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erating human naive state stem cells and injecting them into a blastocyst or embryo of a non-human animal such that a chimeric an-
imal is generated; (ii) harvesting human tissues, organs, cells or factors secreted by or made in the human tissues or cells from the
chimeric animal; and (iii) transplanting or administering the harvested material into a human resulting in generation of human tissues
in a non-human animal.



WO 2017/004601 PCT/US2016/040880

METHOD OF STEM CELL-BASED ORGAN AND TISSUE GENERATION
BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention:
[0002] The present application relates to methods of creating human tissue in non-human
animals. The present application also relates to testing for drugs on the non-human animal as
it relates to human tissue present in the non-human animal. The present application also
relates to methods of treating patients with the human tissue or organs obtained from the non-
human animal. The present application also relates to methods of generating transgenic
animals that would enable incorporation of human cells and tissues.
[0003] 2. General Background and State of the Art:
[0004] Currently, there is considerable research in the area of making chimeric animals
by inserting stem cells into a developing embryo or blastocyst. The end goal is to be able to
generate human organs or tissue in an animal such as a cow, sheep or pig, wherein the
resultant organs or tissues would be used for transplant into humans. The donor stem cells
could be from a patient in need of a new liver, heart or the like. If successful, the technology
would replace the need for an organ donor; currently most patients die before a suitable organ
donor is identified.
[0005] Technology now exists for: 1) making a knockout animal that will not develop a
heart, a pancreas, lungs or other organ or tissue; 2) making a chimeric animal by injecting
donor stem cells into a morula or blastocyst of another; 3) making a chimeric animal wherein
the fertilized or unfertilized egg has had gene(s) knocked out such that they no longer have
the capacity to form a particular organ or tissue, but where the donor stem cells do have the
capacity to form that particular organ or tissue, so chimeric animal may have up to 100%
DNA of the donor stem cells in the targeted organ. These techniques have been shown to
work for across species applications such as mouse to rat and rat to mouse. The size of the
organ generated depends on the size of the recipient animal. However, rat and mouse are
close species.
[0006] Ethical issues may impede the generation of non-human primate-human chimeras.
Although more distant mammal-human chimeras may overcome certain ethical issues,
attempts to generate non-primate species-human chimeras have thus far failed.
[0007] One problem is that, at least in the rodent examples, only naive state stem cells
were able to incorporate into the morula or inner cell mass and form chimeras. Primed state

stem cells were not able to.
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[0008] The present invention solves the problem by providing a method for generating
human stem cells in the naive state for the generation of non-human-human chimeric animals
and also for providing an environment suitable for the growth of pluripotent human stem
cells in a non-human environment. The present invention solves the problem by providing a
method for “humanizing” host animals by genetically altering them such that they express
human factors that enable growth and expansion of the human cells in the non-human host

animal.

SUMMARY OF THE INVENTION

[0009] I. In one aspect, the present invention is directed to a method of testing for
efficacy or toxicity of a potential drug agent in a chimeric animal that expresses some human
DNA or some human tissues. In this method, an animal that expresses some human DNA or
tissues is generated by introducing human naive state stem cells into a non-human cell or
cells. In one aspect the non-human cell is an egg, in another aspect it is a fertilized egg, in
another aspect, the cells are a morula, blastocyst or embryo. For ethical concerns or other
reasons, it may be advantageous to generate chimeric animals wherein the integrating naive
state stem cells are also non-human, but of a different species than the recipient cell, cells,
morula, blastocyst or embryo. In the method above, the agent that maintains stem cells in the
naive state or reverts primed stem cells to the naive state may be an NME protein, 2i, 5i, or
other cocktails of inhibitors, chemicals, or nucleic acids. The NME protein may be NME1
dimer, NME7 monomer, NME7-AB, NME7-X1, NME®6 dimer, or bacterial NME.

[0010] The non-human mammal may be a rodent, such as a mouse or rat, primate,
including macaque, rhesus monkey, ape, chimp, bonobo and the like, or a domestic animal
including pig, sheep, bovine, and the like. The chimeric animal may have a genetic disorder,
have an induced disease, or a cancer that may be spontaneously generated or implanted from
cells derived from a human being.

[0011] In the method above, the non-human animal may be transgenic, wherein the
animal expresses human MUC1 or MUC1* or NME protein in the germ cells or somatic
cells, wherein the germ cells and somatic cells contain a recombinant human MUC1 or
MUC1T* or NME gene sequence introduced into said animal. The gene expressing the human
MUC1 or MUC1* or NME protein may be under control of an inducible promoter. The
promoter may be inducibly responsive to a naturally occurring protein in the non-human
animal or an agent that can be administered to the animal before, after or during

development. Alternatively, the non-human animal may be transgenic, wherein the animal
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expresses its native sequence MUC1 or MUC1* or NME protein in the germ cells or somatic
cells, wherein the germ cells and somatic cells contain a recombinant native species MUCI1
or MUCT* or NME gene sequence introduced into said mammal. The NME species can be
NME7, NME7-X1, NME1, NMES6 or a bacterial NME.

[0012] In the method above, the agent that maintains stem cells in the naive state or
reverts primed stem cells to the naive state may be an NME protein, 2i, 5i, or other cocktails
of inhibitors, chemicals, or nucleic acids. The NME protein may be NME1 dimer, NME7
monomer, NME7-AB, NME7-X1, NMES6 dimer, or bacterial NME.

[0013] In this method, the agent may suppress expression of MBD3, CHD4, BRD4 or
JMID6. The agent may be siRNA made against MBD3, CHD4, BRD4 or IMJD6, or siRNA
made against any gene that encodes a protein that upregulates expression of MBD3, CHD4,
BRD4 or JMID6. The cancer stem cell may be characterized by increased expression of
CXCR4 or E-cadherin (CDH1) compared with cancer cells or normal cells.

[0014] In another aspect, the invention is directed to a method for generating tissue from
xenograft in a non-human mammal, comprising: (i) generating a transgenic non-human
mammal, wherein the mammal expresses human MUC1 or MUC1* or NME protein in the
germ cells and somatic cells, wherein the germ cells and somatic cells contain a recombinant
human MUC1 or MUC1* or NME gene sequence introduced into said mammal, wherein the
expression of the gene sequence may be under control of an inducible and repressible
regulatory sequence; (ii) transferring stem cells or progenitor cells that are xenogeneic in
origin to the non-human mammal such that the gene may be induced to be expressed so as to
multiply the number of stem or progenitor cells; and (iii) repressing the gene expression so as
to generate tissue from the xenografted stem cells.

[0015] In this method, in step (iii), the gene expression repression may be carried out by
contacting the stem cells with a tissue differentiation factor, or in step (iii) the gene
expression repression may be carried out naturally in the mammal in response to naturally
produced host tissue differentiation factor. The transferred cells may be human. The tissue
may be an organ. The NME protein may be NME7, NME7-AB, NME7-X1, NME1, NMES6,
or bacterial NME. The animal may be a mammal, a rodent, a primate or domesticated animal
such as a pig, sheep, or bovine species.

[0016] IL. In other aspects, the present invention is directed to making animals having at
least some human cells or cells in which at least some of the DNA is of human origin. Such
animals would grow human tissue, tissue containing some human cells or cells containing

some human DNA for the generation of human or human-like tissue. In other cases such
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animals would grow organs comprising at least some human cells. In other cases such
animals would grow organs comprised entirely of human cells. In yet other cases, host
animals can be genetically or molecularly manipulated even after development to grow
human limbs. Limbs, nerves, blood vessels, tissues, organs, or factors made in them, or
secreted from them, would then be harvested from the animals and used for a multitude of
purposes including but not limited to: 1) transplant into humans; 2) administration into
humans for medicinal benefit, including anti-aging; and 3) scientific experiments including
drug testing and disease modeling.

[0017] In one aspect, the invention is directed to a method for generating human tissues
in a non-human animal comprising: (i) generating human naive state stem cells and injecting
them into a fertilized egg, morula, blastocyst or embryo of a non-human animal such that a
chimeric animal is generated; (ii) harvesting human tissues, organs, cells or factors secreted
by or made in the human tissues or cells from the chimeric animal; and (iii) transplanting or
administering the harvested material into a human. The naive state stem cells may be
generated using NME7, NME7-AB, NME7-X1 or dimeric NME1. The naive stem cells may
be iPS cells that have been reprogrammed in a medium containing NME7, NME7-AB,
NME?7-X1 or dimeric NMEI1. Or, the naive stem cells may be embryonic stem cells that have
been cultured in a medium containing NME7, NME7-AB, NME7-X1 or dimeric NMEI1. The
non-human cells of the blastocyst or embryo may have been genetically altered. And the
genetic alteration may result in the host animal being unable to generate a certain tissue or
organ. The genetic alteration may be to make the non-human animal express human
molecules that facilitate or enhance the incorporation or growth of human stem or progenitor
cells in the non-human host animal. Further, the agent that maintains stem cells in the naive
state or reverts primed stem cells to the naive state may be an NME protein, 2i, 5i, chemical,
or nucleic acid. The NME protein may be NME1 dimer, NME7 monomer, NME7-AB,
NMES®6 dimer, or bacterial NME, or NME7-X1. The non-human animal may be a rodent,
mouse, rat, pig, sheep, non-human primate, macaque, chimpanzee, bonobo, gorilla or any
non-human mammal. In one aspect of the invention, the non-human animal is chosen for its
high sequence homology to human NME protein, especially human NME7-AB or NME7-X1
or high sequence homology to human MUCI1* extracellular domain. In some cases, the NME
protein may be present in serum-free media as the single growth factor.

[0018] One test of whether or not a chimeric animal can be generated is if stem cells from
a first species are able to incorporate into the inner cell mass (ICM) of a second species.

Chimeric animals are more readily generated when the two different species are closely
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related, for example two rodents. We injected human naive state stem cells into a mouse
morula and showed they incorporated into the inner cell mass. In a specific example, human
naive state stem cells that had been generated in human NME7-AB, then cultured in human,
were injected into a mouse morula 2.5 days after fertilization of the egg. This is before the
inner cell mass forms. Forty-eight (48) hours later, the morula was analyzed and such
analysis showed that the human stem cells had incorporated into the inner cell mass,

indicating that a chimeric animal will develop.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] 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;

[0020] Figure 1 shows a graph of RT-PCR measurements of the expression of master
pluripotency regulator genes Oct4 and Nanog in somatic fibroblast, ‘fbb’ cells that were
cultured in either normal fibroblast growth media, or a serum free minimal media to which
was added a human recombinant NM23, also called NME1 dimers, NME7-AB, or HSP593
bacterial NME1 dimers. ‘+ ROCi’ refers to Rho kinase inhibitor that was added to some cells
to make them adhere to the surface.

[0021] Figure 2 shows a graph of RT-PCR measurements of the expression of genes that
code for chromatin rearrangement factors BRD4, JMID6, MBD3 and CHD4, in somatic
fibroblast, ‘fbb’ cells that were cultured in either normal fibroblast growth media, or a serum
free minimal media to which was added a human recombinant NM23, also called NME1
dimers, NME7-AB, or HSP593 bacterial NME1 dimers. ‘+ ROCi’ refers to Rho kinase
inhibitor that was added to some cells to make them adhere to the surface.

[0022] Figure 3 shows a graph of RT-PCR measurements of the expression of
pluripotency genes OCT4 and NANOG, chromatin rearrangement factors BRD4, IMID6,
MBD3 and CHD4, and NME1 and NME?7 in somatic fibroblast, ‘fbb’ cells that were cultured
in either normal fibroblast growth media, or a serum free minimal media to which was added
a human recombinant NM23, also called NME1 dimers, NME7-AB, or HSP593 bacterial
NME]1 dimers. ‘+ ROCi’ refers to Rho kinase inhibitor that was added to some cells to make
them adhere to the surface.

[0023] Figure 4A-4B shows photographs of human embryonic stem cells with
pluripotent morphology wherein the stem cells have been cultured in a serum-free minimal

media with recombinant human NME1 dimers as the only growth factor added. Fig. 4A
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shows photograph taken at 4X magnification, and Fig. 4B shows photograph taken at 20X
magnification.

[0024] Figure 5A-5C shows photographs of human embryonic stem cells with
pluripotent morphology wherein the stem cells have been cultured in a serum-free minimal
media with recombinant human NME7-AB as the only growth factor added. Fig. SA shows
photograph taken at 4X magnification, Fig. 5B shows photograph taken at 10X
magnification, and Fig. 5C shows photograph taken at 20X magnification.

[0001] Figure 6A-6B shows graph of HRP signal from ELISA sandwich assay showing
NME7-AB dimerizes MUC1* extra cellular domain peptide. Fig. 6A shows an amount of
NME7-AB that bound to a surface coated with the MUC1#* extracellular domain peptide
PSMGFR, and Fig. 6B shows a second MUC1* peptide binding to a second site on the bound
NME7-AB.

[0002] Figure 7 shows a graph of RT-PCR measurement of the expression levels of
transcription factors BRD4 and co-factor IMJID6 in the earliest stage naive human stem cells
compared to the later stage primed stem cells.

[0003] Figure 8 shows photographs of human fibroblast cells after 18 days in culture in a
serum-free media containing human NMEI1 in dimer form at 4X magnification.

[0004] Figure 9 shows photographs of human fibroblast cells after 18 days in culture in a
serum-free media containing human NMEI1 in dimer form at 20X magnification.

[0005] Figure 10 shows photographs of human fibroblast cells after 18 days in culture in
a serum-free media containing human NME7-AB at 4X magnification.

[0006] Figure 11 shows photographs of human fibroblast cells after 18 days in culture in
a serum-free media containing human NME7-AB at 20X magnification.

[0007] Figure 12 shows photographs of human fibroblast cells after 18 days in standard
media without NME protein at 4X magnification.

[0008] Figure 13 shows photographs of human fibroblast cells after 18 days in standard
media without NME protein at 20X magnification.

[0009] Figure 14A-14C shows a cartoon of mechanistic model of inventors’ discovery of
how human stem cells limit their self-replication. Fig. 14A shows that NME7-AB is secreted
from naive stem cells and how NME7-AB dimerizes MUC1* growth factor receptor as a
monomer, but is later suppressed by BRD4 while co-factor IMJD6 upregulates NMEI1, Fig.
14B shows that NME] is secreted by a later naive state stem cell, but only binds to MUC1*

as a dimer, and Fig. 14C shows that as number of stem cells increases so does concentration
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of NMEI1 causing it to form hexamers that do not bind to MUCI1* and they induce
differentiation.

[0010] Figure 15A-15B shows photographs of human blastocysts that were stained with
an antibody the inventors developed that recognizes NME7-AB and NME7-X1. Fig. 15A
shows a Day 3 blastocyst wherein every cell stains positive for presence of NME7-AB or
NME?7-X1, and Fig. 15B shows a Day 5 blastocyst wherein only the naive cells of the inner
cell mass stain positive for presence of NME7-AB or NME7-X1.

[0011] Figure 16A-16B shows photographs of Western blot gels from a co-
immunoprecipitation experiment in which human naive state induced pluripotent stem (iPS)
cells and embryonic stem (ES) cells were lysed and an antibody against the cytoplasmic tail
of MUCI1 (Ab5) was used to co-immunoprecipitate species that bind to MUCI. The
immunoprecipitates were then assayed by Western blot. Fig. 16A shows a photograph of the
Western blot that was probed with an anti-NME7 antibody and shows two NMET7 species,
one with molecular weight of 30 kDa and the other 33 kDa, bound to MUCI1, whereas full-
length NME7 in crude cell lysate has molecular weight of 42 kDa, and Fig. 16B shows a
photograph of the Western blot wherein the gel of Fig. 16A was stripped and re-probed with
an anti-MUCT* extracellular domain antibody, showing that NME7-AB or NME7-X1 bound
to the cleaved form of MUC1 called MUCT* that runs with a molecular weight of 17-25 kDa,
depending on glycosylation.

[0012] Figure 17 shows a cartoon of the inventive method for growing human stem cell
in the naive state using NME7-AB as the only growth factor on an adhesion surface of
MNC3 anti-MUC1* extracellular domain antibody. When it is desired to induce
differentiation, a synthetic MUCT* extracellular domain peptide is added to bind up all the
NME7-AB.

[0013] Figure 18A-18C shows heat maps from an RNA SEQ experiment in which
human embryonic stem (ES) cells that were derived in FGF, and thus in the primed state,
were reverted to a less mature naive state by culturing in NME7-AB or in NME1 dimers. Fig.
18A shows heat map of parent FGF-cultured ES cells, Fig. 18B shows heat map of parent
cells cultured for 10 passages in NME7-AB, and Fig. 18C shows heat map of parent cells
cultured for 10 passages in NME]1 dimers.

[0014] Figure 19A-19B shows photographs of human embryonic stem (ES) cells stained
with an antibody that binds to tri-methylated Lysine 27 on Histone 3, wherein the presence of
red foci indicates that the second X chromosome of female source stem cells has been

inactivated, XaXi, which is a sign that the cells are primed state and have initiated early
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differentiation and have made some cell fate decisions ; the presence of a red cloud or
absence of red staining indicates that both X chromosomes are still active, XaXa, and thus no
differentiation decisions have been made yet, so are naive. Fig. 19A shows photographs of
female source stem cells that have been cultured for at least 10 passages in FGF media, and
Fig. 19B shows photographs of the same cells that have been cultured for 10 passages in
NME7-AB media.

[0015] Figure 20A-20B shows photographs of human pluripotent stem cells in culture in
NME7-AB media over a MNC3 anti-MUCT1* antibody surface at two time points showing a
10-20-fold expansion rate over a period of four days which is a much faster growth rate than
primed state stem cells and is another indication that stem cells cultured in NME7-AB are in
naive state. Fig. 20A shows the stem cells at Day 4, and Fig.20B shows stem cells at Day 4.
[0016] Figure 21A-21C shows photographs of fibroblasts being reprogrammed to
become pluripotent stem cells using Yamanaka master reprogramming factors OCT4,
NANOG, KLF4 and c-Myc delivered using Sendai viral transduction wherein newly
reprogrammed induced pluripotent stem cells are visualized via staining with alkaline
phosphatase. Fig. 21A shows reprogramming being done in FGF media over MEF feeder
cells, Fig. 21B shows reprogramming being done in mTeSR media over Matrigel, and Fig.
21C shows reprogramming being done in NME7-AB media over MNC3 anti-MUC1*
antibody surface.

[0017] Figure 22A-22D shows photographs of human iPS cells that carry a fluorescent
marker, yellow cells, which have been derived and cultured in NME7-AB, injected into a
mouse blastocyst at Day 2.5 then imaged 48 hours later at Day 4.5 and show that human iPS
cells cultured in NME7-AB have ability to integrate into the inner cell mass of mouse
embryo. Fig. 22A shows fluorescent microscopy photographs of Clone E human iPS cells
(yellow) that have found their way into the mouse embryo’s inner cell mass that contains the
naive stem cells, Fig. 22B is the same photograph but with another fluorescent channel
opened to allow imaging of DAPI, blue, to show all the cells and showing that the NME7-AB
cells have only integrated into inner cell mass plus a whiff in the trophectoderm that will
develop into placenta, Fig. 22C shows fluorescent microscopy photographs of Clone R
human iPS cells (yellow) that have found their way into the mouse embryo’s inner cell mass
that contains the naive stem cells, and Fig. 22D is the same photograph but with another
fluorescent channel opened to allow imaging of DAPI to show all the cells and showing that
the NME7-AB cells have only integrated into inner cell mass plus a whiff in the

trophectoderm that will develop into placenta.
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[0018] Figure 23A-23] shows confocal images of NME7-AB generated human iPS cells,
clone E, that were injected into a Day 2.5 mouse morula. Staining for human Tra 1-81 (red)
48 hours later shows incorporation of the NME7-AB human stem cells into the inner cell
mass of the mouse morula. Figures 23A, 23C, 23E, 23G, and 231 are fluorescent images.
Figures 23B, 23D, 23F, 23H, and 23] are bright field images.

[0019] Figure 24A-24] shows confocal images of NME7-AB generated human iPS cells,
clone R, that were injected into a Day 2.5 mouse morula. Staining for human Tra 1-81 (red)
48 hours later shows incorporation of the NME7-AB human stem cells into the inner cell
mass of the mouse morula. Figures 24A, 24C, 24E, 24G, and 241 are fluorescent images.
Arrows point to incorporation of naive state NME7-AB human stem cells into the mouse
morula, indicating forming of a chimeric animal. Figures 24B, 24D, 24F, 24H, and 24] are
bright field images.

[0020] Figure 25A-25D shows confocal images of FGF generated human iPS cells that
were injected into a Day 2.5 mouse morula. Staining for human Tra 1-81 (red) and staining
for trophectoderm (green) 48 hours later shows some scattered human stem cells but no
incorporation of the primed state human stem cells into the inner cell mass of the mouse
morula, indicating failure to start to form a chimeric animal. Figures 25A and 25C are
fluorescent images, and Figures 25B and 25D are bright field images.

[0021] Figure 26A-26D shows confocal images of human iPS cells that were cultured in
50% NME7-AB media and 50% KSOM, Potassium Simplex Optimized Medium, then
injected into a Day 2.5 mouse morula. Fluorescent as well as bright field images were taken
48 hours later. Staining for human Tra 1-81 (red) and staining for trophectoderm (green) 48
hours later shows minimal number of human cells, if any, integrating and no incorporation of
the primed state human stem cells into the inner cell mass of the mouse morula, indicating
failure to start to form a chimeric animal. Figures 26A, 26C, 26° and 26G are fluorescent
images, and figures 26B, 26D, 26F and 26H include DAP staining.

[0022] Figure 27A-27F shows confocal fluorescent images of NME7-AB generated
human iPS cells, clone E, that were transfected with a fluorescent label, tdtomato, so they
would self-fluoresce red. They were injected into a Day 2.5 mouse morula. Images were
taken 48 hours later and show integration of the NME7-AB human cells into the inner cell
mass of the mouse morula. Figures 27A, 27B, 27C show NME7-AB human cells in red, the
trophectoderm of the mouse cells in green and Figures 27D, 27E, and 27F show NME7-AB
human cells in red, the trophectoderm of the mouse cells in green and all cell nuclei in blue

from DAPI staining.
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[0023] Figure 28A-28] shows confocal fluorescent images of NME7-AB generated
human iPS cells, clone E, that were transfected with a fluorescent label, tdtomato, so they
would self-fluoresce red. They were injected into a Day 2.5 mouse morula andimages were
taken 48 hours later. The photographs show integration of the NME7-AB human cells into
the inner cell mass of the mouse morula. Figures 28A, 28C, 28E, 28G, and 28I show NME7-
AB human cells in red, the trophectoderm of the mouse cells in green, and Figures 28B, 28D,
28F, and 28H show NME7-AB human cells in red, the trophectoderm of the mouse cells in
green and all cell nuclei in blue from DAPI staining.

[0024] Figure 29A-29] shows confocal fluorescent images of NME7-AB generated
human iPS cells, clone R, that were transfected with a fluorescent label, tdtomato, so they
would self-fluoresce red. They were injected into a Day 2.5 mouse morula and images were
taken 48 hours later. The photographs show integration of the NME7-AB human cells into
the inner cell mass of the mouse morula. Arrows indicate incorporation of the human cells
into the mouse inner cell mass.Figures 29A, 29C, 29E, 29G, 291 show NME7-AB human
cells in red, the trophectoderm of the mouse cells in green and Figures 29B, 29D, 29F, and
29H show NME7-AB human cells in red, the trophectoderm of the mouse cells in green and
all cell nuclei in blue from DAPI staining.

