adding exogenous NME7. As we have demonstrated, NM23-H1 (NME1) forms
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tetramers and hexamers as its concentration increases, which then induce differentiation.
Thus, it is yet another aspect of the invention that NME1 hexamers are added exogenously or
NMEI1 is genetically induced to be expressed within a stem cell, when it is desired to have a
cell differentiate to a more mature state.

[00318] To aid in protein expression and purification, several NME7 constructs were made
and tested. Although it has been previously reported that NME7T can be expressed in in vitro
expression systems using wheat germ cell extracts (MW 36.52kDa) and in human HEK293
cells (MW 38kDa), we found that a smaller construct containing essentially just the NDPK A
and BB domains can be expressed in F. coli as a soluble protein with very high yields. We
made NME7-AB with either a histidine tag or a strep tag, however it can be made without an
affinity tag or with any other affinity tag. NME7-AB promoted pluripotency and inhibited
differentiation of human stem cells as well as or better than NME1 (NM23-H1) dimers that
had previously been shown by us to fully support stem cell growth, maintenance of
pluripotency, able to induce pluripotency and inhibit differentiation. Our experiments show
that NME7 can substitute for NME1 dimers without the threat of hexamer formation over
time and in a more cost-effective and commercially applicable way.

[00319] NME family proteins are highly conserved across all species, including plants.
Therefore, sequences of NME family members, isoforms and variants of the invention,
especially NME1, NME6 and NME7 constructs, may be comprised of sequences from any
species or combinations of sequences from different species, with mammalian species being
preferred, mouse species still more preferred, and human species most preferred. Such NME
family members, isoforms and variants can be used for the propagation of, self-renewal,
maintenance of pluripotency, induction of pluripotency or inhibition of differentiation in any
species, wherein mammalian species are preferred, mouse species more preferred and human
species most preferred.

[00320] NME]! in dimeric form or NME7 can also be used for the maintenance of naive
human stem cells or for the induction of naive stem cells from stem cells in the primed state
or for making nafve stem cells from somatic cells in the process of generating iPS cells. Stem
cells in the naive state are characterized by high expression levels of the pluripotency genes
OCT4, KLF2 and NANOG or KLLF4 and low expression levels of FOXa2, OTX, LHX and
XIST compared to stem cells grown in bFGF-containing media. An even more stringent
indicator of the naive state is that the cells have not yet undergone X-inactivation. High levels
of XIST are indicators of inactivation of one of the X chromosomes, but a more definite

determinant is immunocytochemical staining of Histone 3. If X-inactivation has occurred,
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Histone 3 is condensed and can be visualized as a discrete mass in the cell’s nucleus. If X
has not yet been inactivated, Histone 3 is either undetected or is dispersed throughout the
nucleus, sometimes referred to as a “cloud.”

[00321] Both embryonic stem cells (ES) and induced pluripotent stem (iPS) cells, cultured
in NME1 dimers or in NME7 gave rise to stem cells that had reduced levels of F'OXa2, OTX,
LHX and XIST, compared to cells cultured in FGF and also did not have detectable or
condensed Histone 3 in the nucleus of ~ 50% of the cells, after at least 8-10 passages in the
NME-based media. Cells cultured in NME-based media for 6 passages had only 25% of the
cells that were pre-X-inactivation, which is a hallmark of the naive state. Researchers (.
Hanna, A. W. Cheng, K. Saha et al., Proc Natl Acad Sci U § A 107 (20), 9222 (2010), Jacob
H. Hanna, Krishanu Saha, and Rudolf Jaenisch, Cell 143 (4), 508 (2010)) who were able to
temporarily revert primed stem cells to a naive state by treating the cells with a variety of
biochemicals and inhibitors in addition to ectopically expressing genes, reported about 1 in
10,000 cells were in a naive state. By using single cell cloning techniques they were able to
isolate pure populations of naive human stem cells, but they were unstable and could only be
maintained in the naive state for a few passages, which was less than 5 passages in most
cases. Another indicator of stem cells being in the naive state is that the cells have a higher
cloning efficiency, which is calculated as the number of discrete colonies that can be counted
per a specified number of cells plated. The cloning efficiency of mouse stem cells, which
unlike human stem cells, are easily maintained in the naive state by culturing in media
containing mLIF (murine leukemia inducing factor), is ~ 30%. By stark contrast, the cloning
efficiency of human stem cells cultured in FGF-based media is ~1%. ES cells cultured in
NMEI1 dimers had a cloning efficiency of 18% and the same cells cultured in NME7 had a
cloning efficiency of 23%. However, these were cell populations that only had about 50% of
the cells in the naive state by Histone-3 staining. Therefore, the actual cloning efficiency of
the naive cells in that population is at least 2-times the measured 20%, which is about 40%
cloning efficiency which is above that of mouse naive stem cells. Taken together, these data
show that stem cells cultured in NME1 or NME7 revert from the primed state to a naive state
and are maintained in a naive state.

[00322] The invention also envisions the use of NME1 or NME7 to generate populations
of stem cells that are essentially 100% pluripotent and in the naive state. By merely culturing
currently commercially available ES or iPS cells in media containing NME1 dimers or
NME7, populations of cells are generated that are about 50% in the completely naive state.

Using cloning techniques, known to those skilled in the art, such as limiting dilution, on
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mixed population of naive and primed stem cells, populations of stem cells that are all in the
naive state are generated. In yet another aspect of the invention new stem cell lines are
generated. ES cell lines are generated using previously described techniques (Embryonic
Stem Cell Lines Derived from Human Blastocysts. James A. Thomson, Joseph Itskovitz-
Eldor, Sander S. Shapiro, Michelle A. Waknitz, Jennifer I. Swiergiel, Vivienne S. Marshall,
Jeffrey M. Joneset al. Science 282, 1145 (1998); DOI: 10.1126/science.282.5391.1145;
Isolation of Embryonic Stem (ES) Cells in Media Supplemented with Recombinant
Leukemia Inhibitory Factor (LIF). Shirley Pease, Paola Braghetta, J David Gearing, Dianne
Grail, and R. Lindsay Williams Developmental Biology 141, 344-352 (1990)) with the
exception that instead of culturing cells in FGF, which drives the naturally naive cells into the
primed state, cells are cultured in media containing NME7 or NME1 wherein at least some of
the NME1 protein is in the dimeric state, more preferably wherein at least 25% of the protein
is in the dimeric state and still more preferably wherein at least 50% of the protein is a dimer.
In one aspect, cells are derived from the inner cell mass of a human blastcyst and cultured in
a media containing NME7 or NMEI1 dimers. In another aspect of the invention, somatic
cells, such as dermablasts or fibroblasts are induced to revert to a less mature state by
culturing in a media containing NME7 or NMEI dimers. In yet another aspect of the
invention, iPS cell lines are generated by transducing somatic cells, dermablasts or fibroblasts
with one or more of the pluripotency genes Oct4, Sox2, Kif4, Nanog, c-Myec, or LIN2§ or by
treating the cells with the products of those genes, i.e., the proteins or with agents that cause
the proteins to be produced and doing so in the presence of a media that contains NMEI1
dimers or NME7. More generally, the invention envisions generating new iPS cell lines,
which are produced with greater efficiency or are in a more nafve state than iPS cells
generated by traditional methods that include the use of FGF, using any method that induces
a cell to revert to a less mature state, including a pluripotent state, by culturing the cells in the
presence of NME1 dimers or NME7. In a preferred embodiment, the use of FGF is
eliminated. In another preferred embodiment, cells undergoing the process of generating iPS
cells are not transferred onto fibroblast feeder cells.

[00323] Surfaces for growing stem cells

[00324] It is not intended that the invention be limited by the nature of the surface upon
which the stem cells or the cells undergoing induction of pluripotency are grown. Any
suitable surface for stem cell growth or induction of pluripotency can be used with media
containing NME1, NME6, or NME7. Such surfaces include but are not limited to feeder

cells, Matrigel, hydrogels, integrins and integrin derivatives, E-cadherin and E-cadherin
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derivatives, vitronectin, antibodies to cell surface receptors, antibodies that recognize the
MUCT* extra cellular domain, antibodies that recognize the PSMGFR sequence, Vita™
brand plates (ThermoFisher), vITA™ plates coated with an anti-MUC1* antibody and the
like. NME1 mutants and variants that can form stable dimers (P96S, S120G mutants and a
single chain construct) were added to minimal stem cell media (MM) and used to propagate
stem cells that were growing over a Matrigel surface or an anti-MUCIT* antibody coated
surface. The growth of the stem cells and their ability to resist spontaneous differentiation
was essentially equal in all three media and on both surfaces (Figure 20, Figure 21). Some
surfaces negatively impact the quality of the stem cells grown on them. Feeder cells secrete
as yet unknown factors that result in primed state stem cells. Integrins, such as vitronectin,
bind to cognate receptors on the cell surface and generate a biological signal, which may or
may not be desirable for the maintenance of naive state stem cells. Measurement of markers
of the naive and primed state showed that stem cells attached to an adhesion layer of
vitronectin, even when cultured in NMEI dimers, had an increase in the primed markers and
a decrease in the expression of naive markers. In a preferred embodiment, the surface,
which may be a plastic, biodegradable, mesh or solid, planar or particle-like, is coated with
an antibody that recognizes the MUC1* extra cellular domain, consisting primarily of the
PSMGEFR sequence. In a yet more preferred embodiment, the surface is a VITA™ brand
plate coated with an antibody that recognizes the PSMGFR peptide. In a still more preferred
embodiment the anti-MUC1* antibody recognizes the N-terminal portion of the PSMGFR
peptide, including the N-terminal 15 amino acids.

[00325] 1In some cases, a rho kinase inhibitor is used to enhance adhesion of the cells to the
surface. Many rho kinase inhibitors, including but not limited to HA100, Y27632, and
thiozivincan be used to aid in enhancing adhesion of stem cells to surfaces, particularly to the
surfaces that are plastic coated with anti-MUCIT* antibodies. For most stem cell lines
currently available, a tho kinase inhibitor is added for the first 24-48 hours only.

[00326] Alternatively, inhibitors of guanine exchange factors (GEFs) are added to the
media instead of tho kinase inhibitor for at least a portion of the culture period, to enhance
adhesion to surfaces that are not cells or comprised of complex cell mixtures such as
Matrigel. Inhibitors of GEFs are used in some cases instead of rho kinase inhibitors to
enhance the attachment of stem cells to surfaces that are coated with anti-MUCT* antibodies.
In one aspect of the invention, the guanine exchange factor inhibitor is NME1 in hexameric
form. In another aspect of the invention, the guanine exchange factor inhibitor is a peptide

that is derived from NME]I.
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[00327] [Inhibitors of rho kinase or guanine exchange factor may be required for maximal
adhesion of primed stem cells or mixed populations of primed and naive stem cells to certain
surfaces, such as plates coated with anti-MUC1* antibodies. However, pure populations of
naive stem cells do not require the use of tho kinase inhibitors or guanine exchange factor
inhibitors. In one aspect of the invention, pure populations of naive stem cells are cultured in
the absence of FGF or a tho kinase inhibitor.

[00328] Rho kinase inhibitors are agents that inhibit rho kinase I or II. They may be small
molecules, peptides or proteins Rath N, Olson MF. Rho-associated kinases in tumorigenesis:
re-considering ROCK inhibition for cancer therapy. EMBO Rep. 2012;13(10):900-8.
Examples of rho kinase inhibitors are Y27632, HA-1077, also called Fasudil, H-1152, and
thiazovivin (Olson MF. Applications for ROCK kinase inhibition. Curr Opin Cell Biol.
2008;20(2):242-8; Watanabe K, Ueno M, Kamiya D, et al. A ROCK inhibitor permits
survival of dissociated human embryonic stem cells. Nat Biotechnol. 2007;25(6):681-6;
Breitenlechner C, Gassel M, Hidaka H, et al. Protein kinase A in complex with Rho-kinase
inhibitors Y-27632, Fasudil, and H-1152P: structural basis of selectivity. Structure.
2003;11(12):1595-607; Lin T, Ambasudhan R, Yuan X, et al. A chemical platform for
improved induction of human iPSCs. Nat Methods. 2009;6(11):805-8) . In addition to Rho
kinase inhibitors, the invention envisions using inhibitors of related pathways in place of the
Rho kinase inhibitors. For example, in the same pathway, guanine exchange factors (GEFs)
are upstream of Rho kinase. The GEFs activate the Rho kinases. Therefore instead of using
rho kinase inhibitors, the invention envisions using GEF inhibitors. Since rho kinase is in the
inactive state when bound to GDP, any agent that increases the amount of GDP present in a
cell, such as RAD, GEM,and RhoE as well as others, can be used in place of rho kinase
inhibitors to aid in stem cell growth, survival and attachment to surfaces (Riento K, Guasch
RM, Garg R, Jin B, Ridley AJ (2003) RhoE binds to ROCKI and inhibits downstream
signaling. Mol Cell Biol 23: 4219-4229; Komander D, Garg R, Wan PT, Ridley AJ, Barford
D (2008) Mechanism of multi-site phosphorylation from a ROCK-I:RhoE complex structure.
EMBO J 27: 3175-3185; Ward Y, Yap SF, Ravichandran V, Matsumura F, Ito M, Spinelli B,
Kelly K (2002) The GTP binding proteins Gem and Rad are negative regulators of the Rho—
Rho kinase pathway. J Cell Biol 157: 291-302), in their place. Myosin is also in the same
pathway as Rho kinases. Myosin is indirectly activated by Rho kinase and as such is
downstream of rho kinase in the same pathway. Therefore, myosin inhibitors can also be
used in place of tho kinase inhibitors according to methods of the invention to aid in stem cell

survival and/or to aid in stem cell attachment to surfaces. Blebbistatin is a myosin inhibitor
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and can be used in place of any rho kinase inhibitor used according to methods of the
invention (Ohgushi M, Matsumura M, Eiraku M, Murakami K, Aramaki T, Nishiyama A, et
al. Molecular pathway and cell state responsible for dissociation-induced apoptosis in human
pluripotent stem cells. Cell Stem Cell 2010;7:225-39; Ohata H, Ishiguro T, Aihara Y, et al.
Induction of the Stem-like Cell Regulator CDD44 by Rho Kinase Inhibition Contributes to the
Maintenance of Colon Cancer-Initiating Cells. Cancer Res. 2012;72(19):5101-10). Another
alternative to using a rho associated kinase inhibitor, is to activate or inhibit any target that
results in increased cell migration. Activation of modulators of the RAC pathway, that
increases cell migration include PI3K, CDC42, PAK, N-WASP as well as RACI, and
lamellipodium. Agents that enhance their expression levels in the cell or increase their
activity are used to enhance stem cell survival and attachment to surfaces. RAC1 GTPase
expression decreases as stem cells dissociate and conversely Rho associated kinases increase,
which leads to loss of cell migration and apoptosis (Ohgushi M, Matsumura M, Eiraku M, et
al. Molecular pathway and cell state responsible for dissociation-induced apoptosis in human
pluripotent stem cells. Cell Stem Cell. 2010;7(2):225-39.) Therefore inhibitors of the PI3k or
RAC pathway should be suppressed, or activators of RAC pathway increased in order to
enhance stem cell survival and attachment to surfaces, such as to antibody coatings wherein
the antibody binds to a stem cell surface protein, such as MUC1*. NMEI in hexamer form
and NME2, likely also in hexamer form, bind to GEF Tiaml and Dbl-1 to inhibit GTPases
RACT and CDC42 GTPase, respectively ((Ohgushi M, Matsumura M, Eiraku M, et al.
Molecular pathway and cell state responsible for dissociation-induced apoptosis in human
pluripotent stem cells. Cell Stem Cell. 2010;7(2):225-39 ; Murakami M, Meneses PI, Knight
JS, Lan K, Kaul R, Verma SC, Robertson ES. Nm23-H1 modulates the activity of the
guanine exchange factor Dbl-1. Int J Cancer. 2008; 123:500-10; Miyamoto M, Iwashita S,
Yamaguchi S, Ono Y. Role of nm23 in the regulation of cell shape and migration via Rho
family GTPase signals. Mol Cell Biochem. 2009; 329:175-9). Therefore, inhibition of RAC
and CDC42 modulated by NME1 and NME2 hexamers decrease cell migration and limit
stem cell attachment and survival. We have suppressed NME1 and NME2 in embryonic and
induced pluripotent stem cells in culture in NME7 media and observe no ill effects.
Suppression of NME1 and NME?2 in stem and progenitor cells that are cultured in NME6 or
NME7 containing media are preferred methods for enhancing stem and progenitor cell
survival and attachment to surfaces for in vitro culture. In a preferred embodiment,
embryonic stem cells or iPS cells are cultured in a media that contains NME7 and siRNA to

suppress NME1 and NME2. In a preferred embodiment the nucleic acids that suppress
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NME1 and NME2 are siRNA molecules derivatized with cholesterol moieties to enable entry
into the cells (Darmicon). In a more preferred embodiment the stem cells are not contacted
with a rho kinase (ROCK1) inhibitor such as Y27632.

[00329] Alternatively, stem cells cultured in media containing NME1, NME6 or NME7,
are grown in suspension. A number of techniques for cell growth in suspension are known to
those skilled in the art. Wave bags, roller bottles, and the like can be used in association with
NME-containing media for stem cell growth or for the induction of pluripotency in more
mature cells such as somaltic cells, dermablast or fibroblasts. In a preferred embodiment, the
NME protein is NMET in dimer form. In a still more preferred embodiment the NMI protein
is NME7.

[00330] It is not intended that the invention be limited by the nature of the media to which
NME1, NME6 or NME7 is added. NME family proteins can be added to any media suitable
for stem or progenitor cell growth or any media suitable for the induction of pluripotency. A
base media such as DMEM, DMEM/F12, or similar further containing knockout serum
replacement or similar and non-essential amino acids are preferred. In a preferred
embodiment, the base media contains 60-80% DMEM-like base and 20-40% knockout serum
replacement or similar, plus concentrated non-essential amino acids. In other cases the base
media contains a DMEM-like base plus insulin, selenium, and transferrin. In cases where the
resultant cells are destined for use in a human, the preferred species of the protein
components is human.

[00331] Ligands of the MUCT* growth factor receptor, in particular NME family proteins,
promote the growth of, and maintenance of pluripotency of stem and progenitor cells.
MUCT1* ligands in a media also support the process of making induced pluripotent stem (iPS)
cells and support the process of inducing cells to revert to a less mature state. In addition,
MUC1* ligands themselves induce cells to revert to a less mature state in the absence of other
factors such as transfection or transduction of pluripotency genes including OCT4, SOX2,
KLF4, NANOG or c-Myc.

