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METHOD FOR DIAGNOSING AND
TREATING CANCER USING NAIVE STATE
STEM CELL SPECIFIC GENES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 15/060,484, filed Mar. 3, 2016,
which claims the benefit of priority to U.S. Provisional
Patent Application No. 62/127,746, filed Mar. 3, 2015, each
of which hereby is incorporated by reference in their
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present application relates to methods of treat-
ing cancer.

2. General Background and State of the Art

[0003] Inorderto effectively treat cancer, it is important to
develop drugs that target the molecules that drive the growth
and metastasis of cancers. The recent development of deep
sequencing technologies has now made it possible to com-
pare the expression level of thousands of genes in a first cell
population to expression levels of those same genes in a
second cell population. One method of discovering new
cancer drug targets is to identify genes that are specifically
up- or down-regulated in cancer cells compared to healthy
cells. However, this method combined with person-to-per-
son variation among cancers, has generated very long lists of
potential cancer drug target genes, with no way of identi-
fying those genes that drive cancer rather than those that are
artifacts of cancer. Therefore, what is needed is a method for
identifying those few genes that are critical to the progres-
sion of cancer, so that drugs that disable them can be
developed. Because metastatic cancer is what kills the
patient and there is no effective treatment for metastatic
cancer, what would be an improvement would be a method
for identifying those genes that are drivers of metastasis.

SUMMARY OF THE INVENTION

[0004] In one aspect, the invention is directed to a method
for converting a cell to naive state stem cells comprising
contacting the cell to be converted with an NME protein.
The cell to be converted is primed state stem cell or somatic
cell. The NME protein may be NME7, NME7AB, or NME-
X1.

[0005] In another aspect, the invention is directed to a
method for maintaining a naive state stem cell to be in the
naive state, comprising contacting the cell to be converted
with an NME protein.

[0006] In yet another aspect, the invention is directed to a
method for determining whether a cell to be tested is naive
state stem cell, comprising comparing transcriptome signa-
ture of NME induced naive state stem cell with the tran-
scriptome of the cell that is tested, wherein a match in
transcriptome signature indicates that the tested cell is naive
state stem cell. The NME induced naive state stem cell
transcriptome signature may be represented in Tables 1, 2, 3,
and 5.

[0007] In yet another aspect, the invention is directed to a
method for determining whether a cell to be tested is naive
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state stem cell, comprising comparing whether any of about
3t017,31t015,2t014,41t012,3t010,5t080r3 to 6
genes of transcriptome signature of NME induced naive
state stem cell, whether expressed or inhibited, are also
expressed or inhibited in the cell to be tested, wherein a
match in the expression or inhibition of the genes indicates
that the tested cell is naive state stem cell. The NME induced
naive state stem cell transcriptome signature may be repre-
sented in Tables 1, 2, 3, and 5.

[0008] In yet another aspect, the invention is directed to a
method for determining whether a cancer cell to be tested is
metastatic cancer, comprising comparing transcriptome sig-
nature of NME induced naive state stem cell with the
transcriptome of the cell that is tested, wherein a match in
transcriptome signature indicates that the tested cell is
metastatic cancer cell. The NME induced naive state stem
cell transcriptome signature may be represented in Tables 1,
2,3, and 5.

[0009] In yet another aspect, the invention is directed to a
method for determining whether a cancer cell to be tested is
metastatic cancer, comprising comparing whether any of
about3to 17,3 t0 15,2to 14, 4t0 12,310 10, 5to 8 or 3
to 6 genes of transcriptome signature of NME induced naive
state stem cell, whether expressed or inhibited, are also
expressed or inhibited in the cell to be tested, wherein a
match in the expression or inhibition of the genes indicates
that the tested cell is metastatic cancer cell. The NME
induced naive state stem cell transcriptome signature may be
represented in Tables 1, 2, 3, and 5.

[0010] In yet another aspect, the invention is directed to a
method of treating cancer comprising comparing whether
any of about 3 to 17,3 to 15,2 to 14, 4 to 12, 3 t0 10, 5 to
8 or 3 to 6 genes of transcriptome signature of NME induced
naive state stem cell, whether expressed or inhibited, are
also expressed or inhibited in the cancer cell, identifying
gene that is expressed or inhibited and turning the gene on
or off or treating with the gene product rather than turning
the gene on. If turning gene off is desired, the method
includes disrupting the Super Mediator complex that super
enhances the gene. If turning gene on is desired, the method
includes inducing Superenhancer complex that super
enhances the gene to bind to the gene. And where turning on
the gene is desired, the gene may be HESS, GNAS,
FBXL17, RHOC, VLDLR, GREBIL, EXT1, BRD2 and
CDHS9. The NME induced naive state stem cell transcrip-
tome signature may be represented in Tables 1, 2, 3, and 5.
And if turning gene on is desired, the proteins themselves
may be administered to the patient.

[0011] In another aspect, the invention is directed to a
method of treating prostate cancer comprising determining
whether a prostate cell expresses NME-X1, wherein if the
cell over-expresses NME-X1, then treating cells with anti-
prostate cancer agents.

[0012] In yet another aspect, the invention is directed to a
method of treating cancer comprising turning on any of the
genes or any combination thereof in Table 5.

[0013] In yet another aspect, the invention is directed to a
method of changing a cancer cell to normal cell comprising
turning on any of the genes or any combination thereof in
Table 5. The change in cancer cell to normal cell may occur
within a patient, wherein the method includes administering
to the patient a compound or a composition that turns on any
of the genes or any combination thereof in Table 5.
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[0014] These and other objects of the invention will be
more fully understood from the following description of the
invention, the referenced drawings attached hereto and the
claims appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] 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;

[0016] FIGS. 1A-1E show that human embryonic stem
cells cultured in NME7 , z minimal media are pluripotent and
can form teratomas. A) shows an FPLC trace and Coomassie
Blue staining of reducing and non-reducing gels shows that
NME7 ,; is a 33 kDa monomeric protein. B) shows photos
of NME7 , z-grown hESCs on anti-MUC1* antibody-coated
surface show typical stem cell morphology but grow in
sheets rather than in colonies. Scale bar=1 mm, 400 pm. C)
shows images of immunostaining of NME7 , .-grown hESCs
shows typical pluripotency markers. Scale bar=400 um. D)
shows photos of hematoxylin and eosin staining of teratoma
sections derived from hESCs cultured in NME7; for 14
passages differentiate down all three germlines. Scale
bar=100 pm. E) shows images of immunofluorescence stain-
ing for H3K27me3 foci was absent in NME7 .-grown
hESCs (upper) showing that both X chromosomes are active
‘XaXa’ but present in the parent FGF-grown primed state
cells (lower) showing that one X has been inactivated
‘XaXi’. Scale bar=200 um.

[0017] FIGS. 2A-2C show graphical representations of
gene expression measurements using RNA-seq analysis,
which show that NME7 - 1 ... grown human embryonic
stem cells (hESCs) are genetically the most diverse from the
parent FGF, ;;, grown hESCs. A) Heat map of 2-way
hierarchical clustering shows that the gene expression pro-
files of NME7 ,z yv.x, cells, NME7 . . .. cells, and
NMEl,,, cells are closely related but are very different
from that of the parent FGF,.,, cells. B) Principal Compo-
nent Analysis (PCA) shows that the largest variance among
the gene expression data sets is between FGF2 cultured stem
cells and all NME cultured cells, regardless of their X-ac-
tivation state. C) PCA of just the NME data sets shows that,
along dimension 1, there is a clear difference in gene
expression between NME7 . grown stem cells, depending
on their X-activation state.

[0018] FIG. 3 is a graph of RT-PCR measurements of gene
expression for stem cell markers and cancer stem cell
markers for T47D cancer cells after being cultured in
traditional media or a media containing NME7, wherein
cells that became non-adherent (floaters) were analyzed
separate from those that remained adherent.

[0019] FIG. 4 is a graph of RT-PCR measurements of gene
expression for a variety of stem and putative cancer stem cell
markers for DU145 prostate cancer cells. Cells were cul-
tured either in traditional media or a media containing
NME! dimers (“NM23”) or NME7 (NME7-AB). Rho
kinase inhibitor was not used because by passage 2, cells
remained adherent.

[0020] FIG. 5 shows photographs of two female athymice
nu/nu mice out of 24 that were xenografted with only 50
human breast cancer cells that had first been grown for 7
days in NME7-AB and showed greatly increased expression
of CXCR4, CHD1 and stem cell markers. In addition, half
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the mice were also injected daily with human recombinant
NME7-AB. 82% of the mice that were also injected daily
with NME7-AB developed remote metastases as well as
tumors at the site of injection.

[0021] FIG. 6 shows a table of the results of the experi-
ment in which mice were xenografted with cancer cells that
were transformed to a more metastatic state by pre-culture in
a medium containing human NME7-AB.

[0022] FIG. 7 shows a graph of tumor volume measure-
ments for four (4) groups of immune-compromised nu/nu
female mice implanted with either 50, 100, 1,000 or 10,000
cells subcutaneously in the flank wherein the cells that were
implanted were human MUCI -positive breast cancer cells
that were cultured for seven (7) days in recombinant human
NME?7-AB wherein the ‘floaters” were collected and verified
to overexpress metastasis receptor CXCR4 by more than
100-fold. Half the mice in each group were injected daily
with human recombinant NME7-AB. Numbers within the
graph refer to the mouse tracking number. ‘M’ denotes a
mouse with multiple tumors.

[0023] FIG. 8 shows a graph of tumor volume measure-
ments for four (4) groups of immune-compromised nu/nu
female mice implanted with either 50, 100, 1,000 or 10,000
cells subcutaneously in the flank wherein the cells that were
implanted were human MUCI -positive breast cancer cells
that were cultured for seven (7) days in recombinant human
NME?7-AB wherein the ‘floaters” were collected and verified
to overexpress metastasis receptor CXCR4 by more than
100-fold. Half the mice in each group were injected daily
with human recombinant NME7-AB. Of the mice that
received daily injections of NME7-AB, 80% developed
multiple tumors. This graph shows the combined volumes of
multiple tumors in the same mouse. Numbers within the
graph refer to the mouse tracking number. ‘M’ denotes a
mouse with multiple tumors.

[0024] FIGS. 9A-9G show photographs of Western blots
of a co-immunoprecipitation experiment. T47D breast can-
cer cell extracts were incubated with an antibody against the
MUCI cytoplasmic tail, Ab-5, or a control antibody, IgG,
and co-immunoprecipitated. The gels were blotted with two
different commercially available anti-NME7 antibodies B9
(A) and CF7 (B). Both gels show unique NME7 bands at
~33 kDa and ~30 kDa. The gels were stripped and re-probed
with an antibody against the extracellular domain of
MUC1*, anti-PSMGFR (C) and (D), which shows that the
NME?7 species and MUC1 * interact. A recombinant NME7-
AB and a recombinant NME7-X1 were mixed together and
run on a gel, then probed with an anti-NME7 antibody,
showing that the two unique NME?7 species that are natu-
rally occurring in breast cancer cells and that interact with
MUC1* are an NME7-AB-like species and NME7-X1 (E).
Western blots of a co-immunoprecipitation experiment.
Human induced pluripotent stem, iPS7, or embryonic stem,
HES3, cell extracts were incubated with an antibody against
the MUC1 cytoplasmic tail, Ab-5, or a control antibody,
IgG, and co-immunoprecipitated. The gel was blotted with
a commercially available anti-NME7 antibody B9 (F). Both
cell types show unique NME7 bands at ~33 kDa and ~30
kDa. The gel was stripped and re-probed with an antibody
against the extracellular domain of MUC1*, anti-PSMGFR
(G), which shows that the NME7 species and MUC1*
interact.
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[0025] FIG. 9H shows a graph of RT-PCR measurement of
the expression of NME7-X1 in a panel of human stem cells
and cancer cells.

[0026] FIG. 91 shows sequence alignment of NME7-A,
also know as variant 1 or vl, NME7-B, also know as variant
2 or v2, and NME7-X1, also know as X1. Primers that
enable detection of NME7-X1 specifically and differentiated
from NME7 are indicated.

[0027] FIG. 10 is Table 1, which shows measured differ-
ences in gene expression, 2-fold or greater, between primed
state stem cells and naive state stem cells using RNA-seq.
Column D) human embryonic stem cells (hESCs) that had
been cultured in standard FGF2 and were verified to be
100% primed by virtue of inactivation of second X chro-
mosome, were cultured in NME7-AB and verified to be
100% naive by virtue of re-activation of second X chromo-
some (Carter M G, Smagghe B J, Stewart A K et al. A
Primitive Growth Factor, NME7 ., Is Sufficient to Induce
Stable Naive State Human Pluripotency; Reprogramming in
This Novel Growth Factor Confers Superior Differentiation.
Stem Cells. 2016: DOIL: 10.1002/stem.2261. Column E)
hESCs and induced pluripotent stem (iPS) cells reverted to
a naive-like state by culture in FGF2, LIF and a cocktail of
biochemical inhibitors (extracted from Theunissen T W,
Powell B E, Wang H et al. Systematic identification of
culture conditions for induction and maintenance of naive
human pluripotency. Cell Stem Cell. 2014; 15:471-487.) F)
hESCs and induced pluripotent stem (iPS) cells reverted to
a naive-like state by culture in FGF2, LIF and a cocktail of
biochemical inhibitors (extracted from Gafni O, Weinberger
L, Mansour A A et al. Derivation of novel human ground
state naive pluripotent stem cells. Nature. 2013; 504:282-
286.)