[0025] Figure 30A-30J shows confocal fluorescent images of NME7-AB generated
human iPS cells, clone R, that were transfected with a fluorescent label, tdtomato, so they
would self-fluoresce red. They were injected into a Day 2.5 mouse morula. Images were
taken 48 hours later. The photographs show integration of the NME7-AB human cells into
the inner cell mass of the mouse morula. Arrows indicate incorporation of the human cells
into the mouse inner cell mass. Figures 30A, 30C, 30E, 30G, and 30I show NME7-AB
human cells in red, the trophectoderm of the mouse cells in green and Figures 30B, 30D, 30F,
and 30H show NME7-AB human cells in red, the trophectoderm of the mouse cells in green
and all cell nuclei in blue from DAPI staining.

[0026] Figure 31A-31F shows photographs of control plates for experiment
demonstrating generation of non-human primate induced pluripotent stem cells. In these
control experiments, fibroblasts from crab-eating macaques were cultured but the core
pluripotency genes were not transduced. Images show the morphology of fibroblasts not of
stem cells. Figures 31A and 31D were photographed at 4X magnification, Figures 31B and
31E were photographed at 10X magnification, and Figures 31C and 31F were photographed

at 20X magnification,
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[0027] Figure 32A32-C shows Day 6 photographs of fibroblasts from crab-eating
macaques that have been reprogrammed into induced pluripotent stem (iPS) cells by
culturing in an NME7 media, in this case NME7-AB, over a surface of anti-MUCI1*
antibody, in this case MN-C3 and by transducing the cells with core pluripotency genes, in
this case Oct4, Sox2, Klif4, and c-Myc. 50,000 fibroblasts from crab-eating macaques were
plated per well of a 6-well plate. Emerging colonies with stem-like morphology are circled.
Figure 32A was photographed at 4X magnification, Figure 32B was photographed at 10X
magnification, and Figure 32C was photographed at 20X magnification.

[0028] Figure 33A-33F shows Day 6 photographs of fibroblasts from crab-eating
macaques that have been reprogrammed into induced pluripotent stem (iPS) cells by
culturing in an NME7 media, in this case NME7-AB, over a surface of anti-MUCI1*
antibody, in this case MN-C3 and by transducing the cells with core pluripotency genes, in
this case Oct4, Sox2, Kif4, and c-Myc. 100,000 fibroblasts from crab-eating macaques were
plated per well of a 6-well plate. Emerging colonies with stem-like morphology are circled.
Figures 33A and 33D were photographed at 4X magnification, Figures 33B and 33E were
photographed at 10X magnification, and Figures 33C and 33F were photographed at 20X
magnification.

[0029] Figure 34A-34F shows Day 14 photographs of fibroblasts from crab-eating
macaques that have been reprogrammed into induced pluripotent stem (iPS) cells by
culturing in an NME7 media, in this case NME7-AB, over a surface of anti-MUCI1*
antibody, in this case MN-C3 and by transducing the cells with core pluripotency genes, in
this case Oct4, Sox2, Klf4, and c-Myc. Stem cell colonies are clearly visible. Figures 34A,
34B, and 34C were photographed at 10X magnification, Figures 34D, 34E, and 34F were
photographed at 20X magnification, Figures 34A and 34D show results from 24,000
macaque fibroblasts being plated, Figures 34B and 34E show results from 6,000 macaque
fibroblasts being plated, and Figures 34C and 34F show results from 12,000 macaque
fibroblasts being plated.

[0030] Figure 35A-35D shows photographs of rhesus macaque embryonic stem (ES)
cells being proliferated in a serum-free media containing NME7-AB as the only growth
factor on Day 1 of the second passage in NME7-AB media on an anti-MUC1# antibody
surface. Embryonic stem cell colonies are clearly visible. Figures 35A and 35B were
photographed at 4X magnification, and Figures 35C and 35D were photographed at 10X

magnification,
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[0031] Figure 36A-36D shows photographs of rhesus macaque embryonic stem (ES)
cells being proliferated in a serum-free media containing NME7-AB as the only growth
factor on Day 3 of the second passage in NME7-AB media on an anti-MUC1# antibody
surface. Embryonic stem cell colonies are clearly visible. Figures 36A and 36B were
photographed at 4X magnification, and Figures 36C and 36D were photographed at 10X
magnification.

[0032] Figure 37A-37B shows photographs of rhesus macaque embryonic stem (ES)
cells being proliferated in a serum-free media containing NME7-AB as the only growth
factor on Day 1, passage 3. Figure 37A shows scale bar at 1000um and Figure 37B shows
scale bar at 400um.

[0033] Figure 38A-38H shows photographs of rhesus macaque embryonic stem (ES)
cells being proliferated in a serum-free media containing NME7-AB as the only growth
factor on Day 4, passage 3. Figures 38A, 38C, 38F were photographed at 4X, Figures 38B,
38D, 38G were photographed at 10X, and Figures 38E and 38H were photographed at 20X.
[0034] Figure 39A-39C shows Day 14 photographs of fibroblasts from rhesus macaques
that have been reprogrammed into induced pluripotent stem (iPS) cells by culturing in an
NME7 media, in this case NME7-AB, over a surface of anti-MUC1* antibody, in this case
MN-C3 and by transducing the cells with core pluripotency genes, in this case Oct4, Sox2,
Kif4, and c-Myc on Day 14 post transduction of pluripotency genes. Figure 39A was
photographed at 4X, Figure 39B was photographed at 10X, and Figure 39C was
photographed at 20X.

[0035] Figure 40A-40C shows photographs of serial passaging of fibroblasts from rhesus
macaques that have been reprogrammed into induced pluripotent stem (iPS) cells by
culturing in an NME7 media, in this case NME7-AB, over a surface of anti-MUCI1*
antibody, in this case MN-C3 and by transducing the cells with core pluripotency genes, in
this case Oct4, Sox2, Klf4, and c-Myc. Figure 40A was photographed at 4X, Figure 40B was
photographed at 10X, and Figure 40C was photographed at 20X.

[0036] Figure 41A-41D shows photographs of Day 16 derivation of macaque iPS cells in
NME7-AB media by transducing the cells with core pluripotency genes, in this case Oct4,
Sox2, KlIf4, and c-Myc under identical conditions except that in one case the macaque
fibroblasts were plated onto MNC3 anti-MUCT* antibody surface and in the other case onto
mouse embryonic feeder cells, MEFs. It is clearly observed that iPS derivation of non-human

primates is more efficient when plated in the absence of mouse feeder cells. Figures 41A and
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41B were plated onto MNC3 antibody surface and Figures 41C and 41D were plated onto
mouse feeder cells.

[0037] Figure 42A-42B shows Day 14 photographs of a fibroblasts from rhesus
macaques that have been reprogrammed into induced pluripotent stem (iPS) cells by
culturing in an NME7 media, in this case NME7-AB, over a surface of MEFs and by
transducing the cells with core pluripotency genes, in this case Oct4, Sox2, Klf4, and c-Myc.
Figure 42A was photographed at 10X magnification, and Figure 42B was photographed at
20X magnification.

[0038] Figure 43A-43E shows photographs of NME7-AB induced pluripotent stem cells
from rhesus macaques over a surface of anti-MUC1* antibody, in this case MN-C3 on Day 3,
passage 1. Figure 43A was photographed at 4X magnification, Figure 43B was photographed
at 10X magnification, Figure 43C was photographed at 20X magnification, and Figures 43D
and 43E were photographed at 40X magnification.

[0039] Figure 44A-44F shows photographs of serial passaging of NME7-AB induced
pluripotent stem cells from rhesus macaques over a surface of anti-MUCT* antibody, in this
case MN-C3 on Day 1, passage 2. As is clearly visible, stem cell colonies are present. Figures
44A and 44D were photographed at 10X magnification, figures 44B and 44E were
photographed at 20X magnification, and figures 44C and 44F were photographed at 40X
magnification.

[0040] Figure 45A-45H shows photographs of serial passaging of NME7-AB induced
pluripotent stem cells derived from rhesus macaque fibroblasts over a surface of mouse
feeder cells, MEFs, on Day 2 of passage 2. Figures 45A and 45E were photographed at 4X
magnification, figures 45B and 45F were photographed at 10X magnification, figures 45C
and 45G were photographed at 20X magnification, and figures 45D and 45H were
photographed at 40X magnification.

[0041] Figure 46A-46H shows photographs of serial passaging of NME7-AB induced
pluripotent stem cells from rhesus macaques over mouse feeder cells, MEFs, on Day 3 of
passage 2. Figures 46A and 46E were photographed at 4X magnification, figures 46B and
46F were photographed at 10X magnification, figures 46C and 46G were photographed at
20X magnification, and figures 46D and 46H were photographed at 40X magnification.
[0042] Figure 47A-47G shows photographs of serial passaging of NME7-AB induced
pluripotent stem cells from rhesus macaques over mouse feeder cells, MEFs, on Day 1 and on
Day 2 of passage 3. Figures 47A, 47B, 47C and 47D were photographed on Day 1 of passage
3, figures 47E, 47F, 47G were photographed on Day 2 of passage 3, figures 47A and 47E
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were photographed at 4X magnification, figures 47B and 47F were photographed at 10X
magnification, figures 47C and 47G were photographed at 20X magnification, and figure
47D was photographed at 40X magnification.

[0043] Figure 48A-48D shows photographs of serial passaging of NME7-AB induced
pluripotent stem cells from rhesus macaques mouse feeder cells, MEFs, on Day 3, passage 4.
Figure 48 A was photographed at 4X magnification, Figures 48B and 48C were photographed
at 10X magnification, and Figure 48D was photographed at 20X magnification.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0044] Definitions

[0045] As used herein, the “MUC1*” extra cellular domain is defined primarily by the
PSMGEFR sequence (GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA
(SEQ ID NO:6)). Because the exact site of MUCI cleavage depends on the enzyme that clips
it, and that the 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.

[0046] As used herein, the term “PSMGFR” is an acronym for Primary Sequence of
MUC1 Growth Factor Receptor as set forth as
GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID NO:6). In
this regard, the “N-number” as in “N-10 PSMGFR”, “N-15 PSMGFR”, or “N-20 PSMGFR”
refers to the number of amino acid residues that have been deleted at the N-terminal end of
PSMGEFR. Likewise “C-number” as in “C-10 PSMGFR”, “C-15 PSMGFR”, or “C-20
PSMGFR” refers to the number of amino acid residues that have been deleted at the C-
terminal end of PSMGFR.

[0047] As used herein, the “extracellular domain of MUC1*” refers to the extracellular
portion of a MUCI protein that is devoid of the tandem repeat domain. In most cases,
MUCIT* is a cleavage product wherein the MUC1* portion consists of a short extracellular
domain devoid of tandem repeats, a transmembrane domain and a cytoplasmic tail. The
precise location of cleavage of MUCT is not known perhaps because it appears that it can be
cleaved by more than one enzyme. The extracellular domain of MUC1* will include most of
the PSMGFR sequence but may have an additional 10-20 N-terminal amino acids.

[0048] As used herein, “NME family proteins” or “NME family member 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
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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 E. 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.

[0049] Various artificially created NME1 dimers are disclosed in PCT/US2012/036975,
filed May 8, 2012, titled “Genetically Engineered Growth Factor Variants”, the contents of
which are incorporated by reference herein as regards the dimeric growth factors that are
disclosed therein.

[0050] NME?7 as referred to herein is intended to mean native NME7 having a molecular
weight of about 42kDa, a cleaved form having a molecular weight between 25 and 33kDa, a
variant devoid of the DM10 leader sequence, NME7-AB or a recombinant NME7 protein, or
variants thereof whose sequence may be altered to allow for efficient expression or that
increase yield, solubility or other characteristics that make the NME7 more effective or
commercially more viable.

[0051] As used herein, “NMEI1 dimers” also known as “NM23-H1 dimers” can be two
NMET1 proteins that are non-covalently bound to each other, two NME]1 proteins covalently
linked to each other or two NMEI proteins that are genetically fused together, including via a
linker. NME1 dimers can be genetically engineered by making a DNA construct comprised
of two NME1 proteins, which can be separated by a flexible linker. The two NME proteins
need not be the full protein or the native sequence. For example, C-terminal deletions that
promote dimer formation and stability may be used. Mutations such as S120G and/or P96S
that promote dimer formation and stability may be used. Other NME family member dimers,
such as NME2 or NME6 dimers, are similarly two NME proteins that are non-covalently
bound to each other, two NME proteins covalently linked to each other or two NME proteins

that are genetically fused together, including via a linker.
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[0052] As used herein, an “an agent that maintains stem cells in the naive state or reverts
primed stem cells to the naive state” refers to a protein, small molecule or nucleic acid that
alone or in combination maintains stem cells in the naive state, resembling cells of the inner
cell mass of an embryo. Examples include but are not limited to NME1 dimers, human or
bacterial, NME7, NME7-AB, 2i, 5i, nucleic acids such as siRNA that suppress expression of
MBD3, CHD4, BRD4, or IMJDG6.

[0053] As used herein, in reference to an agent being referred to as a “small molecule”, it
may be a synthetic chemical or chemically based molecule having a molecular weight
between 50Da and 2000Da, more preferably between 150 Da and 1000 Da, still more
preferably between 200Da and 750Da.

[0054] As used herein, in reference to an agent being referred to as a “natural product”, it
may be chemical molecule or a biological molecule, so long as the molecule exists in nature.
[0055] As used herein, “2i inhibitor” refers to small molecule inhibitors of GSK3-beta
and MEK of the MAP kinase signaling pathway. The name 2i was coined in a research
article (Silva J et al 2008), however herein “2i” refers to any inhibitor of either GSK3-beta or
MEK, as there are many small molecules or biological agents that if they inhibit these targets,
have the same effect on pluripotency or tumorigenesis.

[0056] As used herein, FGF, FGF-2 or bFGF refer to fibroblast growth factor.

[0057] As used herein, “Rho associated kinase inhibitors” may be small molecules,
peptides or proteins (Rath N, et al, 2012). Rho kinase inhibitors are abbreviated here and
elsewhere as ROCi or ROCK:i, or Ri. The use of specific rho kinase inhibitors are meant to
be exemplary and can be substituted for any other rho kinase inhibitor.

[0058] As used herein, the term “stem-like” refers to a state in which cells acquire
characteristics of stem cells or progenitor cells, share important elements of the gene
expression profile of stem cells progenitor cells. Stem-like cells may be somatic cells
undergoing induction to a less mature state, such as increasing expression of pluripotency
genes. Stem-like cells also refers to cells that have undergone some de-differentiation or are
in a meta-stable state from which they can alter their terminal differentiation.

[0059] Sequence Listing Free Text

[0060] 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 c; r represents a or g; s represents ¢ or g; w

represents a or t and y represents c or t.
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[0061] MTPGTQSPFF LLLLLTVLTV VTGSGHASST PGGEKETSAT QRSSVPSSTE
KNAVSMTSSV LSSHSPGSGS STTQGQDVTL APATEPASGS AATWGQDVTS
VPVTRPALGS TTPPAHDVTS APDNKPAPGS 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 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 PESIPSHHSD
TPTTLASHST KTDASSTHHS SVPPLTSSNH STSPQLSTGV SFFFLSFHIS
NLQENSSLED PSTDY YQELQ RDISEMFLQI YKQGGFLGLS NIKFRPGSVV
VQLTLAFREG TINVHDVETQ FNQYKTEAAS RYNLTISDVS VSDVPFPEFSA
QSGAGVPGWG IALLVLVCVL VALAIVYLIA LAVCQCRRKN YGQLDIFPAR
DTYHPMSEYP TYHTHGRY VP PSSTDRSPYE KVSAGNGGSS LSYTNPAVAA
ASANL (SEQ ID NO:1) describes full-length human MUC1 Receptor (Mucin 1 precursor,
Genbank Accession number: P15941).

[0062] MTPGTQSPFFLLLLLTVLT (SEQ ID NO:2)
[0063] MTPGTQSPFFLLLLLTVLT VVTA (SEQ ID NO:3)
[0064] MTPGTQSPFFLLLLLTVLT VVTG (SEQ ID NO:4)

[0065] SEQ ID NOS:2, 3 and 4 describe N-terminal MUC-1 signaling sequence for
directing MUC1 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.
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[0066] GTINVHDVETQENQYKTEAASRYNLTISDVSVSDVPFPEFSAQSGAGVPGW

GIALLVLVCVLVALAIVYLIALAVCQCRRKNYGQLDIFPARDTYHPMSEYPTYHTHG

RYVPPSSTDRSPYEKVSAGNGGSSLSYTNPAVAAASANL (SEQ ID NO:5) describes a
truncated MUC1 receptor isoform having nat-PSMGFR at its N-terminus and including the
transmembrane and cytoplasmic sequences of a human full-length MUCT receptor.

[0067] GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPESAQSGA (SEQ ID
NO:6) describes the extracellular domain of Native Primary Sequence of the human MUCI1
Growth Factor Receptor (nat-PSMGFR — an example of “PSMGFR”):

[0068] TINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPESAQSGA (SEQ ID
NO:7) describes the extracellular domain of Native Primary Sequence of the human MUCI1
Growth Factor Receptor (nat-PSMGFR — An example of “PSMGFR”), having a single amino
acid deletion at the N-terminus of SEQ ID NO:6).

[0069] GTINVHDVETQFNQYKTEAASPYNLTISDVSVSDVPFPESAQSGA (SEQ ID
NO:8) describes the extracellular domain of “SPY” functional variant of the native Primary
Sequence of the MUC1 Growth Factor Receptor having enhanced stability (var-PSMGFR —
An example of “PSMGFR”).

[0070] TINVHDVETQFNQYKTEAASPYNLTISDVSVSDVPFPESAQSGA (SEQ ID
NO:9) describes the extracellular domain of “SPY” functional variant of the native Primary
Sequence of the MUC1 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).

[0071] tgtcagtgecgecgaaagaactacgggeagetggacatctttccageccgggatacctaccatectatgagegagta

ccccacctaccacacccatgggegetatgtgeeccectageagtaccgatcgtageecctatgagaaggtttctgcaggtaacggtggc
agcagcctctettacacaaacccageagtggeageegettetgecaacttg (SEQ ID NO:10) describes human
MUCI1 cytoplasmic domain nucleotide sequence.

[0072] CQCRRKNYGQLDIFPARDTYHPMSEYPTYHTHGRY VPPSSTDRSPYEKVS

AGNGGSSLSYTNPAVAAASANL (SEQ ID NO:11) describes human MUC1 cytoplasmic
domain amino acid sequence.

[0073] gagatcctgagacaatgaatcatagtgaaagattcgttttcattgecagagtggtatgatccaaatgetteacttcttcgac

gttatgagcttttattttacccaggggatggatctgttgaaatgeatgatgtaaagaatcatcgeacctttttaaageggaccaaatatgata
acctgcacttggaagatttatttataggcaacaaagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagcete

gccagetgggcagtaggaaagaaaaaacgctagecctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataa

acaaagctggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagacc

ctttttcaatgagctgatccagtttattacaactggtectattattgecatggagattttaagagatgatgcetatatgtgaatggaaaagactg
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ctgggacctgcaaactctggagtggcacgeacagatgetictgaaageattagageectetttggaacagatggeataagaaatgeag
cgcatggccctgattettttgettctgeggecagagaaatggagttgttttttceticaagtggaggttgtgggccggcaaacactgctaa
atttactaattgtacctgttgcattgttaaaccceatgetgtcagtgaaggtatgttgaatacactatattcagtacattttgttaataggagag
caatgtttattttcttgatgtactttatgtatagaaaataa (SEQ ID NO:12) describes human NME7 nucleotide
sequence (NME7: GENBANK ACCESSION AB209049).

[0074] DPETMNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRT
FLKRTKYDNLHLEDLFIGNKVNVEFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAI
SKAGEINEINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPITAMEIL
RDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELF
FPSSGGCGPANTAKFTNCTCCIVKPHAVSEGMLNTLYSVHFVNRRAMFIFLMYFMY
RK (SEQ ID NO:13) describes human NME7 amino acid sequence (NME7: GENBANK
ACCESSION AB209049).

[0075] atggtgctactgtetactitagggatcgictttcaaggegaggggcectcectatctcaagetgtgatacaggaaccatgg
ccaactgtgagcgtaccttcattgcgatcaaaccagatggggtccageggggtcttgtgggagagattatcaagegttttgageagaaa
ggattcegecttgttggtctgaaattcatgeaagettccgaagatcttctcaaggaacactacgttgacctgaaggaccgtecattetttge
cggectggtgaaatacatgeactcagggecggtagttgecatggtetgggaggggctgaatgtggtgaagacgggccgagteatget
cggggagaccaaccetgeagactccaagectgggaccatecgtggagacttctgeatacaagttggeaggaacattatacatggeag
tgattctgtggagagtgcagagaaggagatcggettgtggtttcaccctgaggaactggtagattacacgagetgtgetcagaactgga
tctatgaatga (SEQ ID NO:14) describes human NM23-H1 also known as NME1 nucleotide
sequence (NM23-H1: GENBANK ACCESSION AF487339).

[0076] MVLLSTLGIVFQGEGPPISSCDTGTMANCERTFIAIKPDGVQRGLVGEIIKR
FEQKGFRLVGLKFMQASEDLLKEHY VDLKDRPFFAGLVKYMHSGPVVAMVWEGL
NVVKTGRVMLGETNPADSKPGTIRGDFCIQVGRNIIHGSDSVESAEKEIGLWFHPEEL
VDYTSCAQNWIYE (SEQ ID NO:15) NM23-H1 describes amino acid sequence (NM23-H1
also known as NME1: GENBANK ACCESSION AF487339).

[0077] atggtgctactgtctactttagggategtetitcaaggegaggggecteetatctcaagetgtgatacaggaaccatgg
ccaactgtgagcgtaccttcattgcgatcaaaccagatggggtccageggggtcttgtgggagagattatcaagegttttgageagaaa
ggattccgecttgttggtctgaaattcatgeaagettccgaagatcttctcaaggaacactacgttgacctgaaggaccgtecattetttge
cggectggtgaaatacatgeactcagggecggtagttgecatggtetgggaggggctgaatgtggtgaagacgggccgagteatget
cggggagaccaaccetgeagactccaagectgggaccatecgtggagacttctgeatacaagttggeaggaacattatacatggegg
tgattctgtggagagtgcagagaaggagatcggettgtggtttcaccctgaggaactggtagattacacgagetgtgetcagaactgga
tctatgaatga (SEQ ID NO:16) describes human NM23-H1 S120G mutant nucleotide sequence
(NM23-H1: GENBANK ACCESSION AF487339).
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[0078] MVLLSTLGIVFQGEGPPISSCDTGTMANCERTFIAIKPDGVQRGLVGEIIKR
FEQKGFRLVGLKFMQASEDLLKEHY VDLKDRPFFAGLVKYMHSGPVVAMVWEGL
NVVKTGRVMLGETNPADSKPGTIRGDFCIQVGRNIIHGGDSVESAEKEIGLWFHPEEL
VDYTSCAQNWIYE (SEQ ID NO:17) describes NM23-H1 S120G mutant amino acid
sequence (NM23-H1: GENBANK ACCESSION AF487339).

[0079] atggecaacctggagegeaccttcatcgecatcaageeggacggegtgcagegeggectggteggcgagateate
aagcgcttcgagecagaagggattccgectegtggecatgaagttceteccgggectctgaagaacacctgaageageactacattgac
ctgaaagaccgaccattcttccetgggetggtgaagtacatgaactcagggecggttgtggceatggtetgggagggectgaacgtg
gtgaagacaggccgagtgatgettggggagaccaatccageagattcaaagecaggeaccattcgtggggacttetgeattcaggtt
ggcaggaacatcattcatggecagtgattcagtaaaaagtgctgaaaaagaaatcagectatggtttaagectgaagaactggttgacta
caagtcttgtgctcatgactgggtetatgaataa (SEQ ID NO:18) describes human NM23-H2 nucleotide
sequence (NM23-H2: GENBANK ACCESSION AK313448).

