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NME INHIBITORS AND METHODS OF USING NME INHIBITORS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention:

[0002] The present application relates to inhibitors of NME family of proteins. The present
application also relates to a method of using the inhibitors.

[0003] 2. General Background and State of the Art:

[0004] In recent years, anti-cancer drugs that are cytotoxic agents have been replaced or have
been augmented by ‘smart’ drugs that target a particular molecule that directly or indirectly
promotes cancer cell growth. Ideally, the targeted molecule is expressed more in cancer cells
than in healthy cells. Even more preferred would be drugs that target a molecule that is almost
exclusively expressed in cancer cells or cancerous tissues and is not expressed in healthy human
adult tissues. In that case, the target molecule could be effectively disabled without significantly
harming the patient’s healthy tissues.

[0005] The inventors previously reported their discovery that NME proteins are ligands of
the MUCI1* growth factor receptor and that these ligand-receptor pairs mediate the growth of
both stem cells and cancer cells (Mahanta et al, 2008, Hikita et al, 2008, Smagghe et al, 2013).
Before that time, NM23-H1 and NM23-H2 (NMEI and NMEZ2) had been implicated as having a
role in differentiation, however the literature was full of contradictory reports (Lombardi et al,
1995). Primarily, NM23 had been identified as the inhibiting factor that prevented leukemia
cells from reaching terminal differentiation, which is a hallmark of the disease (Okabe-Kado, J.,
et al. 1985, Okabe-Kado, J., et al. 1992, Okabe-Kado, J., et al. 1995). However, prior to the
inventor’s disclosure that NM23-H1 and H-2 were ligands of the MUC1* growth factor receptor
which promoted stem and cancer cell growth via ligand induced dimerization of MUCI*’s
extracellular domain, it was not known how NM23 was involved in differentiation or more
importantly that it had to be a dimer, or dimerize its target receptor, to be active. The inventors
showed that dimeric NM23 binds to and dimerizes MUC1* on cancer cells and stem cells and
promotes cancer growth and survival or growth and pluripotency, respectively. NM23 tetramers
or hexamers do not bind to the PSMGEFR region of the MUC1* receptor and have the opposite
function as the dimers. Hexameric NM23 induces differentiation of stem cells.

[0006] Similarly, many researchers attempted to develop drugs that targeted MUCI.

However, until the inventors discovered that it was the cleaved form called MUCI1*, with an
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extracellular domain consisting primarily of the PSMGFR sequence, that functions as a growth
factor receptor and activated by ligand-induced dimerization, it was unknown how MUCI was
related to cancer if at all. In fact, essentially all other attempts at developing anti-cancer
therapeutics aimed at MUCI targeted the tandem repeats of the extracellular domain, which the
inventors showed is shed and released from the cell surface. Up until that time, the conventional
wisdom was that MUC1 was cleaved, but the cleaved portion that contained the tandem repeats
came down and bound to the transmembrane fragment that remained attached to the cells
surface, forming a heterodimer (Ligtenberg et al, 1990, Baruch A et al. (1999). The inventors
showed that to be untrue as double staining experiments of cancerous tissues, using antibodies
that only recognize the cleaved form, MUCI*, or antibodies that only bind to the shed region
(tandem repeats or ‘core’) revealed that antibodies that stained the cleaved form did not co-
localize with antibodies that bound to the tandem repeats. In fact most membrane staining of
cancerous tissues was negative or minimally positive for MUC1 with intact tandem repeat
domain, but highly positive for the clipped MUCI1* form. These experiments showed that when
MUCI is cleaved, the bulky extracellular domain is released from the cell surface (Mahanta, et
al, 2008).

[0007] In addition to anti-cancer drugs, there have been many failed attempts at developing
anti-cancer vaccines. The problem is that the body’s immune system would create antibodies
against ‘self” which would destroy the target on the healthy tissue as well as on any future
cancerous tissues. Several attempts have been made to develop anti-cancer vaccines that target
MUCI1. However, in each failed attempt, the portion of the MUC1 molecule that was targeted
was the ‘core’ also known as the tandem repeat domain which the inventors previously showed

is shed from the surface of cancer cells (Kroemer G et al, 2013).

SUMMARY OF THE INVENTION

[0008] In one aspect, the invention is directed to antibodies that preferentially recognize
cancer cells but not healthy cells where MUCI is clipped to a growth factor receptor form.

[0009] In another aspect, the invention is directed to antibodies that target NME proteins.
[0010] In another aspect of the invention, the antibodies target NME proteins that are
preferentially expressed in early life and to a much lesser degree in adult life. Preferably, these

NME proteins are present at high levels in stem cells but not in adult cells.
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[0011] In another aspect of the invention, the antibodies target NME proteins that are
preferentially expressed in the very early stages of embryogenesis or in naive state stem cells but
not expressed or expressed at low levels in adult tissues.