[0028] FIG. 11 is Table 2, which lists genes that only had
altered expression in NME7-AB induced naive state stem
cells, compared to the primed state parent cells.

[0029] FIG. 12 is Table 3, which lists the genes that had
altered expression in all three sets of naive stem cells, Carter
et al, Theunissen et al, or Gafni et al, regardless of the
method for reverting them to the earlier naive state.

[0030] FIG. 13 is Table 4, which lists genes that are
occupied by superenhancers in human embryonic stem cells
H1s, which are in the primed state (extracted from Hnisz et
al.)

[0031] FIG. 14 is Table 5, which lists genes that Hnisz et
report are occupied by Superenhancers in primed state
human stem cells and are superexpressed, but that we
discovered are under expressed in naive stem cells.

[0032] FIG. 15 is Table 6, which shows nucleic acid
primers that we designed which are able to distinguish
NME?7 from an alternative isoform we discovered called
NME-XI1.

[0033] FIG. 16 is Table 7, which shows nucleic acid
sequences that are able to detect NME7-X1 and NME7 and
able to distinguish one from the other via hybridization.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0034] In the present application, “a” and “an” are used to
refer to both single and a plurality of objects.

[0035] As used herein “sequence identity” means homol-
ogy in sequence of a particular polypeptide or nucleic acid
to a reference sequence of nucleic acid or amino acid such
that the function of the homologous peptide is the same as
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the reference peptide or nucleic acid. Such homology can be
so close with the reference peptide such that at times the two
sequences may be 90%, 95% or 98% identical yet possess
the same function in binding or other biological activities.
[0036] As used herein, “transcriptome” refers to the full
range of mRNA molecules expressed by an organism, par-
ticular tissue type or cell type. In this regard, “transcriptome
signature of NME induced naive state stem cell” refers to the
full range of mRNA molecules expressed in naive state stem
cells induced by NME.

[0037] 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 in terms of being able to
catalyze the conversion of ATP to ADP. NME proteins were
formerly 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 F.
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.
NME?7 as referred to herein is intended to mean native
NME7 having a molecular weight of about 42 kDa, a
cleaved form having a molecular weight between 25 and 33
kDa, a variant devoid of the DM 10 leader sequence, NME7-
AB or a recombinant NME7 protein, or variants thereof
whose sequence may be altered to allow for efficient expres-
sion or that increase yield, solubility or other characteristics
that make the NME7 more effective or commercially more
viable.

[0038] 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, BRDA4, or IMID6.

[0039] As used herein, the term “cancer stem cells” or
“tumor initiating cells” refers to cancer cells that express
levels of genes that have been linked to a more metastatic
state or more aggressive cancers. The terms “cancer stem
cells” or “tumor initiating cells” can also refer to cancer cells
for which far fewer cells are required to give rise to a tumor
when transplanted into an animal. Cancer stem cells and
tumor initiating cells are often resistant to chemotherapy
drugs.

[0040] As used herein, the terms “stem/cancer”, “cancer-
like”, “stem-like” refers to a state in which cells acquire
characteristics of stem cells or cancer cells, share important
elements of the gene expression profile of stem cells, cancer
cells or cancer stem 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-differen-
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tiation or are in a meta-stable state from which they can alter
their terminal differentiation. Cancer like cells may be
cancer cells that have not yet been fully characterized but
display morphology and characteristics of cancer cells, such
as being able to grow anchorage-independently or being able
to give rise to a tumor in an animal.

[0041] Cancer and Naive Stem Cells

[0042] For some time, oncologists have observed that the
more progressed a cancer is, the more de-differentiated the
cancer cells look. The inventors have discovered that the
more severe or metastatic the cancer is, the more the cancer
cells look like stem cells, visually as well as molecularly. All
pluripotent human stem cells express MUC1* (Hikita et al
2008). Similarly, over 75% of cancers express MUCI1*
(Mahanta et al 2008). In stem cells, the growth factor that
binds to and activates the MUC1* growth factor receptor is
dimeric NME1 (Smagghe 2013), NME7, or an NME7
variant, such as a 33 kDa NME?7 cleavage product (Carter et
al 2016). In cancer cells, the growth factor that binds to and
activates the MUC1* growth factor receptor is dimeric
NME1, NME7, or an NME7 variant, such as a 33 kDa
NME7 cleavage product. In both stem cells and cancer cells
NME!1 and NME7 promote growth, pluripotency and inhi-
bition of differentiation.

[0043] Both cancer cells and stem cells can be propagated
by culturing them in NME proteins, including dimeric
NMEI!1 and monomeric NME7, particularly NME7 variants
that lack or have a truncated N-terminal portion, sometimes
called a DM-10 domain. We made a recombinant human
NME?7 that is lacking the DM-10 domain and comprises two
NDPK domains called A and B. We call this 33 kDa
recombinant protein “NME7 ;" (Carter et al, Stem Cells
2016 DOI: 10.1002/stem.2261). When stem cells are cul-
tured in NME7 ; they de-differentiated even further to an
earlier stem cell stage called “naive”. A monomeric recom-
binant NME7 . that we made (FIG. 1A) fully supported
human stem cell growth in the absence of any other growth
factor (FIG. 1B). As evidence of their pluripotency, they
stained positive for the typical pluripotency markers and
formed teratomas (FIG. 1C,D). As evidence of their naive
state, both X chromosomes were active, XaXa, in contrast to
the parent FGF2 grown cells wherein one X had already
been inactivated as can be seen by focal staining for tri-
methylated Lysine 27 on Histone 3 (FIG. 1E).

[0044] When cancer cells are grown in NME7 . they
de-differentiated even further and become metastatic cancer
cells, which are sometimes called cancer stem cells. DU145
prostate cancer cells that were cultured in NME7-AB
showed dramatic increases in expression of metastatic mark-
ers (FIG. 3). In prostate cancer cells, CHD1 (aka E-cadherin)
and CXCR4 were up-regulated compared to the control
cancer cells, which were not grown in NME7-AB, along
with other pluripotent stem cell markers. Ovarian cancer
cells, pancreatic cancer cells and melanoma cells were also
cultured in NME7-AB and were transformed to a more
metastatic state after as few as 3 days in culture. All
transitioned from adherent to non-adherent floater cells and
increased expression of metastatic markers after 72 or 144
hours in culture with NME7-AB.

[0045] In one particular experiment, T47D human breast
cancer cells were cultured in either standard RPMI media or
in minimal serum-free media plus 4 nM NME7-AB. After 8
days the cells were harvested and measured by Q-PCR for
the presence of metastatic markers. Compared to the control
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cells, NME7-AB induced dramatic increases in the expres-
sion of metastatic markers such as CXCR4, which was
up-regulated by 40-200-times (FIG. 4).

[0046] The freshly harvested NME7-AB induced meta-
static cells were xenografted into the flank of female nu/nu
athymic mice that have been implanted with 90-day slow
release estrogen pellets. Floater cells were xenografted with
10,000, 1,000, 100 or 50 cells each. Half of the mice in each
group of 6 were also injected daily with 32 nM NME7-AB
near the original implantation site. The parent T47D cells
that were cultured in RPMI media without NME7-AB were
also implanted into mice at 6 million, 10,000 or 100 as
controls. Mice implanted with the NME7-induced floater
cells developed tumors even when as few as 50 cells were
implanted. Mice that were implanted with the floater cells
and that received daily injections of NME7-AB also devel-
oped remote tumors or remote metastases in various organs
(FIG. 5). 11 out of the 12 mice, or 92%, that were injected
with human NME7-AB after implantation of the NME7-AB
cultured cancer cells developed tumors at the injection site.
Only 7 out of the 12 mice, or 58%, that were not injected
with human NME7-AB after implantation developed
tumors. 9 out of the 11 mice, or 82%, that exhibited tumors
and were injected with human NME7-AB developed mul-
tiple tumors remote from the injection site. None of the mice
that were not injected with NME7-AB developed multiple,
visible tumors (FIGS. 6-8).

[0047] Together, these data show that stem cells and
cancer cells, especially metastatic cancer cells, grow by the
same mechanism. NME7 . drives stem cells to the earliest
naive state and NME7 . drives cancer cells to the most
cancerous, metastatic state. Therefore, the critical genes that
drive stem cells to the naive stem cell state are the same
genes that drive cancer cells to the aggressive metastatic
state. It then follows that the genes that are up- or down-
regulated in naive stem cells compared to regular stem cells
are those genes that are similarly up- or down-regulated in
cancers, especially in metastatic cancers. It is then con-
cluded that genes that are differentially expressed in naive
stem cells compared to regular primed state stem cells are
good targets for anti-cancer drugs. Drugs that alter the
expression of one or more of those genes such that their
expression levels more closely match regular primed state
stem cells will be drugs to treat or prevent cancers.

[0048] The differential gene expression signature of naive
state stem cells compared to primed stem cells identifies
genes that will have altered expression in metastatic or very
aggressive cancers. For example, we performed global gene
expression analysis, RNA-SEQ, on human stem cells that
were either in the primed state or in the naive state. The Heat
Map of FIG. 2 shows that the genetic signature of naive state
stem cells is very different from that of primed state stem
cells. The cells that gave rise to both gene expression
signatures are the same. The difference that caused the
dramatic change in gene expression is that the stem cells
were moved from the standard FGF2 media into a serum-
free media containing 2-8 nM NME7-AB. We confirmed
that they had been reverted to the earlier naive state by
measuring X chromosome activation and showing that the
NME?7 5, cultured cells had re-activated the second X
chromosome which is the gold standard for determining if a
stem cell is in the naive state. FIG. 2 shows a Heat Map of
2-way hierarchical clustering for human embryonic stem
cells grown in FGF2 that are in the primed state, compared
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to the same parent cell line that was grown in NME7 ; and
have both X chromosomes re-activated (XaXa), which veri-
fies that they are truly naive. Principal Component Analysis
(PCA) shows that the largest variance among the gene
expression data sets is between FGF2 cultured stem cells
and all NME cultured cells, regardless of their X-activation
state (FIG. 2B). PCA of just the NME data sets shows that,
along dimension 1, there is a clear difference in gene
expression between NME7 ,; grown stem cells, depending
on their X-activation state (FIG. 2C).

[0049] The precise amount that the expression of each
gene changed, compared to the parent primed state cells,
was measured by RNA-SEQ and is shown in Table 1; FIG.
10. Others have reverted human stem cells to a somewhat
naive state using different growth factors and biochemical
inhibitors (Theunissen et al., Systematic Identification of
Culture Conditions for Induction and Maintenance of Naive
Human Pluripotency, Cell Stem Cell (2014), dx.doi.org/10.
1016/j.stem.2014.07.002; Gathi et al., Nature, Vol 504, 12
Dec. 2013). We included their reported change in expression
levels for their naive-like stem cells compared to primed
state stem cells. Those values are included in Table 1; FIG.
10.

[0050] We discovered that the subset of genes that are
differentially expressed in naive state stem cells compared to
primed state stem cells will also be differentially expressed
in aggressive or metastatic cancers. Thus agents that target
the differentially expressed genes, their gene products or
pathways they are involved in will be powerful anti-cancer
therapeutics for the treatment or prevention of cancer. For
example, referring to Table 1, Column D, the genes
NAPILS, PEGS, USP51, RRAGB, KLRBI1 and CCL28,
numbers 1-6, all have a 50-fold or higher increase in
expression in naive stem cells over primed stem cells.
Agents that reduce their expression, or reduce the amount of
the gene product, inhibit the gene product or inhibit the
pathways they stimulate will be powerful anti-cancer thera-
peutics for the treatment or prevention of cancer. Similarly,
genes listed as numbers 7-27 all have expression increased
by 20-fold or more in naive stem cells over the parent
primed stem cells. Agents that reduce their expression, or
reduce the amount of the gene product, inhibit the gene
product or inhibit the pathways they stimulate will be
powerful anti-cancer therapeutics for the treatment or pre-
vention of cancer. Similarly, genes listed as numbers 28-49
all have expression increased by 10-fold or more in naive
stem cells over the parent primed stem cells. Agents that
reduce their expression, or reduce the amount of the gene
product, inhibit the gene product or inhibit the pathways
they stimulate will be powerful anti-cancer therapeutics for
the treatment or prevention of cancer. Genes listed as
numbers 50-147 all have expression increased by 4-fold or
more in naive stem cells over the parent primed stem cells.
Agents that reduce their expression, or reduce the amount of
the gene product, inhibit the gene product or inhibit the
pathways they stimulate will be powerful anti-cancer thera-
peutics for the treatment or prevention of cancer.

[0051] Those skilled in the art are familiar with methods
and techniques for decreasing expression of a gene or a gene
product and for inhibiting pathways the gene products
stimulate. One method involves de-stabilizing transcription
machinery that assembles at the start site of transcription for
a particular gene, including when the transcription machin-
ery is a superenhancer. Another method involves gene
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therapy methods in which nucleic acids are excised to
decrease expression of a gene and/or its gene product.
Recent gene editing techniques include but are not limited to
CRISPR, Talons, FLPase and cre-LOX. Another method
involves administering to the patient an antibody or antibody
fragment or derivative that binds to the gene product and
inhibits its function, wherein the antibody or antibody
derivative can be integrated into a cell, such as an immune
cell. Another method involves administering to the patient
small molecule that binds to the gene product and inhibits its
function. Databases contain information regarding pathways
that specific genes or gene products are involved in. Those
skilled in the art are familiar with several methods for
inhibiting pathways, including by the use of antibodies,
small molecules or proteins. For example, IWP2 and Wnt
C-59 are small molecules that inhibit Porcupine, which in
turn inhibits the Wnt pathway.