[0080] MANLERTFIAIKPDGVQRGLVGEIKRFEQKGFRLVAMKFLRASEEHLKQ
HYIDLKDRPFFPGLVKYMNSGPVVAMVWEGLNVVKTGRVMLGETNPADSKPGTIR
GDFCIQVGRNIHGSDSVKSAEKEISLWFKPEELVDYKSCAHDWVYE (SEQ ID
NO:19) describes NM23-H2 amino acid sequence (NM23-H2: GENBANK ACCESSION
AK313448).

[0081] Human NM23-H7-2 isoform b sequence optimized for E. coli expression:

[0082] (DNA)

[0083] atgcatgacgttaaaaatcaccgtaccttictgaaacgcacgaaatatgataatctgecatctggaagacctgtrtattgge
aacaaagtcaatgtgttctctcgteagetggtgctgategattatggegaccagtacacegegegtcaactgggtagtcgcaaagaaaa
aacgctggecctgattaaaccggatgcaatctccaaagetggegaaattatcgaaattatcaacaaagegggtttcaccatcacgaaac
tgaaaatgatgatgctgagccgtaaagaageectggattttcatgtcgaccaccagtctegeccgtttttcaatgaactgattcaattcate
accacgggtccgattatcgcaatggaaattctgecgtgatgacgcetatctgegaatggaaacgectgetgggeceggeaaactcaggtg
ttgcgegtaccgatgecagtgaatceattegegetetgtttggcacegatggtatccgtaatgcageacatggtecggacteattcgeat
cggcagetegtgaaatggaactgtttttcccgagetetggeggttgeggteccggeaaacaccgecaaatttaccaattgtacgtgetgta
ttgtcaaaccgcacgcagtgtcagaaggectgetgggtaaaattctgatggcaateegtgatgetggetttgaaatctcggeeatgeag
atgttcaacatggaccgcgttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatatcacgatatggttacggaaatg
tactccggtcecgtgegtegegatggaaattcagecaaaacaatgecaccaaaacgtttcgtgaattetgtggteccggeagatccggaaat
cgcacgtcatctgegtecgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgetgtgeactgtacegatetgeeggaa
gacgglctgectggaagtticaatactttitcaaaattetggataattga (SEQ ID NO:20)

[0084] (amino acids)

[0085] MHDVKNHRTFLKRTKYDNLHLEDLFIGNKVNVEFSRQLVLIDYGDQYTAR
QLGSRKEKTLALIKPDAISKAGEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
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FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNA
AHGPDSFASAAREMELFFPSSGGCGPANTAKFTINCTCCIVKPHAVSEGLLGKILMAIR
DAGFEISAMQMFENMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNN
ATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQY FFKILD
N- (SEQ ID NO:21)

[0086] Human NME7-A:

[0087] (DNA)

[0088] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaaget
ggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttttcaat
gagctgatccagtttattacaactggtectattattgeccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggace
tgcaaactctggagtggcacgeacagatgetictgaaageattagagecectetitggaacagatggeataagaaatgeagegeatgge
cctgattettttgettetgeggecagagaaatggagttgtitttttga (SEQ ID NO:22)

[0089] (amino acids)

[0090] MEKTLALIKPDAISKAGEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQ
SRPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGI
RNAAHGPDSFASAAREMELFF- (SEQ ID NO:23)

[0091] Human NME7-A1l:

[0092] (DNA)

[0093] atggaaaaaacgctagecctaattaaaccagatgecaatatcaaaggetggagaaataattgaaataataaacaaaget
ggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttttcaat
gagctgatccagtttattacaactggtectattattgeccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggace
tgcaaactctggagtggcacgeacagatgetictgaaageattagagecectetitggaacagatggeataagaaatgeagegeatgge
cctgattcttttgcttictgeggecagagaaatggagttgttttttccttcaagtggaggttgtggeccggcaaacactgetaaatttacttga
(SEQ ID NO:24)

[0094] (amino acids)

[0095] MEKTLALIKPDAISKAGEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQ
SRPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGI
RNAAHGPDSFASAAREMELFFPSSGGCGPANTAKEFT- (SEQ ID NO:25)

[0096] Human NME7-A2:

[0097] (DNA)

[0098] atgaatcatagtgaaagattcgttttcattgecagagtggtatgatccaaatgcttcactteticgacgttatgagettttateet
acccaggggatggatctgttgaaatgcatgatgtaaagaatcatcgeaccttittaaageggaccaaatatgataacctgeacttggaag
atttatttataggcaacaaagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagetcgecagetgggeagt

aggaaagaaaaaacgctagecctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetggatttac
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tataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttttcaatgagetga
tccagtttattacaactggtcctattattgccatggagattttaagagatgatgcetatatgtgaatggaaaagactgetgggacctgcaaac
tctggagtggcacgcacagatgettctgaaageattagagecectetttggaacagatggeataagaaatgeagegeatggecctgatte
ttttgettctgeggecagagaaatggagttgtttttttga (SEQ ID NO:26)

[0099] (amino acids)

[00100] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVEFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRD
DAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFF-
(SEQ ID NO:27)

[00101] Human NME7-A3:

[00102] (DNA)

[00103] atgaatcatagtgaaagaticgtittcattgcagagtggtatgatccaaatgcticacticticgacgttatgagettttatttt
acccaggggatggatctgttgaaatgcatgatgtaaagaatcatcgeacctttttaaageggaccaaatatgataacctgeacttggaag
atttatttataggcaacaaagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagetcgecagetgggeagt
aggaaagaaaaaacgctagecctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetggatttac
tataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttttcaatgagetga
tccagtttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggacctgcaaac
tctggagtggcacgcacagatgettctgaaageattagagecectetttggaacagatggeataagaaatgeagegeatggecctgatte
ttttgettctgeggecagagaaatggagttgttttttecticaagtggaggtigtgggccggeaaacactgcetaaatttacttga  (SEQ
ID NO:28)

[00104] (amino acids)

[00105] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVEFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRD
DAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPS
SGGCGPANTAKEFT- (SEQ ID NO:29)

[00106] Human NME7-B:

[00107] (DNA)

[00108] atgaattgtacctgttgcattgttaaacceeatgetgtcagtgaaggactgttgggaaagatcetgatggetatccgaga
tgcaggttttgaaatctcagetatgecagatgticaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccg
aatatcatgacatggtgacagaaatgtattctggeccttgtgtagcaatggagattcaacagaataatgetacaaagacatttcgagaatt
ttgtggacctgetgatectgaaattgeceggeatttacgecctggaactctcagageaatctttggtaaaactaagatccagaatgetgtt

cactgtactgatctgecagaggatggectattagaggttcaatacttcttctga (SEQ ID NO:30)
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[00109] (amino acids)

[00110] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTL
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:31)

[00111] Human NME7-B1:

[00112] (DNA)

[00113] atgaattgtacctgttgcattgttaaacceeatgetgtcagtgaaggactgttgggaaagatcetgatggetatccgaga
tgcaggttttgaaatctcagetatgecagatgticaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccg
aatatcatgacatggtgacagaaatgtattctggeccttgtgtagcaatggagattcaacagaataatgetacaaagacatttcgagaatt
ttgtggacctgetgatectgaaattgeceggeatttacgecctggaactctcagageaatctttggtaaaactaagatccagaatgetgtt
cactgtactgatctgecagaggatggectattagaggticaatacticticaagatettggataattagtga (SEQ ID NO:32)
[00114] (amino acids)

[00115] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTL
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN— (SEQ ID NO:33)

[00116] Human NME7-B2:

[00117] (DNA)

[00118] atgccticaagtggaggtigtgggccggeaaacactgetaaatttactaattgtacetgtigeattgttaaaccecatget
gtcagtgaaggactgttgggaaagatcctgatggetatccgagatgeaggttttgaaatctcagetatgeagatgttcaatatggatcgg
gttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggececttgtgtage
aatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgetgatcetgaaattgeeecggeatttacgeeetgga
actctcagagcaatctttggtaaaactaagatccagaatgetgttcactgtactgatctgeccagaggatggectattagaggttcaatactt
cttetga (SEQ ID NO:34)

[00119] (amino acids)

[00120] MPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAM
QMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFC
GPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:35)
[00121] Human NME7-B3:

[00122] (DNA)

[00123] atgccticaagtggaggtigtgggccggeaaacactgetaaatttactaattgtacetgtigeattgttaaaccecatget
gtcagtgaaggactgttgggaaagatcctgatggetatccgagatgeaggttttgaaatctcagetatgeagatgttcaatatggatcgg
gttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggececttgtgtage

aatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgetgatcetgaaattgeeecggeatttacgeeetgga
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actctcagagcaatctttggtaaaactaagatccagaatgetgttcactgtactgatctgeccagaggatggectattagaggttcaatactt
cttcaagatcttggataattagtga (SEQ ID NO:36)

[00124] (amino acids)

[00125] MPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAM
QMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFC
GPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN-- (SEQ ID
NO:37)

[00126] Human NME7-AB:

[00127] (DNA)

[00128] atggaaaaaacgctagccctaattaaaccagatgeaatatcaaaggetggagaaataattgaaataataaacaaaget
ggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttttcaat
gagctgatccagtttattacaactggtectattattgeccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggace
tgcaaactctggagtggcacgeacagatgetictgaaageattagagecectetitggaacagatggeataagaaatgeagegeatgge
cctgattcttttgcttictgeggecagagaaatggagtegttttttccttcaagtggaggttgtggeccggcaaacactgcetaaatttactaatt
gtacctgttgcattgttaaaccccatgetgtcagtgaaggactgtigggaaagatectgatggetatcegagatgeaggttttgaaatcte
agctatgcagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtg
acagaaatgtattctggcccttgtgtagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgetgate
ctgaaattgccecggceatttacgecctggaactctcagageaatctttggtaaaactaagatccagaatgetgttcactgtactgatctgee
agaggatggcctattagaggticaatacticticaagatcttggataattagtga (SEQ ID NO:38)

[00129] (amino acids)

[00130] MEKTLALIKPDAISKAGEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQ
SRPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGI
RNAAHGPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKIL
MAIRDAGFEISAMQMFENMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQ
QNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF
KILDN-- (SEQ ID NO:39)

[00131] Human NME7-ABI1:

[00132] (DNA)

[00133] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaaget
ggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagaccctttttcaat
gagctgatccagtttattacaactggtectattattgeccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggace
tgcaaactctggagtggcacgeacagatgetictgaaageattagagecectetitggaacagatggeataagaaatgeagegeatgge
cctgattcttttgcttictgeggecagagaaatggagtegttttttccttcaagtggaggttgtggeccggcaaacactgcetaaatttactaatt

gtacctgttgcattgttaaaccccatgetgtcagtgaaggactgtigggaaagatectgatggetatcegagatgeaggttttgaaatcte
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agctatgcagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtg
acagaaatgtattctggcccttgtgtagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgetgate
ctgaaattgccecggceatttacgecctggaactctcagageaatctttggtaaaactaagatccagaatgetgtteactgtactgatctgee
agaggatggcctattagaggttcaatacttcttctga (SEQ ID NO:40)

[00134] (amino acids)

[00135] MEKTLALIKPDAISKAGEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQ
SRPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGI
RNAAHGPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKIL
MAIRDAGFEISAMQMFENMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQ
QNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF
-(SEQ ID NO:41)

[00136] Human NME7-A sequence optimized for E. coli expression:

[00137] (DNA)

[00138] atggaaaaaacgctggecctgattaaaccggatgeaatctccaaagetggegaaattatcgaaattatcaacaaageg
ggtttcaccatcacgaaactgaaaatgatgatgetgagecgtaaagaageectggattttcatgtcgaccaccagtctcgecegtttttca
atgaactgattcaattcatcaccacgggtccgattatcgcaatggaaattctgegtgatgacgetatetgegaatggaaacgectgetgg
gcccggeaaactcaggtgttgegegtaccgatgecagtgaateeattcgegetetgtttggcaccgatggtatcegtaatgecageacat
ggtccggactcattcgeateggeagetegtgaaatggaactgtitttctga (SEQ ID NO:42)

[00139] (amino acids)

[00140] MEKTLALIKPDAISKAGEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQ
SRPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGI
RNAAHGPDSFASAAREMELFF- (SEQ ID NO:43)

[00141] Human NME7-A1 sequence optimized for E. coli expression:

[00142] (DNA)

[00143] atggaaaaaacgctggecctgattaaaccggatgeaatctccaaagetggegaaattatcgaaattatcaacaaageg
ggtttcaccatcacgaaactgaaaatgatgatgetgagecgtaaagaageectggattttcatgtcgaccaccagtctcgecegtttttca
atgaactgattcaattcatcaccacgggtccgattatcgcaatggaaattctgegtgatgacgetatetgegaatggaaacgectgetgg
gcccggeaaactcaggtgttgegegtaccgatgecagtgaateeattcgegetetgtttggcaccgatggtatcegtaatgecageacat
ggtccggactcattcgecatcggeagetcgtgaaatggaactgtttttcccgagetetggeggttgeggtecggeaaacacegecaaatt
tacctga (SEQ ID NO:44)

[00144] (amino acids)

[00145] MEKTLALIKPDAISKAGEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQ
SRPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGI
RNAAHGPDSFASAAREMELFFPSSGGCGPANTAKEFT- (SEQ ID NO:45)
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[00146] Human NME7-A2 sequence optimized for E. coli expression:

[00147] (DNA)

[00148] atgaatcactccgaacgctttgtttttatcgecgaatggtatgacecgaatgetteectgetgegeegetacgaactget
gttttatccgggegatggtagegtggaaatgeatgacgttaaaaatcaccgtacctttctgaaacgeacgaaatatgataatctgeatetg
gaagacctgtttattggcaacaaagtcaatgtgttctetcgtcagetggtgctgategattatggegaccagtacaccgegegtcaactg
ggtagtcgcaaagaaaaaacgetggecectgattaaaccggatgeaatctccaaagetggegaaattatcgaaattatcaacaaagegg
gtttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecectggattttcatgtcgaccaccagtetegeecgtttttcaa
tgaactgattcaattcatcaccacgggtccgattatcgecaatggaaattctgegtgatgacgetatctgegaatggaaacgeetgetggg
ccecggeaaactecaggtgttgcgegtaccgatgecagtgaatecattcgegetetgtitggecacegatggtateegtaatgeageacatg
glccggacteattegeatcggeagcetcgtgaaatggaactgtttttetga (SEQ ID NO:46)

[00149] (amino acids)

[00150] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVEFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEINEINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRD
DAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFF-
(SEQ ID NO:47)

[00151] Human NME7-A3 sequence optimized for E. coli expression:

[00152] (DNA)

[00153] atgaatcactccgaacgctttgtttttatcgecgaatggtatgaceccgaatgettcectgetgegeegetacgaactget
gttttatccgggegatggtagegtggaaatgeatgacgttaaaaatcaccgtaccttctgaaacgeacgaaatatgataatctgeatetg
gaagacctgtttattggcaacaaagtcaatgtgttctetcgtcagetggtgctgatcgattatggegaccagtacaccgegegtcaactg
ggtagtcgcaaagaaaaaacgetggecectgattaaaccggatgeaatctccaaagetggegaaattatcgaaattatcaacaaagegg
gtttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecctggattttcatgtcgaccaccagtetegeecgtttttcaa
tgaactgattcaattcatcaccacgggtccgattatcgecaatggaaattctgegtgatgacgetatctgegaatggaaacgeetgetggg
ccecggeaaactecaggtgttgcgegtaccgatgecagtgaatecattcgegetetgtitggecacegatggtateegtaatgeageacatg
gtccggactcattcgeatcggeagetegtgaaatggaactgtttttcccgagetetggeggttgeggteceggeaaacaccgecaaattt
acctga (SEQ ID NO:48)

[00154] (amino acids)

[00155] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVEFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEINEINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRD
DAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPS
SGGCGPANTAKEFT- (SEQ ID NO:49)

[00156] Human NME7-B sequence optimized for E. coli expression:
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[00157] (DNA)

[00158] atgaattgtacgtgctgtattgtcaaaccgecacgeagtgtcagaaggectgetgggtaaaatictgatggeaateegtg
atgctggcetttgaaatcteggecatgeagatgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggtta
ccgaatatcacgatatggttacggaaatgtactceggtecgtgegtcgegatggaaattcagecaaaacaatgecaccaaaacgtttegt
gaattctgtggtccggeagatceggaaatcgeacgteatetgegtecegggtacectgegegeaatttttggtaaaacgaaaatccagaa
cgetgtgcactgtaccgatetgecggaagacggtctgetggaagttcaatactttttetga (SEQ ID NO:50)

[00159] (amino acids)

[00160] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTL
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:51)

[00161] Human NME7-B1 sequence optimized for E. coli expression:

[00162] (DNA)

[00163] atgaattgtacgtgctgtattgtcaaaccgecacgeagtgtcagaaggectgetgggtaaaatictgatggeaateegtg
atgctggcetttgaaatcteggecatgeagatgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggtta
ccgaatatcacgatatggttacggaaatgtactceggtecgtgegtcgegatggaaattcagecaaaacaatgecaccaaaacgtttegt
gaattctgtggtccggeagatceggaaatcgeacgteatetgegteegggtacectgegegeaatttttggtaaaacgaaaatccagaa
cgctgtgcactgtaccgatctgecggaagacggtetgetggaagttcaatacttittcaaaattctggataattga (SEQ  ID
NO:52)

[00164] (amino acids)

[00165] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFY
EVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTL
RAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID NO:53)

[00166] Human NME7-B2 sequence optimized for E. coli expression_:

[00167] (DNA)

[00168] atgccgagetetggeggtigeggtecggeaaacaccgecaaatttaccaattgtacgtgetgtatigtcaaaccgeac
gcagtgtcagaaggectgetgggtaaaattctgatggcaatecgtgatgetggetttgaaatcteggecatgeagatgttcaacatgga
ccgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatatcacgatatggttacggaaatgtactceggtecgtg
cgtcgegatggaaattcagcaaaacaatgeecaccaaaacgtttcgtgaattctgtggtcecggeagatecggaaatcgeacgteatctge
gtccgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgetgtgeactgtacegatetgecggaagacggtetgetgga
agttcaatactttttctga (SEQ ID NO:54)

[00169] (amino acids)

[00170] MPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAM
QMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFC
GPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:55)
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[00171] Human NME7-B3 sequence optimized for E. coli expression:

[00172] (DNA)

[00173] atgccgagetetggeggtigeggtecggeaaacaccgecaaatttaccaattgtacgtgetgtatigtcaaaccgeac
gcagtgtcagaaggectgetgggtaaaattctgatggcaatecgtgatgetggetttgaaatcteggecatgeagatgttcaacatgga
ccgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatatcacgatatggttacggaaatgtactceggtecgtg
cgtcgegatggaaattcagcaaaacaatgeecaccaaaacgtttcgtgaattctgtggtcecggeagatecggaaatcgeacgteatctge
gtccgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgetgtgeactgtacecgatetgecggaagacggtetgetgga
agttcaatactttttcaaaattctggataattga (SEQ ID NO:56)

[00174] (amino acids)

[00175] MPSSGGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAM
QMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFC
GPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID
NO:57)

[00176] Human NME7-AB sequence optimized for E. coli expression:

[00177] (DNA)

[00178] atggaaaaaacgctggecctgattaaaccggatgeaatctccaaagetggegaaattatcgaaattatcaacaaageg
ggtttcaccatcacgaaactgaaaatgatgatgetgagecgtaaagaageectggattttcatgtcgaccaccagtctcgecegtttttca
atgaactgattcaattcatcaccacgggtccgattatcgcaatggaaattctgegtgatgacgetatetgegaatggaaacgectgetgg
gcccggeaaactcaggtgttgegegtaccgatgecagtgaateeattcgegetetgtttggcaccgatggtatcegtaatgecageacat
ggtcecggactcattcgeatcggeagetcgtgaaatggaactgtttttccegagetetggeggttgeggtecggeaaacacegecaaatt
taccaattgtacgtgctgtattgtcaaaccgecacgeagtgtcagaaggectgetgggtaaaattetgatggeaatcegtgatgetggcttt
gaaatctcggecatgcagatgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatatca
cgatatggttacggaaatgtactccggtccgtgegtcgegatggaaattcagecaaaacaatgecaccaaaacgtttcgtgaattetgtg
gtccggeagatceggaaatcgeacgteatetgegteccgggtacectgegegceaatttttggtaaaacgaaaatccagaacgetgtgea
ctgtaccgatctgeceggaagacggtetgetggaagticaatactttttcaaaattetggataattga (SEQ ID NO:58)

[00179] (amino acids)

[00180] MEKTLALIKPDAISKAGEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQ
SRPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGI
RNAAHGPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKIL
MAIRDAGFEISAMQMFENMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQ
QNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF
KILDN- (SEQ ID NO:59)

[00181] Human NME7-AB1 sequence optimized for E. coli expression:

[00182] (DNA)
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[00183] Atggaaaaaacgetggecctgattaaaccggatgeaatctccaaagetggegaaattatcgaaattatcaacaaage
gggtttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecctggattttcatgtcgaccaccagtetcgeecgttttte
aatgaactgattcaattcatcaccacgggtccgattatcgecaatggaaattetgegtgatgacgetatctgegaatggaaacgectgetg
ggcccggeaaactcaggtgttgcgegtaccgatgecagtgaatceattegegetetgtttggeacegatggtatccgtaatgeageac
atggtccggactcattcgeatcggeagetegtgaaatggaactgtttttcccgagetetggeggttgeggtccggeaaacaccgecaa
atttaccaattgtacgtgctgtattgtcaaaccgecacgeagtgtcagaaggectgetgggtaaaattctgatggcaateegtgatgetgg
ctttgaaatctcggccatgcagatgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaata
tcacgatatggttacggaaatgtactccggtcegtgcgtegegatggaaattcagcaaaacaatgecaccaaaacgttcgtgaattctg
tggtccggeagatecggaaatcgeacgteatctgegtecgggtaceetgegegeaatttttggtaaaacgaaaatccagaacgetgtg
cactgtaccgatctgeccggaagacggtetgetggaagttcaatactttttetga (SEQ ID NO:60)

[00184] (amino acids)

[00185] MEKTLALIKPDAISKAGEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQ
SRPFENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGI
RNAAHGPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKIL
MAIRDAGFEISAMQMFENMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQ
QNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF
- (SEQ ID NO:61)

[00186] Mouse NME6

[00187] (DNA)

[00188] Atgacctccatcttgegaagtcceecaagetcttcagetcacactageectgatcaagectgatgeagtigeccacceea
ctgatcctggaggctgttcatcagcagattctgagecaacaagttceteattgtacgaacgagggaactgeagtggaagetggaggact
gccggaggttttaccgagageatgaagggcgttttttctatcageggetggtggagticatgacaagtgggccaatcegagectatate
cttgcccacaaagatgecatccaactttggaggacactgatgggacccaccagagtatttcgageacgctatatageecccagattcaat
tcgtggaagtttggecctcactgacacccgaaatactacccatggetcagacteegtggtttcecgecageagagagattgeagecttett
ccctgacttcagtgaacagegetggtatgaggaggaggaaccccagetgeggtgtggtectgtgeactacagtccagaggaaggtat
ccactgtgecagetgaaacaggaggecacaaacaacctaacaaaacctag (SEQ ID NO:62)

[00189] (amino acids)