[00332] The inventors previously disclosed that ligands of the MUCI* receptor can
function as growth factors. Ligands that dimerize the MUC1* extra cellular domain were
shown to increase the growth of MUCI1-positive cancer cells and also stem and progenitor
cells that expressed MUCT*. The present application discloses that NME?7 is also a ligand of
the MUCT* growth factor receptor. NME?7 is secreted by stem cells. NME7 in a base media
devoid of any other cytokines fully supports the growth of embryonic or induced pluripotent

stem cells. NME7 functions to promote growth of and maintain pluripotency of stem cells in
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a manner very similar to NME1 dimers. NME1, expressed or purified such that a significant
population exists as a dimer, fully supports the growth of embryonic or induced pluripotent
stem cells and does not require serum or any other cytokines. NME] in dimeric form and
NME?7 also induce pluripotency in cells that are in a more mature state than the naive or
ground state stem cells. Whereas growth of human stem cells in FGI' containing media
produce stem cells in the “primed” state, growth of human stem cells in NME1 dimers or
NMEY7 induces those cells to revert to an earlier state called the “naive” or “ground” state.
Recent research provides evidence that stem cells in the primed state cannot develop into all
the cell types in the human body the way that naive stem cells can. Therefore, stem cells
cultured in NME1 or NME7 that are in a more naive state are ideally suited for use in human
therapies because the naive state is the natural state of human stem cells and it is those naive
stem cells that are able to develop into any cell in the human body. In a preferred
embodiment, stem cells cultured in NMFE1 or NME7 are used for any and all human stem cell
therapies.

[00333] The present application discloses that NM23 as a component of a defined, xeno-
free media supports stem cell growth, including both embryonic and induced pluripotent and
further can be used as the media in which to reprogram somatic, progenitor, or somewhat
mature cells such that they become pluripotent stem cells, which are also referred to as 1PS
cells.

[00334] The addition of NM23 to base media DMEM/F12 (or similar) plus insulin (human
preferred), selenium, transferrin, l-ascorbic acid, with pH adjusted using NaHCO; fully
supported ES and 1PS cell growth when cells were attached to Vitronectin-coated surfaces or
anti-MUC1#* coated surfaces. The use of Rho kinase inhibitors HA100 or Y27632 for at least
the first 24 hours greatly improved stem cell surface attachment. Especially preferred are
NM23 and NM23 variants that can be expressed and/or isolated as dimers. Other growth
factors such as FGF-2 or TGF-beta may optionally be added to NM23 in this media. In
addition, cells may be grown under hypoxic conditions for improved performance.

[00335] The addition of NM23 to base media DMEM/F12 (or similar) plus insulin (human
preferred), selenium, transferrin, l-ascorbic acid, with pH adjusted using NaHCO; fully
supported ES and iPS cell growth when cells were attached to Vitronectin-coated surfaces,
anti-MUC1* coated surfaces, Matrigel and other surfaces to which stem cells attach. The use
of Rho kinase inhibitors HA100 or Y27632 for at least the first 24 hours greatly improved
stem cell surface attachment. Addition of any Rho kinase inhibitor (ROCKi) changes cell

shape and attachment properties and can be used in media containing NM23 to enhance the
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attachment of stem cells, progenitor cells and other non-adherent cells to surfaces. In the
presence of a rho kinase inhibitor, cells transition within 24 to 48 hours from a rounded shape
with weak surface attachments to a more flattened shape with many surface attachments.
Although the use of Rho kinase inhibitors has been previously described for use with stem
cells to enhance survival, Rho kinase inhibitors do not increase survival in NMIE based
media. For that reason, it is only used to make cells flatten out and form greater attachments
to surface.

[00336] The use of rho kinase inhibitors have been previously described for use with
bFGF-based media, also to increase survival. Herein, we describe the use of Rho kinase
inhibitors to aid in attachment to surfaces when NME1, NME6 or NME7 are used in a media.
Especially preferred are NM23 and NM23 variants that can be expressed and/or isolated as
dimers as well as NME7, which is a monomer that has two NDPK domains. Although these
NDPK domains until now have only been known to have enzymatic activity, the inventors
have discovered that a portion of the NDPK domain contains a motif that binds to the
MUCT#* extra cellular domain.

[00337] Figure 14 shows that in a pull-down assay, NME7 from human stem cells bound
to a synthetic peptide having the sequence of the PSMGFR peptide. The inventors have
shown that: 1) only NMEI dimers (not hexamers) support pluripotent stem cell growth; 2)
NMEI1 dimers (not hexamers) bind to two or more MUCT* extra cellular domain peptides in
a nanoparticle assay; and 3) MUC1*’s pluripotency activity and growth factor receptor
activity occurs after ligand-induced dimetrization of its extra cellular domain; a bivalent anti-
MUCIT# antibody results in a bell-shaped curve of growth as a function of antibody
concentration which shows that it is dimerization of the extra cellular domain that causes the
growth factor receptor function.

[00338] We have also shown that NME7 functions similarly to NME1 dimers in their
ability to support pluripotent stem cell growth and inhibit differentiation. NME7 via NDPK
domains, binds to the MUC1* receptor’s extra cellular domain to promote pluripotent, naive
stem cell growth and inhibits differentiation. In particular, NME7 hinds to the PSMGFR
peptide which is a part of the MUC1* extra cellular domain.

[00339] NM23-HI, which is also known as NME], is active as it is a stem or progenitor
cell growth factor only when in dimer form. NME1 can exist as a dimer, tetramer or hexamer
as a function of concentration as well as its sequence. Mutations such as the S120G or P96S
with or without C-terminus deletions prefer dimer formation and are somewhat resistant to

hexamer formation so are preferred as stem or progenitor cell growth factors. NME6 exists
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as a dimer and is also preferred for use as a growth factor, like NME1 dimers, for the
maintenance and induction of pluripotency and for inhibition of differentiation. NME7 is a
monomer but may bind like a dimer with its two NDPK domains. In pull-down assays
NME?7 binds to MUCT* extra cellular domain peptide, indicating that portions of at least one
NDPK domain binds to the MUCI1* receptor, and like NMIE1 dimers, results in the
maintenance or induction of pluripotency while inhibiting differentiation. In a sandwich
assay, NME7 was shown to simultaneously bind to two MUCI1#* extra cellular domain
peptides (PSMGFR), indicating that the NME7-AB protein can dimerize MUC1* on the cell
surface. NMIi1 also binds to the MUCT* extra cellular domain peptide and the MUCT*
receptor on cells. NME1 hexamers do not bind to the MUC1* receptor and do not maintain or
induce pluripotency. NME1 dimers, NME6 dimers, or NME7 for the growth, maintenance,
induction of pluripotency and inhibition of differentiation can be used in many different base
media that are suitable for culture of stem or progenitor cells. The composition of compatible
base media can vary. In some cases, other growth factors or cytokines may be added into the
media along with NME protein. Other growth factors such as FGF-2 or TGF-beta may
optionally be added to NM23 in this media. In a most preferred embodiment, NME1 dimers,
NME6 dimers or NME7 is added to a base media that does not contain other growth factors
or cytokines. Cells may be grown under hypoxic conditions for improved performance.

[00340] The methods of the invention can act to provide the cells with a growth factor to
stimulate the proliferation of a specific population of cells, which may carry a genetic
mutation or correction. In one embodiment, an NME family protein is encoded in a nucleic
acid sequence that may be contained within a plasmid that is introduced into a cell. The
nucleic acid sequence that encodes the NME family protein can be part of a plasmid, or
expression vector that also carries the sequence of a gene whose expression is desirable. The
gene may be a corrected gene or gene to be expressed. 'The invention also envisions
introducing a nucleic acid encoding an NME family member into a stem cell such that the
cell constitutively expresses its own growth factor, simplifying culturing because it would
only require a minimal solution for growth. In a preferred embodiment, the nucleic acid is an
expression plasmid, which may have an inducible or controllable promoter. In a preferred
embodiment the NME family member is NME1, NME6 or NME7. In a still more preferred
embodiment the NME family member is NME7. In the most preferred embodiment, the
NME family is NME7-AB. The invention also includes the use of these methods, in patients,
in cells destined for transplant in patients, in blastocysts and embryos as well as in fertilized

or unfertilized eggs, which may be used for in vitro fertilization.
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[00341] The invention additionally envisions the use of NME-based media for the
generation of new stem cell lines that may be embryonic in origin or induced from more
mature cells. In a preferred embodiment, the NME-based media is a minimal media
containing recombinant NME7. Yet more preferred is a media containing NME7-AB.

[00342] New stem cell lines are established as follows: Human cells are harvested from
the inner mass of a blastocyst or the entire blastocyst can be used. The cells of the blastocyst
are maintained and cultured in a media containing NME7. In a preferred embodiment, the
media is free of other growth factors or cytokines. The harvested cells may be plated over a
layer of feeder cells, which may be fibroblasts or may be MUC1-positive cancer cells, or over
an antibody layer. In a preferred embodiment, the antibody is an anti-MUC1* antibody. Still
more preferred is an antibody that binds to the N-10 PSMGER peptide.  Alternatively the
cells may be cultured or maintained in suspension in an NME7 containing media. A variety
of techniques known to those skilled in the art can then be used to isolate stem-like cells,
which can then be cloned to obtain clones that have the desired karyotype, and the desired
gene expression profile. In a preferred embodiment, clones are isolated and proliferated that
have gene expression indicative of the naive state and not the primed state and further have
not undergone X-inactivation if the cells are female. In a typical stem cell derivation method,
the blastocyst or cells from the blastocyst are plated onto a surface and cultured for some
period of time until blast outgrowths are observed that appear stem-like. These are harvested,
grown and clones having the desired characteristics are isolated and maintained. Standard
cloning techniques are performed to isolate clones that are positive for pluripotency markers
as well as naive markers and having low or no expression of primed markers such as FOXA2,
OTX, LHX or sometimes XIST or lack of condensed Histone-3 in the nucleus. Clones are
maintained and propagated in minimal media containing NME7 and optionally maintained in
the naive state by growing the cells over a layer of anti-MUC1* antibodies. In an alternative
method, the cells are cultured in suspension. A Rho kinase inhibitor may be added to the
NME?7 containing media. In a preferred embodiment, the media is free of FGF.

[00343] It has been demonstrated, in mouse and human, that somatic cells can be
reprogrammed by ectopic expression of transcription factors (Lowry et al., 2008; Maherali et
al., 2007; Nakagawa et al., 2008; Okita et al., 2007; Park et al., 2008; Takahashi et al., 2006;
Takahashi and Yamanaka, 2006; Wernig et al., 2007; Yu et al., 2006) to become pluripotent.
The generation of induced pluripotent stem (iPS) cells holds great promise for the realization
of truly personalized regenerative medicine (Yamanaka, 2007; Jaenish and Young, 2008)

because stem cells derived from a patient's own skin cell can be used to generate cells and
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tissues to repair damage caused by disease or aging. Forced expression of combinations of
the transcription factors, Oct4, Sox2, Klf4 and c-Myc or Oct4, Sox2, Nanog and Lin28 have
been shown to cause mature cells to revert to the pluripotent state. However, these methods
use FGF-based media throughout the process, which likely slows or corrupts the process of
iPS generation.

[00344] An improvement over the known technique is to generated iPS cell lines as
follows: Somatic cells, dermablasts or fibroblasts which may be from a donor or a patient are
cultured in a media containing an NME family protein. In a preferred embodiment the NME
family protein is NMI1 dimer, NME6, or NMIE7. In a more preferred embodiment, the NMI:
family member is NME7, wherein NME7-AB 1is especially preferred. The cells can be
treated with nucleic acids, small molecules, or proteins that result in an increase in levels of
pluripotency genes or proteins in the cells, wherein the pluripotency genes or gene products
are chosen from OCT4, NANOG, KLF4, c-Myc, LIN2E, and NME7. In a preferred
embodiment, the starting cells are transfected with Oct4, SOX2 and Klf4. The starting cells
that are somatic cells, dermablasts, fibroblasts or other cell are initially plated onto plastic
multi-well plates in a minimal media containing roughly 2-50 nM NME7, more preferred is
8-16 nM. Media is changed every 24-72 hours as is typical. As cells begin to lose their
adhesion to the plastic, they can be moved to a surface to which they will adhere, such as a
surface of inactivated fibroblasts, inactivated cancer cells or a surface coated with an
antibody to a stem cell surface protein, wherein an anti-MUC1* antibody is preferred. A rho
kinase inhibitor may be added to the media in addition to the NME family member. After
approximately 2-3 weeks, stem-like cells will have emerged and can be isolated and cloned.
Clones with desired karyotype and gene expression profiles are selected and proliferated as
stable self-renewing cell lines. In apreferred embodiment, clones that are naive are selected.
Human cells are preferred for these methods of generating new stem cell lines.

[00345] It is not intended that the invention be limited by the type of stem or progenitor
cell for which the methods of the invention are useful. Essentially any stem or progenitor
cells that expresses the cleaved for of MUCI, i.e. MUC1* can be used along with media and
methods of the invention.

[00346] For a variety of reasons, including FDA compliance, totally defined and xeno-free
media are desirable for the growth of human stem cells destined for therapeutic uses. The
examples and figures herein demonstrate that NME1 dimers and NME7 fully support
pluripotent, naive stem cell growth and inhibit differentiation and these functions are

independent of base media components. Virtually any base media that is suitable for stem
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cell growth will suffice. Preferred are base media that do not contain other growth factors or
cytokines.

[00347] Researchers recently reported a base media, called E8, that includes DMEM/F12,
insulin, selenium, transferrin, l-ascorbic acid, and NaHCQ; for pH adjustment, plus bFGEF
and TGF-beta as the growth factors, which is a defined and xeno-frec media for uman stem
cell growth (Chen G, Gulbranson D, Hou Z et al, “Chemically defined conditions for human
iPSC derivation and culwre” Nature Methods, Vol. 8. No. 5, 2011 pgs 424-431). This base
media, devoid of bI'GI" and TGF-beta, but with NME1 or NME6 dimers or NME7, that we
called “MN6”, was shown to fully support human and mouse pluripotent stem cell growth,
inhibited differentiation and also supported the induction of pluripotency during iPS
generation. NME1 or NME6 dimers, or NME7 in MN2 media which is a base media and
non-essential amino acids only (see Example 1), somewhat supported pluripotent stem cell
growth. These findings underscore the fact that NME1 dimers and NME7 are the natural
growth factors of human stem cells and can be used in a variety of media suitable for stem or
progenitor cell growth. Similar to the E8 media, media suitable for use with NME1 dimers
and NME7 is comprised of a base media such as DMEM/F12 or DMFE/F12/Glutamax I, -
ascorbic acid, sodium selenium, insulin, transferrin and an agent to adjust pH such as sodium
bicarbonate. In another aspect of the invention, the base media to which NME1 dimers or
NME7 is added is comprised of DME/F12/Glutamax I, a serum replacement such as
Knockout serum replacement (LifeTechnologies/Invitrogen), amino acids, such as non-
essential amino acid solution (LifeTechnologies/Invitrogen), and optionally beta-
mercaptoethanol. Media containing components from each of these base media are also
envisioned. In fact, any base media suitable for stem or progenitor cell growth can be used
with NME1 dimers and NME7 for the growth of stem or progenitor cells, to inhibit
differentiation even to the primed state, and to induce pluripotency in more mature cells,
which may be somatic cells, dermablasts, fibroblasts or progenitor cells.

[00348] A variety of media supported stem cell growth and inhibited differentiation when
mixed with NME1 dimers or NME7. The concentration of NME1 dimers, NME6 dimers, or
NME7 can vary. In one aspect the NME concentration is between 1nM and 100nM (based
on the molecular weight of the monomer). In a preferred embodiment, the concentration of
NMEI dimers, NME6 dimers, or NME7 is from 2nM to 64nM. In a still more preferred
embodiment, the concentration of NME1 dimers, NME6 dimers, or NME7 is 4nM to 32nM.
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[00349] One media called Minimal Media “MM?” that when mixed with NME1 dimers or
NMET7, at 8nM — 16nM, fully supported human stem cell growth and mouse stem cell growth
and made human primed stem cells revert to the naive state was comprised of:

[00350] 400 ml DME/F12/GlutaMAX I (Invitrogen# 10565-018),

[00351] 100 ml Knockout Serum Replacement (KO-SR, Invitrogen# 10828-028),

[00352] 5 ml 100x MEM Non-essential Amino Acid Solution (Invitrogen# 11140-050),
and

[00353] 0.9 ml (0.1mM) B-mercaptoethanol (55mM stock, Invitrogen# 21985-023).
[00354] Another media that worked similarly when NME1 dimers or NME7 was added at
8nM - 16nM was “MN67, comprised of:

[00355] DMEM/F12,

[00356] L-Ascorbic acid 64 mg/L,

[00357] Sodium selenium 14 ug/L,

[00358] Insulin 19.4 mg/L.,

[00359] Sodium Bicarb 543 mg/1., and

[00360] Transferrin 10.7 mg/L

[00361] Another media that was tested with NME1 dimers or NME7 was added at 8nM —
16nM was “MN2” comprised of:

[00362] 400 ml DME/F12/GlutaMAX I (Invitrogen# 10565-018), and

[00363] 5 ml 100x MEM Non-essential Amino Acid Solution (Invitrogen# 11140-050)
[00364] NMEI1 dimers and NME7 in “MM” or “MN6” support human stem cell growth as
well as or better than the FGF-containing media “E8” or mTeSR. The experiments shown
in Figures 1-10 were carried out by plating stem cells on a layer of Vitronectin while the
experiments of Figures 11 and 12 were carried out by plating stem cells onto a layer of anti-
MUC1* antibody. NMEI1 dimers or NME7 in any minimal or defined media promotes
pluripotency and inhibits differentiation. Any surface or base media that is suitable for stem
cell growth are compatible with growth in NME1, NME6, or NME7. The methods of the
invention are not limited to use with embryonic stem cells. NME1 dimers or NME7 also
fully supported the growth of human ES cells and iPS cells as well as mouse ES and iPS
cells. In addition, NMEI1 dimers or NME7 supported the induction of pluripotency in
somatic cells and in fact increased the efficiency of iPS generation.