[0012] In another aspect of the invention, antibodies are generated that target NME1

[0013] In another aspect of the invention, antibodies are generated that target NME6

[0014] In another aspect of the invention, antibodies are generated that target NME1 or
NMES6, wherein they inhibit dimerization.

[0015] In another aspect of the invention, antibodies are generated that target NME7.

[0016] In one aspect of the invention, the antibodies that are generated which recognize an
NME protein, also inhibit its dimerization. In another aspect of the invention, the antibodies that
are generated which recognize an NME protein, inhibit its interaction with MUCI. In yet
another aspect of the invention, the antibodies that are generated which recognize an NME
protein, inhibit its interaction with MUC1* or its interaction with the PSMGFR peptide.

[0017] In yet another aspect of the invention, antibodies are generated that bind to MUC1*
and inhibit its interaction with NME proteins. In one aspect, they inhibit the interaction between
MUC1* and NME7 but not between MUC1* and NMEI].

[0018] In one aspect of the invention, antibodies are generated outside of the patient, for
example, in an animal, in a cell, or artificially generated including using phage display and
binding assays. In another aspect of the invention, the antibodies are generated in the patient,
wherein portions of the targeted proteins are given alone or in combinations, wherein an adjuvant
may be added for use as a vaccine.

[0019] In one aspect, the present invention is direct to an agent that inhibits function of an
NME family member protein. The agent may be an antibody, such as Fab, monovalent, bivalent
or IgM, bi-specific, human or humanized. Or, the agent may be a small molecule. In one aspect,
the function of the NME family member protein that may be sought to be inhibited may be the
ability of the NME family member protein to: promote stem cell proliferation and/or inhibit
differentiation; promote cancer cell proliferation and/or inhibit differentiation; bind to MUCI1%*;
bind to DNA; act as a transcription factor; be secreted by a cell; or form a dimer. In particular,
the NME family member may be preferably NME7 or NME7-AB.

[0020] The agent may be an antibody that inhibits tumorigenic activity of NME7 or
NME7AB. Preferably, the NME family member may be a variant of NME7 having a molecular



WO 2014/130741 PCT/US2014/017515

weight between 25 and 33 kDa. Alternatively, the NME family member may be NME6 or
NMEI].

[0021] In another aspect, the invention is directed to a method for treating a patient with
cancer or at risk of developing cancer comprising administering to the patient an effective
amount of an agent that inhibits tumorigenic activity of an NME family member protein. The
NME family member protein may be preferably, NME7, NME6, or NMEI. In one embodiment,
the agent may inhibit NME7 activity but not NMEI1 activity. In another embodiment, the agent
may inhibit binding between NME7 and MUCI*. Or, the agent may inhibit binding between
NME?7 and its cognate nucleic acid binding site. In still another embodiment, the agent may be
an antibody.

[0022] In another aspect, the invention is directed to a method for treating a patient with
cancer or at risk of developing cancer comprising administering to the patient an effective
amount of NMEI1 as a hexamer. The NMEI1 polypeptide may be a mutant or variant that prefers
hexamer state.

[0023] In yet another aspect, the invention is directed to a method for treating a patient with
cancer or at risk of developing cancer comprising administering to the patient an effective
amount of NMEG6 as a monomer. In one embodiment, NME6 may be a mutant or a variant that
prefers monomer state.

[0024] In still yet another aspect, the invention is directed to a method for treating a patient
with cancer or at risk of developing cancer comprising administering to the patient an effective
amount of NMEI1 as a monomer. NME1 may be a mutant or variant that prefers monomer state.
[0025] In another aspect, the invention is directed to a method for treating a patient with
cancer or at risk of developing cancer comprising administering to the patient an effective
amount of a peptide or peptide mimic that inhibits the interaction of the NME family member
with its cognate receptor. In one embodiment, the cognate receptor may be MUCI. In another
embodiment, the peptide may be derived from the MUC1* portion of MUCI, PSMGFR, N-10
PSMGFR, N-15 PSMGFR, or N-20 PSMGFR.

[0026] In another aspect, the invention is directed to a method for classifying cancers or
stratifying patients, having or suspected of having cancer, comprising the steps of: (i) analyzing

a patient sample for the presence of stem or progenitor cell genes or gene products; and (ii)
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grouping patients who share similar expression or expression levels of stem or progenitor cell
genes or gene products.