[00190] MTSILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRTRELQWK
LEDCRRFYREHEGRFFYQRLVEFMTSGPIRAYILAHKDAIQLWRTLMGPTRVFRARY
IAPDSIRGSLGLTDTRNTTHGSDSVVSASREIAAFFPDEFSEQRW YEEEEPQLRCGPVHY
SPEEGIHCAAETGGHKQPNKT- (SEQ ID NO:63)

[00191] Human NMES®6:

[00192] (DNA)
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[00193] Atgacccagaatctggggagtgagatggectcaatettgegaageccteaggetetecageteactetageeetgat
caagcctgacgcagtcgeccatccactgattctggaggctgttcatcagcagattctaagcaacaagttectgattgtacgaatgagag
aactactgtggagaaaggaagattgccagaggttttaccgagageatgaagggcgttttttctatcagaggetggtggagttcatggee
agcgggccaatccgagectacatecttgeccacaaggatgecatccagetetggaggacgetcatgggacccaccagagtgttcega
gcacgcecatgtggeeccagattctatcegtgggagtttcggectcactgacacccgeaacaccacceatggttcggactetgtggttte
agccagcagagagattgcagecttettccetgacttcagtgaacagegetggtatgaggaggaagagecccagttgegetgtggece
tgtgtegctatageccagagggaggtgtecactatgtagetggaacaggaggcctaggaccagecetga (SEQ ID NO:64)
[00194] (amino acids)
[00195] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMG
PTRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPVCYSPEGGVHYVAGTGGLGPA- (SEQ ID NO:65)
[00196] Human NMES6 1:
[00197] (DNA)
[00198] Atgacccagaatctggggagtgagatggectcaatettgegaageccteaggetetecageteactctageeetgat
caagcctgacgcagtcgeccatccactgatictggaggctgttcatcagcagattctaagcaacaagttectgattgtacgaatgagag
aactactgtggagaaaggaagattgccagaggttttaccgagageatgaagggcgttttttctatcagaggetggtggagttcatggee
agcgggccaatccgagectacatecttgeccacaaggatgecatccagetetggaggacgetcatgggacccaccagagtgttcega
gcacgcecatgtggeeccagattctatccgtgggagtttcggectcactgacacccgeaacaccacceatggttcggactetgtggttte
agccagcagagagattgcagecttettccetgacttcagtgaacagegetggtatgaggaggaagagecccagttgegetgtggece
tgtgtga (SEQ ID NO:66)
[00199] (amino acids)
[00200] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMG
PTRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPV- (SEQ ID NO:67)
[00201] Human NMES6 2:
[00202] (DNA)
[00203] Atgctcactctagecctgatcaagectgacgeagtcgeccatecactgattictggaggetgticatcageagatictaa
gcaacaagttcctgattgtacgaatgagagaactactgtggagaaaggaagattgccagaggttttaccgagageatgaagggegtttt
ttctatcagaggctggtggagttcatggecagegggccaatcecgagectacatecttgeccacaaggatgecatcecagetetggagga
cgctcatgggacccaccagagtgttccgagecacgecatgtggecccagattctateecgtgggagtttcggectecactgacaccegeaa
caccacccatggttcggactetgtggtttcagccageagagagattgeagecttcttcectgacttcagtgaacagegetggtatgagg
aggaagagccccagttgegetgtggeectgtgtga (SEQ ID NO:68)
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[00204] (amino acids)

[00205] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYR
EHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGS
FGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPV- (SEQ ID
NO:69)

[00206] Human NMES6 3:

[00207] (DNA)

[00208] Atgctcactctagecctgatcaagectgacgeagtcgeccatecactgattetggaggetgticatcageagatictaa
gcaacaagttcctgattgtacgaatgagagaactactgtggagaaaggaagattgccagaggttttaccgagageatgaagggegtttt
ttctatcagaggctggtggagttcatggecagegggccaatccgagectacatecttgeccacaaggatgecatccagetetggagga
cgctcatgggacccaccagagtgttccgagecacgecatgtggecccagattctateecgtgggagtttcggectecactgacaccegeaa
caccacccatggttcggactetgtggtttcagccageagagagattgeagecttcttcectgacttcagtgaacagegetggtatgagg
aggaagagccccagttgegetgtggeectgtgtgctatageecagagggaggtetecactatgtagetggaacaggaggectagga
ccagectga (SEQ ID NO:70)

[00209] (amino acids)

[00210] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYR
EHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGS
FGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVCYSPEGGVH
YVAGTGGLGPA- (SEQ ID NO:71)

[00211] Human NME6 sequence optimized for E. coli expression:

[00212] (DNA)

[00213] Atgacgcaaaatctgggetcggaaatggeaagtatcetgegeteceecgeaageactgeaactgaceetggetetgat
caaaccggacgctgttgctcatccgetgattctggaageggtecaccageaaattctgageaacaaatttetgategtgegtatgegeg
aactgctgtggcgtaaagaagattgccagegtttttatcgegaacatgaaggecgtttcttttatcaacgectggttgaattcatggectct
ggtccgattcgegeatatatectggetcacaaagatgegattcagetgtggegtacectgatgggtecgacgegegtetttcgtgeacg
tcatgtggcaccggactcaatccgtggcetegttcggtetgaccgatacgegeaataccacgeacggtagegactetgtgttagtgegt
ccegtgaaatcgeggectttttecccggacttctccgaacagegttggtacgaagaagaagaaccgeaactgegetgtggeceggtetg
ttattctccggaaggtggtgtccattatgtggegggcacgggtegtetgggtececggeatga (SEQ ID NO:72)

[00214] (amino acids)

[00215] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMG
PTRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPVCYSPEGGVHYVAGTGGLGPA- (SEQ ID NO:73)

[00216] Human NMES®6 1 sequence optimized for E. coli expression:
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[00217] (DNA)

[00218] Atgacgcaaaatctgggetcggaaatggeaagtatcetgegeteceegeaageactgeaactgaceetggetetgat
caaaccggacgctgttgctcatccgetgattctggaageggtecaccageaaattctgageaacaaatttetgategtgegtatgegeg
aactgctgtggcgtaaagaagattgccagegtttttatcgegaacatgaaggecgtttcttttatcaacgectggttgaattcatggectct
ggtccgattcgegeatatatectggetcacaaagatgegattcagetgtggegtacectgatgggtecgacgegegtetttcgtgeacg
tcatgtggcaccggactcaatccgtggcetegttcggtetgaccgatacgegeaataccacgeacggtagegactetgttgttagtgegt
ccegtgaaatcgeggectttttecccggacttctccgaacagegttggtacgaagaagaagaaccgeaactgegetgtggeceggtetg
a (SEQ ID NO:74)

[00219] (amino acids)

[00220] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIV
RMRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMG
PTRVFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEE
PQLRCGPV- (SEQ ID NO:75)

[00221] Human NMES®6 2 sequence optimized for E. coli expression:

[00222] (DNA)

[00223] Atgctgaccctggetetgatcaaaccggacgetgtigetcatcegetgatictggaageggtccaccageaaattctg
agcaacaaatttctgatcgtgcgtatgecgegaactgetgtggegtaaagaagattgeecagegtttttatcgecgaacatgaaggecgttte
ttttatcaacgcctggttgaattcatggectetggtccgattcgegeatatatcetggetcacaaagatgegattcagetgtggegtacect
gatgggtccgacgegegtetttcgtgecacgteatgtggeaccggactcaatcegtggetegticggtetgaccgatacgegeaatace
acgcacggtagcgactctgttgttagtgcgtccegtgaaatcgeggectttttccecggacttctccgaacagegttggtacgaagaaga
agaaccgcaactgegetgtggcceggtetga (SEQ ID NO:76)

[00224] (amino acids)

[00225] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYR
EHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGS
FGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPV- (SEQ ID
NO:77)

[00226] Human NMES6 3 sequence optimized for E. coli expression:

[00227] (DNA)

[00228] Atgctgaccctggetetgatcaaaccggacgetgtigetcatcegetgatictggaageggtccaccageaaatictg
agcaacaaatttctgatcgtgcgtatgecgegaactgetgtggegtaaagaagattgeecagegtttttatcgecgaacatgaaggecgttte
ttttatcaacgcctggttgaattcatggectetggtccgattcgegeatatatcetggetcacaaagatgegattcagetgtggegtacect
gatgggtccgacgegegtetttcgtgecacgteatgtggeaccggactcaatcegtggetegticggtetgaccgatacgegeaatace
acgcacggtagcgactctgttgttagtgcgtccegtgaaatcgeggectttttccecggacttctccgaacagegttggtacgaagaaga
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agaaccgcaactgegetgtggeecggtetgttatictccggaaggtggtgtecattatgtggegggeacgggtggtetgggtecggea
tga (SEQ ID NO:78)

[00229] (amino acids)

[00230] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYR
EHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGS
FGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVCYSPEGGVH
YVAGTGGLGPA- (SEQ ID NO:79)

[00231] Histidine Tag

[00232] (ctcgag)caccaccaccaccaccactga (SEQ ID NO:80)

[00233] Strept II Tag

[00234] (accggt)tggagccatcctcagticgaaaagtaatga (SEQ ID NO:81)

[00235] PSMGFR N-10 peptide:

[00236] QFNQYKTEAASRYNLTISDVSVSDVPFPESAQSGA (SEQ ID NO:82)
[00237] PSMGEFR C-10 peptide

[00238] GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDV (SEQ ID NO:83)
[00239] Human NME7

[00240] nucleoside diphosphate kinase 7 isoform a [Homo sapiens] (Hu_7)

[00241] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVEFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRD
DAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPS
SGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVN
VEEFYEVYKGVVTEYHDMVTEMY SGPCVAMEIQQNNATKTFREFCGPADPEIARHL
RPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:84)

[00242] Human NME?7 isoform a represented by SEQ ID NO:84 has 90.4% sequence
identity with Human NME7 isoform b represented by SEQ ID NO:21 in 376 amino acid
overlap region.

[00243] Human NME7-X1

[00244] (DNA)

[00245] atgatgatgctttcaaggaaagaageattggattttcatgtagatcaccagtcaagaccetitticaatgagetgatecag
tttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggacctgecaaactetgg
agtggcacgcacagatgcttctgaaageattagagecectetttggaacagatggcataagaaatgecagegeatggecctgattettttg
cttctgcggecagagaaatggagttgttttttceticaagtggaggttgtgggccggcaaacactgctaaatttactaattgtacctgttge

attgttaaaccccatgetgtcagtgaaggactgttgggaaagatectgatggctatccgagatgeaggttttgaaatctcagetatgeag
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atgttcaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgta
ttctggeccttgtgtagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgetgatcetgaaattgeec
ggcatttacgecectggaactctcagageaatctttggtaaaactaagatccagaatgetgttcactgtactgatctgeccagaggatggec
tattagaggttcaatacttcttcaagatcttggataattag (SEQ ID NO:85)

[00246] (amino acids)

[00247] MMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDDAICEWKRL
LGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANT
AKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFENMDRVNVEEFYEVYK
GVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFG
KTKIQNAVHCTDLPEDGLLEVQYFFKILDN* (SEQ ID NO:86)

[00248] Mouse MUC1 and NME7

[00249] Mouse MUCI1* extracellular domain PSMGER is 51.1% identical to human in a
45 amino acid overlap region

[00250] GTFSASDVKSQLIQHKKEA-DDYNLTISEVKVNEMQFPPSAQSRP (SEQ ID
NO:87)

[00251] Mouse isoform 1 NME7 84.3% identical to human NME7 isoform a in 395 amino
acid overlap region

[00252] nucleoside diphosphate kinase 7 (mouse NME7) isoform 1 Mus musculus (Mo_7)
[00253] MRACQQGRSSSLVSPYMAPKNQSERFAFIAEWYDPNASLLRRYELLFYPT
DGSVEMHDVKNRRTFLKRTKYEDLRLEDLFIGNKVNVFSRQLVLIDYGDQYTARQL
GSRKEKTLALIKPDAVSKAGEIEMINKSGFTITKLRMMTLTRKEAADFHVDHHSRPF
YNELIQFITSGPVIAMEILRDDAICEWKRLLGPANSGLSRTDAPGSIRALFGTDGVRNA
AHGPDTFASAAREMELFFPSSGGCGPANTAKFTNCTCCIIKPHAISEGMLGKILIAIRD
ACFGMSAIQMFENLDRANVEEFYEVYKGVVSEYNDMVTELCSGPCVAIEIQQSNPTKT
FREFCGPADPEIARHLRPETLRAIFGKTKVQNAVHCTDLPEDGLLEVQYFFKILDN
(SEQ ID NO:88)

[00254] Mouse isoform 2 NME7 is 88.4% identical to human NME?7 isoform a in a 253
amino acid overlap region

[00255] nucleoside diphosphate kinase 7 isoform 2 [Mus musculus] (Mo2-7)

[00256] MRACQQGRSSSLVSPYMAPKNQSERFAFIAEWYDPNASLLRRYELLFYPT
DGSVEMHDVKNRRTFLKRTKYEDLRLEDLFIGNKVNVFSRQLVLIDYGDQYTARQL
GSRKEKTLALIKPDAVSKAGEIEMINKSGFTITKLRMMTLTRKEAADFHVDHHSRPF
YNELIQFITSGPVIAMEILRDDAICEWKRLLGPANSGLSRTDAPGSIRALFGTDGVRNA
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AHGPDTFASAAREMELFFPSSGGCGPANTAKFTNCTCCIIKPHAISEDLFIHYM  (SEQ
ID NO:89)

[00257] Pig Sus scrofa MUC1 and NME7

[00258] MTRDIQAPFFFGLLLLPVLTGEGNKQTNKNLALSLSSQFLQVYKEDGLLG
LFYIKFRPGSVLVELILAFQDSAAAHNLKTQFDRLKAEAGTYNLTISEVSVIDAPFPSS
AQPGSGVPGWGIALLVLVCILVALAITY VIALAVCQCRRKNCGQLDIFPTRDAYHPMS
EYPTYHTHGRY VPPGSTKRNPYEQVSAGNGGGSLSYSNLAATSANL (SEQ ID NO:90)
[00259] Pig MUC1* PSMGEFR is 52.2% identical to human in a 46 amino acid overlap
[00260] QDSAAAHNLKTQFDRLKAEAGTYNLTISEVSVIDAPFPSSAQPGS (SEQ ID
NO:91)

[00261] Pig NME7 is 65.6% identical to human NME7 isoform a in a 453 amino acid
overlap region

[00262] PREDICTED: nucleoside diphosphate kinase 7 [Sus scrofa, Pig] (Pi_7)

[00263] MNHSERFVFIAEWYDPNASLFRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYEDLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSKKEKTLALIKPDAVSKA
GEIEIINKAGFTLTKLKMMTLSRKEATDFHIDHQSRPFLNELIQFITSGPIIAMEILRDD
AICEWKKLLGPANSGLARTDAPGSIRAVFGTDGIRNAAHGPDSLSCAAREMELFFPSS
GVCGPANTAKFINCTTCCIVKPHAISEGLLGKILMAIRDAGFEISAMQMFENMDRVNV
EEFYEVYKGVVSEYNEMVTEMYFSAPSSSAIWRSPTVLNSLQSDISSRDESSGPRSIPR
SNFYWLTNHLLEMLSLLLLGVHKGVPKEVFVGEAHVSPGCAPVLVGGTLSRVKDRK
KENHFSLVFVMLSSVSLPASSRYVKAAKGPQLIKGFSRGRGLLLALNTGCGNCFWL
(SEQ ID NO:92)

[00264] Sheep MUC1 and NME7

[00265] MTPDIQAPFLSLLLLFQVLTVANVTMLTASVSTSPNSTVQVSSTQSSPTSSP
TKETSWSTTTTLLRTSSPAPTPTTSPGRDGASSPTSSAAPSPAASSSHDGALSLTGSPAP
SPTASPGHGGTLTTTSSPAPSPTASPGHDGASTPTSSPAPSPAASPGHDGALSLTGSPA
PSPTASPGHGGTLTTTSSPAPSPTASPGHDGASTPTSSPAPSPAASSSHDGALSLTGSPA
PSPPASPGHGGTLTTTSSPAPSPTASPGHGGTLTTTSSPAPSPTASPGHDGASTPTSSPA
PTAHSSHDGALTTTGSPAPSPAASPGHDSVPPRATSPAPSPAASPGQHAASSPTSSDIS
SVTTSSMSSSMVTSAHKGTSSRATTTPVSKGTPSSVPSSETAPTAASHSTRTAAASTSP
STALSTASHPKTSQQLSVQVSLFFLSFRITNLQFNSSLENPQTSY YQELQRSILDVILQT
YKQRDFLGLSEIKFRPGSVLVDLTLAFREGTTAELVKAQFSQLEAHAANYSLTISGVS
VRDAQFPSSAPSASGVPGWGIALLVLVCVLVALAIIYLIALVVCQCGRKKCEQLDIFP
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TLGAYHPMSEYSAYHTHGRFVPPGSTKRSPYEEVSAGNGGSNLSYTNLAATSANL
(SEQ ID NO:93)

[00266] Sheep MUC1* extracellular domain PSMGFR is 46.8% identical to human
[00267] REGTTAELVKAQFSQLEAHAANYSLTISGVSVRDAQFPSSAPSAS (SEQ ID
NO:94)

[00268] Sheep NME?7 is 88.4% identical to human NME7 isoform a in a 395 amino acid
overlap region

[00269] PREDICTED: nucleoside diphosphate kinase 7 isoform X1 [Ovis aries, Sheep]
(Sh_7)

[00270] MNPTFVLLSLERNVTESLGNHSERFVFIAEWFDPNASLFRRYELLFYPGDG
SVEMHDVKNHRTFLKRTKYEDLHLEDLFIGNKVNIFSRQLVLLDYGDQYTARQLGS
RKEKTLALIKPDAVSKAGEINEINKAGFTLTKLKMMTLSRKEATDFHIDHQSRPFLNE
LIQFITSGPIIAMEILRDDAICEWKRLLGPANSGLARTDAPESIRALFGTDGIKNAAHGP
DSFACAAREMELFFPSSGVCGPANTAKFTNCTTCCIVKPHAVSEGLLGKILITIRDAGF
EISAMQMFENMDRINVEEFYEVYKGVVSEYNEMVTEMYSGPCVAMEIQQTNPTMTF
REFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN (SEQ
ID NO:95)

[00271] Crab-eating Macque Macaca fascicularis MUC1 and NME7

[00272] Crab-eating macaque MUC1* extracellular domain PSMGFR is 88.9% identical
to human

[00273] GTTNVHDVETQFNQRKTEAASRYNLTISDISVRDVPFPESAQTGA (SEQ ID
NO:96)

[00274] Crab-eating Macque NME?7 is 98% identical to human NME7 isoform a in a 251
amino acid overlap

[00275] unnamed protein product [Macaca fascicularis] (Ma_7) (sequence incomplete,
only NME7A)

[00276] MSHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDSLHLEDLFIGNKVNVESRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAG
EINEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFENELIQFITSGPVIAMEILRDD
AICEWKRLLGPANSGVARTDASGSIRALFGTDGIRNAAHGPDSFASAAREMELFFPSS
GGCGPANTAKFINCTCCIVKPHAVSEVRRNP (SEQ ID NO:97)

[00277] Rhesus macaque MUC1 and NME7

[00278] Rhesus macque MUC1* PSMGFR
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[00279] Rhesus macaque MUC1* extracellular domain PSMGFR is 88.9% identical to
human

[00280] GTTNVHDVETQFNQRKTEAASRYNLTISDISVRDVPFPESAQTGA (SEQ ID
NO:98)

[00281] Rhesus Macaque NME7 is 98.4% identical to human NME7 isoform a in a 376
amino acid overlap region

[00282] Macaca mulatta (Rhesus macaque) (Mm_7)

[00283] MSHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDSLHLEDLFIGNKVNVESRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAG
EHNEINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITSGPVIAMEILRDD
AICEWKRLLGPANSGVARTDASGSIRALFGTDGIRNAAHGPDSFASAAREMELFFPSS
GGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMEFNMDRVNV
EEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPVDPEIARHLR
PGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:99)

[00284] Bonobo MUC1 and NME7

[00285] Bonobo Pan paniscus MUC1

[00286] MTPGVQSPFFLLLLLTVLTATTAPKPATVVTGSGHASSAPGGEKETSATQR
SSVPSSTEKNAVSMTSSVLSSHSPGSGSSTTQGQDVTLAPATEPASGSAATWGQDVT
SVPVTRPALGSTTPPAHDVTSALDNKPAPGSTAPPAHDVTSAPDTRPAPGSTAPPAHG
VTSAPDTRPALGSTAPPVHNVTSASGSASGSASTLVHNGTSARATTTPASKSTPESIPS
HHSDTPTTLASHSTKTDASSTHHSTVPPLTSSNHSTSPQLSTGVSFFFLSFHISNLRENS
SLEDPSTDYYQELQRDISEMFLQIYKQGGFLGLSNIKFRPGSVVVQLTLAFREGTINV
HDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGAGVPGWGIALLVLVCVLV
ALAIVYLIALAVCQCRRKNYGQLDIFPARDTYHPMSEYPTYHTHGRY VPPSSTDRSP
YEKVSAGNGGSSLSYTNPAVAATSANL (SEQ ID NO:100)

[00287] Bonobo MUCI1* extracellular domain PSMGEFR is 100% identical to human.
[00288] GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPESAQSGA (SEQ ID
NO:101)

[00289] Bonobo NME7 100% identical to human NME?7 isoform a in a 376 amino acid
overlap region

[00290] Bonobo PREDICTED: nucleoside diphosphate kinase 7 [Pan paniscus, Bonobo]
(Bo_7)

[00291] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVEFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
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GEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRD
DAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPS
SGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVN
VEEFYEVYKGVVTEYHDMVTEMY SGPCVAMEIQQNNATKTFREFCGPADPEIARHL
RPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:102)

[00292] Chimpanzee MUC1 and NME7

[00293]  Pan troglodytes MUC1

[00294] MTPGIQSPFFLLLLLTVLTVVTGSGHASSAPGGEKETSATQRSSVPSSTEKN
AVSMTSSVLSSHSPGSGSSTTQGQDVTLAPATEPASGSAATWGQDVTSVPVTRPALG
STTPPAHDVTSAPDNKPAPGSTAPPAHDVTSAPDTRPAPGSTAPPAHGVTSAPDTRPA
LGSTAPPVHNVTSASGSASGSASTLVHNGTSARATTTPASKSTPESIPSHHSDTPTTLA
SHSTKTDASSTHHSTVPPLTSSNHSTSPQLSTGVSFFFLSFHISNLRENSSLEDPSTDYY
QELQRDISEMFLQIYKQGGFLGLSNIKFRPGSVVVQLTLAFREGTINVHDVETQFENQY
KTEAASRYNLTISDVSVSDVPFPFSAQSGAGVPGWGIALLVLVCVLVALAIVYLIALA
VCQCRRKNYGQLDIFPARDTYHPMSEYPTYHTHGRY VPPSSTDRSPYEKVSAGNGG
SSLSYTNPAVAATSANL (SEQ ID NO:103)

[00295] Chimpanzee MUC1* extracellular domain PSMGFR is 100% identical to human
[00296] GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPESAQSGA (SEQ ID
NO:104)

[00297] Chimpanzee NME7 is 99.7% identical to human NME?7 isoform a in a 376 amino
acid overlap region

[00298] nucleoside diphosphate kinase 7 [Pan troglodytes, Chimp] (CH_7)

[00299] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVEFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRD
DAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPS
SGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVN
VEEFYEVYKGVVTEYHNMVTEMY SGPCVAMEIQQNNATKTFREFCGPADPEIARHL
RPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:105)