[060365] In addition to using NM23 in this defined and xeno free media for the growth and
maintenance of ES and iPS cells, it is also used in the process of making iPS cells from

progenitors or mature somatic cells such as dermablasts.
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[00366] Cell culture media

[00367] Any cell culture may be used so long as a MUC1* ligand is either added to the
media or is expressed by the cell. In particular, minimal media is preferred that includes
MUCT* ligand such as NM23 family of proteins added to the media or expressed by the cell.
A minimal media was made that included only DMEM/F12, insulin (human preferred),
selenium, transferrin, l-ascorbic acid, with pH adjusted using NaHCO3s was made; we called
this media “MN6”, see detailed formula below. Another minimal media was made that
included only 400 ml DME/F12/GlutaMAX I (Invitogen# 10565-018) and 5 ml 100x MEM
Non-essential Amino Acid Solution (Invitrogen# 11140-050); we called this media MN2, see
detailed formula below. NME7, NME6 or NME1l (NM23-S120G)in Another base media
called minimal stem cell media or “MM” is comprised of MN2 media plus 100 ml Knockout
Serum Replacement (KO-SR, Invitrogen# 10828-028) and 0.9 ml (0.1lmM) 8-
mercaptoethanol (55mM stock, Invitrogen# 21985-023). To these three base media were
added 8 nM — 16 nM NME7, NME6 or NME1 (NM23-S120G), wherein NME1 was
refolded and purified such that the population was essentially all dimers. In some cases a Rho
kinase inhibitor (ROCi) such as Y27632 was added. The presence of NME1, NME6 or
NME7 in any of these media, promoted pluripotent stem cell growth and inhibited
differentiation.

[00368] A previously reported media of MNG6 plus FGF-2 and TGF-beta, “E8” (G. Chen,
D. R. Gulbranson, 7. Hou et al., Nat Methods 8 (5), 424 (2011)), plus/minus Y27632, was
compared to NME-based media. In addition, as another control, FGF-2 (also called bFGF)
plus 50% MEF conditioned media was used as the media.

[00369] The present invention is not to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of the invention in addition to those described
herein will become apparent to those skilled in the art from the foregoing description and
accompanying figures. Such modifications are intended to fall within the scope of the
appended claims. The following examples are offered by way of illustration of the present

invention, and not by way of limitation.

EXAMPLES

[00370] Example 1- Media

[00371] Example 1.1 — Components of Minimal Stem Cell Media (*MM”) (500mls)
[00372] 400 ml DME/F12/GlutaMAX I (Invitrogen# 10565-018)
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[00373] 100 ml Knockout Serum Replacement (KO-SR, Invitrogen# 10828-028)

[00374] 5 ml 100x MEM Non-essential Amino Acid Solution (Invitrogen# 11140-050)
[00375] 0.9 ml (0.1mM) B-mercaptoethanol (55mM stock, Invitrogen# 21985-023)
[00376] Example 1.2 — Components of E8 Media

[060377] DMEM/T12

[00378] L-Ascorbic acid 64 mg/L

[00379] Sodium selenium 14 ug/L

[00380] Insulin 19.4 mg/L

[00381] Sodium Bicarb 543 mg/l1.

[00382] Transferrin 10.7 mg/L

[00383] TGFbetal 2 ug/L

[00384] FGF2 100 ug/L

[00385] Example 1.3 — Components of MN7 is E8 media, minus the bFGF

[00386] Example 1.4 — Components of MN6 Media

[00387] DMEM/F12

[00388] 1-Ascorbic acid 64 mg/L

[00389] Sodium selenium 14 ug/L

[00390] Insulin 19.4 mg/L

[00391] Sodium Bicarb 543 mg/L.

[00392] Transferrin 10.7 mg/L

[00393] Example 1.5 — Components of MN2 Media

[00394] 400 ml DME/F12/GlutaMAX I (Invitrogen# 10565-018)

[00395] 5 ml 100x MEM Non-essential Amino Acid Solution (Invitrogen# 11140-050)
[00396] Examples 1-3 and figs 1-14 are from 70124

[00397] Example 1.6

[00398] Human ES cells (H9s) were plated onto either a layer of Vitronectin or a layer of
anti-MUC1* antibody (MN-C3) on 6-well cell culture plates. For each condition, a Rho
kinase inhibitor, Y27632, was present or absent. The presence of the Rho kinase inhibitor for
at least the first 24 hours improved cell attachment and performance but was not absolutely
essential for undifferentiated stem cell growth.

[00399] The results were that NM23 in the dimer form fully supported pluripotent stem
cell growth in the 6-component defined and xeno-free media as well as the controls and as
well as or better than the combination of FGF-2 and TGF-beta. Figures 1-10 are

photographic images of the stem cells in culture Day 4 post-plating.
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[00400] Figures 11 and 12 show human ES cells (H9s) plated onto a layer of anti-MUC1*
antibody (MN-C3). The source cells had previously been cultured according to standard
protocols in bFGF at 4ng/ml. on mouse feeder cells (MEFs) for 55 passages. Figure 11
shows the stem cells on the first passage (P1) onto the anti-MUC1* antibody surface on Day
4 post-plating (D4), wherein A, C have been cultured in NM23 dimers at 8nM in Minimal
Stem Cell media, “MM?”, and B, D have been cultured in NM23 dimers at 8nM in MNG6 fully
defined and xeno-free media. As can be seen, there is no difference between the confluency
or pluripotency of the resultant stem cells based on different base media. Figure 12 shows
the same source stem cells after two passages (P2) on Day 2 post-plating (D2), wherein A, C
were cultured in mTeSR media and B, D were cultured in MN6 media plus 8nM dimeric
NM23. As can be seen, NM23 in MN6 media performed as well or better than mTeSR in
terms of confluency and pluripotency of the resultant stem cells based on different base
media. All media were supplemented with a Rho kinase inhibitor, Y27632 at 10uM for the
first 48 hours only, for each passage. Figure 13 compares growth rates for the same cells on
anti-MUC1#* antibody surface or on Vitronectin but cultured in different media.

[00401] In addition to the NM23-S120G refolded and purified as dimers, a single chain
NM23 construct that included two NM23 monomer sub-units connected by a flexible linker
of G4S; repeated 2-times — NM23-GS2 and a single chain NM23 construct that included 2
NM23 monomers connected by a longer linker — NM23-X4 were tested and performed as
well as the naturally dimerized NM23-S120G.

[00402] Example 2 - Induction of pluripotency using NME-based media in the
absence of FGF.

[00403] The conventionally used standard protocol is to first plate dermablasts or
fibroblasts (human foreskin fibroblast-neonatal, “hFFFn”: #PC501A-hFF, System Biosciences,
Mountain View, CA) on plastic and culture them in fibroblast media (FM), changed every 24
hours. After 5 days, the cells are transferred to a surface coated with inactivated fibroblast
feeder cells, which can be mouse (MEFs) or human (HS27). For the next 2 days, cells remain
in FM. On Day 7 the media is changed to bFGF-based media and media is changed every 24
hours. ~2-4 weeks post initial plating, colonies (clones) that have embryonic stem (ES) cell-
like morphology are selected and individually plated into new wells coated with inactivated
feeder cells (MEFs or HS27s) and sequentially passaged every 3-4 days. Wells that continue
to grow as ES-like cells are propagated and tested for the presence of plaripotency markers.
[00404] Contrary to the conventionally used standard protocol, we cultured the somatic

cells in NME media always (NMEI1 dimers: “NM23-MM-A”). In addition, we either plated
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the cells over a layer of fibroblast feeder cells or over a layer of anti-MUC1* antibody (C3 or
(8 that recognize the N-10 PSMGEFR peptide. RT-PCR measurements were performed to
quantify the amount of Oct4 expressed under a variety of conditions by Day 4 (Figure 31A)
or by day 20 (Figure 31B). By Day 4, the only condition that resulted in an induction of
pluripotency, as measured by expression levels of Oct4, was for fibroblasts transfected with
OCT4, SOX2 and KLF4 (*OSK”) (no c-Myc) and cultured in NME1 dimers in minimal
media (“MM”). For those cells Oct4 was 119-times greater than the starting cells and nearly
200-times greater than identical cells that were instead cultured in fibroblast media. By Day
20, cells transfected with only three genes, OSK and cultured in NM23-MM-A expressed
Oct4 at 109-times greater than the control. Cells that had been transfected with OSKM and
cultured in NM23-MM always had Oct4 expression that was 3-times greater than identical
cells cultured in fibroblast media (FM) then switched to bFGF media (standard), while cells
cultured in FM then switched to NM23-MM only had Oct4 expression that was 1.3-times
greater than cells cultured in FM then bFGF-M (Figure 31C). Immunocytochemical staining
of the cells at Day 20 for pluripotency marker Tra 1-60 shows the major advantage of
inducing pluripotency in cells using an NME-based media. Cells that were transfected with
OCT4, SOX2 and KLF4 and cultured in NME1 diemrs in minimal media and in the absence
of added FGF had a vast increase in efficiency of induction of pluripotency (Figure 31F,G)
compared to cells transfected with all four pluripotency genes OCT4, SOX2, KLF4 and c-
Myc and cultured according to standard protocol in FGF-media (Figure 31D,E). Cells that
were transtected with three pluripotency genes, OCT4, SOX2 and KLF4, did not have
detectable pluripotency markers and lacked stem-like morphology.

[00405] Example 3

[00406] In this series of experiments, we probed the expression of NME6 and NME7 in
stem cells and cancer cells. In addition, we identified MUC1* as the target of NME7. We
first performed Western blot assays on cell lysates to determine the presence or absence of
NME1 and NME7. In Figure 14A, lysates from BGOlv human embryonic stem cells that
had been cultured in NME1 dimers over a surface coated with anti-MUCT* antibodies (I.ane
1), or cultured in bFGF over MEFs (Lane 2) or T47D human breast cancer cell lysates (LLane
3) or NME1-wt as a positive control, were separated by SDS-PAGE then probed with an anti-
NMET1 specific antibody. The results show that NMET is strongly expressed in human ES
cells whether cultured in NME1 dimers or bFGF, and in T47D cancer cells. In Figure 14B,
the same cell lysates are separated by SDS-PAGE and then probed with an anti-NME7
specific antibody. The results show that NME7 is strongly expressed in human ES cells
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cultured in NMET1 dimers over an anti-MUC1* antibody surface (L.ane 1), weakly expressed
in the same ES cells that were cultured in bFGF over MEFs (Lane 2), and strongly expressed
in breast cancer cells (Lane 3). Lane 4 in which NME1 was added is blank indicating that the
NME7 antibody does not cross react with NMEL. The fact that NME7 is expressed to a
greater degree in stem cells cultured in NMIZ1 dimers, which we have shown express markers
indicating that they are in a more naive state than cells cultured in bFGF, means that NME7 is
expressed at a higher level in naive cells, compared to its expression in primed cells.

[00407] To determine whether NME7 also (unctions as a growth factor with MUCT* as its
target receptor, we performed pull-down assays. In these experiments, a synthetic MUCT*
extra cellular domain peptide (His-tagged PSMGFR sequence) was immobilized on NTA-Ni
magnetic beads. These beads were incubated with the cell lysates of BGOlv human
embryonic stem cells that had been cultured in NME1 dimers over a surface coated with anti-
MUCT* antibodies (Lane 1), or cultured in bFGI over MEFs (Lane 2) or T47D human breast
cancer cell lysates (L.ane 3). Beads were rinsed and captured proteins were released by
addition of imidazole. Proteins were separated by SDS-PAGE and then probed with either an
anti-NMET1 antibody (Figure 14C) or an NME7 antibody (Figure 14D). The results show that
NME7 binds to the MUC1* extra cellular domain peptide. This means that in stem cells and
cancer cells, NME7 via its portions of its two NDPK domains, activates pluripotency
pathways by dimerizing the MUCT* extra cellular domain.

[00408] Example 4 - Generation of Protein Constructs

[00409] Example 4.1 - NM23-WT

[00410] NM23wt was amplified by polymerase chain reaction (PCR) using the following
primers:

[00411] Forward 5’-atcgatcatatggccaactgtgagegtacett-3" (SEQ ID NO:86)

[00412] Reverse 5°-gtggtegctecgagttcatagatecagttetga-3° (SEQ ID NO:87)

[00413] The fragment was then purified, digested (Ndel, Xhol) and cloned between Ndel
and Xhol restriction sites of the expression vector pET21b.

[00414] Example 4.2 - NM23-S120G

[00415] NM23-H1 mutant S120G (serine #120 mutated to a glycine) was made using the
GeneTailor™ Site-directed mutagenesis system (Life Technologies) following the
manufacturer instructions using the following primers: 5°-gcaggaacattatacatggeggtgattctg-3’
(SEQ ID NO:88) and 5’-gccatgtataatgttcetgecaacttgtat-3° (SEQ ID NO:89). Figure 16 shows
overlay of FPLC traces comparing multimerization state of the wild type protein to the non-

refolded S120G mutant and the refolded S120G. Figures 17-19 show that only the dimeric
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form of the protein binds to MUCT* (not the hexamer) and only the dimer is able to support
pluripotent stem cell growth. Figure 21 shows non-reducing SDS-PAGE characterization and
corresponding FPLC trace for the expressed and refolded protein as well as photographs of
human stem cells, showing the NM23-S120G ability to support pluripotent stem cell growth.
[00416] Example 4.3 - NM23 P96S and deletion constructs.

[00417] We generated the NM23-H1 mutant P96S (proline #96 mutated to a serine) using
the QuickChange site-directed mutagenesis kit (Agilent) following the manufacturer
instructions using the following primers: 5°- lcggggagaccaacteigeagactceaag -3° (SEQ ID
NO:90) and 5'- cttggagtctgcagagttggtctececga -3’ (SEQ ID NO:91). The template used for
the PCR reaction was NM23 wild type cloned between Ndel and Xhol restriction sites. After
sequence confirmation, the deletion constructs were generated by PCR. NM23 P96S AC1 was
amplified using the following primers: 5’- atcgatcatatggccaactgtgagegtacctic -3’ (SEQ ID
NO:92) and 5’-gtggtgaccggtatagatccagtictgageaca-3’ (SEQ ID NO:93). NM23 P96S AC2 was
amplified using the following primers: 5 -atcgatcatatggcecaactgtgagegtacctic-3’ (SEQ ID
NO:94) and 5’-gtggtgaccgglgatccagiictgageacaget-3' (SEQ ID NO:95). NM23 P96S AC6
was amplified using the following primers: 5°-atcgatcatatggccaactgtgagegtaccttc-3* (SEQ ID
NO:96) and 5’-gtggtgaccggtagcacagetegtgtaatctacca-3” (SEQ ID NO:97). The resulting
fragments were purified, digested (Ndel, Agel) and cloned between Ndel and Agel restriction
sites of the expression vector pET21b. The pET21b was previously modified by replacing the
Xhol restriction by Agel using an overlap PCR method. Optimal dimer formation was
observed when NM23-P96S was cloned between Ndel and Xhol. Optimal dimer formation
for all deletion mutants was observed when cloned between Ndel and Agel. Figure 20 shows
their ability to support pluripotent stem cell growth.

[00418] Example 5 - Expression and refolding of mutant and variant NME1 species
[00419] Example 5.1 - Protein expression and optional refolding/purification

[00420] LB broth (Luria-Bertani broth) was inoculated with 1/10 of an overnight culture
and cultured at 37°C until OD600 reached ~0.5. At this point, recombinant protein expression
was induced with 0.4mM Isopropyl-p-D-thio-galactoside (IPTG, Gold Biotechnology) and
culture was stopped after Sh. After harvesting the cells by centrifugation (6000 rpm for 10
min at 4°C), cell pellet was resuspended with running buffer: PBS pH7.4, 360 mM NaCl and
80 mM imidazole. Then lysozyme (1 mg/mL, Sigma), MgCL (0.5mM) and DNAse (0.5
ug/ml., Sigma) was added. Cell suspension was incubated on a rotating platform (275 rpm)

for 30 min at 37°C and sonicated on ice for 5 min. Insoluble cell debris was removed by
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centrifugation (20000 rpm for 30 min at 4°c). The cleared lysate was then applied to a Ni-
NTA column (Qiagen) equilibrated with the running buffer. The column was washed (8CV)
before eluting the protein off the column with the running buffer (6CV) supplemented with
420 mM imidazole.

[00421] Example 5.2 - Optional protein denaturation for subsequent refolding.
[00422] For protein denaturation, the clution fractions were pooled and denatured by
adding 1vol of 100mM Tris pH 8.0 + 8M urea, the solution was concentrated by half and
another vol of 100mM Tris pH 8.0 + 8M urea was added. This cycle was repeated until final
urea concentration was ~7M. The protein was then refolded by dialysis.

[00423] Example 6 - Cross species function

[00424] NM23 supports proliferation of mouse ES cells with pluripotent colony
morphology.

[00425] Mouse ES cells (129/S6, EMD Millipore, Billerica, MA) were cultured on
inactivated MEF feeder cell layers for two days in mouse ES cell minimal medium (mESC-
MM) supplemented with either 1,000 U/mL recombinant mLIF (a, ¢) (EMD Millipore) or 16
nM NM23-S120G-RS (b, d), and photographed at low magnification under phase-contrast
illumination. Size bars indicate 500 microns. In both cases, single cells and colonies
consisting of just a few cells on day 1 give rise to larger multicellular oval colonies with
bright, defined edges typical of pluripotent mouse ES cells. mESC-MM consists of KnockOut
D-MEM basal medium, 15% KnockOut Serum Replacement, 1X GlutaMax 1, 1X OptiMEM
non-essential amino acids, 0.1 mM B-ME (Life Technologies, Carlsbad, CA), and 1X
Penicillin/Streptomycin (Lonza, Allendale, NJ).

[00426] Results are shown in Figure 22 and demonstrate that mouse stem cells grow
equally well in NM23 (human) as they do in mouse stem cell media with mouse LIF as the
growth factor. Therefore, NM23 variants described herein can be used in mouse cell systems
and mouse NM23 and NM23 variants can be used in human cell systems.