[0052] Those skilled in the art are familiar with methods
for identifying which of the genes with increased expression
are the best cancer drug targets. In one aspect of the
invention, inhibitory RNAs against each gene are separately
tested on stem cells or cancer cells. RNAi’s that induce stem
cells to differentiate, lose OCT4 expression or inhibit their
proliferation are then identified and the gene they target is
identified as being a gene or gene product to suppress or
inhibit for the treatment or prevention of cancer. RNA1’s that
induce cancer cells to differentiate or inhibit their prolifera-
tion are then identified and the gene they target is identified
as being a gene or gene product to suppress or inhibit for the
treatment or prevention of cancer. It is important to note that
genes that are down-regulated in naive stem cells could play
an even more important role in promoting cancer than the
genes that are up-regulated. In the case of genes that are
down-regulated, agents that increase their expression,
increase the amount of the gene product, are agonists of the
gene product or stimulate the pathways the gene products
stimulate will be powerful anti-cancer therapeutics for the
treatment or prevention of cancer. Genes that are involved in
promoting differentiation are preferred. Still referring to
Table 1, Column D, genes listed as numbers 1130-1167 all
have expression decreased by 100-fold or more in naive
stem cells over the parent primed stem cells. Agents that
increase the expression of one or more of these genes,
increase the amount of the gene product, are agonists of the
gene product or stimulate the pathways the gene products
stimulate will be powerful anti-cancer therapeutics for the
treatment or prevention of cancer. Genes listed as numbers
1099-1129 all have expression decreased by 50-fold or more
in naive stem cells over the parent primed stem cells. Agents
that increase the expression of one or more of these genes,
increase the amount of the gene product, are agonists of the
gene product or stimulate the pathways the gene products
stimulate will be powerful anti-cancer therapeutics for the
treatment or prevention of cancer. Genes listed as numbers
1037-1098 all have expression decreased by 20-fold or more
in naive stem cells over the parent primed stem cells. Agents
that increase the expression of one or more of these genes,
increase the amount of the gene product, are agonists of the
gene product or stimulate the pathways the gene products
stimulate will be powerful anti-cancer therapeutics for the
treatment or prevention of cancer. Genes listed as numbers
980-1036 all have expression decreased by 10-fold or more
in naive stem cells over the parent primed stem cells. Agents
that increase the expression of one or more of these genes,
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increase the amount of the gene product, are agonists of the
gene product or stimulate the pathways the gene products
stimulate will be powerful anti-cancer therapeutics for the
treatment or prevention of cancer. Genes listed as numbers
822-979 all have expression decreased by 4-fold or more in
naive stem cells over the parent primed stem cells. Agents
that increase the expression of one or more of these genes,
increase the amount of the gene product, are agonists of the
gene product or stimulate the pathways the gene products
stimulate will be powerful anti-cancer therapeutics for the
treatment or prevention of cancer.

[0053] Those skilled in the art are familiar with methods
and techniques for increasing expression of a gene or a gene
product and for stimulating pathways the gene products
stimulate. One method involves stabilizing transcription
machinery that assembles at the start site of transcription for
a particular gene, including when the transcription machin-
ery is a superenhancer. Another method involves gene
therapy methods in which nucleic acids are introduced to
increase expression of a gene and/or its gene product. Recent
gene editing techniques include but are not limited to
CRISPR, Talons, FLPase and cre-LOX. Another method
involves administering to the patient the gene product, that
is to say the protein, itself. Databases contain information
regarding pathways that specific genes or gene products are
involved in. Those skilled in the art are familiar with several
methods for stimulating pathways, including by the use of
antibodies, small molecules or proteins. For example CHIR
99021 is a small molecule that inhibits GSK3-b, which in
turn stimulates the Wnt pathway.

[0054] Those skilled in the art are familiar with methods
for identifying which of the genes with decreased expression
are the best targets for increasing their expression. In one
aspect of the invention, genes involved in differentiation and
development are selected as being preferred as anti-cancer
drug targets. In one aspect of the invention, cells are
separately transfected with nucleic acids encoding the genes
whose expression is decreased in naive stem cells and are
also involved in differentiation. They can be transfected into
stem cells or cancer cells. In another aspect of the invention,
cells are contacted with the gene product or protein itself.
Genes or their gene products that induce stem cells or cancer
cells to differentiate, lose OCT4 expression or inhibit their
proliferation are then identified. An agent to increase expres-
sion of the selected gene product, or the protein itself, which
may be recombinant, would then be administered to a person
diagnosed with cancer or at risk of developing cancer.
[0055] Table 2 (FIG. 11) lists the genes that are uniquely
altered in NME7-induced naive state stem cells. These sets
of genes that we identified as being differentially expressed
in NME7-induced naive state stem cells can be compared to
a sample from a patient to diagnose cancer in a patient,
assess its metastatic potential of a patient’s cancer, design a
treatment for that patient, devise anti-cancer therapeutics
that reverse or correct the aberrant gene expression pattern
or to discover drugs to treat metastatic cancers, wherein if a
subset of these genes are also differentially expressed in the
patient, the patient has a cancer, an aggressive cancer or a
cancer with a high potential.

[0056] Biochemically reverted naive-like stem cells, such
as those described by Theunissen et al and Gafni et al share
some naive state characteristics with our NME7-induced
naive stem cells but fail to satisfy all the criteria of naive
state stem cells. Therefore, they share some of the same
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changes in gene expression with NME7-induced naive stem
cells. Genes that are differentially expressed only in NME7-
induced naive state stem cells compared to primed state stem
cells are listed in Table 2; none of these changes in gene
expression has been reported to be indicators of the human
naive state stem cells. In one aspect, genes whose expression
is down-regulated make up the set of genes that a patient’s
sample gene expression is compared to, since many of the
down-regulated genes induce differentiation if expressed. In
another aspect, genes that have altered expression of 2-fold
or more make up the data set that is indicative of cancer or
risk of developing cancer or risk of developing metastatic
cancer. In another aspect, genes that have altered expression
of 4-fold or more make up the data set that is indicative of
cancer or risk of developing cancer or risk of developing
metastatic cancer. In another aspect, genes that have altered
expression of 10-fold or more make up the data set that is
indicative of cancer or risk of developing cancer or risk of
developing metastatic cancer. In another aspect, genes that
have altered expression of 50-fold or more make up the data
set that is indicative of cancer or risk of developing cancer
or risk of developing metastatic cancer. In another aspect,
genes that have altered expression of 100-fold or more make
up the data set that is indicative of cancer or risk of
developing cancer or risk of developing metastatic cancer. In
one aspect of the invention, genes that are uniquely identi-
fied in NME7-induced naive stem cells as having altered
expression of 2-fold or more make up the data set that is
indicative of cancer or risk of developing cancer or risk of
developing metastatic cancer; 4-fold, 10-fold, 50-fold, 100-
fold. In another aspect of the invention, genes that have
altered expression of 2-fold or more in all three naive-like
stem cells shown in Table 3 (FIG. 12) make up the data set
that is indicative of cancer or risk of developing cancer or
risk of developing metastatic cancer.

[0057] There is another category of genes that could be
important targets for anti-cancer drugs. It was recently
discovered that in certain cases mega-complexes, called
super-enhancers, assemble at a relatively few genes and
cause them to be super expressed (Hnisz et al., Cell, 155,
934-947, Nov. 7, 2013). In embryonic stem cells, roughly
40% of all Mediator components pile up at only a few
hundred enhancer sites, forming a mega-complex and so are
called super-enhancers. Super-enhancers increase expres-
sion of the target genes by many times more than typical
enhancers so in this way could rapidly execute key cell fate
decisions, such as whether to grow pluripotently or differ-
entiate. Bleed through in key cell fate decisions, such as
whether to grow pluripotently or differentiate, would have
devastating consequences for development of an embryo for
example. It is theorized that these genes constitute Master
ON/OFF switches that define a de-differentiated stem cell
state. There is also some evidence that in cancer cells,
super-enhancers assemble at key genes and cause them to be
super expressed.

[0058] Hnisz et al. devised a method of identifying genes
that are regulated by super-enhancers. They identified about
200 genes regulated by super-enhancers in human HI1
embryonic primed state stem cells, see Table 4 (FIG. 13).
However, our gene expression data of human naive state
stem cells shows that several of the genes listed in Table 4
that are active, occupied by super-enhancers and super
expressed in primed state stem cells, are down-regulated in
naive state stem cells (Table 5; FIG. 14) and thus not
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occupied by super-enhancers. Recall that we showed that the
same growth factor, NME7-AB, that drives human primed
state stem cells into the earlier naive state, is the same
growth factor that drives regular cancer cells into the meta-
static state. That means that the subset of genes that are
super-expressed in primed state stem cells but actually have
decreased expression in naive state stem cells is the subset
of genes that drives cancer cells to the metastatic state.
Therefore, agents that increase the expression of genes listed
in Table 5, or their gene products, or the gene products
themselves will be powerful anti-cancer and anti-metastasis
therapeutics for the treatment or prevention of cancer. Genes
listed in Table 5 as numbers 1-27 are not super-expressed as
they are in primed state cells (Hnisz et al.). Agents that
increase the expression of one or more of these genes,
increase the amount of the gene product, are agonists of the
gene product or stimulate the pathways the gene products
stimulate, or the gene products themselves will be powerful
anti-cancer or anti-metastasis therapeutics for the treatment
or prevention of cancer. Genes listed in Table 5 as numbers
12-27 have significantly decreased expression compared to
primed state cells. Agents that increase the expression of one
or more of these genes, increase the amount of the gene
product, are agonists of the gene product or stimulate the
pathways the gene products stimulate, or the gene products
themselves will be powerful anti-cancer or anti-metastasis
therapeutics for the treatment or prevention of cancer. In this
case, it is desirable to increase expression of these genes or
to treat with the gene products themselves. In one aspect of
the invention, a nucleic acid including a portion that encodes
one of these genes is administered to a person diagnosed
with or at risk of developing cancer. In another aspect of the
invention, a protein encoded by the gene, which may be
derivatized to facilitate entry into a cell, is administered to
a person diagnosed with or at risk of developing cancer.

[0059] Genes HES3, GNAS, FBXL17, RHOC, VLDLR,
GREBI1L, EXT1, BRD2 and CDH9 have significantly
decreased expression compared to primed state cells and
only show significantly decreased expression in NME7-AB
induced naive cells. Agents that increase the expression of
one or more of these genes, increase the amount of the gene
product, are agonists of the gene product or stimulate the
pathways the gene products stimulate, or the gene products
themselves will be powerful anti-cancer or anti-metastasis
therapeutics for the treatment or prevention of cancer. In this
case, it is desirable to increase expression of these genes or
to treat with the gene products themselves. In one aspect of
the invention, a nucleic acid including a portion that encodes
one of these genes is administered to a person diagnosed
with or at risk of developing cancer. In another aspect of the
invention, a protein encoded by the gene, which may be
derivatized to facilitate entry into a cell, is administered to
a person diagnosed with or at risk of developing cancer.

[0060] Agents that act as described above on genes or their
gene products that directly or indirectly promote differen-
tiation are preferred, as cancer cells resemble stem cells as
they are de-differentiated. For example, HES3, GNAS,
FBXL17, RHOC, VLDLR, GREBIL, EXT1, BRD2 and
CDHO9 are all super-expressed in primed state stem cells, but
all have decreased expression in naive state stem cells.
BRD2 itself regulates expression of 1,450 other genes
through its interaction with chromatin. HES3 regulates
expression of all basic helix-loop-helix transcription factors.
GNAS mediates the activity of a host of factors that are
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critical for differentiation. None of these three super-en-
hancer regulated genes was down-regulated in the other
naive-like stem cells. Agents that increase the expression of
one or more of these genes, increase the amount of the gene
product, are agonists of the gene product or stimulate the
pathways the gene products stimulate, or the gene products
themselves will be powerful anti-cancer or anti-metastasis
therapeutics for the treatment or prevention of cancer.

[0061] In one aspect of the invention, the subset of genes
regulated by super-enhancers that has altered expression by
2-fold or more in stem cells comprises the data set that is
indicative of cancer or risk of developing cancer or risk of
developing metastatic cancer.

[0062] In a preferred embodiment, genes that could be
regulated by super-enhancers but are differentially expressed
in naive state stem cells compared to primed state stem cells
comprise the data set that is indicative of cancer or risk of
developing cancer or risk of developing metastatic cancer. In
a more preferred embodiment, genes that could be regulated
by super-enhancers but are down-regulated in naive state
stem cells compared to primed state stem cells comprise the
data set that is indicative of cancer or risk of developing
cancer or risk of developing metastatic cancer. Many of the
genes that exhibit altered expression in our NME7 naive
stem cells, compared to primed state stem cells, are regu-
lated by super-enhancers (Table 5; FIG. 14). One example is
the list of super-enhancer regulated genes that has altered
expression by 2-fold or more in NME7 naive stem cells
shown in Table 5. Measuring expression levels of super-
enhancer regulated genes in a patient sample and determin-
ing that their expression levels more closely resemble
expression levels in stem cells than in healthy donor
samples, is indicative of cancer or risk of developing cancer
or risk of developing metastatic cancer. Measuring expres-
sion levels of super-enhancer regulated genes in a patient
sample and determining that their expression levels more
closely resemble expression levels in naive state stem cells
than in healthy donor samples, is indicative of cancer or risk
of' developing cancer or risk of developing metastatic cancer.
Particularly important are the genes that are regulated by
super-enhancers that are down-regulated in naive state stem
cells, meaning they are turned off. These are genes that
induce differentiation. In cancers, they are also turned off or
down-regulated as it is known that cancer cell de-differen-
tiate. In another aspect of the invention, the subset of genes
regulated by super-enhancers that has decreased expression
by 2-fold or more comprises the data set that is indicative of
cancer or risk of developing cancer or risk of developing
metastatic cancer. One example is the list of super-enhancer
regulated genes that has altered decreased expression by
2-fold or more in NME7 naive stem cells shown in Table 5.