[00300] Gorilla MUC1 and NME7

[00301] Gorilla gorilla MUC1

[00302] MTPGTQSPFFLLLLLTVLTATTAPKPTTVVTGSGHASSTPGGEKETSATQR
SSVPSSTEKNAVSMTSSILSSHSPGSGSSTTQGQDVTPAPATEPASGSAATWGQDVTS
VPVTRPALGSTTPPAHDVTSAPDNKPAPGSTTPPAHGVSSAPDTRPAPGSTAPPAHGV
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TSAPDTRPAPGSTAPPAHVHNVTSASGSASGSASTLVHNGTSARATTTPASKSTPFSIP
SHHSDTPTTLANHSTKTDASSTHHSTVPPLTSSNHSTSPQLSTGVSFFFLSFHISNLQEN
SSLEDPSTDY YQELQRDISEMFLQIY KQGGFLGLSNIKFRPGSVVVQLTLAFREGTINV
HDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGAGVPGWGIALLVLVCVLV
VLAIVYLIALAVCQCRRKNYGQLDIFPVRDTYHPMSEYPTYHTHGRY VPPSSTDRSP
YEKVSAGNGGSSLSYTNPAVAATSANL (SEQ ID NO:106)

[00303] Gorilla MUC1* PSMGEFR is 100% identical to human

[00304] GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPESAQSGA (SEQ ID
NO:107)

[00305] Gorilla NME7 is 78.2% identical to human NME7 isoform a in a 376 amino acid
overlap region

[00306] NME7 [ENSGGOP00000002464], Gorilla gorilla (Go_7)

[00307] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDNLHLEDLFIGNKVNVEFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEINEINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRD
DAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAARLLGKILM
AIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQ
NNATKTFREFCGPADP (SEQ ID NO:108)

[00308] Mouse

[00309] nucleoside diphosphate kinase 7 [Mus musculus] (Mo_7)

[00310] MKTNQSERFAFIAEWYDPNASLLRRYELLFYPTDGSVEMHDVKNRRTFL
KRTKYEDLRLEDLFIGNKVNVESRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAVS
KAGEIIEMINKSGFTITKLRMMTLTRKEAADFHVDHHSRPFYNELIQFITSGPVIAMEI
LRDDAICEWKRLLGPANSGLSRTDAPGSIRALFGTDGVRNAAHSPDTFASAAREMEL
FFPSSGGCGPANTAKFTNCTCCHKPHAISEGMLGKILIAIRDACFGMSAIQMENLDRA
NVEEFYEVYKGVVSEYNDMVTELCSGPCVAIEIQQSNPTKTFREFCGPADPEIARHLR
PETLRAIFGKTKVQNAVHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:109)

[00311] Mouse NME7 is 87.8% identical to human NME?7 isoform a in a 378 amino acid

overlap region

[00312] nucleoside diphosphate kinase 7 isoform X1 [Mus musculus] (MoX1-7)
[00313] MHDVKNRRTFLKRTKYEDLRLEDLFIGNKVNVFSRQLVLIDYGDQYTAR
QLGSRKEKTLALIKPDAVSKAGEIIEMINKSGFTITKLRMMTLTRKEAADFHVDHHSR
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PFYNELIQFITSGPVIAMEILRDDAICEWKRLLGPANSGLSRTDAPGSIRALFGTDGVR
NAAHGPDTFASAAREMELFFPSSGGCGPANTAKFTNCTCCIIKPHAISEGMLGKILIAIL
RDACFGMSAIQMFENLDRANVEEFYEVYKGVVSEYNDMVTELCSGPCVAIEIQQSNP
TKTFREFCGPADPEIARHLRPETLRAIFGKTKVQNAVHCTDLPEDGLLEVQYFFKILD
N (SEQ ID NO:110)

[00314] Mouse NME7 is 79.8% identical to human NME7 isoform a in a 376 amino acid
overlap region

[00315] Macaca fascicularis

[00316] wunnamed protein product [Macaca fascicularis] (Ma_7) (sequence incomplete,
only NME7A)

[00317] MSHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDSLHLEDLFIGNKVNVESRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAG
EHNEINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITSGPVIAMEILRDD
AICEWKRLLGPANSGVARTDASGSIRALFGTDGIRNAAHGPDSFASAAREMELFFPSS
GGCGPANTAKFINCTCCIVKPHAVSEVRRNP (SEQ ID NO:111)

[00318] Macaca NME7 is 98.0% identical to human NME7 isoform a in a 251 amino acid
overlap region

[00319] Macaca mulatta (Rhesus macaque) (Mm_7)

[00320] MSHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKR
TKYDSLHLEDLFIGNKVNVESRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAG
EHNEINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITSGPVIAMEILRDD
AICEWKRLLGPANSGVARTDASGSIRALFGTDGIRNAAHGPDSFASAAREMELFFPSS
GGCGPANTAKFINCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMEFNMDRVNV
EEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPVDPEIARHLR
PGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:112)

[00321] Macaca NMEY7 is 98.4% identical to human NME7 isoform a in a 376 amino acid
overlap region

[00322] Chimp

[00323] nucleoside diphosphate kinase 7 b [Pan troglodytes, Chimp] (CHb_7)

[00324] MHDVKNHRTFLKRTKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTAR
QLGSRKEKTLALIKPDAISKAGEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNA
AHGPDSFASAAREMELFFPSSGGCGPANTAKFTINCTCCIVKPHAVSEGLLGKILMAIR
DAGFEISAMQMFENMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNN
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ATKTFREFCGPADPEIARHSRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILD
N (SEQ ID NO:113)

[00325] Chimp NMEY7 is 90.2% identical to human NME?7 isoform a in a 376 amino acid
overlap region

[00326] Ovis aries

[00327] PREDICTED: nucleoside diphosphate kinase 7 isoform X2 (Shx2_7) [Ovis aries,
Sheep]

[00328] MNHSERFVFIAEWFDPNASLFRRYELLFYPGDGSVEMHDVKNHRTFLKRT
KYEDLHLEDLFIGNKVNIFSRQLVLLDYGDQYTARQLGSRKEKTLALIKPDAVSKAG
EINEIINKAGFTLTKLKMMTLSRKEATDFHIDHQSRPFLNELIQFITSGPIIAMEILRDDAI
CEWKRLLGPANSGLARTDAPESIRALFGTDGIKNAAHGPDSFACAAREMELFFPSSG
VCGPANTAKFTNCTTCCIVKPHAVSEGLLGKILITIRDAGFEISAMQMFENMDRINVEE
FYEVYKGVVSEYNEMVTEMYSGPCVAMEIQQTNPTMTFREFCGPADPEIARHLRPG
TLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:114)

[00329] Sheep NME?7 is 92.6% identical to human NME7 isoform a in a 377 amino acid
overlap region

[00330] PREDICTED: nucleoside diphosphate kinase 7 isoform X3 [Ovis aries, Sheep]
(Shx3_7)

[00331] MHDVKNHRTFLKRTKYEDLHLEDLFIGNKVNIFSRQLVLLDYGDQYTAR
QLGSRKEKTLALIKPDAVSKAGEIEINKAGFTLTKLKMMTLSRKEATDFHIDHQSRP
FLNELIQFITSGPIIAMEILRDDAICEWKRLLGPANSGLARTDAPESIRALFGTDGIKNA
AHGPDSFACAAREMELFFPSSGVCGPANTAKFTNCTTCCIVKPHAVSEGLLGKILITIR
DAGFEISAMQMFENMDRINVEEFYEVYKGVVSEYNEMVTEMY SGPCVAMEIQQTNP
TMTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILD
N (SEQ ID NO:115)

[00332] Sheep NME?7 is 83.6% identical to human NME7 isoform a in a 377 amino acid
overlap region

[00333] Mouse

[00334] Mouse MUC1

[00335] MTPGIRAPFFLLLLLASLKGFLALPSEENSVTSSQDTSSSLASTTTPVHSSNS
DPATRPPGDSTSSPVQSSTSSPATRAPEDSTSTAVLSGTSSPATTAPVNSASSPVAHGD
TSSPATSLSKDSNSSPVVHSGTSSAATTAPVDSTSSPVVHGGTSSPATSPPGDSTSSPD
HSSTSSPATRAPEDSTSTAVLSGTSSPATTAPVDSTSSPYVAHDDTSSPATSLSEDSASSP
VAHGGTSSPATSPLRDSTSSPVHSSASIQNIKTTSDLASTPDHNGTSVTTTSSALGSAT
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SPDHSGTSTTTNSSESVLATTPVYSSMPFESTTKVTSGSAIIPDHNGSSVLPTSSVLGSAT
SLVYNTSAIATTPVSNGTQPSVPSQYPVSPTMATTSSHSTIASSSYYSTVPESTFSSNSS
PQLSVGVSFFFLSFYIQNHPENSSLEDPSSNY YQELKRNISGLFLQIFNGDFLGISSIKFR
SGSVVVESTVVFREGTFSASDVKSQLIQHKKEADDYNLTISEVKVNEMQFPPSAQSRP
GVPGWGIALLVLVCILVALAIVYFLALAVCQCRRKSYGQLDIFPTQDTYHPMSEYPT
YHTHGRY VPPGSTKRSPYEEVSAGNGSSSLSYTNPAVVTTSANL (SEQ ID NO:116)
[00336] Macaca mulatta (rhesus macaque) MUCI, partial

[00337] VTGSGHTNSTPGGEKETSATQRSSMPISTKNAVSMTSRLSSHSPVSGSSTT
QGQDVTLALATEPATGSATTLGHNVTSAPDTSAAPGSTGPPAGVVTSAPDTSAAPGS
TGPPARVVTSAPDTSAAPGSTGPPARVVTSAPDTSAAPGSTGPPARVVTSAPDTSAAP
GSTGPPARVVTSAPDTSAAPGSTGPPARVVTSAPDTSAAPGSTGPPARVVTSAPDTSA
APGSTGPPARVVTSAPDTSAAPGSTGPPARVVTSAPGTSAAPGSTAPPGSTAPPAHDV
TSASDSASGSASTLVHSTTSARATTTPASKSTPFSIPSHHSDTPTTLASHSTKTDASSTH
HSTVPPFTSNHSTSPQLSLGVSFFFLSFHISNLQFNSSLEDPSTNY YQQLQRDISELFLQI
YKQGDFLGLSNIMFRPGSVVVQSTLVFREGTTNVHDVETQFNQRKTEAASRYNLTIS
DISVRDVPFPFSAQTGAGVPGWGIALLVLVCVLVVLAIVYFIALAVCQCRQKNYRQL
DIFPARDAYHPMSEYPTYHTHGRY VPAGGTNRSPYE (SEQ ID NO:117)

[00338] Macaca fascicularis_ MUCI1 (isoform X1)

[00339] MTPGTQSPFFLLLILTVLTAATVPEPTTVVTGSGHTNSTPGGEKETSATQRS
SMPISTKNAVSMTSRLSSHSPVSGSSTTQGQDVTLALAMESATGSATTLGHVVTSAP
DTSAAPGSTGPPAHVVTSAPDTSAAPGSTGPPAHVVTSAPDTSAAPGSTAPPAHVVTS
APDTSAAPGSTAPPAHDVTSASDSASGSASTLVHSTTSARATTTPASKSTPFSIPSHHS
DTPTTLASHSTKTDASSTHHSTVPPFTSSNHSTSPQLSLGVSFFFLSFHISNLQFNSSLE
DPSTNYYQQLQRDISELFLQIYKQGDFLGLSNIMFRPGSVVVQSTLVFREGTTNVHDV
ETQFNQRKTEAASRYNLTISDISVRDVPFPFSAQTGAGVPGWGIALLVLVCVLVVMA
IVYFIALAVCQCRQKNYRQLDIFPARDAYHPMSEYPTYHTHGRY APAGGTNRSPYEE
VSAGNGGSSLSYTNPAVAATSANL (SEQ ID NO:118)

[00340] Sus scrofa MUCI, partial

[00341] NSSLEDPTTSYYKDLQRRISELFLQVYKEDGLLGLFYIKFRPGSVLVELILA
FQDSAAAHNLKTQFDRLKAEAGTYNLTISEVSVIDAPFPSSAQPGSGVPGWGIALLVL
VCILVALAITY VIALAVCQCRRKNCGQLDIFPTRDAYHPMSEYPTYHTHGRY VPPGST
KRNPYEQVSAGNGGGSLSYSNLAATSANL (SEQ ID NO:119)

[00342] Ovis aries MUC1 (Sheep)
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[00343] MTPDIQAPFLSLLLLFQVLTVANVTMLTASVSTSPNSTVQVSSTQSSPTSSP
TKETSWSTTTTLLRTSSPAPTPTTSPGRDGASSPTSSAAPSPAASSSHDGALSLTGSPAP
SPTASPGHGGTLTTTSSPAPSPTASPGHDGASTPTSSPAPSPAASPGHDGALSLTGSPA
PSPTASPGHGGTLTTTSSPAPSPTASPGHDGASTPTSSPAPSPAASSSHDGALSLTGSPA
PSPPASPGHGGTLTTTSSPAPSPTASPGHGGTLTTTSSPAPSPTASPGHDGASTPTSSPA
PTAHSSHDGALTTTGSPAPSPAASPGHDSVPPRATSPAPSPAASPGQHAASSPTSSDIS
SVTTSSMSSSMVTSAHKGTSSRATTTPVSKGTPSSVPSSETAPTAASHSTRTAAASTSP
STALSTASHPKTSQQLSVQVSLFFLSFRITNLQFNSSLENPQTSY YQELQRSILDVILQT
YKQRDFLGLSEIKFRPGSVLVDLTLAFREGTTAELVKAQFSQLEAHAANYSLTISGVS
VRDAQFPSSAPSASGVPGWGIALLVLVCVLVALAIIYLIALVVCQCGRKKCEQLDIFP
TLGAYHPMSEYSAYHTHGRFVPPGSTKRSPYEEVSAGNGGSNLSYTNLAATSANL
(SEQ ID NO:120)

[00344] 1. In one aspect, the present invention is directed to a method of testing for
efficacy or toxicity of a potential drug agent in a chimeric animal that expresses some human
DNA or some human tissues. In this method, an animal that expresses some human DNA or
tissues is generated by introducing human naive state stem cells into a non-human cell or
cells. In one aspect the non-human cell is an egg, in another aspect it is a fertilized egg, in
another aspect, the cells are a morula, blastocyst or embryo. For ethical concerns or other
reasons, it may be advantageous to generate chimeric animals wherein the integrating naive
state stem cells are also non-human, but of a different species than the recipient cell, cells,
morula, blastocyst or embryo. In the method above, the agent that maintains stem cells in the
naive state or reverts primed stem cells to the naive state may be an NME protein, 2i, 5i, or
other cocktails of inhibitors, chemicals, or nucleic acids. The NME protein may be NME1
dimer, NME7 monomer, NME7-AB, NME7-X1, NME®6 dimer, or bacterial NME.

[00345] The non-human mammal may be a rodent, such as a mouse or rat, primate,
including macaque, rhesus monkey, ape, chimp, bonobo and the like, or a domestic animal
including pig, sheep, bovine, and the like. The chimeric animal may have a genetic disorder,
have an induced disease, or a cancer that may be spontaneously generated or implanted from
cells derived from a human being.

[00346] In the method above, the non-human animal may be transgenic, wherein the
animal expresses human MUC1 or MUC1* or NME protein in the germ cells or somatic
cells, wherein the germ cells and somatic cells contain a recombinant human MUC1 or
MUC1T* or NME gene sequence introduced into said animal. The gene expressing the human

MUC1 or MUC1* or NME protein may be under control of an inducible promoter. The
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promoter may be inducibly responsive to a naturally occurring protein in the non-human
animal or an agent that can be administered to the animal before, after or during
development. Alternatively, the non-human animal may be transgenic, wherein the animal
expresses its native sequence MUC1 or MUC1* or NME protein in the germ cells or somatic
cells, wherein the germ cells and somatic cells contain a recombinant native species MUCI1
or MUCT* or NME gene sequence introduced into said mammal. The NME species can be
NME7, NME7-X1, NME1, NMES6 or a bacterial NME.

[00347] In the method above, the agent that maintains stem cells in the naive state or
reverts primed stem cells to the naive state may be an NME protein, 2i, 5i, or other cocktails
of inhibitors, chemicals, or nucleic acids. The NME protein may be NME1 dimer, NME7
monomer, NME7-AB, NME7-X1, NMES6 dimer, or bacterial NME.

[00348] In this method, the agent may suppress expression of MBD3, CHD4, BRD4 or
JMID6. The agent may be siRNA made against MBD3, CHD4, BRD4 or IMJD6, or siRNA
made against any gene that encodes a protein that upregulates expression of MBD3, CHD4,
BRD4 or JMID6. The cancer stem cell may be characterized by increased expression of
CXCR4 or E-cadherin (CDH1) compared with cancer cells or normal cells.

[00349] In another aspect, the invention is directed to a method for generating tissue from
xenograft in a non-human mammal, comprising: (i) generating a transgenic non-human
mammal, wherein the mammal expresses human MUC1 or MUC1* or NME protein in the
germ cells and somatic cells, wherein the germ cells and somatic cells contain a recombinant
human MUC1 or MUC1* or NME gene sequence introduced into said mammal, wherein the
expression of the gene sequence may be under control of an inducible and repressible
regulatory sequence; (ii) transferring stem cells or progenitor cells that are xenogeneic in
origin to the non-human mammal such that the gene may be induced to be expressed so as to
multiply the number of stem or progenitor cells; and (iii) repressing the gene expression so as
to generate tissue from the xenografted stem cells.

[00350] In this method, in step (iii), the gene expression repression may be carried out by
contacting the stem cells with a tissue differentiation factor, or in step (iii) the gene
expression repression may be carried out naturally in the mammal in response to naturally
produced host tissue differentiation factor. The transferred cells may be human. The tissue
may be an organ. The NME protein may be NME7, NME7-AB, NME7-X1, NME1, NMES6,
or bacterial NME. The animal may be a mammal, a rodent, a primate or domesticated animal

such as a pig, sheep, or bovine species.
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[00351] IL In other aspects, the present invention is directed to making animals having at
least some human cells or cells in which at least some of the DNA is of human origin. Such
animals would grow human tissue, tissue containing some human cells or cells containing
some human DNA for the generation of human or human-like tissue. In other cases such
animals would grow organs comprising at least some human cells. In other cases such
animals would grow organs comprised entirely of human cells. In yet other cases, host
animals can be genetically or molecularly manipulated even after development to grow
human limbs. Limbs, nerves, blood vessels, tissues, organs, or factors made in them, or
secreted from them, would then be harvested from the animals and used for a multitude of
purposes including but not limited to: 1) transplant into humans; 2) administration into
humans for medicinal benefit, including anti-aging; and 3) scientific experiments including
drug testing and disease modeling.

[00352] In one aspect, the invention is directed to a method for generating human tissues
in a non-human animal comprising: (i) generating human naive state stem cells and injecting
them into a fertilized egg, morula, blastocyst or embryo of a non-human animal such that a
chimeric animal is generated; (ii) harvesting human tissues, organs, cells or factors secreted
by or made in the human tissues or cells from the chimeric animal; and (iii) transplanting or
administering the harvested material into a human. The naive state stem cells may be
generated using NME7, NME7-AB, NME7-X1 or dimeric NME1. The naive stem cells may
be iPS cells that have been reprogrammed in a medium containing NME7, NME7-AB,
NME?7-X1 or dimeric NMEI1. Or, the naive stem cells may be embryonic stem cells that have
been cultured in a medium containing NME7, NME7-AB, NME7-X1 or dimeric NMEI1. The
non-human cells of the blastocyst or embryo may have been genetically altered. And the
genetic alteration may result in the host animal being unable to generate a certain tissue or
organ. The genetic alteration may be to make the non-human animal express human
molecules that facilitate or enhance the incorporation or growth of human stem or progenitor
cells in the non-human host animal. Further, the agent that maintains stem cells in the naive
state or reverts primed stem cells to the naive state may be an NME protein, 2i, 5i, chemical,
or nucleic acid. The NME protein may be NME1 dimer, NME7 monomer, NME7-AB,
NMES®6 dimer, or bacterial NME, or NME7-X1. The non-human animal may be a rodent,
mouse, rat, pig, sheep, non-human primate, macaque, chimpanzee, bonobo, gorilla or any
non-human mammal. In one aspect of the invention, the non-human animal is chosen for its

high sequence homology to human NME protein, especially human NME7-AB or NME7-X1
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or high sequence homology to human MUCI1* extracellular domain. In some cases, the NME
protein may be present in serum-free media as the single growth factor.

[00353] One test of whether or not a chimeric animal can be generated is if stem cells from
a first species are able to incorporate into the inner cell mass (ICM) of a second species.
Chimeric animals are more readily generated when the two different species are closely
related, for example two rodents. We injected human naive state stem cells into a mouse
morula and showed they incorporated into the inner cell mass. In a specific example, human
naive state stem cells that had been generated in human NME7-AB, then cultured in human,
were injected into a mouse morula 2.5 days after fertilization of the egg. This is before the
inner cell mass forms. Forty-eight (48) hours later, the morula was analyzed and such
analysis showed that the human stem cells had incorporated into the inner cell mass,
indicating that a chimeric animal will develop.

[00354] III. In one aspect, the present is directed to a method for generating human tissues
or organ in a non-human animal host comprising: (i) generating human naive state stem cells
and injecting them into a fertilized egg, morula, blastocyst, embryo or developing fetus of the
non-human animal host such that a chimeric animal is generated; (ii) harvesting human
tissues, organs, cells or factors secreted by or made in the human tissues or cells from the
chimeric animal; (iii) transplanting or administering the harvested material into a human
resulting in generation of human tissues. The naive state stem cells are generated using
NME7, NME7-AB, NME7-X1, NME®6 or dimeric NME]1. The naive stem cells are iPS cells
that have been reprogrammed in a medium containing NME7, NME7-AB, NME6, NME7-X1
or dimeric NME]1. The naive stem cells are embryonic stem cells that have been cultured in a
medium containing NME7, NME7-AB, NME6, NME7-X1 or dimeric NME1. Non-human
cells of the blastocyst or embryo have been genetically altered. The genetic alteration results
in the host animal being unable to generate a certain tissue or organ. The agent that maintains
stem cells in the naive state or reverts primed stem cells to the naive state is an NME protein,
2i, 5i, chemical, or nucleic acid. The NME protein is NME1 dimer, NME7 monomer, NME7-
AB, NMES6 dimer, or bacterial NME. The non-human animal is a rodent, pig bovine, sheep or
primate. The rodent is a mouse or rat. The NME protein is present in serum free media as the
single growth factor. The non-human animal host expresses NME protein having a sequence
that is homologous to the native sequence of the species of the stem cells to be generated.
The NME protein is NME7, NME7-AB, NME7-X1, or dimeric NME1 or NME6. The NME
protein is NME7. The NME protein is at least 45%, 50%, 55%, 60%, 65%, 710%, 75%, 80%,
85%, 90%, or 95% homologous to the native NME protein sequence of the species of the
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stem cells to be generated. The NME protein is at least 60% homologous to the native
sequence of the species of the stem cells to be generated. The NME protein is at least 70%
homologous to the native sequence of the species of the stem cells to be generated.