[00427] Example 7

[00428] To determine whether or not human stem cells express NME6 or NME7 in
addition to NME1 (H1) and NME2 (H2), we performed Western blot analysis on lysates and
supernatant from various human stem cell lines. Human embryonic stem cell line BGOlv
cells were cultured either in a) NM23-S120G in dimer form only on a cell culture plate
coated with anti-MUC1* monoclonal antibody MN-C3; or b) bFGF at 4 ng/ml. on mouse
feeder cells (MEFs). After 3 days in culture, the stem cells were harvested and lysed, then

analyzed by Western blot using antibodies to probe for the presence of NME1, NME6 and
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NME7. For comparison, the same analysis was done in parallel on T47D) MUCT*-positive
breast cancer cells. As a control, recombinant NM23-H1 wild type (NM23-wt) protein was
loaded onto the gel and also probed with antibodies that recognize the 3 different NMEs.
Note that the gel is a denaturing gel so that the apparent molecular weight of the NM23-
S120G dimer and the wild type hexamer will both appear to be the weight of a monomer.
The antibodies used to probe the gel were: for NMEL: nm23-H1 (C-20); NME6: nm23-H6
(L-17) and NME7: nm23-H7 (B9) (all purchased from Santa Cruz Biotechnology, Inc):
[00429] Figure 23 shows photos of 6 Western blot gels. Part I. A-C shows the Western
blots wherein the cell lysate was separated by gel electrophoresis and then probed with
antibodies for: A) NMEIL, B) NME6 and C) NME7. In each panel, Lane 1 corresponds to
BGOlv stem cells cultured in NM23-S120G (in dimer form) on a cell culture plate coated
with anti-MUCT* monoclonal antibody MN-C3; Lane 2 corresponds to BGO1v stem cells
cultured in bFGF on MEFs; Lane 3 corresponds to T47D breast cancer cells; Lane 4
corresponds to purified recombinant NM23-H1 wild type (NM23-wt).

[00430] Figure 23(A) shows that NMEL1 is present in BGOlv human embryonic stem
cells, whether cultured in NM23 in dimer form on an anti-MUCT* antibody surface (Lane 1)
or cultured in bI'GF on a surface of mouse feeder cells (MEL's) (Lane 2). NMIi1 is also
present in human breast cancer cells (Lane 3). And the positive control, Lane 4, shows that
the antibody used does in fact recognize NME1 purified protein.

[00431] Figure 23(B) shows that NMES6 is not present in any of the samples tested, using
these antibodies.

[00432] Figure 23(C) shows that NME7 is strongly expressed in human stem cells if they
are cultured in NM23 (dimers) on an anti-MUC1* surface (Lane 1) but only weakly
expressed in stem cells cultured in bFGF on MEF feeder cells (Lane 2). NME7 is also
strongly expressed human breast cancer cells (Lane 3), but is not recognized by the C-20
antibody purportedly specific for the H1 isoform.

[00433] One of the conclusions of this experiment is that NME7 is an earlier form of
NM23 that is expressed in a more naive stem cell. We have already shown that NM23 in
dimer form induces stem cells to revert to a more pluripotent state often called the naive state.
Our experiments and those of others have shown that culturing stem cells in bFGF or
culturing stem cells over a layer of mouse fibroblast feeder cells (MEFs) drives or maintains
stem cells in the less pluripotent state called the “primed” state. Referring to Figure 23(C) ,
these primed stem cells express much less NME7, consistent with the idea that NME7 is

associated with a more naive and thus truly pluripotent stem cell state. Since the naive state
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human stem cells are predicted to be better able to differentiate into functional adult cells, the
naive stem cells are the desired cells for research as well as for therapeutic use. Thus,
strategies that involve inducing expression of NME7 are desired to obtain cells for
therapeutic uses. Conversely, strategies that decrease expression of NME7 in cancers would
be anti-cancer therapies.

[00434] Figures 23(D-F) show photos of Western blots of pull-down assays to determine
which NMEs bound to the MUCT* extra cellular domain peptide. Here, a histidine-tagged
MUCT* extra cellular domain peptide
(GTINVHDVETQINQYKTEAASRYNLTISDVSVSDVPIEPFSAQSGA-HHHHHH ~ (SEQ
ID NO:98)) was attached to NTA-Ni agarose beads and then incubated with the same cell
lysates as in Part I of Figure 23. After 1 hour incubation at 4 degrees C, beads were
centrifuged for 5 minutes at 15000 RPMs. Supernatant was discarded and beads were
washed with PBS to remove species bound by non-specific binding. Imidazole was added to
release the complex from the beads. After centrifugation, the supernatant was separated by
gel electrophoresis and analyzed as in Figure 23,Part I with antibodies against NME1 (D),
NMES6 (E) and NME7 (F). Figure 23(D) shows that NMEI1 in stem cells, whether cultured in
NM23 (dimers) (Lane 1) or in bIFGF (Lane 2), binds to MUCI1* extra cellular domain
peptide, as the inventor has previously shown. Lane 3 shows that NMEI in breast cancer cell
lysates also binds to MUC1* extra cellular domain peptide and Lane 4 shows that the C-20
NMET1 specific antibody binds to the purified recombinant wild type NMEL. E) This gel
shows that NME6, which in Part I of Figure 23 was shown not to be in these cell lysates, was
also not pulled down by the MUCI* peptide. Figure 23(F) importantly shows that NME7
binds to the MUC1* extra cellular domain peptide. NME7 from stem cells cultured in NM23
dimers and over a MUCT* antibody surface expressed greater amounts of NME7 than stem
cells cultured in bFGF over MEFs. Consistent with Part I of Figure 23, NME7 was shown to
bind to MUCT* peptide and was pulled down in the assay by that interaction (Lane 1).
However, NME7 does not appear in Lane 2, which is likely due to the reduced expression in
cells cultured in bFGF. Lane 3 shows that NME7 expressed in breast cancer cells binds to
MUC1* and Lane 4 shows no protein because the NME7 antibody does not recognize the
NME] isotype. NME7 likely binds to two MUC1* peptides to dimerize MUCT* receptors on
cells, thus stimulating pluripotency, growth and inhibiting differentiation.

[00435] Example 8

[00436] Western blot analysis of human stem cell lines BGO1lv and HES-3 cells shows
that an NME antibody, purportedly specific for NME7 recognized NME7 (nm23-H7 B9 from
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Santa Cruz Biotechnology, Inc) and another species that is the same molecular weight as
NMES (anti-NME6 from Abnova) (Figure 24).

[00437] Example 9

[00438] Generating recombinant NME7 - First constructs were made to make a
rccombinant NME7 that could be expressed efficiently and in soluble form. The first
approach was to make a construct that would encode the native NME7 (-1) or an alternative
splice variant NME7 (-2), which has an N-terminal deletion. In some cases, the constructs
carried a histidine tag or a strep tag to aid in purification. NME7-1 expressed poorly in F.
coli (Figs. 25A, 25.1A, 25.2A) and NME7-2 did not express at all in £. coli (Figs. 25B,
25.1B, 25.2B). However, a novel construct was made in which the targeting sequence was
deleted and the NME7 comprised essentially the NDPK A and B domains having a calculated
molecular weight of 31kDa. This novel NME7-AB expressed very well in E. coli and existed
as the soluble protein (Fig. 26 A). A construct in which a single NDPK domain was
cxpressed, NME-A, did not express in E. coli (Fig. 26 B). NME7-AB was first purified over
an NTA-Ni column (TFig.27 A) and then further purified by size exclusion chromatography
(FPLC) over a Sephade;(m200 column (Ilig. 27 B). The purified NME7-AB protein was then
tested for its ability to promote pluripotency and inhibit differentiation of stem cells.

[00439] Example 10

[00440] Testing recombinant NME7 for ability to maintain pluripotency and inhibit
differentiation. A soluble variant of NME7, NME7-AB, was generated and purified as
described in Example 9. Human stem cells (iPS cat# SC101a-1, System Bioscicnces) were
grown per the manulacturer’s directions in 4ng/ml bFGF over a layer of mouse fibroblast
feeder cells for four passages. These source stem cells were then plated into 6-well cell
culture plates (Vita™, Thermo Fisher) that had been coated with 12.5 ug/well of a
monoclonal anti-MUC1* antibody, MN-C3. Cells were plated at a density of 300,000 cells
per well. The base media was Minimal Stem Cell Media consisting of: 400 ml
DME/F12/GlutaMAX I (Invitrogen# 10565-018), 100 ml Knockout Serum Replacement
(KO-SR, Invitrogen# 10828-028), 5 ml 100x MEM Non-essential Amino Acid Solution
(Invitrogen# 11140-050) and 0.9 ml (0.1mM) p-mercaptocthanol (55mM stock, Invitrogen#
21985-023). The base media can be any media. In a preferred embodiment, the base media
is free of other growth factors and cytokines. To the base media was added either 8nM of
NME7-AB or 8nM NM?23-H1 refolded and purified as stable dimers. Media was changed
every 48 hours and due to accelerated growth had to be harvested and passaged at Day 3

post-plating. Figures 27-30 document the day by day comparison of growth in NM23-H1
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dimers to growth in NME7 monomers. NME7 and NM23-H1 (NME1) dimers both grew
pluripotently and had no differentiation even when 100% confluent. As can be seen in the
photos, NME7 cells grew faster than the cells grown in NM23-H1 dimers. Cell counts at the
first harvest verified that culture in NME7 produced 1.4-times more cells than culture in
NM23-H1 dimers.

[00441] Example 11

[00442] The following novel NME6 and NME7 variants were designed and generated:
[00443] Human NM23-H7-2 sequence optimized for E. coli expression:

[00444] (DNA)

[00445] atgcatgacgttaaaaatcaccgtacctttctgaaacgcacgaaatatgataatctgeatctggaagacctgtttattege
aacaaagtcaatgtgttetctegteagetggtgctgategattatggegaccagtacacegegegteaactgggtagtcgeaaagaaaa
aacgctggecctgattaaaccggatgeaalcticcaaagetggegaaattatcgaaattatcaacaaagegggtitcaccatcacgaaac
tgaaaatgatgatgctgagecgtaaagaageectggattttcatgtcgaccaccagtctegeccgtttttcaatgaactgattcaattcate
accacgggtccgattatcgeaatggaaattctgegtgatgacgetatetgegaatggaaacgectgetgggeccggeaaactcaggtg
ttgegegtaccgatgecagtgaatceattegegetctgtitggeaccgatggtatcegtaatgeageacatggteeggacteattcgeat
cggeagetegtgaaatggaactgttittcecgagetetggeggttgeggiceggeaaacaccgecaaalttaccaattgtacgtgetgta
ttgtcaaaccgcacgeagtgtcagaaggectgetgggtaaaattctgatggcaatccgtgatgetggetttgaaatetcggecatgeag
atgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatatcacgatatggttacggaaatg
tactceggtecgtgegtegegatggaaattcageaaaacaatgecaccaaaacgtttcgtgaattetgtggtecggeagatceggaaat
cgeacgteatetgegtecgggtaceetgegegeaattittggtaaaacgaaaatccagaacgetgtgeactglacegatetgecggaa
gacggtctgetggaagttcaatactttttcaaaattctggataattga (SEQ ID NO:20)

[00446] (amino acids)

[00447] MHDVKNHRTFLKRTKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTAR
QLGSRKEKTLALIKPDAISKAGEIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FFENELIQFITTGPHAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNA
AHGPDSFASAAREMELFFPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIR
DAGFEISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNN
ATKTFREFCGPADPEIARHILRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILD
N- (SEQ ID NO:21)

[00448] Human NME7-A:

[00449] (DNA)

[00450] atggaaaaaacgctagecctaattaaaccagatgeaatatcaaaggetggagaaataattgaaataataaacaaaget
ggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagacccttttcaat

gagctgatccagtttattacaactggtectattattgeeatggagatittaagagatgatgcetatatgtgaatggaaaagactgctgggace
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tgcaaactctggagtggeacgeacagatgcettctgaaageattagagecectetttggaacagatggeataagaaatgcagegeatggc
cctgattettitgettctgeggecagagaaatggagtigtttttttga (SEQ 1D NO:22)
[00451] (amino acids)
[00452] MEKTLALIKPDAISKAGEIEINNKAGFTITKLKMMMLSRKEALDFHVDHQS
RPIFFNELIQFITTGPUAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFF- (SEQ 1D NO:23)
[00453] Human NME7-Al:
[00454] (DNA)
[00455] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataatigaaataataaacaaagcet
ggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttttcaat
gagctgatccagtttattacaactggtectattattgecatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggace
tgcaaactetggagtggeacgeacagatgetictgaaagealttagagecectettiggaacagatggeataagaaatgeagegeatgge
cctgattcttttgctictgcggecagagaaatggagttgttttttccticaagtggaggttotgggecggcaaacactgctaaatttacttga
(SEQ ID NO:24)
[00456] (amino acids)
[00457] MEKTLALIKPDAISKAGEIEINKAGFTITKLKMMMLSRKEALDFHVDHQS
RPFFNELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKET- (SEQ ID NO:25)
[00458] Human NME7-A2:
[00459] (DNA)
[00460] atgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgettcacticttcgacgttatgagcetttattet
acccaggggatggatctgttgaaatgeatgatgtaaagaatcatcgeacctttttaaageggaccaaatatgataacetgeacttggaag
atttatttataggcaacaaagtgaatgtettttctcgacaactggtattaattgactatggggatcaatatacagetcgecagetgggeagta
ggaaagaaaaaacgctagecctaattaaaccagatgeaatatcaaaggctggagaaataattgaaataataaacaaagetggatttact
ataaccaaactcaaaatgatgatgctttcaaggaaagaagceattggattttcatgtagatcaccagtcaagaccctttttcaatgagetgat
ccagtttattacaactggtectattattgccatggagattttaagagatgatgetatatgtgaatggaaaagactgetgggaccetgeaaact
ctggagtggcacgeacagatgctictgaaageattagagecctetttggaacagatggeataagaaatgeagegeatggeceetgattct
tttgcttetgeggecagagaaatggagttgtttttttga (SEQ 1D NO:26)
[00461] (amino acids)
[00462] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEHIEINKAGFTITKLKMMMISRKEALDFHVDHQSRPFENELIQFITTGPITAMEILRDD
AICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFF-
(SEQ ID NO:27)
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[00463] Human NME7-A3:

[00464] (DNA)

[00465] atgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgcticacttcttcgacgttatgagettttattet
acccaggggatggatctgttgaaatgcatgatgtaaagaatcatcgeacctitttaaagecggaccaaatatgataacctgeacttggaag
atttatttataggcaacaaagtgaatgtctttictcgacaactggtattaattgactatggg gatcaatatacagctegecagetgggcagta
ggaaagaaaaaacgctageectaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetggatttact
ataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattitcatgtagatcaccagtcaagacccetttttcaatgagetgat
ccagtttattacaactggtectattattgeecatggagattttaagagatgatgetatatgtgaatggaaaagactgetgggacctgeaaact
ctggagtggcacgceacagatgctictgaaageattagagecectetttggaacagatggcataagaaatgcagegeatggecectgattet
tttgcttctgeggecagagaaatggagttgttttttecticaagtggaggttgtgegceggcaaacactgetaaatttacttga (SEQ
ID NO:28)

[00466] (amino acids)

[00467] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEHEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDD
AICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSS
GGCGPANTAKFT- (SEQ ID NO:29)

[00468] Human NME7-B:

[00469] (DNA)

[00470] atgaatigtacctlgtligeatigtiaaacceeatgetglcagtgaaggacigligggaaagateetgatggetatcecgaga
tgcaggttttgaaatctcagetatgeagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccg
aatatcatgacatggtgacagaaatgtattctggcecttgtgtageaatggagattcaacagaataatgetacaaagacatttcgagaattt
tgtggacctgctgatcetgaaattgeecggeatttacgeectggaactetcagageaatetttggtaaaactaagatccagaatgetgtte
actgtactgatctgccagaggatggcectattagaggttcaatacttettetga (SEQ ID NO:30)

[00471] (amino acids)

[00472] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTL
RAIFGKTKIQNAVHCTDLPEDGLILEVQYFF- (SEQ ID NO:31)

[00473] Human NME7-B1:

[00474] (DNA)

[00475] atgaattgtacctgttgcattgttaaaccceatgetgtcagtgaaggactgtigggaaagateetgatggctatccgaga
tecagettttgaaatctcagetatgeagatgttcaatatggatcggpttaatgtigaggaattctatgaagtitataaaggagtagtegaccg
aatatcatgacatggtgacagaaatgtattctggceecttgtgtageaatggagattcaacagaataatgctacaaagacatttcgagaattt
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tgtggacctgetgateetgaaattgeecggeatttacgecctggaactctcagageaatetttggtaaaactaagatccagaatgetgttc
actgtactgatctgccagaggatggectattagaggticaatacticticaagatettggataattagtga (SEQ 1D NO:32)
[00476] (amino acids)

[00477] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQONNATKTFREFCGPADPEIARHLRPGTL.
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN— (SEQ ID NO:33)

[00478] Human NME7-B2:

[00479] (DNA)

[00480] atgccttcaagtggaggttgteggccggcaaacactgctaaatttactaattgtacetgttgeattgttaaaccecatget
gtcagtgaaggactgttgggaaagatcetgatggetatccgagatgeaggttttgaaatetcagetatgeagatgttcaatatggategg
gltaatgttgaggaatictatgaagtitataaaggaglagtgaccgaatatcatgacatggtgacagaaatgtattctggecctigtgtage
aalggagaltcaacagaataalgctacaaagacatitcgagaattitgtggacctgelgatectgaaattgeceggeatitacgeeetgga
actctcagagcaatctitggtaaaactaagatccagaatgetgttcactgtactgatetgecagaggatggectattagaggttcaatactt
cttetga (SEQ ID NO:34)

[00481] (amino acids)

[00482] MPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAM
QMINMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQONNATKTFREFC
GPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:35)
[00483] Human NME7-B3:

[00484] (DNA)

[00485] atgccttcaagtggaggttgtgggecggcaaacactgctaaatttactaattgtacetgttgeattgttaaaccecatget
gtcagtgaaggactgttgggaaagatcetgatggetatccgagatgeaggttttgaaatetcagetatgeagatgttcaatatggategg
gltaatgttgaggaatictatgaagtitataaaggaglagtgaccgaatatcatgacatggtgacagaaatgtatictggecctigtgtage
aatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgetgatectgaaattgeceggeatttacgeectgga
actctcagagcaatctitggtaaaactaagatccagaatgetgttcactgtactgatetgecagaggatggectattagaggttcaatactt
cttcaagatcttggataattagtga (SEQ ID NO:36)

[00486] (amino acids)

[00487] MPSSGGCGPANTAKFINCTCCIVKPHAVSEGILI.GKILMAIRDAGFEISAM
QMFENMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFC
GPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN-- (SEQ ID
NO:37)

[00488] Human NME7-AB:

[00489] (DNA)