[0063] In one aspect of the invention, the subset of genes
regulated by super-enhancers that has altered expression by
2-fold or more in naive stem cells and is indicative of cancer
or risk of developing cancer or risk of developing metastatic
cancer includes down-regulated BRD2, which itself regu-
lates expression of 1,450 other genes through its interaction
with chromatin, down-regulated HES3, which regulates
basic helix-loop-helix transcription factors, and down-regu-
lated GNAS, which mediates the activity of a host of factors
that are critical for differentiation. None of these three
super-enhancer regulated genes was down-regulated in the
other naive-like stem cells. Because these genes are down-
regulated in naive stem cells but are super-enhancer
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expressed or super expressed in the primed stem cells which
have just begun to differentiate, they are key targets for the
treatment or prevention of cancer. In this case, it is desirable
to increase expression of these genes or to treat with the gene
products themselves. In one aspect of the invention, a
nucleic acid including a portion that encodes HES3, GNAS,
FBXL17, RHOC, VLDLR, GREBIL, EXT1, BRD2 and
CDHO9 is administered to a person diagnosed with or at risk
of developing cancer. In another aspect of the invention, a
protein encoded by HES3, GNAS, FBXL17, RHOC,
VLDLR, GREBI1L, EXT1, BRD2 and CDH9, which may be
derivatized to facilitate entry into a cell, is administered to
a person diagnosed with or at risk of developing cancer.

[0064] In another aspect of the invention, a method for
treating a patient with cancer or at risk of developing cancer,
involves reversing the altered expression of genes that are
regulated by super-enhancers and whose expression is
altered by 2-fold or more in naive state stem cells, including
those shown in Table 5. In one case, expression of down-
regulated super-enhancer regulated genes is induced. This
can be accomplished by inducing the assembly of a super-
enhancer or Mediator at the gene whose expression is
desired. Alternatively the genes products are introduced. In
another case, expression of up-regulated super-enhancer
regulated genes is suppressed. This can be accomplished by
anti-sense, transcription repressors or by de-stabilization of
the super-enhancer or Mediator complex.

[0065] NME7-AB is a naive stem cell growth factor that
binds to MUCI* on stem cells and on cancer cells. Stem
cells grown in NME7-AB revert to the earliest naive state.
Cancer cells grown in NME7-AB become more metastatic.
Therefore NME7-AB is an important anti-cancer drug target
wherein agents that inhibit its actions or inhibit its expres-
sion are potent anti-cancer and anti-metastasis therapeutics.
Data that emerged from sequencing the human genome
frequently lists sequences of what could be alternative splice
isoforms for genes. We searched and found the sequence of
one such hypothetical alternative splice isoform of NME7.
It was listed as NME7-X1, however no evidence or proof of
its existence had ever been demonstrated. We made and
expressed a recombinant protein from the predicted
sequence and designed PCR primers that could detect it in
cells and differentiate it from NME7. FIGS. 9A-9G show
photographs of Western blots of a co-immunoprecipitation
experiment. T47D breast cancer cell extracts were incubated
with an antibody against the MUCI1 cytoplasmic tail, Ab-5,
or a control antibody, IgG, and co-immunoprecipitated. The
gels were blotted with two different commercially available
anti-NME?7 antibodies B9 (A) and CF7 (B). Both gels show
unique NME7 bands at ~33 kDa and ~30 kDa. The gels were
stripped and re-probed with an antibody against the extra-
cellular domain of MUCI1*, anti-PSMGFR (C) and (D),
which shows that the NME7 species and MUC1* interact. A
recombinant NME7-AB and a recombinant NME7-X1 were
mixed together and run on a gel, then probed with an
anti-NME7 antibody, showing that the two unique NME7
species that are naturally occurring in breast cancer cells and
that interact with MUC1* are an NME7-AB-like species and
NME7-X1 (E). Western blots of a co-immunoprecipitation
experiment. Human induced pluripotent stem, iPS7, or
embryonic stem, HES3, cell extracts were incubated with an
antibody against the MUC1 cytoplasmic tail, Ab-5, or a
control antibody, IgG, and co-immunoprecipitated. The gel
was blotted with a commercially available anti-NME7 anti-
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body B9 (F). Both cell types show unique NME7 bands at
~33 kDa and ~30 kDa. The gel was stripped and re-probed
with an antibody against the extracellular domain of
MUC1*, anti-PSMGFR (G), which shows that the NME7
species and MUC1* interact.

[0066] FIG. 9H shows a graph of RT-PCR measurement of
the expression of NME7-X1 in a panel of human stem cells
and cancer cells.

[0067] In another approach, a patient sample is tested for
expression of NME7-A, NME7-B, NME7 devoid of a
DM-10 domain or NME7-X1, wherein the presence of these
NME?7 variants is an indicator of cancer and levels of NME7
variants is a measure of the metastatic potential of that
cancer. In one aspect, the nucleic acids of a patient sample
are assayed. In another aspect, an amount of protein is
measured in the patient sample. NME7-X1 is overexpressed
in cancers such as breast cancer but is grossly overexpressed
in prostate cancers. Measuring increased levels of NME7-
X1 is an indicator of the presence of or risk of developing
cancer. In a preferred embodiment, NME7-X1 is measured
and increased expression is an indicator of prostate cancer,
risk of developing prostate cancer or is an indicator of the
metastatic potential of a cancer. NME7 is normally not
expressed at all in adult tissues or is expressed at very low
levels. Measuring an increased amount of NME7 or a 30
kDa or 33 kDa NME?7 variant is an indicator of the presence
of'a cancer or high risk of developing a cancer and indicates
high metastatic potential of cancer.

[0068] Those skilled in the art will be familiar with many
techniques that can be used to measure levels of NME
variants. Various techniques measure levels of nucleic acids
encoding NME7-A, NME7-B or NME7-X1, including PCR,
RT-PCR, hybridization assays and sequencing assays. FIG.
91 shows sequence alignment of NME7-A, aka variant 1 or
v1l, NME7-B, aka variant 2 or v2, and NME7-X1, aka X1.
The primer sets listed in Table 6 show primer sequences that
will distinguish these NME7 variants from one another.
Primer sequences can vary in the length and exact sequences
used; the primers listed in Table 6 are meant to be exemplary
and not exclusive. Alternatively, nucleic acid hybridization
assays can be used to detect NME7 variants and also to
distinguish one variant from another. The nucleic acid
sequences listed in Table 7 are sequences that will hybridize
to some or one NME7 variant but not to another. Nucleic
acids can be modified w labels, including optical tags,
fluorescent tags, electronic or amplifiable tags.

[0069] NME7 and NME7-X1 have a Ca*™* binding motif
that is predicted to bind to nucleic acids. Our studies show
that NME7 and NME7-X1 are translocated to the nucleus of
stem cells and cancer cells where they regulate transcription
of genes that define a cancerous state. A method for treating
cancer or reducing the risk of developing cancer involves
identifying which genes are regulated by NME7 or NME7-
X1 and causing their effect on gene expression to be
reversed. Those skilled in the art will be familiar with
chromatin immuno precipitation (ChIP and ChIP SEQ)
methods in which antibodies that recognize NME7 and
NME7-x1 precipitate out nucleic acids to which they are
bound. Sequencing then identifies the genes. RT-PCR or
RNA SEQ techniques are then employed to determine if
binding by NME7 or NME7-X1 induces or suppresses
expression of those genes. To treat or prevent cancer, the
effects of NME7 or NME7-X1 on the expression of those
genes would be reversed. Methods to restore healthy gene
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expression levels of those genes regulated by NME7 or
NME7-X1 are known to those skilled in the art and include
gene therapy, gene silencing, inhibitors of the gene products
or the gene products themselves.

[0070] We have demonstrated that the same growth factor
that reverts human stem cells to the naive state, NME7-AB,
is the same growth factor that progresses cancer cells to a
more metastatic state. That argues that cancer cells are really
like stem cells wherein the most metastatic cancer cells are
the most like naive state stem cells. Therefore, a method for
the treatment or prevention of cancer involves inducing
cancer cells to differentiate, using methods that stem cells
use to differentiate. Stem cells remain pluripotent and cancer
cells remain cancerous by suppressing expression of key
genes that control differentiation such as those listed in Table
5, and in particular HES3, GNAS, FBXL17, RHOC,
VLDLR, GREBIL, EXT1, BRD2 and CDH9. Therefore, a
method of treating cancer is to administer to the patient
agents that induce stem cells to differentiate. In one aspect
of the invention, agents are administered to a patient diag-
nosed with cancer or at risk of developing cancer that
increase the expression of the genes listed in Table 1,
Column D that have decreased expression in naive stem
cells. In another aspect of the invention, agents are admin-
istered to a patient diagnosed with cancer or at risk of
developing cancer that increase the expression of the genes
listed in Table 5. In another aspect of the invention, agents
are administered to a patient diagnosed with cancer or at risk
of developing cancer that increase the expression of HES3,
GNAS, FBXL17, RHOC, VLDLR, GREBIL, EXT1, BRD2
and CDHO.

[0071] Cancer

[0072] There are over 200 types of cancer, of which many
may cancer cells express MUC1* aberrantly. General cat-
egories of cancer, whether their cancer cells expresses
MUCI1* aberrantly or not, include the following. This list is
not all inclusive and the cancers listed in quotes are the
general names of some cancers:

[0073] Carcinoma: Cancer that begins in the skin or in
tissues that line or cover internal organs and include “skin,
lung, colon, pancreatic, ovarian cancers,” epithelial, squa-
mous and basal cell carcinomas, melanomas, papillomas,
and adenomas.

[0074] Sarcoma: Cancer that begins in bone, cartilage, fat,
muscle, blood vessels, or other connective or supportive
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tissue and include “bone, soft tissue cancers, osteosarcoma,
synovial sarcoma, liposarcoma, angiosarcoma, rhabdosar-
coma, and fibrosarcoma.

[0075] Leukemia: Cancer that starts in blood-forming tis-
sue such as the bone marrow and causes large numbers of
abnormal blood cells to be produced and enter the blood and
include “leukemia,” lymphoblastic leukemias (ALL and
CLL), myelogenous leukemias (AML and CML), T-cell
leukemia, and hairy-cell leukemia.

[0076] Lymphoma and myeloma: Cancers that begin in the
cells of the immune system and include “lymphoma,” T-cell
lymphomas, B-cell lymphomas, Hodgkin lymphomas, non-
Hodgkin lymphoma, and lymphoproliferative lymphomas.
[0077] Central nervous system cancers: Cancers that begin
in the tissues of the brain and spinal cord and include “brain
and spinal cord tumors,” gliomas, meningiomas, pituitary
adenomas, vestibular schwannomas, primary CNS lympho-
mas, and primitive neuroectodermal tumors.

[0078] Not included in the above types listed are meta-
static cancers. This is because metastatic cancer cells usually
arise from a cell type listed above and the major difference
from the above types is that these cells are now present in a
tissue from which the cancer cells did not originally develop.
Consequently, if the term “metastatic cancer” is used, for
accuracy, the tissue from which the cancer cells arose should
be included. For “metastatic cancer”, this term is more
accurately described as “metastatic (breast, lung, colon, or
other type) cancer with spread to the organ in which it has
been found.” For example, prostate cancer spreading to
bones is stated as metastatic prostate cancer to bone. This is
not “bone cancer,” which would be cancer that started in the
bone cells.

[0079] The present invention may be used to treat any of
the above-described types of cancer, preferably those cancer
cells that express MUC1* or the truncated form of MUC1,
which displays the Primary Sequence of the MUC1 Growth
Factor (PSMGFR) region.