[00355] Other aspects of the invention are directed to: an NME protein having a sequence
at least 75% homologous to native mouse NME protein, an NME protein having a sequence
at least 75% homologous to native rat NME protein, an NME protein having a sequence at
least 75% homologous to native pig NME protein, an NME protein having a sequence at least
75% homologous to native sheep NME protein, an NME protein having a sequence at least
75% homologous to native bovine NME protein, an NME protein having a sequence at least
75% homologous to native crab-eating macaque NME protein, an NME protein having a
sequence at least 75% homologous to native thesus monkey NME protein, an NME protein
having a sequence at least 75% homologous to native chimpanzee NME protein, an NME
protein having a sequence at least 75% homologous to native bonobo NME protein, an NME
protein having a sequence at least 75% homologous to native gorilla NME protein, an
antibody that binds to a peptide comprising the sequence of the extracellular domain of
MUCT1#, wherein the sequence is non-human, an antibody that binds to a peptide comprising
the sequence of the extracellular domain of MUCI1*, wherein the sequence is primate, an
antibody that binds to a peptide comprising the sequence of the extracellular domain of
MUCT*, wherein the sequence is macaque, chimpanzee, ape, bonobo, or gorilla, an antibody
that binds to a peptide comprising the sequence of the extracellular domain of MUCT*,
wherein the sequence is non-primate, an antibody that binds to a peptide comprising the
sequence of the extracellular domain of MUCT*, wherein the sequence is rodent, an antibody
that binds to a peptide comprising the sequence of the extracellular domain of MUCT*,
wherein the sequence is mouse or rat, an antibody that binds to a peptide comprising the
sequence of the extracellular domain of MUC1*, wherein the sequence is mammalian., an
antibody that binds to a peptide comprising the sequence of the extracellular domain of
MUCT1#*, wherein the sequence is pig, bovine, or sheep.

[00356] In another aspect, the invention is directed to a method for generating stem cells,
inducing pluripotency in somatic cells or culturing stem cells comprising the steps of
contacting cells with an NME protein and/or an anti-MUC1* antibody wherein the NME
protein is at least 75% homologous to the sequence of the donor cells and the anti-MUC1*
antibody binds to a peptide comprising the sequence of a MUCI1* extracellular domain
wherein the sequence is at least 75% homologous to the native sequence of the species that

donated the cells.
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[00357] In another aspect, the invention is directed to a method of treating a person in
need of generated tissue or organ, comprising carrying out the steps described above.

[00358] In yet another aspect, the invention is directe to a method of generating a first
non-human mammal that comprises DNA, molecules, cells, tissue or organ specifically
originating from a second mammal that does or does not belong to the same species or genus
as the first non-human mammal, comprising introducing cells from the second mammal into
the first non-human mammal. The cells from the second mammal are progenitor cells, stem
cells or naive state stem cells. The naive state stem cells are generated by culturing cells in a
media that contains NME. The NME is dimeric NMEI1, dimeric NME6, NME7-X1 or
NME7-AB. The NME has sequence endogenous to the second mammal. The second
mammal is human. The first non-human mammal is a rodent, a domesticated mammal, pig,
bovine, or a non-human primate. The progenitor cells, stem cells or naive stem cells are
introduced into the fertilized egg, morula, blastocyst, embryo or developing fetus of the first
non-human mammal.

[00359] In the above described methods, further steps include: allowing the first non-
human mammal to develop and harvesting from the first non-human mammal molecules,
cells, tissues or organs that have incorporated some second mammalian DNA; and
administering to the second mammal in need thereof the molecules, cells, tissues or organs
for the treatment or prevention of a disease or condition. The progenitor cells, stem cells or
naive stem cells are iPS cells. The somatic cells from which the iPS cells are generated are
from the second mammal to which the obtained molecules, cells, tissues or organs for the
treatment or prevention of a disease or condition is administered.

[00360] In the above described methods, further steps include: determining an organ
developmental time period and endogenous genes involved in the development of the organ;
and knocking out or knocking down the endogenous gene during the developmental time
period of the organ in the first non-human mammal, wherein the organ is caused to be
produced from the cells from the second mammal.

[00361] In the above methods, the first non-human mammal is close to the second
mammal with global sequence identity that is greater than 70%, 75%, 80%, 85%, 90%, or
95% or NME sequence identity that is greater than 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%., 85%, 90%, or 95%.

[00362] In the above described methods, further steps include: determining an organ
developmental time period and endogenous genes involved in the development of the organ;

and genetically altering the fertilized egg, cells of morula, cells of the blastocyst, or cells of
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the embryo or developing fetus of the first non-human mammal such that second mammalian
NME7-AB or NMEI is expressed from an inducible or repressable promoter such that the
second mammalian cells are timely expanded in response to the non-mammalian NME7-AB
or NMEIL. Further steps include injecting the second mammalian stem cells into embryo at a
later stage of development at the location where the desired organ or tissue would normally
develop. Further steps include expanding the mammalian stem cells by inducing expression
of either first non-human mammalian or second mammalian NME7 or NME]1 at that location.
Further steps include expanding the mammalian stem cells by inducing expression of either
first non-human mammalian or second mammalian NME1 at that location. A second
mammalian promoter is linked to an endogenous first non-human mammalian protein and is
expressed at a desired time and location, then introducing an agent that directs the
development of the desired tissue. The endogenous first non-human mammalian protein is a
protein that induces expression of NME1 or NME7, preferably NME]1.

[00363] In another aspect, the invention is directed to a method of testing for efficacy or
toxicity of a potential drug agent in a chimeric animal that expresses some second
mammalian DNA or some second mammalian tissue, comprising: (i) generating a first non-
human mammal that comprises DNA, molecules, cells, tissue or organ specifically
originating from a second mammal that does or does not belong to the same species or genus
as the first non-human mammal, comprising introducing cells from the second mammal into
the first non-human mammal; and (ii) administering a test drug to the first non-human
mammal for the effect on the tissue or organ originating from the second mammal. NME is
expressed in the first non-human mammal that enhances proliferation of the cells originating
from the second mammal.

[00364] In another aspect, the invention is directed to a method discovering a potential
drug agent in a chimeric animal that expresses some second mammal DNA or some second
mammal tissues, comprising: (i) generating a first non-human mammal that comprises DNA,
molecules, cells, tissue or organ specifically originating from a second mammal that does or
does not belong to the same species or genus as the first non-human mammal, comprising
introducing cells from the second mammal into the first non-human mammal; and (ii)
administering a compound to the first non-human mammal for the effect on the tissue or
organ originating from the second mammal, wherein efficacious effects indicate that the
present of a potential drug. NME is expressed in the first non-human mammal that enhances
proliferation of the cells originating from the second mammal.

[00365] MUC1*/NME in Stem Cell Proliferation and Induction
49



WO 2017/004601 PCT/US2016/040880

[00366] We discovered that human stem cells overexpress MUC1T* which is a potent
growth factor receptor. The ligand of MUCT*, NM23-H1, also called NMEI, in dimeric
form is alone sufficient to make human stem cells grow in the pluripotent state, without the
need for feeder cells, conditioned media, or any other growth factors or cytokines (Mahanta S
et al 2008; Hikita S et al 2008). We previously showed that NME1 dimers are ligands of the
MUCI1#* growth factor receptor, wherein MUCI* is the remaining transmembrane portion
after most of the extra cellular domain has been cleaved and shed from the cell surface. The
remaining portion of the extra cellular domain is comprised essentially of the PSMGFR
sequence. NME1 dimers bind to and dimerize the MUC1* receptor. Competitive inhibition
of the NME-MUCT1* interaction, using a synthetic PSMGFR peptide, induced differentiation
of pluripotent stem cells, which shows that pluripotent stem cell growth is mediated by the
interaction between NME1 dimers and MUC1* growth factor receptor. Human stem cells
secrete NME1 where, after dimerization, it binds to the MUC1* receptor and stimulates
growth and pluripotency of human stem cells. Competitive inhibition of the interaction by
either addition of the PSMGFR peptide or by adding the Fab of an anti-MUC1* (anti-
PSMGFR) antibody induced cell death and differentiation (Hikita et al 2008) in vitro.

[00367] We discovered a new growth factor of the NME family, NME7, that makes
human stem cells grow and inhibits their differentiation, in the absence of FGF or any other
growth factor. We made a truncated, recombinant human NME?7 that we call NME7-AB or
thMNE7-AB. It is devoid of the N-terminal DM10 domain and has a molecular weight of
approximately 33kDa. A naturally occurring NME7 cleavage product that is secreted from
stem cells appears to be essentially the same as our recombinant NME7-AB. An alternative
splice variant of NME7 called NME7-X1 was theorized. We showed by PCR that NME7-X1
does exist in nature and is also secreted by human stem cells and is 30kDa. We have also
made a human recombinant NME7-X1. In addition, we showed that some bacterial NME1
proteins that have high sequence homology to human NMEL1 act the same as human NME].
They bind to and dimerize the MUC1* extracellular domain and induce pluripotency. One
such bacterial NMEI protein that we showed supports human stem cell growth and induces
pluripotency is Halomonas Sp. 593, also known as HSP593. Fibroblasts are somatic cells, not
stem cells. However, we found that NME7-AB, NME7-X1, NME1 dimers and HSP593
dimers are able to induce somatic cells to revert to a less mature state. Figure 1 shows that
simply culturing human fibroblasts in NME7-AB, NME1 dimers or HSP593 NMEI dimers
causes upregulation of stem cell markers OCT4 and NANOG. Figure 2 shows that these
NME proteins suppress expression of MBD3 and CHD4; suppression of these genes was
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previously shown to make human stem cells revert to a more naive state (Rais Y et al, 2013).
BRD4 has been shown to suppress expression of NME7 and its co-factor JMID6 upregulates
NMEI1. The PCR graph of Figure 3 shows that NME7-AB or NME1 dimers induce
pluripotency by upregulating pluripotency genes and suppressing those that others have
reported are suppressed in naive state stem cells. Figures 4A and 4B show that culturing
human stem cells in NME1 dimers as the only added growth factor fully supports pluripotent
stem cell growth. Figures 5A-5C show that culturing human stem cells in NME7-AB
monomers as the only added growth factor fully supports pluripotent stem cell growth.
Whereas NMEI must be a dimer in order to bind to and dimerize the MUC1* growth factor
receptor, monomeric NME7-AB and NME7-X1 have two binding sites for MUC1*. Figure
6A and 6B show that in a sandwich ELISA assay, NME7-AB is able to simultaneously bind
to two MUC1* extracellular domain peptides, also referred to herein as PSMGFR peptides
(JHK SEQ ID?). BRD4 and co-factor JIMID6 are suppressed in naive state stem cells as is
shown in Figure 2 and Figure 7. Figures 8-11 show that NME]1 dimers and NME7-AB induce
human fibroblasts to revert to a less mature, stem-like state as can be seen by their dramatic
change in morphology that resembles stem cell morphology and is without question unlike
fibroblast morphology which is shown in Figures 12-13.

[00368] We theorized that in the very earliest human stem cells, NME7-AB and NME7-
X1 are secreted which allows them to bind to and dimerize the extracellular domain of
MUCIT#* growth factor receptor. Thus, NME7-AB stabilizes a first naive state. At a later
stage, BRD4 suppresses NME7 and its co-factor IMID6 upregulates expression of NME1
that must be a dimer to bind to and dimerize the MUCI1* growth factor receptor. Thus,
NME] dimers stabilize a second naive-like state. As the stem cells of a developing morula or
blastocyst multiply, the amount of NME]1 that is secreted increases and the dimers become
hexamers. Hexameric NME1 does not bind to MUC1#* and induces differentiation (Smagghe
et al 2013). Figure 14 shows this mechanistic model of how stem cells limit self-replication.
Previously, NME7 was only reported to be expressed in testis. We discovered that early cells
of a human morula and the inner cell mass of human blastocysts express NME7. Figure 15A
shows that all the cells of a Day 3 human morula stained positive for NME7 (say which
antibody in example section #61). Figure 15B shows that by Day 5 the morula has developed
into a blastocyst and at this stage of development, the NME7-positive cells are restricted to
the inner cell mass, which are known to be in naive state. We discovered that naive state
human stem cells express and secrete two truncated forms of NME7 that are both devoid of

the N-terminal DM10 domain. These truncated NME7 species bind to the extracellular
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domain of MUCI1* growth factor receptor. One NME7 form that we call NME7-AB has
undergone post-translational cleavage to produce an NME7 species that runs with an
apparent molecular weight of ~33kDa. The other truncated form is an alternative splice
isoform called NME7-X1 that is ~30 kDa. This is in contrast to full-length NME7 that has a
calculated molecular weight of ~42kDa and which appears to be restricted to the cytoplasm.
NMEL1 dimers, NME6 dimers, NME7-AB and NME7-X1 function as a growth factors for
human stem cells. They promote growth, pluripotency and induction of naive state by binding
to and dimerizing the MUC1* growth factor receptor. However, NME7-AB and NME7-X1
do so as monomers as they have two binding sites for the extracellular domain of MUCT*.
Figure 16A-16B shows photographs of Western blot gels from a co-immunoprecipitation
experiment in which human naive state induced pluripotent stem (iPS) cells and embryonic
stem (ES) cells were lysed and an antibody against the cytoplasmic tail of MUC1 (Ab5) was
used to co-immunoprecipitate species that bind to MUC1. The immunoprecipitates were then
assayed by Western blot. Fig. 16A shows a photograph of the Western blot that was probed
with an anti-NME7 antibody and shows two NME?7 species, one with molecular weight of 30
kDa and the other 33 kDa, bound to MUC1, whereas full-length NME7 in crude cell lysate
has molecular weight of 42 kDa, and Fig. 16B shows a photograph of the Western blot
wherein the gel of Fig. 16A was stripped and re-probed with an anti-MUC1* extracellular
domain antibody, showing that NME7-AB or NME7-X1 bound to the cleaved form of MUCI1
called MUCT* that runs with a molecular weight of 17-25 kDa, depending on glycosylation.

[00369] Figure 17 depicts the inventive method for growing stem cells in the earliest naive
state. NME7-AB or NME7-X1 is added to a serum-free media at low nanomolar
concentrations, with the range being between 1nM-60nM, with 2nM-32nM more preferred,
2nM-10nM more preferred and 4nM most preferred. Feeder cells and extracellular matrix
proteins and mixtures contain growth factors and other biological molecules that deliver
signals, so it is desirable to avoid their use when inducing or stabilizing naive state. Preferred
are the use of an anti-MUC1* antibody, such as MN-C3, MN-C8 or humanized versions or
fragments of MN-C3 or MN-CS8, or an NME protein as the surface coating that makes stem
cells adhere to the surface. Alternatively, the cells could be cultured in suspension to avoid to
need for an adhesive layer. When it is desired to induce differentiation, a peptide comprising
most or all of the PSMGFR peptide is added. Adding a peptide having the sequence of most
or all of the extracellular domain of MUCT* growth factor receptor acts as a ligand sink and
binds up all the NME growth factor so that differentiation is synchronized and more

complete. The addition of this peptide also ensures that all the OCT4 positive cells are
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induced to differentiate which minimizes or eliminates the risk of teratoma formation. These
methods are used to produce stem cells for research, drug discovery, therapeutic use, or can
be implanted into a fertilized egg, morula, blastocyst, embryo or fetus for the generation of
non-human animals that have some human DNA, molecules, cells, tissues or organs. Such
molecules, cells, tissues or organs that contain at least some human DNA can then be used
for research, drug discovery, drug testing, or administered to a human for the treatment or
prevention of a disease or condition. For insertion of human stem cells into a non-human
host, the NME7-AB or NME7-X1 should have the human sequence or a sequence at least
80% identical to the native human sequence. However, it may be desirable to create chimera
between non-human species. For example, a non-human primate-non-primate chimera could
be created to avoid ethical concerns. In that case, the sequence of the NME protein could be
human or the sequence of the non-human primate because of the high sequence homology.
However, if it is desired to generate chimera of lower order mammals, then the NME7
sequence should be that of the mammal whose stem cells are to be inserted into the host
morula or blastocyst. Alternatively, it may be desirable to have human cells and tissues
expressed at low percentages or only in certain areas of the host animal. In those cases, it may
be desirable to insert stem cells that are not in the earliest naive state but in a later naive state.
In those cases, NME1 dimers would be used in to culture the stem cells in the methods
described above.

[00370] For the generation of a truly chimeric animal, the stem cells to be injected into the
fertilized egg, morula, or blastocyst must be in a naive state. Figure 18 shows a heat map
generated from RNA-SEQ experiments. Human embryonic stem cells that had been derived
and grown in FGF so they were in the primed state, were then transferred to the culture
system described above wherein the added growth factor was either NME7-AB or NME1
dimers. The heat map of gene expression shows that FGF grown primed state cells have a
completely different gene expression signature from that of NME7-AB grown cell or NME1
grown cells, indicating that they are different from primed cells and are naive. Another
indication that NME7 and NME1 gorwn cells are in the naive state is that iPS cell generation
in NME7-AB, NMEI1 dimers or NME7-X1 is much more efficient than iPS generation in
FGF based media. Figure 19A-19C shows that reprogramming somatic cells to become
induced pluripotent stem cells (iPS cells) in FGF-based media has very low efficiency. Stem
cell colonies are visualized by staining with alkaline phosphatase. FGF-based media used
with mouse embryonic fibroblasts (MEFs) looks relatively efficient at this early stage but

only about 15% of the picked colonies proceed to become bona fide stem cell lines (Fig.
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19A). Additionally, the mouse feeder layer introduces non-human non-quantifiable and non-
human species into the method which is frowned up for eventual therapeutic use of the cells
or their progeny in humans. mTeSR is an FGF-based media that can be used feeder-free by
plating cells onto Matrigel but this method is very inefficient as can be seen by the sparse and
small colonies of Figure 19B. In contrast, iPS reprogramming in NME7-AB over a layer of
anti-MUCI1* antibody is highly efficient with an abundance of stem cell colonies that arise
quicker than FGF-based methods and grow faster (Fig. 19C). In addition, over 86% of
colonies picked from NME7-generated iPS colonies go on to become bona fide naive state
iPS stem cell lines. Another indicator of stem cells being in the naive state is if the second X
chromosome of female source cells is still active. One of the earliest differentiation decisions
that stem cells make is which X chromosome will be turned off in female cells. To turn off
expression of one X chromosome, Lysine 27 of histone 3 is tri-methylated. Figure 20A shows
female source embryonic stem cells derived and grown in FGF media. The focal red dot in
the nucleus of each cell is a fluorescent antibody binding to the tri-methylated Lysine 27 in
histone 3 showing that in primed state stem cells the second X chromosome has been turned
off, called XaXi. Figure 20B shows that after culturing these same cells in NME7-AB, the
second X is reactivated (XaXa) resulting in the disappearance of the focal red dot. The same
results were obtained after culture in NME1 dimers. A more controversial measure of
whether or not stem cells are in the naive state is if they can incorporate into the inner cell
mass of a morula or blastocyst of another species. Figure 21 A-21D shows fluorescent images
of our human NME7-AB stem cells incorporating into the inner cell mass of a mouse
blastocyst. Yet another indicator of naive state stem cells is if they grow without spontaneous
differentiation and if they grow faster than primed state cells. Figure 20A-20B shows that
human NME7-AB grown stem cells have a much faster growth rate than primed stem cells.
They undergo a 10-20-fold expansion in 4 days, which is 2-3-times faster than primed state
cells.

[00371] NME proteins promote growth and pluripotency of embryonic and iPS cells as
well as inducing cells to revert to a stem-like state or a naive state. In a preferred
embodiment the NME family member protein is NME1 or an NME protein having greater
than 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 10%, 15%, 80%, 85%, 90%, 95%, or 97%
sequence identity to NMEI1, wherein said protein is a dimer. In a more preferred
embodiment, the NME family member protein is NME7 or an NME protein having greater
than 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 10%, 15%, 80%, 85%, 90%, 95%, or 97%
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sequence identity to at least one of the NME7 domains A or B and able to dimerize the
MUC1* growth factor receptor.

[00372] Here, we report that NMET1 in dimer form, NME7-AB or NME7-X1 were able to:
a) fully support human ES or iPS growth and pluripotency, while inhibiting differentiation; b)
revert somatic cells to a more stem-like or naive-like state; and c) produce naive state human
stem cells that were able to integrate into blastocysts of other species. NME7-AB naive
human stem cells were injected into a mouse morula at Day 2.5. Figure 22 A-22D shows that
48 hours later when the morula has developed into a blastocyst, the human cells (yellow) are
within the inner cell mass (circled) where the mouse naive cells reside. Such incorporation
into the inner cell mass is required for formation of a chimeric animal. Figures 23A-23J and
Figures 24A-24] show confocal images of other mouse blastocysts into which human NME7-
naive cells were injected at Day 2.5 and also show integration into inner cell mass. Figures
25A-25D and Figure 26A- 26H show that primed state, FGF grown human stem cells do not
incorporate into the inner cell mass of mouse blastocysts under the same conditions. Figures
27A-27F, Figures 28A-26J, Figures 29A-29], and Figures 30A-30J show human NME7-AB
grown naive stem cells injected at Day 2.5 into a mouse morula, are found concentrated in
the inner cell mass of the blastocyst 48 hours later at Day 4.5.

[00373] We made recombinant human NMEI1, dimers that bear the S120G mutation that
stabilizes dimers. We previously reported that human NME1 dimers bind to the PSMGFR
portion of the extracellular domain of the MUC1* receptor (Smagghe et al. 2013). We also
made recombinant human NME7-AB and NME7-X1 that, as monomers, bind to and
dimerize the PSMGFR portion of the extracellular domain of the MUCI* receptor on
pluripotent stem cells, which stimulates growth and pluripotency and induces stem cells to
revert to the earliest naive state.

[00374] NME is a universal stem cell growth factor

[00375] NME7 and truncated forms are universal stem cell and pluripotency growth
factors across many species. For example, we have been able to proliferate rhesus macaque
and crab-eating macaque stem cells, including embryonic and iPS stem cells using human
NME7-AB. We have also succeeded in generating iPS cells in rhesus and crab-eating
macaque using NME7-AB along with reprogramming factors of Yamanaka or Thomson, in
the absence of feeder cells using an anti-MUC1* antibody, MN-C3, to facilitate surface
attachment. The sequence of both macaque NME7 is 98% identical to human NME7 and its
target growth factor receptor, MUC1* extracellular domain is 90% identical to human

PSMGFR. Figures 31A-31F show photograph of control plates containing fibroblasts from
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crab-eating macaques in culture in NME7-AB for 6 days but without transduction of
Yamanaka pluripotency factors OCT4, SOX2, NANOG and c-Myc. Figures 32A-32C,
Figures 33A-33F, and Figures 34A-34F show fibroblasts from crab-eating macaques being
reprogrammed by Yamanaka factors and NME7-AB. After Day6, emerging iPS colonies are
transferred to an anti-MUCT* antibody surface, where they continue to expand until about
Day 14-17 when individual clones are picked and expanded. To our knowledge, this is the
first time scientists succeeded in generating non-human primate iPS cells in the absence of
mouse or human feeder cells. Researchers experience extreme difficulty culturing non-human
primate stem cells. They differentiate spontaneously and do not grow well in FGF-based
media. We overcame all these problems when we moved non-human primate cells into
NME7-AB media, shown in Figures 35A-35D, Figures 36A-36D, Figures 37A-37B, and
Figures 38A-38H. Generation of rhesus macaque iPS cells by transduction of Yamanaka
factors or Thomson factors in serum-free, FGF-free, NME7-AB media over MN-C3 antibody
surface or over MEFs is shown at various stages in Figures 39A-39C, Figures 40A-40C,
Figures 41A-41D, Figures 42A-42B, Figures 43A-43E, Figures 44A-44F, Figures 45A-45H,
Figures 46 A-46H, Figures 47A-47G, and Figures 48A-48D.