[0027] The method may further include the step of (iii) treating the patient with agents that
inhibit those stem or progenitor cell genes or gene products. Alternatively, the method may
include the steps of (iii) analyzing the stem or progenitor genes or gene products to assess
severity of the cancer, wherein expression of, or higher expression of, genes or gene products
that are characteristic of earlier stem or progenitor states indicate more aggressive cancers and
expression of, or higher expression of, genes or gene products that are characteristic of later
progenitor states indicate less aggressive cancers; (iv) designing therapy commensurate with
treating patient with cancer more or less aggressive cancer as determined in step (iii); and (v)
treat patient with therapy in accordance with the design in step (iv). In such methods, the patient
sample may be blood, bodily fluid, or biopsy. And the genes or gene products may be NME
family proteins. In one embodiment, the genes or gene product indicative of an earlier stem cell
state may be NME7 or NME®6.

[0028] In another aspect, the invention is directed to an agent that inhibits the interaction of
an NME family member protein and a MUCI transmembrane protein whose extracellular
domain is devoid of the tandem repeat domain, wherein the agent binds to MUC1* on cancer
cells with a higher affinity than its binding to the MUCI transmembrane protein whose
extracellular domain is devoid of the tandem repeat domain present on healthy cells in an adult.
In one embodiment, the agent may include without limitation, an antibody, natural product,
synthetic chemical or nucleic acid. In one embodiment, the NME family member protein may be
NME7, NMES6 or bacterial NME.

[0029] In another aspect, the invention is directed to a method of inhibiting interaction of an
NME family member protein and a MUC]1 transmembrane protein whose extracellular domain is
devoid of the tandem repeat domain in a cell, comprising contacting the cell with an agent that
binds to MUCI* on cancer cells with a higher affinity than its binding to the MUCI
transmembrane protein whose extracellular domain is devoid of the tandem repeat domain on
healthy cells in an adult. In one embodiment, the agent may include without limitation, an
antibody, natural product, synthetic chemical or nucleic acid. In one embodiment, the NME

family member protein may be NME7, NMEG6 or bacterial NME.
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[0030] In another aspect, the invention is directed to a method of identifying an agent that
inhibits the interaction of an NME family member protein and a MUC]1 transmembrane protein
whose extracellular domain is devoid of the tandem repeat domain, which steps may include
determining affinity of the agent for MUC1* present on cancer cells, determining affinity of the
agent for MUCI1* present on stem or progenitor cells, and selecting an agent that binds to
MUCI1* present on cancer cells better than its ability to bind to MUCI* present on stem or
progenitor cells, thus identifying the agent. In one embodiment, the agent may include without
limitation, an antibody, natural product, synthetic chemical or nucleic acid. In another
embodiment, the stem or progenitor cells may be embryonic stem cells, iPS cells, cord blood
cells, bone marrow cells or hematopoietic progenitor cells. In one embodiment, the NME family
member protein may be NME7, NME6 or bacterial NME.

[0031] In another aspect, the invention is directed to a transgenic mammal that expresses
human NME protein in the germ cells and somatic cells, wherein the germ cells and somatic
cells contain a nucleic acid encoding human NME introduced into said mammal. Thus, the
human NME may be recombinantly expressed in the transgenic mammal. Of course, the
transgenic mammal may not be human. In the transgenic mammal, the NME protein may be
preferably inducibly expressed. The NME protein may be preferably NME7 or NME7-AB.
[0032] In yet another aspect, the invention is directed to a method of generating a mammal
that responds to cancer in a way that more closely resembles the response of a human wherein
the mammal is a mammal in which human NME protein is expressed. The cancer may be
spontaneously generated or implanted from cultured cells or from a human being. In one
embodiment, the NME protein may be NMEI dimer or NME7 monomer. In another aspect, the
mammal may be transgenic, wherein the mammal may express human MUC1 or MUC1* or
NME protein in the germ cells and somatic cells, wherein the germ cells and somatic cells
contain a recombinant human MUC1 or MUCI* or NME protein gene sequence introduced into
said mammal. Preferably, the NME protein is inducibly expressed. Still preferably, the NME
protein may be NME7 or NME7-AB.

[0033] In another aspect, the invention is directed to a method for increasing engraftment of
human tumors in mammals, comprising mixing the human tumor cells with NMEI1 dimers or

NME7 monomers prior to injecting the cells into the test mammals.



WO 2014/130741 PCT/US2014/017515

[0034] In yet another aspect, the invention is directed to a method for generating an antibody
comprising injecting an NME family protein or peptide fragment or fragments thereof into a
mammal and harvesting the antibody or antibody producing cell. Preferably the NME family
protein may be NME7 or NME7-AB or NMEI. Preferably, the peptide fragment may be selected
from SEQ ID NOS:88-140, more preferably 88-133, more preferably 88-121.