[0080] Sequence Listing Free Text

[0081] As regards the use of nucleotide symbols other than
a, g, ¢, t, they follow the convention set forth in WIPO
Standard ST.25, Appendix 2, Table 1, wherein k represents
t or g; n represents a, ¢, t or g, m represents a or ¢; r
represents a or g; s represents ¢ or g; w represents a or t and
y represents ¢ or t.

describes NME7 nucleotide sequence (NME7: GENBANK ACCESSION

AB209049)

(SEQ ID NO: 1)

gagatcctgagacaatgaatcatagtgaaagattegtttteattgeagagtggtatgate

caaatgcttcacttettegacgttatgagettttattttacecaggggatggatcetgttgaaatgea

tgatgtaaagaatcatcgcacctttttaaageggaccaaatatgataacctgcacttggaagattta

tttataggcaacaaagtgaatgtettttetegacaactggtattaattgactatggggatcaatata

cagctegecagetgggecagtaggaaagaaaaaacgcetagecctaattaaaccagatgceaatatcaaa

ggctggagaaataattgaaataataaacaaagctggatttactataaccaaactcaaaatgatgatg

ctttcaaggaaagaagcattggattttecatgtagatcaccagtcaagacectttttcaatgagetga

tccagtttattacaactggtectattattgecatggagattttaagagatgatgetatatgtgaaty

gaaaagactgctgggacctgcaaactctggagtggeacgecacagatgettetgaaageattagagee
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-continued
ctctttggaacagatggcataagaaatgcagegecatggecctgattettttgettetgeggecagag

aaatggagttgttttttecttcaagtggaggttgtgggecggcaaacactgetaaatttactaatty
tacctgttgcattgttaaaccecatgetgtcagtgaaggtatgttgaatacactatattecagtacat
tttgttaataggagagcaatgtttattttettgatgtactttatgtatagaaaataa.
describes NME7 amino acid sequence (NME7: GENBANK ACCESSION
AB209049)

(SEQ ID NO: 2)
DPETMNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTKYDNLH
LEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEI IEI INKAGFTITKL
KMMMLSRKEALDFHVDHQSRPFFNELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASE
SIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGMLNTL
YSVHFVNRRAMFIFLMYFMYRK.
describes NM23-H1l nucleotide sequence (NM23-Hl: GENBANK
ACCESSION AF487339)

(SEQ ID NO: 3)
atggtgctactgtctactttagggategtetttecaaggegaggggectectatetecaage
tgtgatacaggaaccatggccaactgtgagegtaccttecattgegatcaaaccagatggggtecage

ggggtcttgtgggagagattatcaagegttttgagcagaaaggatteegecttgttggtetgaaatt

catgcaagcttccgaagatcttetcaaggaacactacgttgacctgaaggacegtccattetttgece
ggcctggtgaaatacatgecactcagggcecggtagttgecatggtetgggaggggetgaatgtggtga
agacgggccgagtcatgceteggggagaccaaccctgcagactecaagectgggaccatecegtggaga
cttctgcatacaagttggcaggaacattatacatggcagtgattctgtggagagtgcagagaaggag
atcggettgtggtttcaccctgaggaactggtagattacacgagetgtgectcagaactggatctatg
aatga.

NM23-H1 describes amino acid sequence (NM23-H1l: GENBANK ACCESSION
AF487339)

(SEQ ID NO: 4)
MVLLSTLGIVFQGEGPPISSCDTGTMANCERTFIAIKPDGVQRGLVGEI IKRFEQKGFRL
VGLKFMQASEDLLKEHYVDLKDRPFFAGLVKYMHSGPVVAMVWEGLNVVKTGRVMLGETNPADSKPG
TIRGDFCIQVGRNIIHGSDSVESAEKEIGLWFHPEELVDYTSCAQNWIYE.

Human NME7-A:
(DNA)

(SEQ ID NO: 5)
atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggctggagaaataat
tgaaataataaacaaagctggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaa
gcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctgatccagtttattacaa
ctggtcctattattgeccatggagattttaagagatgatgetatatgtgaatggaaaagactgetggg
acctgcaaactctggagtggcacgcacagatgcttctgaaagecattagagecctetttggaacagat
ggcataagaaatgcagcgcatggeccctgattcecttttgettetgeggecagagaaatggagttgtttt
tttga
(amino acids)

(SEQ ID NO: 6)
MEKTLALIKPDAISKAGEIIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFNEL

IQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAR

EMELFF -

Oct. 7, 2021
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Human NME7-Al:
(DNA)

(SEQ ID NO: 7)
atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggctggagaaataat
tgaaataataaacaaagctggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaa
gcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctgatccagtttattacaa
ctggtcctattattgeccatggagattttaagagatgatgetatatgtgaatggaaaagactgetggg
acctgcaaactctggagtggcacgcacagatgcttctgaaagecattagagecctetttggaacagat
ggcataagaaatgcagcgcatggeccctgattcecttttgettetgeggecagagaaatggagttgtttt
ttccttcaagtggaggttgtgggecggcaaacactgctaaatttacttga
(amino acids)

(SEQ ID NO: 8)
MEKTLALIKPDAISKAGEIIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFNEL
IQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAR
EMELFFPSSGGCGPANTAKFT -

Human NME7-A2:
(DNA)

(SEQ ID NO: 9)
atgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgcttcact
tcttegacgttatgagettttattttacccaggggatggatctgttgaaatgcatgatgtaaagaat
catcgecacctttttaaagecggaccaaatatgataacctgecacttggaagatttatttataggcaaca
aagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagetegecaget
gggcagtaggaaagaaaaaacgctagccctaattaaaccagatgcaatatcaaaggctggagaaata
attgaaataataaacaaagctggatttactataaccaaactcaaaatgatgatgctttcaaggaaag
aagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagetgatccagtttattac
aactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetyg
ggacctgcaaactctggagtggcacgcacagatgcttctgaaagecattagagecctetttggaacag
atggcataagaaatgcagcgcatggcecctgattettttgettetgeggecagagaaatggagttgtt
tttttga
(amino acids)

(SEQ ID NO: 10)
MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTKYDNLHLED
LEFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEI INKAGFTITKLKMM
MLSRKEALDFHVDHQSRPFFNELIQFITTGPIIAMEILRDDAI CEWKRLLGPANSGVARTDASESIR
ALFGTDGIRNAAHGPDSFASAAREMELFF -

Human NME7-A3:
(DNA)

(SEQ ID NO: 11)
atgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgcttcact
tcttegacgttatgagettttattttacccaggggatggatctgttgaaatgcatgatgtaaagaat
catcgecacctttttaaagecggaccaaatatgataacctgecacttggaagatttatttataggcaaca
aagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagetegecaget
gggcagtaggaaagaaaaaacgctagccctaattaaaccagatgcaatatcaaaggctggagaaata

attgaaataataaacaaagctggatttactataaccaaactcaaaatgatgatgcetttcaaggaaag

aagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagetgatecagtttattac
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aactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetyg

ggacctgcaaactctggagtggcacgcacagatgcttctgaaagecattagagecctetttggaacag
atggcataagaaatgcagcgcatggcecctgattettttgettetgeggecagagaaatggagttgtt
ttttecttcaagtggaggttgtgggecggcaaacactgctaaatttacttga

(amino acids)

(SEQ ID NO: 12)
MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTKYDNLHLED
LEFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEI INKAGFTITKLKMM
MLSRKEALDFHVDHQSRPFFNELIQFITTGPIIAMEILRDDAI CEWKRLLGPANSGVARTDASESIR
ALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANTAKFT-

Human NME7-B:
(DNA)

(SEQ ID NO: 13)
atgaattgtacctgttgcattgttaaaccccatgetgtcagtgaaggactgttgggaaa
gatcctgatggctatccgagatgcaggttttgaaatctcagetatgcagatgttcaatatggategg
gttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacag
aaatgtattctggecccttgtgtagcaatggagattcaacagaataatgctacaaagacatttcegaga
attttgtggacctgctgatcctgaaattgcccggecatttacgecctggaactctcagagcaatettt
ggtaaaactaagatccagaatgctgttcactgtactgatctgecagaggatggectattagaggtte
aatacttcttctga
(amino acids)

(SEQ ID NO: 14)
MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEI SAMOMFNMDRVNVEEFYEVYKGVVTEY
HDMVTEMY SGPCVAMEIQONNATKTFREFCGPADPEIARHLRPGILRAIFGKTKIQNAVHCIDLPED
GLLEVQYFF-

Human NME7-B1:
(DNA)

(SEQ ID NO: 15)
atgaattgtacctgttgcattgttaaaccccatgetgtcagtgaaggactgttgggaaa
gatcctgatggctatccgagatgcaggttttgaaatctcagetatgcagatgttcaatatggategg
gttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacag
aaatgtattctggecccttgtgtagcaatggagattcaacagaataatgctacaaagacatttcegaga
attttgtggacctgctgatcctgaaattgcccggecatttacgecctggaactctcagagcaatettt
ggtaaaactaagatccagaatgctgttcactgtactgatctgecagaggatggectattagaggtte
aatacttcttcaagatcttggataattagtga
(amino acids)

(SEQ ID NO: 16)
MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEI SAMOMFNMDRVNVEEFYEVYKGVVTEY
HDMVTEMY SGPCVAMEIQONNATKTFREFCGPADPEIARHLRPGILRAIFGKTKIQNAVHCIDLPED
GLLEVQYFFKILDN-

Human NME7-B2:
(DNA)

(SEQ ID NO: 17)
atgccttcaagtggaggttgtgggeceggcaaacactgctaaatttactaattgtaccetyg
ttgcattgttaaaccccatgctgtcagtgaaggactgttgggaaagatcctgatggetatcegagat

gcaggttttgaaatctcagctatgcagatgttcaatatggategggttaatgttgaggaattetatg

aagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattetggeccttgtgt

Oct. 7, 2021
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agcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgetgatcect
gaaattgccecggcatttacgeccctggaactctcagagcaatectttggtaaaactaagatcecagaatg
ctgttcactgtactgatctgccagaggatggectattagaggttcaatacttcecttetga

(amino acids)

(SEQ ID NO: 18)
MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEI SAMOMFNMDRVN
VEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQONNATKTFREFCGPADPEIARHLRPGTLRAIFGK
TKIQNAVHCTDLPEDGLLEVQYFF -

Human NME7-B3:
(DNA)

(SEQ ID NO: 19)
atgccttcaagtggaggttgtgggeceggcaaacactgctaaatttactaattgtaccetyg
ttgcattgttaaaccccatgctgtcagtgaaggactgttgggaaagatcctgatggetatcegagat
gcaggttttgaaatctcagctatgcagatgttcaatatggategggttaatgttgaggaattctatg
aagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggeccttgtgt
agcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgetgatcect
gaaattgccecggcatttacgeccctggaactctcagagcaatectttggtaaaactaagatcecagaatg
ctgttcactgtactgatctgccagaggatggectattagaggttcaatacttecttcaagatettgga
taattagtga
(amino acids)

(SEQ ID NO: 20)
MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEI SAMOMFNMDRVN
VEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQONNATKTFREFCGPADPEIARHLRPGTLRAIFGK
TKIQNAVHCTDLPEDGLLEVQYFFKILDN- -

Human NME7-AB:
(DNA)

(SEQ ID NO: 21)
atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggctggagaaataat
tgaaataataaacaaagctggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaa
gcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctgatccagtttattacaa
ctggtcctattattgeccatggagattttaagagatgatgetatatgtgaatggaaaagactgetggg
acctgcaaactctggagtggcacgcacagatgcttctgaaagecattagagecctetttggaacagat
ggcataagaaatgcagcgcatggeccctgattcecttttgettetgeggecagagaaatggagttgtttt
ttccttcaagtggaggttgtgggecggcaaacactgctaaatttactaattgtacctgttgecattgt
taaaccccatgctgtcagtgaaggactgttgggaaagatcctgatggectatcecgagatgecaggtttt
gaaatctcagctatgcagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttata
aaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggecccttgtgtagcaatgga
gattcaacagaataatgctacaaagacatttcgagaattttgtggacctgetgatcectgaaattgece
cggcatttacgccctggaactctcagagcaatctttggtaaaactaagatccagaatgetgttcact
gtactgatctgccagaggatggcectattagaggttcaatacttecttcaagatettggataattagtyg
a
(amino acids)

(SEQ ID NO: 22)

MEKTLALIKPDAISKAGEIIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFNEL

IQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGIDGIRNAAHGPDSFASAAR

Oct. 7, 2021
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EMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMOMFNMDRVNVEE
FYEVYKGVVTEYHDMVTEMYSGPCVAMEIQONNATK TFREFCGPADPEI ARHLRPGTLRATIFGKTKI
ONAVHCTDLPEDGLLEVQYFFKILDN- -

Human NME7-AB1:
(DNA)

(SEQ ID NO: 23)
atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggctggagaaataat
tgaaataataaacaaagctggatttactataaccaaactcaaaatgatgatgctttcaaggaaagaa
gcattggattttcatgtagatcaccagtcaagaccctttttcaatgagectgatccagtttattacaa
ctggtcectattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetggg
acctgcaaactctggagtggcacgcacagatgcttectgaaagcattagagecectcectttggaacagat
ggcataagaaatgcagcgcatggcectgattcettttgettectgeggecagagaaatggagttgtttt
ttecttecaagtggaggttgtgggecggcaaacactgctaaatttactaattgtacctgttgecattgt
taaaccccatgectgtcagtgaaggactgttgggaaagatecctgatggctatceccgagatgcaggtttt
gaaatctcagctatgcagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttata
aaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggcccttgtgtagcaatgga
gattcaacagaataatgctacaaagacatttcgagaattttgtggacctgctgatectgaaattgee
cggcatttacgcecctggaactctcagagcaatctttggtaaaactaagatccagaatgctgttcact
gtactgatctgccagaggatggcctattagaggttcaatacttecttetga
(amino acids)

(SEQ ID NO: 24)
MEKTLALIKPDAISKAGEIIEIINKAGFTITKLKMMML SRKEALDFHVDHQSRPFFNEL
IQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAR
EMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMOMFNMDRVNVEE
FYEVYKGVVTEYHDMVTEMYSGPCVAMEIQONNATK TFREFCGPADPEI ARHLRPGTLRATIFGKTKI
QNAVHCTDLPEDGLLEVQYFF -

Human NME7-X1
(DNA)

(SEQ ID NO: 25)
atgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagacce
ctttttcaatgagctgatccagtttattacaactggtcctattattgecatggagattttaagagat
gatgctatatgtgaatggaaaagactgctgggacctgcaaactctggagtggcacgcacagatgett
ctgaaagcattagagccctetttggaacagatggcataagaaatgcagcgcatggecectgattettt
tgcttetgecggeccagagaaatggagttgttttttecttcaagtggaggttgtgggecggcaaacact
gctaaatttactaattgtacctgttgcattgttaaaccccatgectgtcagtgaaggactgttgggaa
agatcctgatggctatccgagatgcaggttttgaaatctcagectatgcagatgttcaatatggateg
ggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgaca
gaaatgtattctggcccttgtgtagcaatggagattcaacagaataatgctacaaagacatttcgag
aattttgtggacctgctgatcctgaaattgceccecggcatttacgecctggaactctcagagcaatett

tggtaaaactaagatccagaatgctgttecactgtactgatctgecagaggatggectattagaggtt

caatacttcttcaagatcttggataattag

Oct. 7, 2021
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(amino acids)

Oct. 7, 2021

(SEQ ID NO: 26)

MMMLSRKEALDFHVDHQSRPFFNELIQFITTGPIIAMEILRDDAI CEWKRLLGPANSGV

ARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVS

EGLLGKILMAIRDAGFEISAMOMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMY SGPCVAMEIQQNNA

TKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN*

[0082] The present invention is not to be limited in scope
by the specific embodiments described herein. Indeed, vari-
ous modifications of the invention in addition to those
described herein will become apparent to those skilled in the
art from the foregoing description and accompanying fig-
ures. Such modifications are intended to fall within the scope
of the appended claims. The following

[0083] All of the references cited herein are incorporated
by reference in their entirety.