[00376] In another aspect of the invention, embryonic or iPS stem cells are proliferated,
maintained or generated in other non-human species by culturing fertilized eggs or embryos
or reprogramming cells using a media that contains an NME protein. The NME protein may
be NMEI1 dimers or NME6 dimers, NME7, NME7-AB or NME7-X1. In some cases, the
sequence of the NME protein may be the human sequence. In other cases the sequence of the
NME protein is the sequence of the non-human species that the stem cells, embryo or cells
for reprogramming came from. If the sequence of NME7 in the non-human species is too
diverse from that of human NME?7, then better results are obtained using an NME protein
having a sequence that has higher sequence identity to the non-human target species or an
NME protein having the sequence of the native NME protein of that species. In one aspect of
the invention the NME protein is NME1 or NME6 dimers, NME7, NME7-AB or NME7-X1.
A method for determining which species a particular NME protein will work in as a
pluripotency growth factor is to test whether or not the NME protein binds to a PSMGFR
peptide having the sequence of the target species. If the NME protein binds to the PSMGFR
peptide of the target species, then the NME protein will work as a stem cell growth factor or
pluripotency factor.

[00377] In one aspect of the invention, non-human stem cells are proliferated or

maintained by culturing the cells in a media containing an NME protein of that non-human
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species. In another aspect of the invention, non-human stem cells are proliferated or
maintained by culturing the cells in a media containing an NME protein having a sequence
that is at least 40% homologous to that of the non-human species stem cells. In another
aspect of the invention, non-human stem cells are proliferated or maintained by culturing the
cells in a media containing an NME protein that is able to bind to a peptide having the
sequence of that species’ MUC1* extracellular domain also called the PSMGFR peptide. In
another aspect of the invention, the non-human stem cells are proliferated or maintained by
culturing the cells in a media containing a human sequence NME protein. The NME protein
may be NME1 or NMEG6 dimers, NME7, NME7-AB or NME7-X1.

[00378] In another aspect of the invention, non-human stem cells are generated using
reprogramming technology such as introducing combinations of the genes or gene products
that include Oct4, Sox2, Kif4, c-Myc, Nanog, Lin28, in the presence of a media containing an
NME protein of that non-human species. In another aspect of the invention, non-human stem
cells are generated using reprogramming technology in a media containing an NME protein
having a sequence that is at least 40% homologous to that of the non-human species stem
cells. In another aspect of the invention, non-human stem cells are generated using
reprogramming technology in a media containing an NME protein that is able to bind to a
peptide having the sequence of that species’ MUCI* extracellular domain also called the
PSMGEFR peptide. In another aspect of the invention, the non-human stem cells are generated
using reprogramming technology in a media containing a human sequence NME protein. The
NME protein may be NME1 or NMEG6 dimers, NME7, NME7-AB or NME7-X1.

[00379] In another aspect of the invention, non-human embryonic stem cells are generated
by culturing fertilized eggs or embryos in a media containing an NME protein of that non-
human species. In another aspect of the invention, non-human embryonic stem cells are
generated by culturing the fertilized eggs or embryos in a media containing an NME protein
having a sequence that is at least 40% homologous to that of the non-human species stem
cells. In another aspect of the invention, non-human embryonic stem cells are generated by
culturing fertilized eggs or embryos in a media containing an NME protein that is able to
bind to a peptide having the sequence of that species’ MUCI1* extracellular domain also
called the PSMGFR peptide. In another aspect of the invention, the non-human embryonic
stem cells are generated by culturing fertilized eggs or embryos in a media containing a
human sequence NME protein. The NME protein may be NME1 dimers, or NME6 dimers,
NME7, NME7-AB or NME7-X1.
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[00380] In another aspect of the invention, when it is desired to have human stem cells
incorporate into the developing blastocyst or embryo of a non-human species whose NME
protein or MUCT* protein have low sequence identity to human, the non-human species is
humanized. The fertilized or unfertilized egg, or stem cells of the non-human species are
transduced with vectors that enable the expression of human NME protein and or human
MUCT#* protein, wherein their expression may be inducible or repressible.

[00381] Testing for Potential Drug Agent in Chimeric Animal

[00382] The current practice for testing cancer drugs in mice and other animals is to inject
human cancer cells into the animal and either immediately or after several days or weeks of
engraftment, inject the animal with the test drug. However, this approach is fundamentally
flawed because the host does not naturally produce the growth factors that the human cancer
cells need to grow or engraft. Additionally, because the host does not produce the growth
factor or the same levels of the growth factor or the human form of the growth factor, drugs
being tested in the animals will not have the same effect as they would in humans. Mouse
NME?7 is only 84% homologous to human NME7 and is not expressed in the adult.
Therefore, current xenograft methods for anti-cancer drug testing often fall short in predicting
human response to those drugs. This problem could be solved by introducing NME1 dimers
or NME7 into the mice so that the human tumor cells have their cognate growth factor to feed
the tumor. NMEI1 dimers or NME7 can be introduced into an animal by a variety of
methods. It can be mixed in with the tumor cells prior to implantation, or it can be injected
into the animal bearing the tumor.

[00383] In a preferred embodiment, a transgenic animal is generated that expresses human
NME?7 or a fragment thereof. The NME7 may be carried on an inducible promoter so that
the animal can develop naturally, but expression of the NME7 or the NME7 fragment can be
turned on during implantation of human tumors or for the evaluation of drug efficacies or
toxicities. In a preferred embodiment, the NME7 species that is introduced to the test animal
is NME7-AB.

[00384] Alternatively, a transgenic animal can be made wherein the animal expresses
human MUC1, MUC1*, NME7 and/or NME1 or NME2, a variant of NME1 or NME2 that
prefers dimer formation, single chain constructs or other variants that form dimers. Because
NME proteins and MUCT are parts of a feedback loop in humans, wherein expression of one
can cause upregulation of the other, it could be advantageous to generate transgenic animals
that express human NME protein(s) and MUC1 or the cleaved form MUC1*. A natural or an

engineered NME species can be introduced into animals, such as mice, by any of a variety of
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methods, including generating a transgenic animal, injecting the animal with natural or
recombinant NME protein or a variant of an NME protein, wherein NME1, NME6 and
NME?7 proteins or variants are preferred and NME1, NME6 and NME7 proteins or variants
that are able to dimerize MUCI1*, specifically the PSMGFR peptide, are especially preferred.
In a preferred embodiment, the NME species is a truncated form of NME7 having an
approximate molecular weight of 33kDa. In a more preferred embodiment, the NME7
species is devoid of the DM10 domain of its N-terminus. In a still more preferred
embodiment, the NME?7 species is human.

[00385] NME family proteins, especially NME1, NME6 and NME7 are expressed in
human cancers where they function as growth factors that promote the growth and metastasis
of human cancers. Therefore, human NME protein or active forms of NME protein should be
present for proper growth, evolution and evaluation of human cancers and for determining
their response to compounds, biologicals or drugs.

[00386] Humanized Animals

[00387] In some instances, it is desirable to be able to control the timing of the expression
of the NME protein. In these cases, the protein expression may be linked to an inducible
genetic element such as a regulatable promoter. In a preferred embodiment, the NME protein
that is introduced into an animal to increase engraftment of human stem cells or cancer cells
is human NME7. In a yet more preferred embodiment, the NME7 protein is a fragment that
is ~33kDa. In a still more preferred embodiment, the NME protein is human NME7-AB.
[00388] Others have reported that inhibitors called ‘2i" (Silva J et al 2008) and ‘5i°
(Theunissen TW et al 2014) are able to maintain stem cells in naive-like state. Treatment
with the ‘2i’ inhibitors or ‘5i’ inhibitors caused stem cells to revert to a more naive state. 2i
refers to inhibitors of the MAP kinase pathway and GSK3 inhibitors such as PD0325901 and
CHIR99021. However, these and other methods that depend on the use of biochemical
inhibitors have not satisfied the criteria for being naive, such as being able to integrate into
inner cell mass of other species and in addition they report that they cannot propagate the
stem cells for 10 or more passages without either rampant spontaneous differentiation or
abnormal karyotype or both.

[00389] Naive state.

[00390] Other agents have been reported to maintain stem cells in the naive state or revert
primed stem cells to the naive state. Chromatin re-arrangement factors MBD3 and CHD4
were recently reported to block the induction of pluripotency (Rais Y et al, 2013). For

example, siRNA suppression of the chromatin re-arrangement factors MBD3 and CHD4
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were shown to be key components of a method for reverting human primed stem cells to the
naive state. Transcription factors BRD4 and co-factor IMID6 reportedly suppress NME7 and
up-regulate NME1 (Lui W et al, 2013). We found that these factors were expressed at lower
levels in naive stem cells than they were in the later stage primed stem cells. We observed
that these four (4) genes, MBD3, CHD4, BRD4 and JMID®6, are naturally suppressed in
cancer cells that were cultured in NME1 dimers, NME7 or NME7-AB or NME7-X1 (Fig. 3).
[00391] We have demonstrated that human NME1 dimers, also called NM23-H1, bacterial
NMEI1, NME6, NME7-X1 and NME7-AB promote the growth of embryonic stem cells and
induced pluripotent stem cells, inhibit their differentiation and maintain them in a naive state
as evidenced by global genetic analysis, having both X chromosomes in the active state if
stem cell donor is human and by having the ability to form teratomas in a host animal.
[00392] Several examples have been presented here that indicate that contacting cells with
an agent or agents that are able to revert stem cells from the primed state to the less mature
naive state are also able to revert a wide variety of cell types to a less mature state: somatic
cells to stem or progenitor cells and stem cells back to naive state.

[00393] In a preferred embodiment, a transgenic animal that expresses human NME7 or
NME7-AB is generated. Because NMEI1, human or bacterial, and NME7 inhibit
differentiation of stem cells, it may be advantageous to use technology in which the timing of
expression of the NME protein, preferably NME7 or NME7-antibody, in the transgenic
animal can be controlled. It would be advantageous to have the human NME7 on an
inducible promoter, for example to avoid potential problems of NME7 expression during
development of the animal. Methods for making the expression of foreign genes inducible in
the host animal are known to those skilled in the art. Expression of NME7 or NME7-AB can
be inducible using any one of many methods for controlling expression of transgenes that are
known in the art.

[00394] Alternatively, the expression or timing of expression, of NME7 may be controlled
by the expression of another gene which may be naturally expressed by the mammal. For
example, it may be desirable for the NME7 or NME7 variant to be expressed in a certain
tissue, such as the heart. The gene for NME?7 is then operably linked to the expression of a
protein expressed in the heart such as MHC. In this instance, the expression of NME7 is
turned off when and where the MHC gene product is expressed. Similarly, one may want to
have the expression of human NME1, NME6 or NME7 turn on or off in the prostate such that
the location and timing of its expression is controlled by the expression of for example, a

prostate specific protein. Similarly, the expression of human NME6 or NME7 in a non-
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human mammal can be controlled by genes expressed in mammary tissues. For example, in a
transgenic mouse, human NME6 or human NME7 is expressed from the prolactin promoter,
or a similar gene. In this way, it would be possible to induce or repress expression of the
human NME protein in a site specific manner.

[00395] Animals xenografted with human tumors and also injected with human NME7
developed metastatic cancers. Therefore, an animal model for the development of cancer
metastasis is generated by making a transgenic animal that expresses human NME7 or more
preferably NME7-AB. Optimally the NME7 is on an inducible promoter to allow the animal
to correctly develop. Alternatively, a metastatic animal model, preferably rodent, is made by
making a transgenic animal that expresses human NME or human NME7 or NME7-AB.
Alternatively, the animal is a transgenic animal in which the kinases inhibited by 2i or 5i are
suppressed via inducible promoters or agents to suppress the kinases are administered to the
test animal. Metastatic animal models are then used to study the basic science of the
development or progression of cancers as well as to test the effects of compounds,
biologicals, drugs and the like on the development of cancers.

[00396] Generation of animals that express human tissue

[00397] Other applications are envisioned wherein an animal transgenic for human NMEI,
bacterial NME1 or human NME?7, preferable NME7-AB, is implanted or engrafted with
human cells which may be stem cells or progenitor cells or incipient mesodermal cells. For
example in some cases it is desirable to generate an animal, such as a mouse, pig, sheep,
bovine animals and primates, that will grow human tissue in its heart, liver, skin or other
organ.

[00398] One method for doing so is to generate a kind of chimeric animal by implanting
human stem cells into an animal that has been made to express human NME7 or human
NME7-AB. The human stem cells or progenitor cells can be implanted at various stages of
the animal’s development, including in vitro and in vivo, at the blastocyst, embryo or fetus
stage of development. Because NME7 inhibits differentiation, the NME7 or NME7-AB
transgene would be linked to a method by which the timing of its expression is controllable.
Methods are known to those skilled in the art which could be used such that expression of the
human NME7 or NME7-AB is turned off or decreased at times or locations where it is
desirable to have differentiation or maturation occur. One method for making the transgene,
preferably NME7, inducible or repressible is to link its expression or repression to the
expression of a gene that is only expressed later in development. In such cases, one would

make a transgenic animal in which expression of NME7 or NME7-AB is linked to the
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expression of a later gene expressed in heart or in heart progenitor cells. Thus, the expression
or timing of expression, of NME7 is controlled by the expression of another gene which may
be naturally expressed by the mammal. For example, it may be desirable for the NME7 or
NME?7 variant to be expressed in a certain tissue, such as the heart. The gene for the NME7
is then operably linked to the expression of a protein expressed in the heart such as MHC. In
this instance, the expression of NME7 is decreased or turned off when and where the MHC
gene product is expressed. Similarly, one may want to have the expression of human NME],
NMES6 or NME7 turn on in the prostate such that the location and timing of its expression is
controlled by the expression of for example, a prostate specific protein. Similarly, the
expression of human NME1 or NME7 in a non-human mammal can be controlled by genes
expressed in mammary tissues. For example, in a transgenic mouse, human NME1 or human
NMEY7 can be expressed or repressed by the prolactin promoter, or a similar gene.

[00399] In this way, an animal transgenic for human NME7 or NME7-AB can be allowed
to grow to a point, then implanted with human stem or progenitor cells, where they
proliferate because of contact with human NME protein. The expression of the human NME
is then turned off such that a specific organ or part of an organ in the animal would develop
as a human tissue.

[00400] As an aside, itis also contemplated that primates or any animal which shares close
global sequence identity to humans may not be a good host animal candidate as cross-species
interaction may occur and thus ethical issues may arise.

[00401] The invention contemplates many applications of animals transgenic for human
NMEI1, bacterial NME1 or human NME7, or NME7-AB. In one aspect of the invention,
human stem or progenitor cells are implanted in the NME transgenic animal or germ cells of
what will be a transgenic animal. Expression of the NME may be inducible or repressible.
Depending on the site and timing of the implantation of the stem or progenitor cells, the
resulted animal can be made to express human heart, liver, neuronal cells or skin.

[00402] Thus human tissues can be generated in a transgenic non-human mammal,
wherein the mammal expresses human MUC1 or MUC1T* or NME protein in the germ cells
or somatic cells, wherein the germ cells or somatic cells contain a recombinant human MUC1
or MUCT* or NME gene sequence introduced into said mammal, wherein the expression of
the gene sequence can be induced or repressed either by introduction of an external
composition or by linking its expression or repression to the expression or repression of a
naturally occurring gene of the host animal. Stem cells or progenitor cells that are

xenogeneic in origin to the non-human mammal are transferred to the transgenic animal such
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that the gene is induced to be expressed so as to multiply the stem or progenitor cells and
then repressing the gene expression so as to generate tissue from the xenografted stem cells.
One method by which repression of the transgene is carried out is by contacting the stem cell
or progenitor cells with a tissue differentiation factor. Transgene repression is also carried
out naturally in the mammal in response to naturally produced host tissue differentiation
factors.

[00403] These animals can be used for drug discovery. They can also be used for toxicity
testing, to use an animal to determine the effects of a compound, biological or drug on human
tissue or on the development of human tissue. Alternatively, the transgenic animal implanted
with human stem or progenitor cells is used to grow human tissue for transplant into a human
patient. In some cases, the stem or progenitor cells that are implanted are from a patient who
will be the recipient of the human tissue harvested from the transgenic animal.

[00404] In one aspect, the MUC1, MUCI1* or NME protein expression may be induced
until the amount of transferred stem or progenitor cells are sufficiently large. The MUCI,
MUC1* or NME protein expression may then be shut down by injecting the host mammal
with a substance that represses the expression of MUCI, MUC1* or NME protein. The
population of stem or progenitor cells may be induced to differentiate by either natural
methods such as by the expression in the mouse of a differentiation inducing factor for a
particular tissue or organ type, or chemical or protein substances may be injected into the
host at the site of stem or progenitor cell transference to cause differentiation to desired tissue
type.

[00405] Induction, differentiation/transformation agents for endoderm cell tissue may
include without limitation the following agents: hepatocyte growth factor, oncostatin-M,
epidermal growth factor, fibroblast growth factor-4, basic-fibroblast growth factor, insulin,
transferrin, selenius acid, BSA, linoleic acid, ascorbate 2-phosphate, VEGF, and
dexamethasone, for the following cell types: liver, lung, pancreas, thyroid, and intestine cells.
[00406] Induction, differentiation/transformation agents for mesoderm tissue include
without limitation the following agents: insulin, transferrin, selenous acid, BSA, linoleic acid,
TGF-B1, TGF-B3, ascorbate 2-phosphate, dexamethasone, [3-glycerophosphate, ascorbate 2-
phosphate, BMP, and indomethacine, for the following cell types: cartilage, bone, adipose,
muscle, and blood cells.

[00407] Induction, differentiation/transformation agents for ectoderm tissue include
without limitation the following agents: dibutyryl cyclin AMP, isobutyl methylxanthine,

human epidermal growth factor, basic fibroblast growth factor, fibroblast growth factor-8,
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brain-derived neurotrophic factor, and/or other neurotrophic growth factor, for the following
cell types: neural, skin, brain, and eye cells.

[00408] Regulators of NME protein or downstream effectors of NME protein can
substitute for the NME protein

[00409] These studies have shown that one way in which NME proteins function to
promote stem-like or cancer-like growth is by binding to a clipped form of the MUCI1
transmembrane protein, herein referred to as MUCI1*, which consists primarily of the
PSMGEFR sequence. Dimerization of the MUC1* extracellular domain stimulates growth and
de-differentiation of somatic cells, stem cells and cancer cells, making them more metastatic.
[00410] Another way that NME proteins exert their effects is by being transported to the
nucleus where they function directly or indirectly to stimulate or suppress other genes. It has
been previously reported (Boyer et al, 2005) that OCT4 and SOX2 bind to the promoter sites
of MUCI1 and its cleavage enzyme MMP16. The same study reported that SOX2 and
NANOG bind to the promoter site of NME7. We conclude, on the basis of our experiments
that these ‘Yamanaka’ pluripotency factors (Takahashi and Yamanaka, 2006) up-regulate
MUCI, its cleavage enzyme MMPI16 and its activating ligand NME7. It has also been
previously reported that BRD4 suppresses NME7, while its co-factor JMJD6 up-regulates
NME]1 (Thompson et al), which we have demonstrated is a self-regulating stem cell growth
factor that is expressed later than NME7 in embryogenesis. Still others recently reported that
siRNA suppression of Mbd3 or Chd4 greatly reduced resistance to iPS generation (Rais Y et
al 2013 et al.) and was able to maintain stem cells in the naive state. Evidence presented here
shows that there is a reciprocal feedback loop wherein NME7 suppresses BRD4 and JMID6,
while also suppressing inhibitors of pluripotency Mbd3 and CHD4. We note that in naive
human stem cells, these four factors BRD4, JMJD6, Mbd3 and CHD4 are suppressed
compared to their expression in later stage ‘primed’ stem cells. We also note that the 2i
inhibitors (inhibitors of Gsk3p and MEK) that revert mouse primed stem cells to the naive
state, also down regulated the same four factors BRD4, IMJID6, Mbd3 and CHDA4.

[00411] We have also discovered that NME7 up-regulates SOX2 (>150X), NANOG
(~10X), OCT4 (~50X), KLF4 (4X) and MUC1 (10X). Importantly, we have shown that
NME?7 up-regulates cancer stem cell markers including CXCR4 (~200X) and E-cadherin
(CDH1). Taken together these multiple lines of evidence point to the conclusion that NME7
is the most primitive stem cell growth and pluripotency mediator and that it is a powerful
factor in the transformation of somatic cells to a cancerous state as well as transforming

cancer cells to the more metastatic cancer stem cells.
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[00412] Therefore, the present invention contemplates substituting genes and gene
products that increase expression of NME7 for NME7. Similarly, the invention contemplates
substituting downstream effectors of NME7 for NME7. For example, alone or in
combination, agents that suppress MBD3, CHD4, BRD4 or IMJD6 can be substituted in any
of the methods described herein, for NME7, which we have shown suppresses MBD?3,
CHD4, BRD4 or IMJDG6.

[00413] Stem Cell-Based Organ and Tissue Generation

[00414] The present invention discloses methods for generating, maintaining or
proliferating human stem cells in a naive state and using the resultant cells in a non-human
host animal or a fertilized egg, blastocyst or embryo of a non-human animal in order to
generate chimeric organisms or animals that are comprised of DNA of the non-human host
and DNA of the human donor stem cells. Limbs, nerves, blood vessels, tissues, organs, or
factors made in them, or secreted from them, of a chimeric species that contains some human
DNA, can be harvested for several uses including transplant into humans, administration into
humans for medicinal benefit, including anti-aging, and scientific experiments including drug
testing and disease modeling.

[00415] In a first method, human naive state stem cells are generated, maintained or
proliferated by contacting human primed state stem cells with an NME family protein or an
agent that dimerizes the MUC1* growth factor receptor.

[00416] In a second method, human naive state stem cells are generated, maintained or
proliferated by inducing somatic cells to revert to a less mature state, such as through the use
of iPS technologies, wherein cells are reprogrammed in the presence of an NME family
protein or an agent that dimerizes the MUC1* growth factor receptor.

[00417] In a third method, human naive state stem cells are generated, maintained or
proliferated by culturing cells obtained from a human embryo, blastocyst or fertilized egg in
the presence of an NME family protein or an agent that dimerizes the MUC1* growth factor
receptor.

[00418] Said NME proteins or agents that dimerize MUCIT* convert human primed state
stem cells to a naive state. Said NME proteins or agents that dimerize MUC1* also support
the derivation of naive state embryonic stem cell lines from cells taken from a human
embryo. Said NME proteins or agents that dimerize MUC1* support the generation of naive
state induced pluripotent stem cells lines, wherein differentiated cells are reprogrammed to a

stem cell state.
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[00419] In a preferred embodiment, the NME family protein is NME7. In a still more
preferred embodiment the NME family member is NME7-AB or NME7-X1 or other isoform
or truncation of NME7. In another embodiment the NME family member is dimeric NM23,
aka NMEI. In yet another embodiment, the NME family member is NME6. In a preferred
embodiment the agent that dimerizes MUC1#* is an antibody that binds to the PSMGFR
peptide of the MUC1* extracellular domain.

[00420] In one aspect of the invention, naive state human stem cells, generated by a
method that includes contacting human cells with NME1 dimers, NME6 dimers, NME7,
NME7-AB or NME7-X1, then inserting or injecting said cells into a morula, blastocyst,
embryo or fetus of a non-human animal. Chimeric animals are generated that have some
tissues, organs or other body parts that are at least in part of human origin and emanated from
the human stem cells inserted into the blastocyst or embryo. The tissues, organs or other body
parts are harvested from the host animal when completely developed or at any earlier stage of
development. The tissues, organs, or body parts or factors generated by these human body
parts are then transplanted into or administered to a human recipient in need of a new organ
or in need of regenerative properties of factors secreted by the human tissues or organs of the
host non-human.