CA 02852244 2014-04-14
WO 2013/059373 PCT/US2012/060684

[00490] atggaaaaaacgctagccectaattaaaccagatgcaatatcaaaggctggagaaataattgaaataataaacaaagcet
ggatltactataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattitcatgtagatcaccagtcaagaccctttttcaat
gagctgatccagtitattacaactggtectattattgeeatggagatittaagagatgatgetatatgtgaatggaaaagactgctgggace
tgcaaactetggagtggeacgeacagatgetictgaaageattagagecctetitggaacagatggcataagaaatgeagegeatgge
cctgattettitgctictgeggecagagaaatggagttgtititiccticaagtggaggtigtegeccggcaaacactgctaaatttactaatt
gtacctgttgeattgttaaaccccatgetgteagtgaaggactgttgggaaagatectgatggetatecgagatgeaggttttgaaatete
agctatgcagatgttcaatatggatcgggttaatgtigaggaatictatgaagtttataaaggagtagtgacegaatatcatgacatggtea
cagaaatglaltclggeectiglgtageaatggagaticaacagaataatgetacaaagacatttcgagaatitiglggacetgetgateet
gaaattgcecggeatttacgecctggaactctcagageaatetitggtaaaactaagatceagaatgetgttcactgtactgatetgecag
aggatggcctattagaggttcaatacttcticaagatettggataattagtga (SEQ ID NO:38)
[00491] (amino acids)
[00492] MEKTLALIKPDAISKAGEIIEIINKAGFTITKLKMMMLSRKEALDFHVDHQS
RPFINELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGYVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILM
AIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQ
NNATKTFREFCGPADPEIARHILRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFK
ILDN-- (SEQ ID NO:39)
[00493] Human NME7-ABI:
[00494] (DNA)
[00495] atggaaaaaacgctagecectaattaaaccagatgeaatatcaaaggelggagaaalaatigaaataalaaacaaagcet
ggatltactataaccaaactcaaaatgatgatgctitcaaggaaagaagceattggattitcatgtagatcaccagtcaagaccctttitcaat
gagctgatccagtttattacaactggtectattattgecatggagatittaagagatgatgetatatgtgaatggaaaagactgctgggace
tgcaaactctggagtggeacgeacagatgetictgaaageattagagecctctitggaacagatggcataagaaatgeagegeatgge
cctgattettttgettctgeggecagagaaatggagttgttttttccticaagtggaggttetggoccggcaaacactgctaaatttactaatt
gtacctgttgeattgttaaaccccatgetgteagtgaaggactgttgggaaagatectgatggetatecgagatgeaggttttgaaatete
agctatgcagatgttcaatatggatcgggttaatgtigaggaattctatgaagtitataaaggagtagtgacegaatatcatgacatggtea
cagaaatgtattctggecctigtgtageaatggagaticaacagaataatgetacaaagacatttcgagaatittgtggacctgctgateet
gaaattgcecggeatttacgecctggaactctcagageaatetttggtaaaactaagatceagaatgetgttcactgtactgatctgecag
aggatggcctattagaggttcaatacttcttetga (SEQ ID NO:40)
[00496] (amino acids)
[00497] MEKTLALIKPDAISKAGEIIEIINKAGFTITKLKMMMLSRKEALDFHVDHQS
RPFENELIQFITTGPITAMEILRDDAICEWKRII.GPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILM
AIRDAGFEISAMOQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMY SGPCVAMEIQQ
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NNATKTFREFCGPADPEIARHIL.RPGTLRAIFGKTKIQNAVHCTDLPEDGILEVQYFF-
(SEQ ID NO:41)

[00498] Human NME7-A sequence optimized for E. coli expression:

[00499] (DNA)

[00500] atggaaaaaacgctggecctgattaaaccggatgcaatctccaaagetggegaaattatcgaaattatcaacaaageg
ggtttcaccatcacgaaactgaaaatgatgatgetgageegtaaagaagecctggattitcatgtegaccaccagtctegeecgttttica
atgaactgattcaattcatcaccacgggtccgattatcgeaatggaaattctgegtgatgacgcetatetgegaatggaaacgeetgetgg
geeeggeaaacleagglgtigegeglacegalgecagigaatecatiegegetetgtilggeaccgatggtlateegtaatgeageacat
ggtccggactcaticgeatcggeagetegtgaaatggaactgtttttetga (SEQ 1D NO:42)

[00501] (amino acids)

[00502] MEKTLALIKPDAISKAGEIEINNKAGFTITKLKMMMLSRKEALDFHVDHQS
RPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFF- (SEQ ID NO:43)

[00503] Human NME7-A1 sequence optimized for E. coli expression:

[00504] (DNA)

[00505] atggaaaaaacgctggeeclgallaaaccggatgcaatetccaaagetggegaaattatcgaaaltatcaacaaageg
gglttcaccatcacgaaactgaaaatgatgatgetgagecgtaaagaagecectggattttcatgtcgaccaccagtctegeecgttttica
atgaactgattcaattcatcaccacgggtccgattatcgcaatggaaattctgegtgatgacgcetatetgegaatggaaacgeetgetgg
gcceggeaaactcagglgtigegegtacegatgecagtgaatecattcgegetetgtitggeaccgatggtateegtaatgecageacat
gglecggacteaticgeatcggeagetegtgaaatggaactgtttitceegagetetggeggtigeggteeggeaaacaccgeeaaatt
tacctga (SEQ 1D NO:44)

[00506] (amino acids)

[00507] MEKTLALIKPDAISKAGEIEINNKAGFTITKLKMMMLSRKEALDFHVDHQS
RPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKFET- (SEQ ID NO:45)

[00508] Human NME7-A2 sequence optimized for E. coli expression:

[00509] (DNA)

[00510] atgaatcactccgaacgctttgtttttatcgecgaatggtatgacecgaatgettcectgetgegeegetacgaactget
gtittatccgggegatggtagegtggaaatgeatgacgttaaaaatcacegtacctitctgaaacgeacgaaatatgataatetgeatetg
gaagacclgtttattggcaacaaagtcaatgtgtictetegtcagetggtgctgatcgattatggegaccagtacacegegegteaactg
gglagtcgcaaagaaaaaacgetggecctgattaaaccggatgeaatctccaaagetggegaaattatcgaaattatcaacaaagegg
gtttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecctggattttcatgtcgaccaccagtctcgeccgtttttcaa

tgaactgattcaattcatcaccacgggtcegattatcgeaatggaaattctgegtgatgacgetatetgegaatggaaacgeetgetggg
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ccecggeaaacteaggtgttocgegtaccgatgecagtgaatecattegegetetgtttggeacegatggtatecgtaatgeageacatg
gtccggactcattcgeatcggeagetegtgaaatggaactgtttttctga (SEQ 1D NO:46)

[00511] (amino acids)

[00512] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVISRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEHEIUNKAGFITTKLKMMMLSRKEALDFHVDHQSRPFENELIQFI TTGPHAMEILRDD
AICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFAS AAREMELFF-
(SEQ ID NO:47)

[00513] Human NME7-A3 sequence optimized for E. coli expression:

[00514] (DNA)

[00515] atgaatcactccgaacgctttgtttttatcgecgaatggtatgacecgaatgetteectgetgegecgetacgaactget
glittatccgggegatggtageglggaaatgeatgacgtiaaaaatcaccgtacclitctgaaacgeacgaaatatgataatetgeatetg
gaagacctgtttattggcaacaaagtcaatgtgttetctcgtcagetggtgctgatcgattatggegaccagtacacegegegtcaactg
ggtagtcgcaaagaaaaaacgetggecctgattaaaccggatgeaatctccaaagetggegaaattatcgaaattatcaacaaagegg
gtttcaccatcacgaaactgaaaatgatgatgctgageegtaaagaagecctggattttcatgtegaccaccagtetcgeccgtttttcaa
tgaactgattcaaticatcaccacggglcegatiatcgeaatggaaattctgegtgatgacgcetatetgegaatggaaacgectgetggg
ccecggeaaactcaggtgttocgegtaccgatgecagtgaatecattegegetetgtttggeaccgatggtatccgtaatgeageacatg
gtccggactcattegeatcggeagetegtgaaatggaactgtttttcccgagetetggeggttgeggtecggeaaacaccgecaaattt
acctga (SEQ ID NO:48)

[00516] (amino acids)

[00517] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDD
AICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSS
GGCGPANTAKEFT- (SEQ ID NO:49)

[00518] Human NME7-B sequence optimized for E. coli expression:

[00519] (DNA)

[00520] atgaattgtacgtgctgtattgtcaaaccgcacgeagtgtcagaaggectgctgggtaaaattctgatggcaateegty
atgctggctttgaaatcteggecatgeagatgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggtta
ccgaatatcacgatatggttacggaaatgtactceggteegtgegtegegatggaaattcageaaaacaatgecaccaaaacgtttegt
gaattctgtggtecggeagatecggaaategeacgteatctgegtecgggtacectgegegeaatttttggtaaaacgaaaatccagaa
cgetgtgeactgtaccgatetgecggaagacggtetgctggaagtteaatactttttetga (SEQ ID NO:50)

[00521] (amino acids)
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[00522] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTL
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:51)

[00523] Human NME7-B1 sequence optimized for E. coli expression:

[00524] (DNA)

[00525] atgaattgtacgtgctgtattgtcaaaccgeacgeagtgtcagaaggectgetgggtaaaattctgatggcaateegtg
atgctggctttgaaatctcggccatgeagatgticaacatggacecgegttaacgtcgaagaattctacgaagtttacaaaggegtagtta
ccgaatatcacgatatggttacggaaatgtactceggteegtgegtegegatggaaattcageaaaacaatgecaccaaaacgittegt
gaattctgtggtccggeagatceggaaatcgeacgteatctgegtecgggtacectgegegeaatttttggtaaaacgaaaatccagaa
cgctgtgeactgtaccgatctgeeggaagacggtetgetggaagttcaatactttttcaaaattetggataattga (SEQ 1D
NO:52)

[00526] (amino acids)

[00527] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTL
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID NO:53)

[00528] Human NME7-B2 sequence optimized for E. coli expression_:

[00529] (DNA)

[00530] atgccgagetctggeggttgeggteccggeaaacaccgecaaatttaccaattgtacgtgetgtattgtcaaacecgeac
gcagtgtcagaaggectgetgggtaaaattctgatggeaatecgtgatgetggctttgaaatctcggecatgeagatgttcaacatggac
cgegltaacglcgaagaaticlacgaaglitacaaaggeglggltaccgaatatcacgatatggtiacggaaatgtaciceggleegtge
gtcgegatggaaattcagcaaaacaatgecaccaaaacgtttcgtgaattetgtggtceggeagatecggaaatcgeacgteatetgeg
tccgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgetgtgeactgtaccgatetgecggaagacggtetgetggaa
gttcaatactitttetga (SEQ ID NO:54)

[00531] (amino acids)

[00532] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAM
QMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQONNATKTFREFC
GPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:55)
[00533] Human NME7-B3 sequence optimized for . coli expression:

[00534] (DNA)

[00535] atgccgagetetggeggttecggtecggeaaacaccgecaaatttaccaattgtacgtgcetgtattgtcaaaccgeac
gcagtgtcagaaggectgetgggtaaaattctgatggeaatecgtgatgetgactttgaaatctcggecatgeagatgttcaacatggac
cgegltaacgtcgaagaatictacgaagtttacaaaggegtggttaccgaatatcacgatatggttacggaaatgtactceggteegtgc

gtcgegatggaaattcagcaaaacaatgecaccaaaacgtticgtgaattetgtggtceggeagatecggaaategeacgteatetgeg

76



CA 02852244 2014-04-14
WO 2013/059373 PCT/US2012/060684

tccgggtaceetgegegeaatttttggtaaaacgaaaatccagaacgetgtgeactgtaccgatetgecggaagacggtetgctggaa
gttcaatactttttcaaaattctggataattga (SEQ ID NQO:56)

[00536] (amino acids)

[00537] MPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAM
QMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFC
GPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ 1D
NO:57)

[00538] Human NME7-AB sequence optimized for E. coli expression:

[00539] (DNA)

[00540] atggaaaaaacgctggecctgattaaaccggatgcaatetccaaagetggegaaattatcgaaattatcaacaaageg
ggtttcaccatcacgaaactgaaaatgatgatgetgagecgtaaagaagecctggattttcatgtcgaccaccagtctcgeecgtttttca
algaactgaticaattcatcaccacggglccgattatcgeaatggaaatlctgeglgatgacgcetatelgegaatggaaacgeetgetgg
gcececggeaaactecaggtgttgegegtaccgatgecagtgaatecattcgegetetgtttggcaccgatggtatcegtaatgecageacat
ggtcecggactcattcgeatcggeagetegtgaaatggaactgtttttcecgagetetggeggttgeggtecggeaaacaccgecaaatt
taccaattgtacgtgctgtattgtcaaaccgcacgeagtgtcagaaggectgctgggtaaaattetgatggcaatcegtgatgetggcttt
gaaalclcggecatgeagatglicaacatggaccgegitaacglcgaagaatictacgaaglitacaaaggeglggtitacegaatalea
cgatatggttacggaaatgtactccggtcegtgegtcgegatggaaattcagecaaaacaatgeecaccaaaacgtttcgtgaattetgtgg
tccggeagatccggaaatcgeacgteatetgegtecgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgetgtgeact
gtaccgatctgecggaagacggietgetggaagticaatactttttcaaaattctggataattga (SEQ ID NO:58)

[00541] (amino acids)

[00542] MEKTLALIKPDAISKAGEIEINKAGFTITKLKMMMLSRKEALDFIHVDIQS
RPFFNELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILM
AIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQ
NNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFK
ILDN- (SEQ ID NO:59)

[00543] Human NME7-AB1 sequence optimized for E. coli expression:

[00544] (DNA)

[00545] Atggaaaaaacgctggecctgattaaaccggatgcaatctccaaagetggegaaattatcgaaattatcaacaaage
gggtttcaccatcacgaaactgaaaatgatgatgctgageegtaaagaagecctggattttcatgtcgaccaccagtetcgeecgttttte
aatgaactgattcaattcatcaccacgggtcegattatcgeaatggaaattctgegtgatgacgcetatetgegaatggaaacgectgctg
ggcccggcaaactcaggtgttecgegtaccgatgecagtgaateeattcgegetetgtitggeaccgatggtatcegtaatgeageaca
tggtccggactcattcgeatcggeagetegtgaaatggaactgtttticecgagetetggeggttgeggteeggeaaacaccgecaaat
ttaccaattgtacgtectgtattgtcaaaccgcacgeagtgtcagaaggectgetggataaaattctgatggeaatcegtgatgetggctt
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tgaaatctcggccatgeagatgticaacatggaccgegttaacgtcgaagaatictacgaagtttacaaaggegtggttaccgaatatca
cgatatggttacggaaatgtactccggteegtgegtegegatggaaattcagecaaaacaatgeecaccaaaacgtttcgtgaattetgtgg
tccggeagatccggaaatcgeacgteatetgegtecgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgetgtgeact
gltaccgatetgecggaagacggtetgetggaagticaatactetttetga (SEQ ID NO:60)
[00546] (amino acids)
[00547] MEKTLALIKPDAISKAGEIEINKAGFHFTITKLKMMMLSRKEALDFHVDHQS
RPFFNELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIR
NAAHGPDSFASAAREMELFFPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILM
AIRDAGFEISAMQMENMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQ
NNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF-
(SEQ ID NO:61)
[00548] Mouse NME6
[00549] (DNA)
[00550] Atgacctccatettgegaagtceccaagetettcagetcacactageeetgatcaageetgatgeagttgeccaceea
ctgatcctggaggctgttcatcageagattctgageaacaagttcetcattgtacgaacgagggaactgeagtggaagetggaggact
gcecggagglittaccgagagealgaagggcegttitttctatcageggetgglg gagiicatgacaagigggecaatcecgagectatate
cttgcccacaaagatgecatccaactttggaggacactgatgggacecaccagagtatitcgageacgcetatatageccecagattcaat
tcgtggaagtttgg gccteactgacaccegaaatactacecatggetcagactcegtggtttccgecageagagagattgeagecttett
ccectgacttcagtgaacagegetggtatgaggaggaggaacccecagetgeggtgtggtectgtgeactacagtccagaggaaggtat
ccactgtgeagetgaaacaggaggecacaaacaacctaacaaaacctag (SEQ ID NO:62)
[00551] (amino acids)
[00552] MTSILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRTRELQWK
LEDCRRFYREHEGRFFYQRLVEFMTSGPIRAYILAHKDAIQLWRTLMGPTRVFRARY
TAPDSIRGSLGLTDTRNTTHGSDSVVSASREIAAFFPDEFSEQRW YEEEEPQLRCGPVHY
SPEEGIHCAAETGGHKQPNKT- (SEQ ID NO:63)
[00553] Human NMES6:
[00554] (DNA)
[00555] Atgacccagaatctggggagtgagatggectcaatettgcgaagecctcaggetctecageteactctageectgat
caagectgacgcagtcgeccatecactgattctggaggetgttcatcageagattctaagecaacaagtteetgattgtacgaatgagag
aactactgtggagaaaggaagattgccagaggttttaccgagageatgaagggcgttttttctatcagaggetggtgogagttcatggee
agcgggccaatccgagcectacatecttgeccacaaggatgecatceagetctggaggacgetcatgggacceaccagagtgticega
gcacgecatgtggecceagatictatccgtgggagtitcggecteactgacaccegeaacaccacceatggticggactetgtggttte
agccagcagagagattgcagecttcttcectgacttcagtgaacagegetggtatgaggaggaagagececagttgegetgtggeect
gtgtgctatagcccagagggagglgtecactatgtagetggaacaggaggectaggaccagectga (SEQ ID NO:64)
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[00556] (amino acids)

[00557] MTOQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQOQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFY QRLVEFMASGPIRAYILAHKDAIQLWRTLMG
PTRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPVCYSPEGGVHYVAGTGGLGPA- (SEQ 1D NO:65)

[00558] Human NMES6 1:

[00559] (DNA)

[00560] Atgacccagaatclggggagtgagatggeceteaatettgegaagecctcaggeteteecageteactetageeetgat
caagcctgacgeagtcgeccatccactgattctggaggctgttcatcageagattctaageaacaagttectgattgtacgaatgagag
aactactgtggagaaaggaagattgccagaggttttaccgagageatgaagggegtettttctatcagaggetggtggagttcatggee
agcgggcecaatccgagectacatecttgeccacaaggatgecatccagetetggaggacgetcatgggacccaccagagtgttcega
geacgecatgtggececagallctatecgtgggagtitcggecteactgacaccegraacaccacceatggttcggactetgtggttte
agccagcagagagattgcagecttettccetgacttcagtgaacagegetggtatgaggaggaagagecccagttgcgetgtggecct
gtgtga (SEQ ID NO:66)