[0084] 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.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 26

<210> SEQ ID NO 1

<211> LENGTH: 854

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: NME7: GENBANK ACCESSION AB209049

<400> SEQUENCE: 1

gagatcctga gacaatgaat catagtgaaa gattcegtttt cattgcagag tggtatgate 60
caaatgcttc acttcttcecga cgttatgage ttttatttta cccaggggat ggatctgttg 120
aaatgcatga tgtaaagaat catcgcacct ttttaaagcyg gaccaaatat gataacctgce 180
acttggaaga tttatttata ggcaacaaag tgaatgtctt ttctcgacaa ctggtattaa 240
ttgactatgg ggatcaatat acagctcgece agectgggcag taggaaagaa aaaacgctag 300
ccctaattaa accagatgca atatcaaagg ctggagaaat aattgaaata ataaacaaag 360
ctggatttac tataaccaaa ctcaaaatga tgatgctttc aaggaaagaa gcattggatt 420
ttcatgtaga tcaccagtca agaccctttt tcaatgaget gatccagttt attacaactg 480
gtcctattat tgccatggag attttaagag atgatgctat atgtgaatgg aaaagactge 540
tgggacctge aaactctgga gtggcacgca cagatgctte tgaaagcatt agagccctcet 600
ttggaacaga tggcataaga aatgcagcgce atggccctga ttettttget tetgeggeca 660
gagaaatgga gttgtttttt ccttcaagtg gaggttgtgg gccggcaaac actgctaaat 720
ttactaattg tacctgttgc attgttaaac cccatgctgt cagtgaaggt atgttgaata 780
cactatattc agtacatttt gttaatagga gagcaatgtt tattttcttg atgtacttta 840

tgtatagaaa ataa

<210> SEQ ID NO 2

<211> LENGTH: 283

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

854

<223> OTHER INFORMATION: NME7: GENBANK ACCESSION AB209049

<400> SEQUENCE: 2

Asp Pro Glu Thr Met Asn His Ser Glu Arg Phe Val Phe Ile Ala Glu
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1 5 10 15

Trp Tyr Asp Pro Asn Ala Ser Leu Leu Arg Arg Tyr Glu Leu Leu Phe
20 25 30

Tyr Pro Gly Asp Gly Ser Val Glu Met His Asp Val Lys Asn His Arg
35 40 45

Thr Phe Leu Lys Arg Thr Lys Tyr Asp Asn Leu His Leu Glu Asp Leu
50 55 60

Phe Ile Gly Asn Lys Val Asn Val Phe Ser Arg Gln Leu Val Leu Ile
65 70 75 80

Asp Tyr Gly Asp Gln Tyr Thr Ala Arg Gln Leu Gly Ser Arg Lys Glu
85 90 95

Lys Thr Leu Ala Leu Ile Lys Pro Asp Ala Ile Ser Lys Ala Gly Glu
100 105 110

Ile Ile Glu Ile Ile Asn Lys Ala Gly Phe Thr Ile Thr Lys Leu Lys
115 120 125

Met Met Met Leu Ser Arg Lys Glu Ala Leu Asp Phe His Val Asp His
130 135 140

Gln Ser Arg Pro Phe Phe Asn Glu Leu Ile Gln Phe Ile Thr Thr Gly
145 150 155 160

Pro Ile Ile Ala Met Glu Ile Leu Arg Asp Asp Ala Ile Cys Glu Trp
165 170 175

Lys Arg Leu Leu Gly Pro Ala Asn Ser Gly Val Ala Arg Thr Asp Ala
180 185 190

Ser Glu Ser Ile Arg Ala Leu Phe Gly Thr Asp Gly Ile Arg Asn Ala
195 200 205

Ala His Gly Pro Asp Ser Phe Ala Ser Ala Ala Arg Glu Met Glu Leu
210 215 220

Phe Phe Pro Ser Ser Gly Gly Cys Gly Pro Ala Asn Thr Ala Lys Phe
225 230 235 240

Thr Asn Cys Thr Cys Cys Ile Val Lys Pro His Ala Val Ser Glu Gly
245 250 255

Met Leu Asn Thr Leu Tyr Ser Val His Phe Val Asn Arg Arg Ala Met
260 265 270

Phe Ile Phe Leu Met Tyr Phe Met Tyr Arg Lys
275 280

<210> SEQ ID NO 3

<211> LENGTH: 534

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NM23-H1l: GENBANK ACCESSION AF487339

<400> SEQUENCE: 3

atggtgctac tgtctacttt agggategte tttcaaggeg aggggectce tatctcaage 60
tgtgatacag gaaccatggce caactgtgag cgtacctteca ttgegatcaa accagatggg 120
gtccageggyg gtettgtggg agagattatce aagegttttg agcagaaagyg attcegectt 180
gttggtctga aattcatgca agcttccgaa gatcttcetca aggaacacta cgttgacctg 240
aaggaccgte cattetttge cggectggtg aaatacatge actcagggece ggtagttgece 300

atggtctggyg aggggctgaa tgtggtgaag acgggecgag tcatgetegg ggagaccaac 360

cctgecagact ccaagectgg gaccatcegt ggagacttet geatacaagt tggcaggaac 420
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attatacatg gcagtgattc tgtggagagt gcagagaagg agatcggctt gtggtttcac 480
cctgaggaac tggtagatta cacgagctgt gctcagaact ggatctatga atga 534

<210> SEQ ID NO 4

<211> LENGTH: 177

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: NM23-H1l: GENBANK ACCESSION AF487339

<400> SEQUENCE: 4

Met Val Leu Leu Ser Thr Leu Gly Ile Val Phe Gln Gly Glu Gly Pro
1 5 10 15

Pro Ile Ser Ser Cys Asp Thr Gly Thr Met Ala Asn Cys Glu Arg Thr
20 25 30

Phe Ile Ala Ile Lys Pro Asp Gly Val Gln Arg Gly Leu Val Gly Glu

Ile Ile Lys Arg Phe Glu Gln Lys Gly Phe Arg Leu Val Gly Leu Lys
50 55 60

Phe Met Gln Ala Ser Glu Asp Leu Leu Lys Glu His Tyr Val Asp Leu
65 70 75 80

Lys Asp Arg Pro Phe Phe Ala Gly Leu Val Lys Tyr Met His Ser Gly
85 90 95

Pro Val Val Ala Met Val Trp Glu Gly Leu Asn Val Val Lys Thr Gly
100 105 110

Arg Val Met Leu Gly Glu Thr Asn Pro Ala Asp Ser Lys Pro Gly Thr
115 120 125

Ile Arg Gly Asp Phe Cys Ile Gln Val Gly Arg Asn Ile Ile His Gly
130 135 140

Ser Asp Ser Val Glu Ser Ala Glu Lys Glu Ile Gly Leu Trp Phe His
145 150 155 160

Pro Glu Glu Leu Val Asp Tyr Thr Ser Cys Ala Gln Asn Trp Ile Tyr
165 170 175

Glu

<210> SEQ ID NO 5

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-A

<400> SEQUENCE: 5

atggaaaaaa cgctagccct aattaaacca gatgcaatat caaaggctgg agaaataatt 60
gaaataataa acaaagctgg atttactata accaaactca aaatgatgat gctttcaagg 120
aaagaagcat tggattttca tgtagatcac cagtcaagac cctttttcaa tgagctgate 180
cagtttatta caactggtcc tattattgcce atggagattt taagagatga tgctatatgt 240
gaatggaaaa gactgctggg acctgcaaac tctggagtgg cacgcacaga tgcttctgaa 300
agcattagag ccctetttgg aacagatgge ataagaaatyg cagcgcatgg ccctgattcet 360
tttgcttetg cggccagaga aatggagttg tttttttga 399

<210> SEQ ID NO 6
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<211> LENGTH: 132

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-A

<400> SEQUENCE: 6

Met Glu Lys Thr Leu Ala Leu Ile Lys Pro Asp Ala Ile Ser Lys Ala
1 5 10 15

Gly Glu Ile Ile Glu Ile Ile Asn Lys Ala Gly Phe Thr Ile Thr Lys
20 25 30

Leu Lys Met Met Met Leu Ser Arg Lys Glu Ala Leu Asp Phe His Val
35 40 45

Asp His Gln Ser Arg Pro Phe Phe Asn Glu Leu Ile Gln Phe Ile Thr
50 55 60

Thr Gly Pro Ile Ile Ala Met Glu Ile Leu Arg Asp Asp Ala Ile Cys
65 70 75 80

Glu Trp Lys Arg Leu Leu Gly Pro Ala Asn Ser Gly Val Ala Arg Thr
85 90 95

Asp Ala Ser Glu Ser Ile Arg Ala Leu Phe Gly Thr Asp Gly Ile Arg
100 105 110

Asn Ala Ala His Gly Pro Asp Ser Phe Ala Ser Ala Ala Arg Glu Met
115 120 125

Glu Leu Phe Phe
130

<210> SEQ ID NO 7

<211> LENGTH: 444

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-Al

<400> SEQUENCE: 7

atggaaaaaa cgctagccct aattaaacca gatgcaatat caaaggctgg agaaataatt 60
gaaataataa acaaagctgg atttactata accaaactca aaatgatgat gctttcaagg 120
aaagaagcat tggattttca tgtagatcac cagtcaagac cctttttcaa tgagctgate 180
cagtttatta caactggtcc tattattgcce atggagattt taagagatga tgctatatgt 240
gaatggaaaa gactgctggg acctgcaaac tctggagtgg cacgcacaga tgcttctgaa 300
agcattagag ccctetttgg aacagatgge ataagaaatyg cagcgcatgg ccctgattcet 360
tttgcttetyg cggccagaga aatggagttg ttttttectt caagtggagyg ttgtgggccyg 420
gcaaacactg ctaaatttac ttga 444

<210> SEQ ID NO 8

<211> LENGTH: 147

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-Al

<400> SEQUENCE: 8

Met Glu Lys Thr Leu Ala Leu Ile Lys Pro Asp Ala Ile Ser Lys Ala
1 5 10 15

Gly Glu Ile Ile Glu Ile Ile Asn Lys Ala Gly Phe Thr Ile Thr Lys
20 25 30
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Leu Lys Met Met Met Leu Ser Arg Lys Glu Ala Leu Asp Phe His Val
35 40 45

Asp His Gln Ser Arg Pro Phe Phe Asn Glu Leu Ile Gln Phe Ile Thr
50 55 60

Thr Gly Pro Ile Ile Ala Met Glu Ile Leu Arg Asp Asp Ala Ile Cys
65 70 75 80

Glu Trp Lys Arg Leu Leu Gly Pro Ala Asn Ser Gly Val Ala Arg Thr
85 90 95

Asp Ala Ser Glu Ser Ile Arg Ala Leu Phe Gly Thr Asp Gly Ile Arg
100 105 110

Asn Ala Ala His Gly Pro Asp Ser Phe Ala Ser Ala Ala Arg Glu Met
115 120 125

Glu Leu Phe Phe Pro Ser Ser Gly Gly Cys Gly Pro Ala Asn Thr Ala
130 135 140

Lys Phe Thr
145

<210> SEQ ID NO 9

<211> LENGTH: 669

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-A2

<400> SEQUENCE: 9

atgaatcata gtgaaagatt cgttttcatt gcagagtggt atgatccaaa tgcttcactt 60
cttegacgtt atgagetttt attttaccca ggggatggat ctgttgaaat gcatgatgta 120
aagaatcatc gcaccttttt aaagcggacce aaatatgata acctgcactt ggaagattta 180
tttataggca acaaagtgaa tgtcttttet cgacaactgg tattaattga ctatggggat 240
caatatacag ctcgecaget gggcagtagg aaagaaaaaa cgctagcect aattaaacca 300
gatgcaatat caaaggctgg agaaataatt gaaataataa acaaagctgyg atttactata 360
accaaactca aaatgatgat gctttcaagg aaagaagcat tggattttca tgtagatcac 420
cagtcaagac cctttttcaa tgagctgate cagtttatta caactggtce tattattgece 480
atggagattt taagagatga tgctatatgt gaatggaaaa gactgetggg acctgcaaac 540
tctggagtgg cacgcacaga tgcttcetgaa agecattagag cectetttgg aacagatgge 600
ataagaaatyg cagcgcatgg ccctgattet tttgettetg cggecagaga aatggagttg 660
tttttttga 669