[00421] In one aspect of the invention, the cells of the non-human animal have been
genetically altered or treated for example with biochemical inhibitors such that the
developing non-human animal is not able to generate certain tissues or organs. In this aspect,
the chimeric animal would generate certain tissues or organs that emanate from, or have
significant contribution from, the human donor stem cells and will be partially or entirely
human.

[00422] In one aspect of the invention, the donor stem cells are from a donor in need of the
tissue or organ that is generated in the non-human animal and at some stage of development
or after the animal is mature, the tissue or organ is harvested and transplanted into the donor
human. In another aspect of the invention, the donor stem cells are from a donor who is not
the intended recipient of the tissues, organs or other material generated in the chimeric
species. In one aspect the donor stem cells are iPS cells and in another aspect the stem cells
are embryonic stem cells.

[00423] In one aspect of the invention, stem cells are cultured in a media containing an
NME protein. The NME protein can be dimeric NMEI1, dimeric NME6, NME7, dimeric B
domain of NME7, NME7-X1 or NME7-AB. In a preferred embodiment the NME protein is
dimeric NME].
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[00424] In a more preferred embodiment the NME protein is NME7-X1. In a still more
preferred embodiment, the NME protein is NME7-AB. In some cases, stem cell attachment
to a surface is facilitated by coating said surface with an anti-MUCI1* antibody wherein the
antibody has the ability to bind to a peptide comprising at least 15 contiguous amino acids of
the PSMGFR sequence. In another case, stem cell attachment to a surface is facilitated by
coating said surface with an NME protein, which in some cases may be histidine-tagged and
coated onto a surface presenting a metal-chelate-metal moiety such as nitrile-tri-acetic acid-
Nickel, aka NTA-Ni++. In other instances, stem cell attachment to a surface is facilitated by
coating said surface with an integrin or integrin fragment wherein the integrin is vitronectin,
fibrinectin, collagen and the like. In other instances, stem cell attachment to a surface is
facilitated by coating said surface with peptides, small molecules or polymers. In some cases
a Rho I kinase inhibitor is added to the culture media to further enhance surface attachment.

[00425] The generation, induction or maintenance of stem cells is achieved according to
parts or all of the methods described above. However, for the generation, induction or
maintenance of non-human stem cells, it may be advantageous to contact the cells with an
NME protein whose sequence is that of the non-human species. For example, for generating,
inducing pluripotency or maintaining pig stem cells, it may be advantageous to use an NME
protein whose sequence is that of native pig NME6, NME1, NME7, NME7-X1 or NME7-
AB. Facilitate surface attachment, it may be advantageous to coat the surface with an
antibody selected for its ability to bind to a peptide comprising at least 15 contiguous amino
acids of the PSMGFR region of the MUC1* extracellular domain, wherein the sequence of

the peptide is the native sequence of pig MUC1* extracellular domain.

EXAMPLES

[00426] Example 1

[00427] Minimal Media

[00428] Serum-free Minimal Media 500 mL includes the following components:

394mL. DMEM/F12, GlutaMAX; 100 mL. Knockout™ Serum Replacement; 5.0 mL 100x
MEM Non-essential Amino Acid Solution;

0.9 mL B-mercaptoethanol, 55 mM stock.

[00429] When a rho kinase inhibitor, “Ri” or “ROCi”, was added it was Y27632 from
Stemgent (Cambridge, MA), added immediately before use to a final concentration of 10uM.
[00430] Example 2

[00431] Culturing Stem Cells in NME media.
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[00432] To serum-free Minimal Media, described in Example 1, add one of the following
NME proteins: 8nM (final concentration) dimeric hNME1 (aka NM23) preferably having
the S120G mutation to ensure stable dimers, 8nM dimeric NME6, 8nM bacterial HSP593
recombinant NME1, 4nM NME7,5 or 4nM NME7-X1. Stem cells can be grown in
suspension in an NME media or on cell culture plates. If stem cells are being cultured on cell
culture plates coated with an anti-MUCI1* antibody such as MN-C3, then a Rho Kinase
inhibitor was added such as Y-26732 to a final concentration of 10uM.

[00433] Cell culture plates were prepared at least 1 day before stem cell plating. Cell
culture plates were coated with a solution containing ~12.5 ug/mL of MN-C3 anti-MUC1*
antibody. The coated plates were incubated overnight at 4 degrees before stem cells were
plated onto to them, and without a pre-wash step. Stem cells were plated at densities broadly
corresponding to the density obtained when 100,000 cells to 300,000 cells are plated per well
of a 6-well plate. Cells are suspended in NME Media to which was added a Rho kinase
inhibitor. Cells were incubated undisturbed in a 5%C02/5%02 incubator for 48 hours.
Thereafter, media was changed every 24 or 48 hours until cells reached ~80% confluency
(Fig. 20B). Cells were dissociated to single cells using Trypsin/EDTA or TryplE. Repeat
process from beginning to expand.

[00434] Example 3

[00435] iPS generation in NME media

Pray -2 {48 hours before reprogramming): Fibroblasts were seeded onto standard tissue
culture-treated 6-well plates in 2mbs per well of Fibroblast Medium (BMEM High Glucose
with glatamine, 10% FBS), at 25,000-100,000 cells per well. Culture for 48 hours in 3%
COn.

Bay §: Fibroblast Media was changed to NME Media (Example 2). Fibroblasts were
transduced with master reprogramming factors, such as Yamanaka factors or Thomson
factors, according to standard protocol. Any method of introducing nucleic acids that will
cause expression of OCT4, SOX2, NANOG or KLF4 and c-Myc if desired will suffice.
Common methods use non-integrating viral delivery systems such as lenti virus, Sendai virus,
gamma retrovirus or transposons such as Sleeping Beauty.

Bay 1: Cells were washed with Minimal Media to remove virus and cell debris, then replaced
with 2 mi-4mL per well of NME Media, without Rho kinase inhibitor.

Bay 3: Change media with 2mL to 4 mL per well of NME Media, without Rho kinase

inhibitor.
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Bay 5: Change media with 2mL to 4 mL per well of NME Media, without Rho kinase
inhibitor.

Bay 6: Cell culture plates were prepared with an anti-MUCT* anttbody such as MN-C3
coated onto cell culture plates at a concentration of 3.25ug/ml. to 24ug/ml. with about
12.5ug/mL preferred and incubate the antibody coated plates at 4°C overnmight.

Bay 7: Transduced cells, which were changing morphology to that of stem cells by this time,
were dissociated with Trypsin/EDTA, passed through a cell strainer, and seeded onto MN-C3

coated plates in NME Media plus a Rho kinase inhibitor (such as 10uM Y-26732). The

A

f

reprogranumed cells were then plated at 5X104 ~ 1x107 per well. From this point onward,
cells are cultured in an NME media with a Rho kinase inhibitor such as 10uM Y-26732
added and incubated for first 48 hours undisturbed in 5% CO/5%0.

Day 9 and onward: Change roedia daily using the same NME media throughout plus Rho
kinase inhibitor such as 10uM Y-26732.

Bay 16 — Day 21: Colonies were picked and each clone was cultured on MIN-C3 coated
surfaces, first in 96-well plates, then 24-well, then 12-well, then 6-well and larger formats
after stem cells were characterized and found to express all normal pluripotency genes, naive
genes, formed teratomas when implanted into animals and had normal karyotype.

iPS cells were also generated from blood using same process as Day 1 and onward.

In the cells shown in Figure 21 A, 21B and 21, neonatal male {ibroblasts were used. In
Figure 21C the NME Media used was Minimal Media with 4aM NME7-AB.

[00436] Example 4

[00437] Reprogramming capability of NME proteins in the absence of master
pluripotency regulators OCT4, SOX2, KLF4 or c¢-Myc.

[00438] In this example, fibroblast cells were cultured in Minimal Media to which was
added recombinant human NME1/NM23 dimers, bacterial HSP593 NME1 dimers or human
recombinant NME7-AB. As a control, the fibroblasts were cultured in their normal media,
which is for 500 mL, 445 mLL. DMEM high glucose base media, 5 mL GlutaMAX and 50 mL
of fetal bovine serum (FBS). After 15-20 days in culture in Minimal Media with either
NME1/NM23 dimers, bacterial HSP593 NME1 dimers or NME7-AB, RT-PCR showed that
the resultant cells greatly increased expression of stem cell marker genes OCT4 and
NANOG, see Figure 1. Just as the cancer cells had, they also decreased expression of BRD4,
IMID6, MBD3 and CHD4. Figure 2 shows a graph of RT-PCR measurements of the

expression of genes that code for the chromatin rearrangement factors BRD4, IMJID6, MBD3
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and CHD4. Figure 3 shows a graph of RT-PCR measurements of the expression of
pluripotency genes, genes that code for chromatin rearrangement factors BRD4, IMID6,
MBD3 and CHD4 and NME proteins. Here, ‘minus ROCi’ refers to cells that became non-
adherent and floated off the surface. The morphology of the cells also completely changed so
that they no longer were recognizable as fibroblasts and look like stem cells (Figs. 8-11).
[00439] Example 5

[00440] NME7-AB cultured human stem cells incorporate into inner cell mass of mouse
morula. Mouse eggs were fertilized in vitro. At Day 2.5 post fertilization, 10 human stem
cells that had been generated in and cultured in NME7-AB were separately injected into the
fertilized eggs. Day 2.5 is before the inner cell mass has formed. 48 hours later, at Day 4.5,
morulas were stained with a fluorescent antibody that stains human Tra 1-81. in some of the
figures, arrows point to human naive NME7-AB cells that have incorporated into the inner
cell mass, which indicates the development of a chimeric animal. See Figures 22A-22D,
Figures 23A-23J and Figures 24A-24] which show confocal images of other mouse
blastocysts into which human NME7-naive cells were injected at Day 2.5 and also show
integration into inner cell mass of blastocyst at Day 4.5. See also Figures 27A-27F, Figures
28A-26J, Figures 29A-29], and Figures 30A-30J which also show human NME7-AB grown
naive stem cells injected at Day 2.5 into a mouse morula, are found concentrated in the inner
cell mass of the blastocyst 48 hours later at Day 4.5. As a control, FGF-grown primed state
human stem cells were injected into fertilized eggs at Day 2.5 and at Day 4.5 stained with
anti-human Tra 1-81 and also with CDX2 which stains non-inner cell mass region called the
Trophoectoderm. Figures 25A-25D and 26A-26H show that these primed state cells did not
incorporate into the inner cell mass but are in the trophectoderm.

[00441] Example 6

[00442] NME7-AB cultured human stem cells were transfected with a red fluorophore
called tomato red or TDtomato. These fluorescent human naive cells were then injected into
Day 2.5 fertilized mouse eggs and imaged at Day 4.5. The morulas were also stained with
DAPI and a fluorescent antibody that stains the trophectederm. See Figures 27A-27F, Figures
28A-26J, Figures 29A-29], and Figures 30A-30J show human NME7-AB grown naive stem
cells injected at Day 2.5 into a mouse morula, are found concentrated in the inner cell mass of
the blastocyst 48 hours later at Day 4.5. Arrows indicate where the human cells incorporated
into the inner cell mass, indicating formation of a chimeric animal.

[00443] Example 7

70



WO 2017/004601 PCT/US2016/040880

[00444] Non-human primate species stem cells were generated in NME7-AB media in the
absence of bFGF. Rhesus macaque and crab-eating macaque fibroblasts were transfected
with core pluripotency factors in a media containing NME7-AB and in the absence of bFGF
or feeder cells. In this case the Yamanaka factors Oct 4, Sox2, Klf4, and c-Myc were used but
could be substituted for other pluripotency factors, either genes or gene products. Between
Day 5 and 7 post gene transfection, when cells began to detach from the surface, cells were
re-plated onto a surface coated with an anti-MUCI1* antibody, in this case MN-C3. Beginning
on Day 6 for crab-eating macaques and Day 14 for rhesus macaques, colonies began to
appear. Figures 31 A-31F show photograph of control plates containing fibroblasts from crab-
eating macaques in culture in NME7-AB for 6 days but without transduction of Yamanaka
pluripotency factors OCT4, SOX2, NANOG and c-Myc. Figures 32A-32C, Figures 33A-33F,
and Figures 34A-34F show fibroblasts from crab-eating macaques being reprogrammed by
Yamanaka factors and NME7-AB. After Day6, emerging iPS colonies are transferred to an
anti-MUCI1#* antibody surface, where they continue to expand until about Day 14-17 when
individual clones are picked and expanded. To our knowledge, this is the first time scientists
succeeded in generating non-human primate iPS cells in the absence of mouse or human
feeder cells. Researchers experience extreme difficulty culturing non-human primate stem
cells. They differentiate spontaneously and do not grow well in FGF-based media. We
overcame all these problems when we moved non-human primate cells into NME7-AB
media, shown in Figures 35A-35D, Figures 36 A-36D, Figures 37A-37B, and Figures 38A-
38H. Generation of rhesus macaque iPS cells by transduction of Yamanaka factors or
Thomson factors in serum-free, FGF-free, NME7-AB media over MN-C3 antibody surface or
over MEFs is shown at various stages in Figures 39A-39C, Figures 40A-40C, Figures 41A-
41D, and Figures 42A-42B. Whether fibroblasts were reprogrammed on MN-C2 antibody
surfaces or on MEFs was not critical but more colonies were generated when the surface was
the anti-MUC1* antibody surface.

[00445] Example 8

[00446] Primate species embryonic stem cells proliferate and are maintained in NME7-AB
media. After colonies were picked, they were replated onto MN-C3 antibody coated surfaces
or onto MEFs and could be serially passaged indefinitely in a serum-free media containing
NME7-AB at a concentration between 2nM and 32nM wherein 4nM worked best. See
Figures 43A-43E, Figures 44A-44F, Figures 45A-45H, Figures 46A-46H, Figures 47A-47G,
and Figures 48A-48D.

[00447] All of the references cited herein are incorporated by reference in their entirety.
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[00448] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
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 method for generating human tissues or organ in a non-human animal host
comprising:

(i) generating human naive state stem cells and injecting them into a fertilized egg,
morula, blastocyst, embryo or developing fetus of the non-human animal host such that a
chimeric animal is generated;

(i1) harvesting human tissues, organs, cells or factors secreted by or made in the
human tissues or cells from the chimeric animal;

(iii) transplanting or administering the harvested material into a human resulting in
generation of human tissues.

2. The method as in Claim 1, wherein the naive state stem cells are generated using
NME7, NME7-AB, NME7-X1, NME®6 or dimeric NME].

3. The method as in claim 2, wherein the naive stem cells are iPS cells that have been
reprogrammed in a medium containing NME7, NME7-AB, NME6, NME7-X1 or dimeric
NMEIL.

4. The method as in claim 2, wherein the naive stem cells are embryonic stem cells that
have been cultured in a medium containing NME7, NME7-AB, NME6, NME7-X1 or dimeric
NMEIL.

5. The method as in claim 1, wherein the non-human cells of the blastocyst or embryo
have been genetically altered.

6. The method as in claim 5, wherein the genetic alteration results in the host animal
being unable to generate a certain tissue or organ.

7. The method according to claim 1, wherein the agent that maintains stem cells in the
naive state or reverts primed stem cells to the naive state is an NME protein, 2i, 5i, chemical,

or nucleic acid.

8. The method according to claim 7, wherein the NME protein is NME1 dimer, NME7
monomer, NME7-AB, NME6 dimer, or bacterial NME.

9. The method according to claim 1, wherein non-human animal is a rodent, pig bovine,
sheep or primate.

10. The method according to claim 9, wherein the rodent is a mouse or rat.

11. The method according to claim 3, wherein the NME protein is present in serum
free media as the single growth factor.
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12. The method of Claim 1, wherein the non-human animal host expresses NME protein
having a sequence that is homologous to the native sequence of the species of the stem cells
to be generated.

13. The method according to Claim 12, wherein the NME protein is NME7, NME7-AB,
NME7-X1, or dimeric NME1 or NME®6.

14. The method according to Claim 13, wherein the NME protein is NME7.
15. The method as in Claim 12, wherein the NME protein is at least 45%, 50%, 55%,
60%, 65%, 10%, 15%, 80%, 85%, 90%, or 95% homologous to the native NME protein

sequence of the species of the stem cells to be generated.

16. The method as in Claim 14, wherein the NME protein is at least 60% homologous to
the native sequence of the species of the stem cells to be generated.

17. The method as in Claim 14, wherein the NME protein is at least 70% homologous to
the native sequence of the species of the stem cells to be generated.

18. An NME protein having a sequence at least 75% homologous to native mouse NME
protein.

19. An NME protein having a sequence at least 75% homologous to native rat NME
protein.

20. An NME protein having a sequence at least 75% homologous to native pig NME
protein.

21. An NME protein having a sequence at least 75% homologous to native sheep NME
protein.

22. An NME protein having a sequence at least 75% homologous to native bovine NME
protein.

23. An NME protein having a sequence at least 75% homologous to native crab-eating
macaque NME protein.

24. An NME protein having a sequence at least 75% homologous to native rhesus
monkey NME protein.

25. An NME protein having a sequence at least 75% homologous to native chimpanzee
NME protein.
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26. An NME protein having a sequence at least 75% homologous to native bonobo NME
protein.

27. An NME protein having a sequence at least 75% homologous to native gorilla NME
protein.

28. An antibody that binds to a peptide comprising the sequence of the extracellular
domain of MUC1*, wherein the sequence is non-human.

29. An antibody that binds to a peptide comprising the sequence of the extracellular
domain of MUC1#*, wherein the sequence is primate.

30. An antibody that binds to a peptide comprising the sequence of the extracellular
domain of MUCT*, wherein the sequence is macaque, chimpanzee, ape, bonobo, or gorilla.

31. An antibody that binds to a peptide comprising the sequence of the extracellular
domain of MUC1#*, wherein the sequence is non-primate.

32. An antibody that binds to a peptide comprising the sequence of the extracellular
domain of MUCT*, wherein the sequence is rodent.

33. An antibody that binds to a peptide comprising the sequence of the extracellular
domain of MUCT*, wherein the sequence is mouse or rat.

34, An antibody that binds to a peptide comprising the sequence of the extracellular
domain of MUC1*, wherein the sequence is mammalian.

35. An antibody that binds to a peptide comprising the sequence of the extracellular
domain of MUC1#*, wherein the sequence is pig, bovine, or sheep.

36. A method for generating stem cells, inducing pluripotency in somatic cells or
culturing stem cells comprising the steps of contacting cells with an NME protein and/or an
anti-MUC1* antibody wherein the NME protein is at least 75% homologous to the sequence
of the donor cells and the anti-MUC1* antibody binds to a peptide comprising the sequence
of a MUCT* extracellular domain wherein the sequence is at least 75% homologous to the
native sequence of the species that donated the cells.

37. A method of treating a person in need of generated tissue or organ, comprising
carrying out the steps according to claim 1.

38. A method of generating a first non-human mammal that comprises DNA, molecules,
cells, tissue or organ specifically originating from a second mammal that does or does not
belong to the same species or genus as the first non-human mammal, comprising introducing
cells from the second mammal into the first non-human mammal.
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39. The method according to claim 38, wherein the cells from the second mammal are
progenitor cells, stem cells or naive state stem cells.

40. The method according to claim 39, wherein the naive state stem cells are generated by
culturing cells in a media that contains NME.

41. The method according to claim 40, wherein the NME is dimeric NMFEI1, dimeric
NME6, NME7-X1 or NME7-AB.

42 The method according to claim 41, wherein the NME has sequence endogenous to the
second mammal.

43. The method according to claim 38, wherein the second mammal is human.

44, The method according to claim 38, wherein the first non-human mammal is a rodent,
a domesticated mammal, pig, bovine, or a non-human primate.

45. The method according to claim 39, wherein the progenitor cells, stem cells or naive
stem cells are introduced into the fertilized egg, morula, blastocyst, embryo or developing
fetus of the first non-human mammal.

46. The method according to claim 38, further comprising:

allowing the first non-human mammal to develop and harvesting from the first non-
human mammal molecules, cells, tissues or organs that have incorporated some second
mammalian DNA; and

administering to the second mammal in need thereof the molecules, cells, tissues or
organs for the treatment or prevention of a disease or condition.

47. The method according to claim 46, wherein the progenitor cells, stem cells or naive
stem cells are iPS cells.

48. The method according to claim 47, wherein somatic cells from which the iPS cells are
generated are from the second mammal to which the obtained molecules, cells, tissues or
organs for the treatment or prevention of a disease or condition is administered.

49. The method according to claim 46, comprising

determining an organ developmental time period and endogenous genes involved in
the development of the organ; and

knocking out or knocking down the endogenous gene during the developmental time
period of the organ in the first non-human mammal, wherein the organ is caused to be
produced from the cells from the second mammal.
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50. The method according to claim 38, wherein the first non-human mammal is close to
the second mammal with global sequence identity that is greater than 70%, 75%, 80%, 85%,
90%, or 95% or NME sequence identity that is greater than 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, or 95%.

51. The method according to claim 46, comprising

determining an organ developmental time period and endogenous genes involved in
the development of the organ; and

genetically altering the fertilized egg, cells of morula, cells of the blastocyst, or cells
of the embryo or developing fetus of the first non-human mammal such that second
mammalian NME7-AB or NMEI] is expressed from an inducible or repressable promoter
such that the second mammalian cells are timely expanded in response to the non-mammalian
NME7-AB or NME].

52. The method according to claim 39, comprising injecting the second mammalian stem
cells into embryo at a later stage of development at the location where the desired organ or
tissue would normally develop.

53. The method according to claim 52, further comprising expanding the mammalian
stem cells by inducing expression of either first non-human mammalian or second
mammalian NME7 or NME1 at that location.

54. The method according to claim 53, comprising expanding the mammalian stem cells
by inducing expression of either first non-human mammalian or second mammalian NME]1 at
that location.

55. The method according to claim 53, wherein a second mammalian promoter is linked
to an endogenous first non-human mammalian protein and is expressed at a desired time and
location, then introducing an agent that directs the development of the desired tissue.

56. The method according to claim 55, wherein the endogenous first non-human
mammalian protein is a protein that induces expression of NME1 or NME7.

57. The method according to claim 56, wherein the endogenous first non-human
mammalian protein is a protein that induces expression of NME]1.

58. A method of testing for efficacy or toxicity of a potential drug agent in a chimeric
animal that expresses some second mammalian DNA or some second mammalian tissue,
comprising:

(i) generating a first non-human mammal that comprises DNA, molecules, cells,
tissue or organ specifically originating from a second mammal that does or does not belong to
the same species or genus as the first non-human mammal, comprising introducing cells from
the second mammal into the first non-human mammal; and
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(ii) administering a test drug to the first non-human mammal for the effect on the
tissue or organ originating from the second mammal.

59. The method according to claim 58, wherein NME is expressed in the first non-human
mammal that enhances proliferation of the cells originating from the second mammal.

60. A method discovering a potential drug agent in a chimeric animal that expresses some
second mammal DNA or some second mammal tissues, comprising:

(i) generating a first non-human mammal that comprises DNA, molecules, cells,
tissue or organ specifically originating from a second mammal that does or does not belong to
the same species or genus as the first non-human mammal, comprising introducing cells from
the second mammal into the first non-human mammal; and

(ii) administering a compound to the first non-human mammal for the effect on the
tissue or organ originating from the second mammal, wherein efficacious effects indicate that
the present of a potential drug.

61. The method according to claim 60, wherein NME is expressed in the first non-human
mammal that enhances proliferation of the cells originating from the second mammal.
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Macaque IPS cell line derivation in presence of NME7 media on an anti-MUC1*
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Macaque IPS cell line derivation in presence of NME7 media on two surfaces:
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Macaque IPS cell line derivation in presence of NME7 media on mouse
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