[00561] (amino acids)

[00562] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFY QRLVEFMASGPIRAYILAHKDAIQLWRTLMG
PTRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPV- (SEQ ID NO:67)

[00563] Human NMESG6 2:

[00564] (DNA)

[00565] Atgctcactctageectgatcaagectgacgeagtegeecateeactgattetggaggetgttcatcageagattctaa
gcaacaagttcetgattgtacgaatgagagaactactgtggagaaaggaagattgccagaggttttaccgagageatgaaggecgttt
ttctatcagaggctggtggagttcatggecagegggccaatcegagectacatecttgeccacaaggatgecatecagetetggagga
cgetcatgggacccaccagagtgtteccgageacgecatgtggececagattetatccgtgggagtttcggecteactgacacecgeaa
caccacceatggttcggactetgtggtttcagecageagagagattgeagecettettceetgacttcagtgaacagegetggtatgage
aggaagagcceccagtigegetgtggeectgtgtga (SEQ ID NO:68)

[00566] (amino acids)

[00567] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYRE
HEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSF
GLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPV- (SEQ 1D
NO:69)

[00568] Human NMES6 3:

[00569] (DNA)
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[00570] Atgctcactctageectgatcaagectgacgeagtegeccatecactgattctggaggctgttcatcageagattctaa
gcaacaagttcetgattgtacgaatgagagaactactgtggagaaaggaagattgccagaggttttaccgagageatgaaggeegtttt
ttctatcagaggctggtggagttcatggecagegggecaatecgagectacatecttgeccacaaggatgecatecagetetggagga
cgeteatgggacccaccagagtgttecgageacgecatgtggeceeagattetatcegtgggagtttcggecteactgacaceegeaa
caccacccatggttcggactetgtggtitcageccageagagagattgcagecticticectgacttcagteaacagegetggtatgage
aggaagagcececagttgegetgtggecetgtgtectatageccagagggaggtgtecactatgtagetggaacaggaggectagga
ccageetga (SEQ ID NO:70)

[00571] (amino acids)

[00572] MILTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRIYRE
HEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSF
GLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVCYSPEGGVHY
VAGTGGLGPA- (SEQ ID NO:71)

[00573] THuman NMI6 sequence optimized for £. coli expression:

[00574] (DNA)

[00575] Atgacgcaaaatctgggetcggaaatggeaagtatectgegetecccgeaageactgeaactgacectggetetgat
caaaccggacgclgttgeteatcegetgatictggaageggtecaccageaaatictgageaacaaattictgateglgegtatgegeg
aactgctgtggcgtaaagaagattgecagegttittatcgegaacatgaaggecgtttcttttatcaacgectggttgaattcatggectct
ggteegattcgegeatatatectggetcacaaagatgegattcagetgtggegtacectgatgggtecgacgegegtetttegtgcacgt
catgtggcaccggactcaatcegtggetegticggtetgaccgatacgegeaataccacgeacggtagegactetgtigttagtacgte
ccgtgaaatcgeggectttttcecggacttetecgaacagegtiggtacgaagaagaagaaccgeaactgegetgtggeceggtetgtt
attctccggaaggtggtgtecattatgtggegggcacgggtggtetgggtecggeatga (SEQ ID NO:72)

[00576] (amino acids)

[00577] MTONLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMG
PTRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPVCYSPEGGVHYVAGTGGLGPA- (SEQ ID NO:73)

[00578] Human NMES6 1 sequence optimized for E. coli expression:

[060579] (DNA)

[00580] Atgacgcaaaatctgggetcggaaatggcaagtatectgegetecccgeaageactgcaactgacectggetetgat
caaaccggacgetgttgctcatcegetgattctggaageggtecaccageaaattctgageaacaaatttetgategtgegtatgegeg
aactgcetgtggcgtaaagaagattgecagegttittatcgegaacatgaaggcecgtteetittatcaacgectggttgaattcatggeetet
ggtccgattcgegeatatatectggctcacaaagatgegattcagetgtggegtacectgatgggtecgacgegegtetttegtgcacgt
catgtggcaccggactcaatccgtggetegtteggtetgaccgatacgegeaataccacgeacggtagegactetgtrgttagtgegte
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ccgtgaaatcgeggcectttttcecggacttctecgaacagegttggtacgaagaagaagaaccgeaactgegetgtggeccggtetga
(SEQ ID NO:74)
[00581] (amino acids)
[00582] MTONLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFY QRLVEFMASGPIRAYILAHKDAIQLWRTILMG
PTRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPV- (SEQ ID NO:75)
[00583] Human NMES6 2 sequence optimized for E. coli expression:
[00584] (DNA)
[00585] Atgctgaccetggetetgatcaaaccggacgetgttgeteatcegetgattctggaageggtecacecageaaattctg
agcaacaaatttctgatcgtgegtatgegegaactgetgtggcgtaaagaagatigecagegttittatcgcgaacatgaaggecgtitct
{ttatcaacgeetggttgaalicatggectetggtecgaticgegeatatateelggelcacaaagatgegattcagelgtggegtacectg
atgggtccgacgegegtetitcgtgeacgteatgtggcacecggactcaatecgtggetegticggtetgaccgatacgegeaataccac
gcacggtagegactetgtigttagtgegteccgtgaaategeggecttittceceggacttctcegaacagegttggtacgaagaagaag
aaccgcaactgegetgtggeccggtetga (SEQ 1D NO:76)
[00586] (amino acids)
[00587] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRI'YRE
HEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSF
GLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPV- (SEQ ID
NO:77)
[00588] IHuman NME6 3 sequence optimized for E. coli expression;
[00589] (DNA)
[00590] Atgctgaccetggetetgatcaaaccggacgetgitgeteatcegetgatictggaageggtecacecageaaatictg
agcaacaaatttctgatcgtgegtatgegegaactgctgtggcgtaaagaagattgecagegtttttatcgcgaacatgaaggecgtttct
tttatcaacgcetggtigaattcatggeetetggteegattcgegeatatateetggetcacaaagatgegattcagetgtggegtacectg
atgggtccgacgegegtetttegtgeacgteatgtggcaceggactcaatecgtggetegticggtetgacegatacgegeaataccac
geacggtagegactetgligttagtgegteccglgaaategeggcctitticceggactictcecgaacagegtiggtacgaagaagaag
aaccgeaactgegetgtggeccggtetgttattcteccggaaggtegtgtecattatgtggegggcacgggtggtetgggtccggeatg
a (SEQ ID NO:78)
[00591] (amino acids)
[00592] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYRE
HEGRFFYQRILVEFMASGPIRAYILLAHKDAIQIL. WRTL.MGPTRVFRARHVAPDSIRGSF
GLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVCYSPEGGVHY
VAGTGGLGPA- (SEQ ID NO:79)
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[00593] NME6 and NME7 as well as novel variants may be expressed with any affinity
tag but were expressed with the following tags:

[00594] Histidine Tag

[00595] (ctcgag)caccaccaccaccaccactga (SEQ ID NO:84)

[00596] Strept Il Tag

[00597] (accggt)tggagccatectcagttcgaaaagtaatga (SEQ 1D NO:85)

[00598] Example 12 - NME6 and NME7 Construct Generation

[00599] Example 12.1 - Human NME7-1 sequence optimized for E. coli expression
[00600] NME7 wt-cDNA, codon optimized for expression in E. coli was generated per our
request by Genscript (NJ). NME7-1 was amplified by polymerase chain reaction (PCR) using
the following primers:

[00601] Forward 5’- atcgatcatatgaatcactecgaacge -3’ (SEQ ID NO:98)

[00602] Reverse 5’- agagcctcgagattatccagaattitgaaaaagtattg -3’ (SEQ ID NO:99)

[00603] The fragment was then purified, digested (Ndel, Xhol) and cloned between Ndel
and Xhol restriction sites of the expression vector pET21b.

[00604] Example 12.2 - Human NME7-2 sequence optimized for E. coli expression
[00605] NMI7-2 was amplified by polymerase chain reaction (PCR) using the following
primers:

[00606] Forward 5°- atcgatcatatgcatgacgttaaaaatcac-3’ (SEQ ID NO:100)

[00607] Reverse 5’- agagcclcgagatlatccagaattitgaaaaagtattg -3° (SEQ ID NO:101)

[00608] The fragment was then purified, digested (Ndel, Xhol) and cloned between Ndel
and Xhol restriction sites of the expression vector pET21b.

[00609] Example 12.3 - Human NME7-A sequence optimized for E. coli expression
[00610] NME7-A was amplified by polymerase chain reaction (PCR) using the following
primers:

[00611] Forward 5’-atcgacatatggaaaaaacgctggeectgattaaaccggatg-3’ (SEQ ID NO:102)
[00612] Reverse 5’-actgcctcgaggaaaaacagttecatttcacgagetgeegatg-3’ (SEQ ID NO:103)
[00613] The fragment was then purified, digested (Ndel, Xhol) and cloned between Ndel
and Xhol restriction sites of the expression vector pET21b.

[00614] Example 12.4 - Human NME7-AB sequence optimized for E. coli expression
[00615] NME7-AB was amplified by polymerase chain reaction (PCR) using the
following primers:

[00616] Forward 5’-atcgacatatggaaaaaacgctggecctgattaaaccggatg-3’ (SEQ ID NO:104)
[00617] Reverse 5’ -agagcctcgagattatccagaattttgaaaaagtattg-3° (SEQ ID NO: 105)
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[00618] The fragment was then purified, digested (Ndel, Xhol) and cloned between Ndel
and Xhol restriction sites of the expression vector pET21b. The protein is expressed with a C-
Term His Tag.

[00619] NME7-AB was amplified by polymerase chain reaction (PCR) using the
following primers:

[00620] Forward 5°-atcgacatatggaaaaaacgctggeectgattaaaccggatg-3’ (SEQ 1D NO:106)
[00621] Reverse 5’ -agagcaccggtattatccagaattttgaaaaagtattg-3’ (SEQ ID NO:107)

[00622] The fragment was then purified, digested (Ndel, Agel) and cloned between Ndel
and Agel restriction sites of the expression vector pEET21b where Xhol was replaced by Agel
followed by the Strep Tag II and two stop codon before the His Tag . The protein is
expressed with a C-Term Strep Tag 1L

[00623] Example 12.5 - Human NMEG6 sequence optimized for E. coli expression:
[00624] NMI6 was amplified by polymerase chain reaction (PCR) using the following
primers:

[00625] Forward 5°- atcgacatatgacgcaaaatctgggcteggaaatg-3° (SEQ ID NO:108)

[00626] Reverse 5’- actgcelegagtgecggaccecagaccacceegtge -3” (SEQ ID NO:109)

[00627] The fragment was then purified, digested (Ndel, Xhol) and cloned between Ndel
and Xhol restriction sites of the expression vector pET21b. The protein is expressed with a C-
Term His Tag.

[00628] NME6 was amplified by polymerase chain reaction (PCR) using the following
primers:

[00629] Forward 5°- atcgacatatgacgcaaaatctgggeteggaaatg -3’ (SEQ ID NO:110)

[00630] Reverse 5°- actgcaccggttgecggacccagaccaccegtgeg -3 (SEQ ID NO:111)

[00631] The fragment was then purified, digested (Ndel, Agel) and cloned between Ndel
and Agel restriction sites of the expression vector pET21b where Xhol was replaced by Agel
followed by the Strep Tag II and two stop codon before the His Tag . The protein is
expressed with a C-Term Strep Tag IL

[00632] Example 12.6 - Generating recombinant NME7-AB

[00633] LB broth (LLuria-Bertani broth) is inoculated with 1/10 of an overnight culture and
cultured at 37°C until OD600 reached ~0.5. At this point, recombinant protein expression is
induced with 0.4mM Isopropyl-B-D-thio-galactoside (IPTG, Gold Biotechnology) and culture
is stopped after Sh. After harvesting the cells by centrifugation (6000 rpm for 10 min at 4°C),
cell pellet is resuspended with running buffer: PBS pH7.4, 360 mM NaCl and 80 mM
imidazole. Then lysozyme (1 mg/ml, Sigma), MgCl (0.5mM) and DNAse (0.5 ug/ml,,
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Sigma) is added. Cell suspension is incubated on a rotating platform (275 rpm) for 30 min at
37°C and sonicated on ice for 5 min. Insoluble cell debris are removed by centrifugation
(20000 rpm for 30 min at 4°c). The cleared lysate is then applied to a Ni-NTA column
(Qiagen) equilibrated with the ranning buffer. The column was washed with 4CV of running
buffer, then 4CV of running buffer supplemented with 30 mM imidazole before eluting the
protein off the column with the running bufler (6CV) supplemented with 70 mM imidazole
followed by a second elution with the running buffer (4CV) supplemented with 490 mM
imidazole. NME7-AB is further purified by size exclusion chromatography (SuperdeT)zA 200)
“FPLC”.
[00634] Example 12.7 - Generating recombinant NME6
[00635] LB broth (Luria-Bertani broth) is inoculated with 1/10 of an overnight culture and
cultured at 37°C until OD600 reached ~0.5. At this point, recombinant protein expression is
induced with 0.4mM Isopropyl-B-D-thio-galactoside IPTG, Gold Biotechnology) and culture
is stopped after Sh. After harvesting the cells by centrifugation (6000 rpm for 10 min at 4°C),
cell pellet is resuspended with running buffer: PBS pH7.4, 360 mM NaCl and 80 mM
imidazole. Then lysozyme (I mg/mlL, Sigma), MgCl, (0.5mM) and DNAse (0.5 ug/mL,
Sigma) is added. Cell suspension is incubated on a rotating platform (275 rpm) for 30 min at
37°C and sonicated on ice for 5 min. Insoluble cell debris are removed by centrifugation
(20000 rpm for 30 min at 4°). The cleared lysate is then applied to a Ni-NTA column
(Qiagen) equilibrated with the running buffer. The column is washed (8CV) before eluting
the protein off the column with the running buffer (6CV) supplemented with 420 mM
imidazole. NMES6 is further purified by size exclusion chromatography (SuperdC)T(M 200)
“FPL.C™.
[00636] Example 13 - Quantitative PCR analysis of Naive and Primed genes in stem
cells cultured in NME-base media compared to bFGF-based media.
[00637] Human ES HY cells (WICELL) were cultured for the indicated number of
passages in either 4 ng/mL bFGF (Peprotech) over MET feeder cells, or in mTeSR (Stem Cell
Technologies) over Matrigel, or in & nM NM23 (NME1 S120G dimers) in minimal media
“MM?” wherein cells were plated onto a vIra™ plate (Thermokisher) that was coated with
12.5 ug/mlL C3 anti-MUC1* mab, abbreviated in Figure 13 as “NM23/MUC1* Ab”. RNA
was isolated using the Trizol® Reagent (Invitrogen) and ¢DNA was reverse transcribed with
Random Hexamers (Invitrogren) using Super Scri[?t/I IT (Invitrogen) and subsequently assayed
for the genes FOXA2, XIST, KLF2, KLF4, NANOG and OCT4, using Applied Biosystems
gene expression assays (OCT4 P/N Hs00999634_gH, Nanog P/N Hs02387400_gl1, KLF2
84
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P/N Hs00360439_g1, KLLF4 P/N Hs00358836_m1, FOXa2 P/N Hs00232764_m1, OTX2 P/N
Hs00222238_m1, LHX2 P/N Hs00180351_ml, XIST P/N Hs01079824_ml and GAPDH
P/N 4310884E), on an Applied Biosystems 7500 real-time instrument. A) Cells were
cultured in bFGF over MEFs, in mTeSR over Matrigel, or in NM23 over anti-MUC1* C3
antibody. Ilach sample was run in triplicate. (iene expression was normalized to GAPDH.
Data are expressed as a fold change relative to the bFGF/MEFL control. B) H9 cells are
cultured in mTeSR over Matrigel for the indicated number of passages and gene expression is
measured as described above. Dala are expressed as a fold change relative to the bFGF/MEF
control. C) H9 cells are cultured in 8§ nM NM23 (H1 S120G dimers) over a layer of anti-
MUCT# C3 mab for the indicated number of passages and gene expression is measured as
described above. Data are expressed as a fold change relative to the bFGF/MEF control. D)
HO cells that had previously been cultured in bFGF over MEFs were cultured for a single
passage in either NM23, bFGF or mTeSR as described above except that the cells were plated
over a layer of human Vitronectin. For comparison, cells were cultured in NM23 over anti-
MUCT# antibody. Gene expression is measured as described above. Data are expressed as a
fold change relative to the bFGF/MEF control. Panel A shows that most of the pluripotency
genes (OCT4, NANOG, KLF4 and KLF2) are expressed at higher levels when cells are
cultured in NM23 over a layer of MUCI* antibody, compared to culture in either the
standard FGF-based media or in another FGF-based media mTeSR. Most strikingly, the
primed markers FOXA?2 and XIST are significantly higher when stem cells are cultured in
FGF-based media (standard or mTeSR). Panel B shows that as a function of passage number,
growth in mTeSR may trend toward an increase in the already elevated expression levels of
the primed genes. Panel C shows the opposite, that as a function of passage number, growth
in NM23 over MUC1* antibody trends toward decreasing expression of the primed
(undesirable) genes. Panel D shows that growth over a Vitronectin surface negatively impacts
the gene expression signature wherein high OCT4, NANOG, KLF4 and KLF2 along with
low expression of FOXA?2 and XIST are desirable and considered characteristic of the naive
state.

[00638] Example 14 - A MUCI1 pull down assay shows that NME1, NME6 and NME7
bind to a MUCI species protein.