<210> SEQ ID NO 10

<211> LENGTH: 222

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-A2

<400> SEQUENCE: 10

Met Asn His Ser Glu Arg Phe Val Phe Ile Ala Glu Trp Tyr Asp Pro
1 5 10 15

Asn Ala Ser Leu Leu Arg Arg Tyr Glu Leu Leu Phe Tyr Pro Gly Asp
20 25 30

Gly Ser Val Glu Met His Asp Val Lys Asn His Arg Thr Phe Leu Lys
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35 40 45

Arg Thr Lys Tyr Asp Asn Leu His Leu Glu Asp Leu Phe Ile Gly Asn
50 55 60

Lys Val Asn Val Phe Ser Arg Gln Leu Val Leu Ile Asp Tyr Gly Asp
65 70 75 80

Gln Tyr Thr Ala Arg Gln Leu Gly Ser Arg Lys Glu Lys Thr Leu Ala

Leu Ile Lys Pro Asp Ala Ile Ser Lys Ala Gly Glu Ile Ile Glu Ile
100 105 110

Ile Asn Lys Ala Gly Phe Thr Ile Thr Lys Leu Lys Met Met Met Leu
115 120 125

Ser Arg Lys Glu Ala Leu Asp Phe His Val Asp His Gln Ser Arg Pro
130 135 140

Phe Phe Asn Glu Leu Ile Gln Phe Ile Thr Thr Gly Pro Ile Ile Ala
145 150 155 160

Met Glu Ile Leu Arg Asp Asp Ala Ile Cys Glu Trp Lys Arg Leu Leu
165 170 175

Gly Pro Ala Asn Ser Gly Val Ala Arg Thr Asp Ala Ser Glu Ser Ile
180 185 190

Arg Ala Leu Phe Gly Thr Asp Gly Ile Arg Asn Ala Ala His Gly Pro
195 200 205

Asp Ser Phe Ala Ser Ala Ala Arg Glu Met Glu Leu Phe Phe
210 215 220

<210> SEQ ID NO 11

<211> LENGTH: 714

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-A3

<400> SEQUENCE: 11

atgaatcata gtgaaagatt cgttttcatt gcagagtggt atgatccaaa tgcttcactt 60
cttecgacgtt atgagetttt attttaccca ggggatggat ctgttgaaat gcatgatgta 120
aagaatcatc gcaccttttt aaagcggacc aaatatgata acctgcactt ggaagattta 180
tttataggca acaaagtgaa tgtcttttct cgacaactgg tattaattga ctatggggat 240
caatatacag ctcgccagct gggcagtagg aaagaaaaaa cgctagccct aattaaacca 300
gatgcaatat caaaggctgg agaaataatt gaaataataa acaaagctgg atttactata 360
accaaactca aaatgatgat gctttcaagg aaagaagcat tggattttca tgtagatcac 420
cagtcaagac cctttttcaa tgagctgatc cagtttatta caactggtcce tattattgee 480
atggagattt taagagatga tgctatatgt gaatggaaaa gactgctggyg acctgcaaac 540
tctggagtgg cacgcacaga tgcttctgaa agcattagag ccectetttgg aacagatgge 600
ataagaaatg cagcgcatgg ccctgattet tttgettetyg cggecagaga aatggagttg 660
ttttttectt caagtggagg ttgtgggccg gcaaacactg ctaaatttac ttga 714

<210> SEQ ID NO 12

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-A3
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<400> SEQUENCE: 12

Met Asn His Ser Glu Arg Phe Val Phe Ile Ala Glu Trp Tyr Asp Pro
1 5 10 15

Asn Ala Ser Leu Leu Arg Arg Tyr Glu Leu Leu Phe Tyr Pro Gly Asp
20 25 30

Gly Ser Val Glu Met His Asp Val Lys Asn His Arg Thr Phe Leu Lys

Arg Thr Lys Tyr Asp Asn Leu His Leu Glu Asp Leu Phe Ile Gly Asn
50 55 60

Lys Val Asn Val Phe Ser Arg Gln Leu Val Leu Ile Asp Tyr Gly Asp
65 70 75 80

Gln Tyr Thr Ala Arg Gln Leu Gly Ser Arg Lys Glu Lys Thr Leu Ala
85 90 95

Leu Ile Lys Pro Asp Ala Ile Ser Lys Ala Gly Glu Ile Ile Glu Ile
100 105 110

Ile Asn Lys Ala Gly Phe Thr Ile Thr Lys Leu Lys Met Met Met Leu
115 120 125

Ser Arg Lys Glu Ala Leu Asp Phe His Val Asp His Gln Ser Arg Pro
130 135 140

Phe Phe Asn Glu Leu Ile Gln Phe Ile Thr Thr Gly Pro Ile Ile Ala
145 150 155 160

Met Glu Ile Leu Arg Asp Asp Ala Ile Cys Glu Trp Lys Arg Leu Leu
165 170 175

Gly Pro Ala Asn Ser Gly Val Ala Arg Thr Asp Ala Ser Glu Ser Ile
180 185 190

Arg Ala Leu Phe Gly Thr Asp Gly Ile Arg Asn Ala Ala His Gly Pro
195 200 205

Asp Ser Phe Ala Ser Ala Ala Arg Glu Met Glu Leu Phe Phe Pro Ser
210 215 220

Ser Gly Gly Cys Gly Pro Ala Asn Thr Ala Lys Phe Thr
225 230 235

<210> SEQ ID NO 13

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-B

<400> SEQUENCE: 13

atgaattgta cctgttgcat tgttaaaccce catgctgtca gtgaaggact gttgggaaag 60
atcctgatgg ctatccgaga tgcaggtttt gaaatctcag ctatgcagat gttcaatatg 120
gatcgggtta atgttgagga attctatgaa gtttataaag gagtagtgac cgaatatcat 180
gacatggtga cagaaatgta ttctggccct tgtgtagcaa tggagattca acagaataat 240
gctacaaaga catttcgaga attttgtgga cctgctgatce ctgaaattgce ccggcattta 300
cgecctggaa ctctcagage aatctttggt aaaactaaga tccagaatge tgttcactgt 360
actgatctgce cagaggatgg cctattagag gttcaatact tcttcectga 408

<210> SEQ ID NO 14
<211> LENGTH: 135
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Human NME7-B

<400> SEQUENCE: 14

Met Asn Cys Thr Cys Cys Ile Val Lys Pro His Ala Val Ser Glu Gly
1 5 10 15

Leu Leu Gly Lys Ile Leu Met Ala Ile Arg Asp Ala Gly Phe Glu Ile
20 25 30

Ser Ala Met Gln Met Phe Asn Met Asp Arg Val Asn Val Glu Glu Phe
35 40 45

Tyr Glu Val Tyr Lys Gly Val Val Thr Glu Tyr His Asp Met Val Thr
50 55 60

Glu Met Tyr Ser Gly Pro Cys Val Ala Met Glu Ile Gln Gln Asn Asn
65 70 75 80

Ala Thr Lys Thr Phe Arg Glu Phe Cys Gly Pro Ala Asp Pro Glu Ile
85 90 95

Ala Arg His Leu Arg Pro Gly Thr Leu Arg Ala Ile Phe Gly Lys Thr
100 105 110

Lys Ile Gln Asn Ala Val His Cys Thr Asp Leu Pro Glu Asp Gly Leu
115 120 125

Leu Glu Val Gln Tyr Phe Phe
130 135

<210> SEQ ID NO 15

<211> LENGTH: 426

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-B1

<400> SEQUENCE: 15

atgaattgta cctgttgcat tgttaaaccce catgctgtca gtgaaggact gttgggaaag 60
atcctgatgg ctatccgaga tgcaggtttt gaaatctcag ctatgcagat gttcaatatg 120
gatcgggtta atgttgagga attctatgaa gtttataaag gagtagtgac cgaatatcat 180
gacatggtga cagaaatgta ttctggccct tgtgtagcaa tggagattca acagaataat 240
gctacaaaga catttcgaga attttgtgga cctgctgatce ctgaaattgce ccggcattta 300
cgecctggaa ctctcagage aatctttggt aaaactaaga tccagaatge tgttcactgt 360
actgatctge cagaggatgg cctattagag gttcaatact tcttcaagat cttggataat 420
tagtga 426

<210> SEQ ID NO 16

<211> LENGTH: 140

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-B1

<400> SEQUENCE: 16

Met Asn Cys Thr Cys Cys Ile Val Lys Pro His Ala Val Ser Glu Gly
1 5 10 15

Leu Leu Gly Lys Ile Leu Met Ala Ile Arg Asp Ala Gly Phe Glu Ile
20 25 30

Ser Ala Met Gln Met Phe Asn Met Asp Arg Val Asn Val Glu Glu Phe
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35 40 45

Tyr Glu Val Tyr Lys Gly Val Val Thr Glu Tyr His Asp Met Val Thr
50 55 60

Glu Met Tyr Ser Gly Pro Cys Val Ala Met Glu Ile Gln Gln Asn Asn
65 70 75 80

Ala Thr Lys Thr Phe Arg Glu Phe Cys Gly Pro Ala Asp Pro Glu Ile
85 90 95

Ala Arg His Leu Arg Pro Gly Thr Leu Arg Ala Ile Phe Gly Lys Thr
100 105 110

Lys Ile Gln Asn Ala Val His Cys Thr Asp Leu Pro Glu Asp Gly Leu
115 120 125

Leu Glu Val Gln Tyr Phe Phe Lys Ile Leu Asp Asn
130 135 140

<210> SEQ ID NO 17

<211> LENGTH: 453

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-B2

<400> SEQUENCE: 17

atgccttcaa gtggaggttg tgggccggca aacactgcta aatttactaa ttgtacctgt 60
tgcattgtta aaccccatgce tgtcagtgaa ggactgttgg gaaagatcct gatggctate 120
cgagatgcag gttttgaaat ctcagctatg cagatgttca atatggatcg ggttaatgtt 180
gaggaattct atgaagttta taaaggagta gtgaccgaat atcatgacat ggtgacagaa 240
atgtattctg gccettgtgt agcaatggag attcaacaga ataatgctac aaagacattt 300
cgagaatttt gtggacctgce tgatcctgaa attgcccgge atttacgece tggaactcte 360
agagcaatct ttggtaaaac taagatccag aatgctgtte actgtactga tctgecagag 420
gatggcctat tagaggttca atacttcecttce tga 453

<210> SEQ ID NO 18

<211> LENGTH: 150

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-B2

<400> SEQUENCE: 18

Met Pro Ser Ser Gly Gly Cys Gly Pro Ala Asn Thr Ala Lys Phe Thr
1 5 10 15

Asn Cys Thr Cys Cys Ile Val Lys Pro His Ala Val Ser Glu Gly Leu
20 25 30

Leu Gly Lys Ile Leu Met Ala Ile Arg Asp Ala Gly Phe Glu Ile Ser
35 40 45

Ala Met Gln Met Phe Asn Met Asp Arg Val Asn Val Glu Glu Phe Tyr
50 55 60

Glu Val Tyr Lys Gly Val Val Thr Glu Tyr His Asp Met Val Thr Glu
65 70 75 80

Met Tyr Ser Gly Pro Cys Val Ala Met Glu Ile Gln Gln Asn Asn Ala
85 90 95

Thr Lys Thr Phe Arg Glu Phe Cys Gly Pro Ala Asp Pro Glu Ile Ala
100 105 110
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Arg His Leu Arg Pro Gly Thr Leu Arg Ala Ile Phe Gly Lys Thr Lys
115 120 125

Ile Gln Asn Ala Val His Cys Thr Asp Leu Pro Glu Asp Gly Leu Leu
130 135 140

Glu Val Gln Tyr Phe Phe
145 150

<210> SEQ ID NO 19

<211> LENGTH: 471

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-B3

<400> SEQUENCE: 19

atgccttcaa gtggaggttg tgggccggca aacactgcta aatttactaa ttgtacctgt 60
tgcattgtta aaccccatgce tgtcagtgaa ggactgttgg gaaagatcct gatggctate 120
cgagatgcag gttttgaaat ctcagctatg cagatgttca atatggatcg ggttaatgtt 180
gaggaattct atgaagttta taaaggagta gtgaccgaat atcatgacat ggtgacagaa 240
atgtattctg gccettgtgt agcaatggag attcaacaga ataatgctac aaagacattt 300
cgagaatttt gtggacctgce tgatcctgaa attgcccgge atttacgece tggaactcte 360
agagcaatct ttggtaaaac taagatccag aatgctgtte actgtactga tctgecagag 420
gatggcctat tagaggttca atacttcttc aagatcttgg ataattagtg a 471