[00639] A pull down assay using an antibody to the MUC1* cytoplasmic tail (Ab-5) was
performed on a panel of cells. The proteins pulled down by the MUC1T antibody were
separated by SDS-PAGE then probed with antibodies specific for NME1, NME6 and NME7,
using Western blot technique. MUC1*-positive breast cancer cell line T47D cells (ATCC),
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human embryonic stem cell line BGOIlv (LifeTechnologies), human ES cells (HES-3,
BioTime Inc.) and human iPS cells (SC101A-1, System Biosciences Inc.) T47D cancer cells
were grown according to ATCC protocol in RPMI-1640 (ATCC) plus 10% FBS (VWR). All
stem cells were cultured in minimal stem cell media “MM” with 8nM NM23-RS
(recombinant NMIZ1 S120G dimers). Stem cells were grown on plasticware coated with 12.5
ug/mL anti-MUC1* C3 mab. Cells were lysed with 200ul. RIPA buffer for 10 min on ice.
After removal of cell debris by centrifugation, the supernatant was used in a co-
immunoprecipitation assay. MUC1* was pulled down using the Ab-5 antibody (anti-MUC-1
Ab-5, Thermo Scientific), which recognizes the MUCI cytoplasmic tail, coupled to
Dynabeads protein G (Life Technologies). The beads were washed twice with RIPA buffer
and resuspended in reducing buffer. A sample of the supernatant was subjected to a reducing
SDS-PAGE followed by transfer of the protein to a PVDF membrane. Figure 32 shows that
the membrane was then probed with: A) an anti-NM23-H1 (NME1) Antibody (C-20, Santa
Cruz Biotechnology); B) anti-NME6 (Abnova); or C) anti NM23-H7 Antibody (B-9, Santa
Cruz Biotechnology); D) the staining of NME6 was enhanced using Supersignal (Pierce); and
E) the staining of NME7 was enhanced using Supersignal. After incubation with their
respective secondary antibody coupled to HRP, the proteins were detected by
chemiluminescence, (see Figure 32, A-E). The photos show that native NMEI, NMEG6 and
NME?7 are present in MUC1*#-positive breast cancer cells, in human ES cells and in human
iPS cells and that they bind to MUC1*. Note that the number of cells present in the HES-3
pellet was less than the number present in the other samples.

[00640] Example 15 - Recombinant NM23 (S120G mutant H1 dimers), NME7-AB, as
well as native NME7 bind to the MUC1* extra cellular domain peptide and can induce
receptor dimerization.

[00641] Gold nanoparticles of a diameter of 30.0 nm were coated with an NTA-SAM
surface according to Thompson et al. (ACS Appl. Mater. Interfaces, 2011, 3 (8}, pp 2878
2987 The NTA-S5AM ceated gold panoparticles were then activated with an equad volume
o 18G ubd NI, incubated for 10 min atf room temperatare, washed, and resuspendeit in a
LM phosphate buffer (pH 7.4). The gold nanoparticles were then loaded with PEMOGIR N-
10 peptide (OPNQYRTHAASRKYNLTISDYSVIDVPEPTRAQSGAHHHHEHHEHHE (SEQ ID
NO:112); at 0.5 ub final concentration, and incubated at roomn fempergiure for 1 min
Recombinant NMET-AB protein expressed and puritied from £ coli was added free in
solution at the concentrations ndicated. When particle-immobilized proteins bind 1o cach
other, or simultancousty hind 1o two different peplides on two different particles, the particle
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solution color changes from pinkfed to parple/bhee. i the protein added iree in solution
causes particie aggregation, it is strong ovidenee that the free protein ditperizes the cognate
peptide, since binding to a single peptide would pot induce two or more particles to be
brought into close proximity to each other.

[00642] Figure 33(A) shows NTA-Ni-SAM coated nanoparticles loaded with the
PSMGFR N-10 peptide. The NME7-AE is added free in sohution al the concentrations
indicated. Solution color change from pink to porplesblue from particle aggregation indicates
binding between the MUCTY peptide on the particles and NMET free in solution. This result
shows that NME7 in sohation has two binding sites for the MUCT™ peptide. The Tab of the
anii-MUCT* antibody Tully inhibis the binding, showing that particle aggregation is dug io
the specilic interaction of MUCH peptide and NMET. (B) shows NMET-ARB added [res in
sodution over a wider range of concentrations. Particle aggregation, indicsting NMET can
simultaneously bind o two peptides is observed, (C) shows all proteins added in solution,
NME7-AB tumed purple almost imusediately. NMZ3-RS (HI dimer) also began to changs
afrpost tounediately © purple. The TE7D breast cancer oell fine Lysate, which contains
native MMET tums noticeably purple also.

[00643] Example 16 - Human ES and iPS cells cultured in NME1 dimers or NME7
are in the naive state as evidenced by lack of condensed Histone-3 in the nucleus which
would have indicated X-inactivation, a hallmark of the primed state.

[00644] Human ES (HES-3 stem cells, BioTime Inc) and iPS (SC101A-Ipsc, System
Biosciences) cells were cultured in Minimal Media (“MM”) plus either NME1 dimers
(NM23-RS) or NME7 (NME7-AB construct) for 8-10 passages. The cells were plated onto a
vita'™ plate (ThermoFisher) that had been coated with 12.5 ug/mL of an anti-MUC1*
monoclonal antibody (MN-C3) that binds to the distal portion of the PSMGFR sequence of
the MUC1* receptor. Periodically throughout the 10 passages, samples of the stem cells
were assayed by immunocytochemistry (ICC) and analyzed on a confocal microscope (Zeiss
LSM 510 confocal microscope) to determine the cellular localization of Histone-3. If
Histone-3 is condensed in the nucleus (appears as single dot), then a copy of the X
chromosome has been inactivated and the cells are no longer in the pure ground state or naive
state. If the stem cells have reverted from the primed state (all commercially available stem
cells have been driven to the primed state by culturing in FGF) to the naive state, then
Histone-3 will be seen as a “cloud,” speckled throughout or not detectable. Figure 34 F
shows the control cells, from the same source except that they have been grown in FGF on

MEFs according to standard protocols, all show Histone-3 (H3K27me3) condensed in the
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nucleus, confirming that they are all 100% in the primed state and not in the naive state.
Conversely, the same source cells that were cultured in NME7 for 10 passages have several
fields of stem cells that do not have condensed Histone-3, indicating that they are pre-X-
inactivation and in the true naive state (see Figure 34 D,E, white arrows point to cells
negative for condensed Histone-3). Approximately 50% or more of these cells are in the
naive state as evidenced by the lack of condensed Histone-3 in the nucleus. Figure 36 A-H
shows that the same cells cultured in NM23-S120G dimers at passage 6 were only about 25-
30% naive. The “clouds” of Histone-3 staining can be seen in Figure 36 B,F, while C,G
show white arrows pointing to the cells that lack condensed Histone-3. Confocal ICC images
of HES-3 cells cultured in NM23-S120G dimers over anti-MUC1#* antibody surface for §
passages (Figure 37-39) are about 50% in the naive state and devoid of Histone-3 staining in
the nucleus.

[00645] Example 17 - The confocal images of Histone-3 staining obtained in Example
16 were quantified.

[00646] A semi-quantitative analysis of the X-activation status of HES-3 stem cells
(BioTime Inc) was performed using immunofluorescence images collected on a confocal
microscope (Zeiss LSM 510) comparing cells grown on MEFs with 4ng/ml FGF (p72) versus
8 nM NMEI (p6, p8, p10) versus 8nM NMET7 (p10). 5 - 6 images of random fields of view at
x20 magnification were collected for each growth factor. Pluripotent stem cells were
identified using Oct 3/4 (# sc-5279, Santa Cruz) and/or Nanog (# D73G4, Cell Signaling)
staining. Pluripotent stem cells positive for H3K27me3 antibody (marker for Xist; #C36B11,
Cell Signaling) were identified by a bright focused spot in the nucleus. Cells negative for
H3K27me3 staining either had faint diffuse non-focused staining or it was absent. Total
number of cells per image (positive and negative for H3K27me3 staining) were counted
using the Cell Counter macro in Image J and data are expressed as a percentage of cells
negative for H3K27me3 antibody (i.e. X-activated cells).

[00647] Example 18 - Measuring the cloning efficiency of human ES and iPS cells
cultured in either NMEI-dimers (8nM) or NME7 (8nM) compared to traditional
culture in FGF media over MEF feeder cells.

[00648] Human ES cells (HES-3, BioTime Inc.) and human iPS cells (SC101A-1, System
Biosciences Inc.) were cultured in minimal media “MM” plus either NME1-dimers (§nM) or
NME7 (8nM) for at least 10 passages. Cells were plated onto VITA™ 6-well plates
(ThermoFisher) that had been coated with 12.5 pug/ml. of a monoclonal anti-MUCT*
antibody called “C3” or “MN-C3”. Cells were plated at the following densities: 1,000 cells,
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3,000 cells, and 5,000 cells per well. As a control, the same number of cells from the same
parent cell line was plated over a layer of MEF feeder cells and cultured in 4ng/ml. bFGF.
After 4 to 6 days, the cells were stained with alkaline phosphatase (Leukocyte Alkaline
Phosphatase Kit, Sigma-Aldrich) according to package instructions and the number of
discrete colonies that arose for each condition was counted. See Iigure 41 A. The number of
colonies per a number of cells plated and the calculated percentage efficiency is shown in
Figure 41 B. Whether ES or iPS cells, the cloning efficiency of stem cells cultured in NME1
or NME7 was about 20%. However, Histone-3 ICC analysis of these cell populations
showed that by passage 10, only ~50% of the cells were in the pre-X-inactivation state, which
is the true naive state. Therefore, the actual cloning efficiency of the naive cells is at least
double and is ~ 40%. The cloning efficiency of mouse naive stem cells is ~30%. In this
experiment, control cloning efficiency experiments were done in which the same cells were
cultured in 4 ng/mL bFGF on MEF feeder cells and yielded cloning efficiencies of 1%.
[00649] Example 19 - Human iPS and ES cells cultured in either minimal media
{(MM) or E8 media, minus FGF and TGF-beta, “MN6” plus either recombinant human
NM23-RS (NME1 S120G dimers) or NME7-AB.

[00650] IHuman iPS cells (SC101A-1, System Biosciences Inc.) were plated onto
COSTAR plates coated with 12.5 ug/mL of anti-MUC1* mab, C3, and cultured in minimal
media (“MM”) or E§ minus FGF and TGF-beta (“MN6”) supplemented with 8 nM NM23-
RS (NMEI1 S120G dimers) or NME7 (NME7-AB), wherein a rho kinase inhibitor (ROCi)
was also added to the media (always), only for the first 48 hours, or never (see Figures 42-
45). The figures indicate that in the presence of the ROCI, cells attach and have a spreading
morphology leaving more cells attached after a media change. Cells cultured with either
NM23-RS or NME7, in the absence of ROCi, have more cell attachment when the base
media is MN6 rather than MM minimal media. When the same experiment is performed
except that the cells are plated over matrigel, it doesn’t matter whether ROCi is present or not
(see Figures 46-48). The same experiment was performed using human ES cells (HES-3,
BioTime Inc.) with essentially the same results (Figures 49-50).

[00651] Example 20 - RT-PCR quantified expression of naive and primed genes for
human iPS and ES cells on Matrigel, cultured in either minimal media (MM) or ES8
media, minus FGF and TGF-beta, “MN6,” plus either recombinant human NM23-RS
(NMEI1 S120G dimers) or NME7-AB.

[00652] Human ES cclls (HES-3, BioTime Inc.) plated onto Matrigel were cultured in
either MN6 media or MM media supplemented with 8 nM NME7, plus/minus a rho kinase
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inhibitor (ROCi). For comparison, cells were also cultured in bFGF-containing E8 media.
RT-PCR was performed as described above in Example 13 and normalized to the E8 control.
Markers of the undesirable primed state are FOXA2, OTX, LHX, and XIST. Markers of the
desirable naive state are OCT4, NANOG, KLF4 and KLF2. Figure 51 shows that cells
cultured in MN6/NMI7 had increased expression of some of the pluripotency genes
compared to E8 and reduced expression of primed gene FOXAZ.

[00653] Example 21

[00654] THuman ES cells (HES-3, BioTime Inc.) were plated onto a VITA™ plate
(Thermoliisher) coated with anti-MUC1T* antibody (C3) and cultured in either recombinant
human NM23 (NMEI1 S120G dimers) or NME7-AB in minimal media (MM). RT-PCR
performed as described in Example 13. Markers of the undesirable primed state are FOXAZ2,
OTX, LHX, and XIST. Markers of the desirable naive state are OCT4, NANOG, KLF4 and
KLF2. As Figure 52 shows, there is essentially no difference between cells cultured in
NM23 and NME7.

[00655] Example 22. RT-PCR analysis of human ES cells cultured in NME proteins
versus FGF and over a variety of surfaces in the presence or absence of a rho kinase
inhibitor. ITuman ES cells (ITES-3, BioTime Inc.) were plated onto either a VITA™ plate
(ThermoFisher) coated with anti-MUCI1* antibody (C3), MEF feeder cells, or Matrigel.
Cells on the VITA/C3 antibody surface were cultured for 3 passages in either Minimal Media
(MM) plus NM23-H1 S120G dimers (NME1 dimers) or in NME7-AB. Cells plated over
MEFs were cultured in MM plus FGF, according to standard practice, for 23 passages. Cells
on Matrigel were cultured for a single passage in NME7 in MM media or MN6 media and in
the presence or absence of a rho kinase inhibitor (ROCi). Markers of the undesirable primed
state are FOXA2, OTX, LHX, and XIST. Markers of the desirable naive state are OCT4,
NANOG, KLF4 and KLF2. As Figure 53 shows, gene expression profiles for NME7-AB and
NM23-H1 dimers are essentially equal. Note that after only 3 passages in NME proteins,
coming from FGF growth, cells are not yet completely naive and XIST, an indicator of X-
inactivation is still high. Referring to Example 17, at passage 6 only 25-30% of the cells had
two active X chromosomes and at passage 10 more than 50% of cells were in the true naive
state, pre-X-inactivation. Figure 53 shows that some of the naive markers are lower
(KLF2/4) and some of the primed markers higher (FOXAZ2) compared to NME grown cells.
Growth in NME7 over Matrigel adversely affects the signature of gene expression with a
decrease in naive genes and an increase in primed genes compared to growth over a surface

of MUCI1* antibody. In the same experiment, cells plated onto Matrigel were also cultured in
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NM23-8120G dimers in MM media, or MN6 media, plus or mimus a ROCi (rho kinase
inhibitor) (Figure 54). Again, the Matrigel surface negatively impacts the gene expression
profile and appears to make the cells less naive.

[00656] Example 23 — Detection of NME7

[00657] Example 23.1 - Detection of NME7 in embryonic stem cells and iPS cells
[00658] Human ES cells (BGOlv and HES-3) as well as iPS cells (SC101-Al) were
culwured in NME-based media wherein cells were plated over a layer of anti-MUCT#*
antibody. To identify NME7 species, cells were harvested and lysed with RIPA buffer
(Pierce), supplemented with protease inhibitor (Pierce). Cell lysates (20 ul.) were separated
by electrophoresis on a 12% SDS-PAGE reducing gel and transferred to a PYDF membrane
(GE Healthcare). The blot was blocked with PBS-T containing 3% milk and then incubated
with primary antibody (anti NM23-H7 clone B-9, Santa Cruz Biotechnology) at 4°C
overnight. After washing with PBS-T, the membrane was incubated with horseradish
peroxidase (HRP)-conjugated secondary antibody (goat anti mouse, Pierce) for 1 hr at room
temperature. Signals were detected with Immun-Star Chemiluminescence kit (Bio-Rad). The
Western blots of Figure 55 A,C show NME7 exist as ~40 kDa species as well as a lower
molecular weight NMET7 species of ~25-30 kDa, which may be an alternative splice isoform
or a post translational modification such as cleavage.

[00659] Additionally, human iPS cells (SC101-A1l) were cultured as described above or in
the presence of siRNA that suppressed OCT4, NME1, NME6 or NME7. The Western blot of
Figure 56 shows that when OCT4, NME6 or NMET7 is suppressed, the high molecular weight
band (~40 kDa) disappears. However, it did not disappear when NME1 was suppressed. This
result is consistent with the idea that NME6, NME7 and OCT4 are critical pluripotency
genes. The results are also consistent with the idea that the high molecular weight form is the
expressed form (would disappear before a cleavage product) in response to suppression of
related genes that regulate its expression.

[00660] Example 23.2 - Detection of NME?7 in iPS conditioned media

[00661] iPS Conditioned media (20 ul.) was separated by electrophoresis on either a 12%
SDS-PAGE reducing gel and transferred to a PVDF membrane (GE Healthcare). The blot
was blocked with PBS-T containing 3% milk and then incubated with primary antibody (anti
NM23-H7 clone B-9, Santa Cruz Biotechnology) at 4°C overnight. After washing with PBS-
T, the membrane was incubated with horseradish peroxidase (HRP)-conjugated secondary
antibody (goat anti mouse, Pierce) for 1 hr at room temperature. Signals were detected with

Immun-Star Chemiluminescence kit (Bio-Rad). Western blot of Figure 55 B show secreted
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NME7 species having an approximate molecular weight of 30 kDa. Note that the
recombjnant NME7-AB has a molecular weight of 33 kDa and as such can simultancously
bind to two MUCT* peptides and also fully supports pluripotent stem cell growth, induction
of pluripotency and inhibits differentiation. The NME7 species of ~25-30 kDa may be an
alternative splice isoform or a post translational modification such as cleavage, which may
enable secretion from the cell.

[00662] Example 23.3 - NME7 Immuno-precipitation and analysis by mass
spectrophotometry

[00663] A pull down assay was performed using an NME7 specific antibody (NM23 H7
B9, Santa Cruz) on a panel of MUC1*-positive cells. Breast cancer cells (T47D) as well as
human ES (BGOlv and HES-3) and iPS (SC101-A1l) cells were cultured according to
standard protocol (T47D) or cultured in NME-based media over a surface of anti-MUC1*
antibody. Cells were lysed with RIPA buffer (Pierce), supplemented with protease inhibitor
(Pierce). Cell lysates were supplemented with 10ug of recombinant NME7-AB incubated at
4°C for 2h. Then NME7 was immuno-precipitated at 4°C overnight with anti NM23-H7 (B-9,
Santa Cruz Biotechnology) coupled to Dynabeads protein G (Life technologies). Beads were
washed twice with PBS and immuno-precipitated proteins were separated by electrophoresis
on a 12% SDS-PAGE reducing gel. Proteins were detected by silver staining (Pierce). The
~23 kDa bands of proteins that co-immunoprecipitated along with NME7, from the T47D
sample and the BGOlv cells, were excised and analyzed by mass spec (Taplin Mass
Spectrometry Facility, Harvard Medical School). Mass spec analysis showed that the protein
bands that were excised all contained sequences from the NME7 NDPK A domain as shown
below. The underlined sequences in the A domain of NME7 were identified by mass spec.
[00664] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAG
EHEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFNELIQFITTGPIAMEILRDDA
ICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGC
GPANTAKFTNCTCCIVKPHAVSEGILLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTL
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:113)

[00665] The higher molecular weight protein bands, ~30 kDa, that immunoprecipitated
with NME7were not analyzed by mass spec and may correspond to either an endogenous
NMEY7 protein that may be a cleavage product or an alternative splice isoform or alternatively

could be NME7-AB ~33 kDa that was added to the cell lysates.
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[00666] Example 24 - ELISA assay showing NME7-AB simultaneously binds to two
MUCT* extra cellular domain peptides

[00667] The PSMGFR peptide bearing a C-terminal Cysteine (PSMGFR-Cys) was
covalently coupled to BSA using Imject Maleimide activated BSA kit (Thermo Fisher).
PSMGI'R-Cys coupled BSA was diluted to 10ug/ml. in 0.1M carbonate/bicarbonate buffer
pH 9.6 and 50ul. was added to each well of a 96 well plate. After overnight incubation at
4°C, the plate was wash twice with PBS-T and a 3% BSA solution was added to block
remaining binding site on the well. After 1h at RT the plate was washed twice with PBS-T
and NME7, diluted in PBS-T + 1% BSA, was added at different concentrations. After 1h at
RT the plate was washed 3x with PBS-T and anti-NM23-H7 (B-9, Santa Cruz
Biotechnology), diluted in PBS-T + 1% BSA, was added at 1/500 dilution. After 1h at RT the
plate was washed 3x with PBS-T and goat anti mouse-HRP, diluted in PBS-T + 1% BSA,
was added at 1/3333 dilution. After 1h at RT the plate was washed 3x with PBS-T and
binding of NME7 was measured at 415nm using a ABTS solution (Pierce).

[00668] ELISA MUCI* dimerization: The protocol for NME7 binding was used and
NME7 was used at 11.6ug/ml..

[00669] After 1h at RT the plate was washed 3x with PBS-T and HisTagged PSMGFR
peptide (PSMGFR-His) or biotinylated PSMGFR peptide (PSMGFR-biotin), diluted in PBS-
T + 1% BSA, was added at different concentration. After 1h at RT the plate was washed 3x
with PBS-T and anti Histag-HRP (Abcam) or streptavidin-HRP (Pierce), diluted in PBS-T +
1% BSA, was added at a concentration of 1/5000. After 1h at RT the plate was washed 3x
with PBS-T and binding of PSMGFR peptide to NME7 already bound to another PSMGFR
peptide (which could not signal by anti-His antibody or by streptavidin) coupled BSA was
measured at 415nm using a ABTS solution (Pierce).

[00670] Example 25 - NME6 cloning, expression and purification

[00671] WT NME6 cDNA, codon optimized for expression in E. coli was synthesized by
our request by Genscript, NJ. The WT NME6 ¢cDNA was then amplified by polymerase
chain reaction (PCR) using the following primer: 5’-atcgacatatgacgcaaaatctgggctcggaaatg-3°
(SEQ ID NO:114) and 5’-actgectegagtgecggacccagaccacecgtge-3° (SEQ ID NO:115). After
digestion with Ndel and Xhol restriction enzymes (New England Biolabs), the purified
fragment was cloned into the pET21b vector (Novagen) digested with the same restriction
enzymes.

[00672] Example 26 - NMEG6 Protein expression/purification
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[00673] LB broth (Luria-Bertani broth) was inoculated with 1/10 of an overnight culture
and cultured at 37°C until OD600 reached ~0.5. At this point, recombinant protein expression
was induced with (.4mM Isopropyl-B-D-thio-galactoside (IPTG, Gold Biotechnology) and
culture was stopped after Sh. After harvesting the cells by centrifugation (6000 rpm for 10
min at 4°C), cell pellet was resupended with running buffer: PBS pH7.4, 360 mM Na(Cl, 10
mM imidazole and 8M urea. Cell suspension was incubated on a rotating platform (275 rpm)
for 30 min at 37°C and sonicated on ice for 5 min. Insoluble cell debris was removed by
centrifugation (20000 rpm for 30 min at 4°). The cleared lysate was then applied to a Ni-
NTA column (Qiagen) equilibrated with the running buffer. The column was washed with
4CV of running buffer, then 4CV of running buffer supplemented with 30 mM imidazole
before eluting the protein off the column with the running buffer (8CV) supplemented with
420 mM imidazole. The protein was then refolded by dialysis, (Figure 59).

[00674] Example 27 - Refolding protocol

[00675] 1. Dialysc overnight against 100mM Tris pH 8.0, 4M urea, 0.2mM imidazole,
(0.4M L-arginine, ImM EDTA and 5% glycerol

[00676] 2. Dialyse 24h against 100mM Tris pH 8.0, 2M urea, 0.2mM imidazole, 0.4M L-
arginine, ImM EDTA and 5% glycerol

[00677] 3. Dialyse 24h against 100mM Tris pH 8.0, 1M urea, 0.2mM imidazole, 0.4M L-
arginine, ImM EDTA and 5% glycerol

[00678] 4. Dialyse 8h against 100mM Tris pH 8.0, 0.2mM imidazole, 0.4M L-arginine,
ImM EDTA and 5% glycerol

[00679] 5. Dialyse overnight against 25mM Tris pH 8.0, 0.2mM imidazole, 0.1M L-
arginine, ImM EDTA and 5% glycerol

[00680] 6. Dialyse 3x3h against PBS pH 7.4, 0.2mM imidazole, 1mM EDTA and 5%
glycerol

{00681] 7. Dialyse overnight against PBS pH 7.4, 0.2mM imidazole, ImM EDTA and 5%
glycerol

[00682] 8. Centrifuge refolded protein (18,500 rpm ) 30 min at 4°C and collect supernatant
for further purification.

[00683] The protein was further purified by size exclusion chromatography (Superdex
200).

Partial Cited References List

94

CA 2852244 2019-02-13



CA 02852244 2014-04-14

WO 2013/059373 PCT/US2012/060684
[00685] Boyerl.. A.etal Cell 122, 947-956 (2005)
[00686] Dexheimer at al. Mol Cancer Ther 8(5):1363-1377 (2009)
[00687] Hikita et al. PLoS ONE 3(10), 3312 (2008)
[00688] Jaenisch, R. and Young, R. Cell 132, 567-582 (2008)
[00689] Kim, et al. Biochem Biophys Res Commun 307:281-289 (2003)
[00690] Lowry, W.E. ctal. Proc. Natl. Acad. Sci. USA 105(8):2883-2888 (2008)
[00691] Mahanta et al. PLoS ONE 3(4):e2054 (2008)
[00692] Maherali, N. et al. Cell Stem Cell 1:55-70 (2007)
[00693] Nakagawa, M. et al. Nature Biotechnol 26(1):101-106 (2008)
[00694] Okabe-Kado, et al FEBS Letters 1995 363: 311-315
[00695] Okita, K et al. Nature 448:313-317 (2007)
[00696] Park, [.H. et al. Nature 451:141-146 (2008)
[00697] Takahashi, K. & Yamanaka, S. Cell 126, 663-676 (2006)
[00698] Takahashi, K. et al. Cell 131:861-872 (2007)
[00699] Wernig, M. et al. Nature 448, 318-324 (2007)
[00700] Wernig, M. et al. Cell Stem Cell 2, 10-12 (2008)
[00701] Wolgen, K., et al. Nature 458, 766770 (2009)
[00702] Yamanaka, S. Cell stem Cell 1, 39-49 (2007)
[00703] Yu,J. et al. Science 324, 797-801 (2009)
[00704] Yu,J. et al. Science 318, 1917-1920 (2007)
[00705] Zou et al. MCB, 20(2):628-633 (2000)
[00706] Zhou et al. Cell Stem Cell 4:381-384 (2009)
R S S S
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specifically described herein. Such equivalents are intended to be encompassed in the scope

of the claims.
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What is claimed is:

1.

A cell culture media for growth, maintenance and induction of reversion to a less mature

state of a cell having a greater degree of cell potency, the cell culture media comprising a MUC1*

activating ligand, wherein the cell is a mature, somatic, stem or progenitor cell, and wherein the

MUCI1* activating ligand is an NME family protein, and wherein the NME family protein is

NME7-AB.
2. The cell culture media according to claim 1, wherein the cell is human.
3. The cell culture media according to claim 1 or 2, wherein the cell culture media:
(a) is free of bFGF, TGF-beta or both;
(b) is free of serum; or
(c) further comprises insulin, selenium, transferrin, 1-ascorbic acid, or nonessential amino
acids.
4. The cell culture media according to any one of claims 1 to 3, further comprising:
(a) an inhibitor of a rho associated kinase;
(b) an activator of signaling proteins in the PI3K or RAC pathway and in the absence of a
rho kinase inhibitor;
(c) nucleic acids that suppress expression of NME1 or NME2; or
(d) growth factors.
5. The cell culture media according to claim 4, wherein the growth factors are selected from

the group consisting of FGF-2, TGF-beta and combinations thereof.

6.

The cell culture media according to any one of claims 1 to 5, wherein the NME7-AB is

characterized by one or more of the following:

7.

it consists essentially of a nucleotide diphosphate kinase (NDPK) A domain and an NDPK
B domain;

it has a molecular weight of about 30 to 33 kilodaltons (kDa);

it comprises a sequence selected from SEQ ID NOS: 38-41 and 58-61; and

itis an essential growth factor in the cell culture media.

An in vitro method comprising contacting stem, progenitor or somatic cells with cell

culture media comprising an NME family protein to stimulate growth of the stem or progenitor
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cells or to induce cells to revert to a less mature state having a greater degree of cell potency,

wherein the NME family protein is NME7-AB.

8. The method according to claim 7, wherein the cells are human.
9. The method according to claim 7 or 8, wherein the cell culture media:
(a) is free of bFGF, TGF-beta or both;
(b) is free of serum; or
(c) further comprises insulin, selenium, transferrin, 1-ascorbic acid, or nonessential amino
acids.
10.  The method according to any one of claims 7 to 9, wherein the cell culture media further
comprises:
(a) insulin, selenium, transferrin, 1-ascorbic acid, with pH adjusted using NaHCO3;
(b) an inhibitor of a rho kinase;
(c) an activator of signaling proteins in the PI3K or RAC pathway and in the absence of a
rho kinase inhibitor;
(d) nucleic acids that suppress expression of NME1 or NME2; or
(e) an inhibitor of a guanine exchange factor.
11.  The method according to claim 10, wherein the inhibitor of the guanine exchange factor is:
(1) NME] in hexamer form,;
(11) a peptide derived from NME1; or
(1ii) one or more growth factors.
12. The method according to claim 11, wherein the growth factors are selected from the group

consisting of FGF-2, TGF-beta and combinations thereof.

13.

The method according to any one of claims 7 to 12, wherein the NME7-AB is characterized

by one or more of the following:

it consists essentially of a nucleotide diphosphate kinase (NDPK) A domain and an NDPK
B domain;

it has a molecular weight of about 30 to 33 kilodaltons (kDa);

it comprises a sequence selected from SEQ ID NOS: 38-41 and 58-61; and

itis an essential growth factor in the cell culture media.
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14. A cell culture media comprising a NME family protein, plus a base media and non-essential
amino acids for the growth or maintenance of stem cells, wherein the NME family protein is
NME7-AB.
15. A composition comprising a stem cell population, wherein said composition further
comprises a serum-free culture media comprising NME family of proteins, wherein the NME
family proteins are NME7-AB.
16.  An in vitro method of proliferating stem or progenitor cells on a surface on which are
ligands that bind to the progenitor or stem cells, comprising contacting the cells with media that
includes NME family of proteins, wherein the NME family proteins are NME7-AB.
17.  Aninvitro method of making a pure population of naive stem cells, the method comprising:
(1) contacting cells with cell culture media comprising NME family protein so as to obtain
a single colony of naive stem cells;
(11) isolating the single colony of naive stem cells; and
(111) contacting the colony with cell culture media comprising NME family protein to obtain
a pure population of naive stem cells, wherein the NME family protein is NME7-AB.
18.  The method according to claim 17, wherein:
(a) in step (i), about 25 to about 60% of the cells in naive state are obtained; or
(b) in step (i11), the purity of the population of naive stem cell is at least 80%, at least 90%
or at least 95%.
19.  The method according to claim 17 or 18, wherein:
(a) in step (i), about 30 to about 50% of the cells in naive state are obtained; or
(b) in step (ii1), the purity of the population of naive stem cell is at least 99%.
20.  An in vitro method of making a pure population of naive stem cells from induced
pluripotent stem cells, comprising:
(1) contacting mature or progenitor cells with cell culture media comprising NME family
protein so as to obtain a single colony of naive stem cells;
(11) isolating the single colony of naive stem cells; and
(111) contacting the colony with cell culture media comprising NME family protein to obtain
a pure population of naive stem cells, wherein the NME family protein is NME7-AB.
21.  The method according to claim 20, wherein:

(a) the mature cells are transfected with pluripotency genes in step (i);
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22.

23.

24.

25.

(b) the mature or progenitor cells are somatic cells, dermablasts or fibroblasts;

(c) in step (i), about 25 to about 60%, of the cells in naive state are obtained; and

(d) in step (iii), the purity of the population of naive stem cell is at least 80%, at least 90%,
or at least 95%.

The method according to claim 20, wherein:

(a) the mature cells are transfected with pluripotency genes in step (i),

(b) the mature or progenitor cells are somatic cells, dermablasts or fibroblasts;

(c) in step (i), about 30 to about 50%, of the cells in naive state are obtained; and

(d) in step (ii1), the purity of the population of naive stem cell is at least 99%.

An in vitro method of generating human embryonic stem cell lines comprising:

(1) contacting cells derived from a blastocyst with cell culture media comprising NME
family protein;

(11) isolating outgrowths having stem-like morphology;

(1i1) contacting the isolated outgrowths with cell culture media comprising NME family
protein; and

(iv) isolating clones that have the desired karyotype and express levels of pluripotency and
naive genes that indicate the cells are pluripotent,

wherein the NME family protein is NME7-AB.

An in vitro method of generating human induced pluripotent stem cell lines comprising:

(1) contacting cells derived from a donor or patient with cell culture media comprising
NME family protein;

(1) contacting the cells with agents that induce expression of pluripotency genes OCT4,
SOX2, NANOG, KLF4, c-Myc or LIN28

(111) isolating cells having stem cell-like morphology;

(iv) contacting the isolated cells with cell culture media comprising NME family protein;

(v) isolating clones that have the desired karyotype and express levels of pluripotency
genes that indicate the cells are pluripotent; and

(vi) propagating clones in a media comprising an NME family protein,

wherein the NME family protein is NME7-AB.

The method according to claim 23 or 24, wherein:

(a) the media comprising the NME family protein does not contain FGF; or
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(b) the method comprises suppressing NME1 and NME?2 in the cells.
26. A method according to any one of claims 16 to 25, wherein the NME7-AB is characterized
by one or more of the following:
it consists essentially of a nucleotide diphosphate kinase (NDPK) A domain and an NDPK
B domain;
it has a molecular weight of about 30 to 33 kilodaltons (kDa);
it comprises a sequence selected from SEQ ID NOS: 38-41 and 58-61; and

itis an essential growth factor in the cell culture media.
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Control; NM23 in Minimal Stem Cell Media with KOSR
H9 human ES cells plated onto Vitronectin Coated Tissue Culture plate - Y27632
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Figure 2

Upper left: MM +NM23 no ROCi 4x day 4
Upper right: MM +NM23 no ROCi 10x day 4
Lower left: MM +NM23 no ROCi 20x day 4
30% confluent, undifferentiated colony
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Control: Human H9 ES cells plated onto Vitronectin Coated Tissue Culture plate with
50% Hs27 conditioned media +FGF +Y27632

CA 02852244 2014-04-14

WO 2013/059373 PCT/US2012/060684
3/64

Figure 3

Upper left: 50% Hs27 cond med (CM) +FGF +ROCi 4x

day 4
Lower left: 50% Hs27CM +FGF +ROCi 20x day 4

Upper right: 50% Hs27CM +FGF +ROCi 10x day 4

100% confluent, undifferentiated

‘\\‘\\\ ‘_\-‘: N NN X ) \\ \ \\.\_ NN X \ X
NN X ) TIHnnng TR
\\\&\@& - \\k \\\\ .
\\\,\\ \\W\ N N \}\ V\Q\\ SR N \\\\
T T T T T T .- \\\\\\Q\\\\\\%\\\\\\\ ek it
N TR N
D

T e _ __ e R \ X N\ NhRNak -‘
L ~ L
\ NN ‘ %\&\Q\\: MR N
- . e
Ll e
R N N

R
TR
N RN \

T R =

Lo
:f D

\ AN '-:_-."'

R
N
N

TR H =G
N
. Kb\\\\:* \\




Human H9 ES cells plated onto Vitronectin Coated Tissue Culture plate with
50% Hs27 conditioned media +FGF without Y27632

Control
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Figure 4

50% Hs27CM +FGF no ROCi 10x day 4

50% Hs27CM +FGF no ROCi 4x day 4
50% Hs27CM +FGF no ROCi 20x day 4

5% confluent

Upper left
Upper right
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Human H9 ES cells plated onto Vitronectin Coated Tissue
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Upper left: MN6 +NM23 +ROCi 4x day 4
Upper right: MN6 +NM23 +ROCi 10x day 4
Lower left: MN6 +NM23 +ROCi 20x day 4

100% confluent, essentially all undifferentiated
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Human H9 ES cells plated onto Vitronectin Coated Tissue
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Figure 6

Upper right: MIN6 +NM23 na ROCi 10x day 4

Upper left: MN6 +NM23 no ROCi4x day 4
Lower left: MN6 +NM23 no ROCi 20x day 4

5% confluent
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Human H9 ES cells plated onto Vitronectin Coated Tissue
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Figure 7

Upper left: MN2 +NM23 +ROCi 4x day 4
Upper right: MN2 +NM23 +ROCi 10x day 4
Lower left: MN2 +NM23 +ROCi 20x day 4
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Human H9 ES cells plated onto Vitronectin Coated Tissue

Culture plate with MN2 +NM23 - Y27632
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Upper left: HOP90 NM23P14 Hs27 with MN2 +NM23

no ROCi 4x day 4

5% confluent

Figure 8



Human H9 ES cells plated onto Vitronectin Coated Tissue
Culture plate with MN6 +100ng/ml FGF +TGF-beta + Y27632
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Upper left: MN6 +100ng/ml FGF + TGF-betaROCi 4x
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Lower left: MN6 +100ng/ml FGF + TGF-beta ROCidx
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Figure 28
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ICC staining for pluripotency markers for hES cells in NME7-AB P10
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Day 2, 10X images
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Day 2, 4X images
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X-activation state of HES-3 cells: ~ 50%have active X after 10 passages
in NME7-AB, indicating that they are naive stem cells
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