<210> SEQ ID NO 20

<211> LENGTH: 155

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-B3

<400> SEQUENCE: 20

Met Pro Ser Ser Gly Gly Cys Gly Pro Ala Asn Thr Ala Lys Phe Thr
1 5 10 15

Asn Cys Thr Cys Cys Ile Val Lys Pro His Ala Val Ser Glu Gly Leu
20 25 30

Leu Gly Lys Ile Leu Met Ala Ile Arg Asp Ala Gly Phe Glu Ile Ser
35 40 45

Ala Met Gln Met Phe Asn Met Asp Arg Val Asn Val Glu Glu Phe Tyr
50 55 60

Glu Val Tyr Lys Gly Val Val Thr Glu Tyr His Asp Met Val Thr Glu
65 70 75 80

Met Tyr Ser Gly Pro Cys Val Ala Met Glu Ile Gln Gln Asn Asn Ala
85 90 95

Thr Lys Thr Phe Arg Glu Phe Cys Gly Pro Ala Asp Pro Glu Ile Ala
100 105 110

Arg His Leu Arg Pro Gly Thr Leu Arg Ala Ile Phe Gly Lys Thr Lys
115 120 125

Ile Gln Asn Ala Val His Cys Thr Asp Leu Pro Glu Asp Gly Leu Leu
130 135 140

Glu Val Gln Tyr Phe Phe Lys Ile Leu Asp Asn
145 150 155
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<210> SEQ ID NO 21
<211> LENGTH: 864
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Human NME7-AB
<400> SEQUENCE: 21
atggaaaaaa cgctagccct aattaaacca gatgcaatat caaaggctgg agaaataatt 60
gaaataataa acaaagctgg atttactata accaaactca aaatgatgat gctttcaagg 120
aaagaagcat tggattttca tgtagatcac cagtcaagac cctttttcaa tgagctgate 180
cagtttatta caactggtcc tattattgcce atggagattt taagagatga tgctatatgt 240
gaatggaaaa gactgctggg acctgcaaac tctggagtgg cacgcacaga tgcttctgaa 300
agcattagag ccctetttgg aacagatgge ataagaaatyg cagcgcatgg ccctgattcet 360
tttgcttetyg cggccagaga aatggagttg ttttttectt caagtggagyg ttgtgggccyg 420
gcaaacactyg ctaaatttac taattgtacc tgttgcattg ttaaacccca tgctgtcagt 480
gaaggactgt tgggaaagat cctgatggct atccgagatg caggttttga aatctcaget 540
atgcagatgt tcaatatgga tcgggttaat gttgaggaat tctatgaagt ttataaagga 600
gtagtgaccyg aatatcatga catggtgaca gaaatgtatt ctggcccttg tgtagcaatg 660
gagattcaac agaataatgc tacaaagaca tttcgagaat tttgtggacc tgctgatcct 720
gaaattgcece ggcatttacg ccctggaact ctcagagcaa tctttggtaa aactaagatce 780
cagaatgctg ttcactgtac tgatctgcca gaggatggec tattagaggt tcaatactte 840
ttcaagatct tggataatta gtga 864

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 22
H: 286
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Human NME7-AB

<400> SEQUENCE: 22

Met Glu Lys
1

Gly Glu Ile

Leu Lys Met
35

Asp His Gln
50

Thr Gly Pro
65

Glu Trp Lys

Asp Ala Ser

Asn Ala Ala
115

Glu Leu Phe
130

Thr Leu Ala Leu Ile

Ile Glu Ile Ile Asn

20

Met Met Leu Ser Arg

Ser Arg Pro Phe Phe

55

Ile Ile Ala Met Glu

70

Arg Leu Leu Gly Pro

85

Glu Ser Ile Arg Ala

100

His Gly Pro Asp Ser

120

Phe Pro Ser Ser Gly

135

Lys

Lys

25

Lys

Asn

Ile

Ala

Leu
105

Phe

Gly

Pro

10

Ala

Glu

Glu

Leu

Asn

90

Phe

Ala

Cys

Asp

Gly

Ala

Leu

Arg

75

Ser

Gly

Ser

Gly

Ala Ile Ser

Phe Thr Ile

30

Leu Asp Phe

Ile Gln Phe

60

Asp Asp Ala

Gly Val Ala

Lys Ala
15

Thr Lys

His Val

Ile Thr

Ile Cys
80

Arg Thr
95

Thr Asp Gly Ile Arg

110

Ala Ala Arg

125

Glu Met

Pro Ala Asn Thr Ala

140
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Lys Phe Thr Asn Cys Thr Cys Cys Ile Val Lys Pro His Ala Val Ser
145 150 155 160

Glu Gly Leu Leu Gly Lys Ile Leu Met Ala Ile Arg Asp Ala Gly Phe
165 170 175

Glu Ile Ser Ala Met Gln Met Phe Asn Met Asp Arg Val Asn Val Glu
180 185 190

Glu Phe Tyr Glu Val Tyr Lys Gly Val Val Thr Glu Tyr His Asp Met
195 200 205

Val Thr Glu Met Tyr Ser Gly Pro Cys Val Ala Met Glu Ile Gln Gln
210 215 220

Asn Asn Ala Thr Lys Thr Phe Arg Glu Phe Cys Gly Pro Ala Asp Pro
225 230 235 240

Glu Ile Ala Arg His Leu Arg Pro Gly Thr Leu Arg Ala Ile Phe Gly
245 250 255

Lys Thr Lys Ile Gln Asn Ala Val His Cys Thr Asp Leu Pro Glu Asp
260 265 270

Gly Leu Leu Glu Val Gln Tyr Phe Phe Lys Ile Leu Asp Asn
275 280 285

<210> SEQ ID NO 23

<211> LENGTH: 846

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-AB1

<400> SEQUENCE: 23

atggaaaaaa cgctagccct aattaaacca gatgcaatat caaaggctgg agaaataatt 60
gaaataataa acaaagctgg atttactata accaaactca aaatgatgat gctttcaagg 120
aaagaagcat tggattttca tgtagatcac cagtcaagac cctttttcaa tgagctgate 180
cagtttatta caactggtcc tattattgcce atggagattt taagagatga tgctatatgt 240
gaatggaaaa gactgctggg acctgcaaac tctggagtgg cacgcacaga tgcttctgaa 300
agcattagag ccctetttgg aacagatgge ataagaaatyg cagcgcatgg ccctgattcet 360
tttgcttetyg cggccagaga aatggagttg ttttttectt caagtggagyg ttgtgggccyg 420
gcaaacactyg ctaaatttac taattgtacc tgttgcattg ttaaacccca tgctgtcagt 480
gaaggactgt tgggaaagat cctgatggct atccgagatg caggttttga aatctcaget 540
atgcagatgt tcaatatgga tcgggttaat gttgaggaat tctatgaagt ttataaagga 600
gtagtgaccyg aatatcatga catggtgaca gaaatgtatt ctggcccttg tgtagcaatg 660
gagattcaac agaataatgc tacaaagaca tttcgagaat tttgtggacc tgctgatcct 720
gaaattgcece ggcatttacg ccctggaact ctcagagcaa tctttggtaa aactaagatce 780
cagaatgctg ttcactgtac tgatctgcca gaggatggec tattagaggt tcaatactte 840
ttectga 846

<210> SEQ ID NO 24

<211> LENGTH: 281

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-AB1
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<400> SEQUENCE: 24

Met Glu Lys Thr Leu Ala Leu Ile Lys Pro Asp Ala Ile Ser Lys Ala
1 5 10 15

Gly Glu Ile Ile Glu Ile Ile Asn Lys Ala Gly Phe Thr Ile Thr Lys
20 25 30

Leu Lys Met Met Met Leu Ser Arg Lys Glu Ala Leu Asp Phe His Val
35 40 45

Asp His Gln Ser Arg Pro Phe Phe Asn Glu Leu Ile Gln Phe Ile Thr
50 55 60

Thr Gly Pro Ile Ile Ala Met Glu Ile Leu Arg Asp Asp Ala Ile Cys
65 70 75 80

Glu Trp Lys Arg Leu Leu Gly Pro Ala Asn Ser Gly Val Ala Arg Thr
85 90 95

Asp Ala Ser Glu Ser Ile Arg Ala Leu Phe Gly Thr Asp Gly Ile Arg
100 105 110

Asn Ala Ala His Gly Pro Asp Ser Phe Ala Ser Ala Ala Arg Glu Met
115 120 125

Glu Leu Phe Phe Pro Ser Ser Gly Gly Cys Gly Pro Ala Asn Thr Ala
130 135 140

Lys Phe Thr Asn Cys Thr Cys Cys Ile Val Lys Pro His Ala Val Ser
145 150 155 160

Glu Gly Leu Leu Gly Lys Ile Leu Met Ala Ile Arg Asp Ala Gly Phe
165 170 175

Glu Ile Ser Ala Met Gln Met Phe Asn Met Asp Arg Val Asn Val Glu
180 185 190

Glu Phe Tyr Glu Val Tyr Lys Gly Val Val Thr Glu Tyr His Asp Met
195 200 205

Val Thr Glu Met Tyr Ser Gly Pro Cys Val Ala Met Glu Ile Gln Gln
210 215 220

Asn Asn Ala Thr Lys Thr Phe Arg Glu Phe Cys Gly Pro Ala Asp Pro
225 230 235 240

Glu Ile Ala Arg His Leu Arg Pro Gly Thr Leu Arg Ala Ile Phe Gly
245 250 255

Lys Thr Lys Ile Gln Asn Ala Val His Cys Thr Asp Leu Pro Glu Asp
260 265 270

Gly Leu Leu Glu Val Gln Tyr Phe Phe
275 280

<210> SEQ ID NO 25

<211> LENGTH: 759

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-X1

<400> SEQUENCE: 25

atgatgatgc tttcaaggaa agaagcattg gattttcatg tagatcacca gtcaagacce 60
tttttcaatg agctgatcca gtttattaca actggtccta ttattgccat ggagatttta 120
agagatgatg ctatatgtga atggaaaaga ctgctgggac ctgcaaactc tggagtggca 180
cgcacagatg cttctgaaag cattagagcec ctetttggaa cagatggcat aagaaatgca 240

gegecatggee ctgattettt tgettetgeyg gecagagaaa tggagttgtt ttttecttea 300
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agtggaggtt gtgggccggce aaacactgcet aaatttacta attgtacctg ttgcattgtt 360
aaaccccatg ctgtcagtga aggactgttg ggaaagatcce tgatggctat ccgagatgca 420
ggttttgaaa tctcagctat gcagatgttc aatatggatc gggttaatgt tgaggaattce 480
tatgaagttt ataaaggagt agtgaccgaa tatcatgaca tggtgacaga aatgtattct 540
ggcecttgtyg tagcaatgga gattcaacag aataatgcta caaagacatt tcgagaattt 600
tgtggacctyg ctgatcctga aattgeccgg catttacgece ctggaactct cagagcaatce 660
tttggtaaaa ctaagatcca gaatgctgtt cactgtactg atctgccaga ggatggecta 720
ttagaggttc aatacttctt caagatcttg gataattag 759

<210> SEQ ID NO 26

<211> LENGTH: 252

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Human NME7-X1

<400> SEQUENCE: 26

Met Met Met Leu Ser Arg Lys Glu Ala Leu Asp Phe His Val Asp His
1 5 10 15

Gln Ser Arg Pro Phe Phe Asn Glu Leu Ile Gln Phe Ile Thr Thr Gly
20 25 30

Pro Ile Ile Ala Met Glu Ile Leu Arg Asp Asp Ala Ile Cys Glu Trp
Lys Arg Leu Leu Gly Pro Ala Asn Ser Gly Val Ala Arg Thr Asp Ala
50 55 60

Ser Glu Ser Ile Arg Ala Leu Phe Gly Thr Asp Gly Ile Arg Asn Ala
65 70 75 80

Ala His Gly Pro Asp Ser Phe Ala Ser Ala Ala Arg Glu Met Glu Leu
85 90 95

Phe Phe Pro Ser Ser Gly Gly Cys Gly Pro Ala Asn Thr Ala Lys Phe
100 105 110

Thr Asn Cys Thr Cys Cys Ile Val Lys Pro His Ala Val Ser Glu Gly
115 120 125

Leu Leu Gly Lys Ile Leu Met Ala Ile Arg Asp Ala Gly Phe Glu Ile
130 135 140

Ser Ala Met Gln Met Phe Asn Met Asp Arg Val Asn Val Glu Glu Phe
145 150 155 160

Tyr Glu Val Tyr Lys Gly Val Val Thr Glu Tyr His Asp Met Val Thr
165 170 175

Glu Met Tyr Ser Gly Pro Cys Val Ala Met Glu Ile Gln Gln Asn Asn
180 185 190

Ala Thr Lys Thr Phe Arg Glu Phe Cys Gly Pro Ala Asp Pro Glu Ile
195 200 205

Ala Arg His Leu Arg Pro Gly Thr Leu Arg Ala Ile Phe Gly Lys Thr
210 215 220

Lys Ile Gln Asn Ala Val His Cys Thr Asp Leu Pro Glu Asp Gly Leu
225 230 235 240

Leu Glu Val Gln Tyr Phe Phe Lys Ile Leu Asp Asn
245 250
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1. A method of treating cancer comprising comparing
whether any of about 3 to 17 genes of transcriptome signa-
ture of NME induced naive state stem cell, whether
expressed or inhibited, are also expressed or inhibited in the
cancer cell, identifying gene that is expressed or inhibited
and turning the gene on or off or treating with the gene
product rather than turning the gene on.

2. The method according to 1, wherein if turning gene off
is desired, comprising disrupting the Super Mediator com-
plex that super enhances the gene.

3. The method according to 1, wherein if turning gene on
is desired, inducing Superenhancer complex that super
enhances the gene to bind to the gene.

4. The method according to 3, wherein the gene is HES3,
GNAS, FBXL17, RHOC, VLDLR, GREBIL, EXTI1, BRD2
and CDHO.
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5. The method according to claim 1, wherein NME
induced naive state stem cell transcriptome signature is
represented in Tables 1, 2, 3, and 5.

6. The method according to 1, wherein if turning gene on
is desired, the proteins themselves are administered to the
patient.

7. The method according to 6, wherein the proteins are
HES3, GNAS, FBXL17, RHOC, VLDLR, GREBIL, EXT1,
BRD2 and CDHS9.

8. A method of changing a cancer cell to normal cell
comprising turning on any of the genes or any combination
thereof in Table 5.

9. The method according to claim 8, wherein the cancer
cell is in a patient, and further the method comprises
administering to a patient a compound that causes expres-
sion of any of the genes or any combination thereof in Table
5.