[0035] In another aspect, the invention is directed to a method of generating or selecting an
antibody or antibody-like molecule that specifically binds to NME family protein or peptide
fragment thereof, comprising: (i) screening an antibody library or library of antibody fragments
or epitopes with the NME family protein or peptide fragment; (ii) assaying for binding to the
NME family protein or a peptide fragment thereof; and (iii) identifying the specifically bound
antibody or antibody-like molecule. The method may further comprise engineering the
identified antibody or antibody-like molecule for administration to a patient for the treatment or
prevention of cancer using methods well known in the art. The NME family protein may be
NME7 or NME7-AB or NMEI. Preferably, the peptide fragment may be selected from SEQ ID
NOS:88-140, more preferably 88-133, more preferably 88-121.

[0036] In yet another aspect, the present invention is directed to a method of preventing
cancer by vaccinating a person with an NME family protein or peptide fragment or fragments
thereof. In one embodiment, the peptide fragment or fragments may include one or more
peptides whose sequence is present in an NME family protein, which is optionally mixed with a
carrier, adjuvant or attached to an immunogenic agent. The NME family protein may be NMEI,
NME6, NME7 or NME7-AB. Preferably, the peptide fragment may be selected from SEQ ID
NOS:88-140, more preferably 88-133, more preferably 88-121. In a preferred embodiment, the

peptide sequence is not a fragment of human NME-H1 protein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] 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;

[0038] Figure 1 is a graph of cancer cell growth measured as a function of bivalent or
monovalent antibody concentration, showing that it is dimerization of the MUC1* receptor that

stimulates growth. The growth of MUCI-positive breast cancer cells, ZR-75-30, was stimulated
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by the addition of bivalent (Ab) Anti-MUCI1* and inhibited by the addition of the monovalent
Fab. The addition of bivalent antibody produces the characteristic bell-shaped growth curve
indicative of growth factor receptor dimerization. The growth of MUC]1-negative HEK 293 cells
was not impacted by either the bivalent or monovalent Fab Anti-MUCI1*. When the bivalent
antibody was added in excess, there is one bivalent antibody bound to each receptor rather than
one bivalent antibody dimerizing every two receptors and thus inhibits growth.

[0039] Figure 2 is a graph of tumor volume measurement of T47D breast cancer cells,
implanted into nu/nu female mice, after treatment with either vehicle or the Fab of MN-E6 anti-
MUCI1* antibody. The efficacy of anti-MUCI1* E6 antibody was found to be statistically
significant in reducing tumor volume with p values of 0.0001.

[0040] Figures 3A-3D. Photos of Western blot gels showing the expression of NME1 or
NME?7 in the cell lysate of: 1) BGO1V human embryonic stem cells cultured in NM23-H1
dimers over a surface coated with a MUCT* antibody surface (MN-C3 mab); 2) BGO1V human
embryonic stem cells cultured according to standard protocol in bFGF over a layer of mouse
feeder cells (MEFs); 3) T47D breast cancer cells cultured by standard method in RPMI media;
and 4) recombinant human NM23-H1 wild type, “wt” (A, B). Bottom row (C, D) shows the
results of a “pull-down” or an immuno-precipitation assay in which the cell lysates were
separately incubated with beads to which was added an antibody to the MUCI cytoplasmic tail,
“Ab-5". Species captured by binding to the MUCI* peptide were separated by SDS-PAGE and
blotted with antibodies against each respective NM23 protein. Same experiments were conducted
with NME6 but data is not shown.

[0041] Figures 4A-4E show photos of Western blots in which cell lysates from T47D breast
cancer cells, BGO1V and HES-3 human ES cells and human SC101-A1 iPS cells were probed
for the presence of NMEI, NME6 or NME7. NMEI in all cell lines ran with an apparent
molecular weight of ~17kDa (A). In all cell lines, NME7 ~33kDa species and the 42kDa species
(C, E) could be detected in all but the HES-3 cell line (cultured in FGF). Species that reacted
with an NMEG6-specific antibody were detected in all cell lines except the HES-3 cell line, when
visualization was enhanced using Super Signal.

[0042] Figures SA-5C show panels of photos of Western blots of human embryonic stem
(ES) cells (A) and induced pluripotent stem (iPS) cells (B,C) probed for the presence of NMET7.

Westerns show the presence of three forms of NME7 in the cell lysates. One with an apparent
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molecular weight of ~42kDa (full length), ~33kDa (NME7-AB domains devoid of the N-
terminal DH domain) and a small ~25kDa species. However, only the lower molecular weight
species are in the conditioned media (B).

[0043] Figures 6A-6C. (A) is an elution profile of size exclusion chromatography
purification of NME7-AB; (B) is non-reducing SDS-PAGE gel from NME7-AB peak fractions;
(C) 1s the elution profile of size exclusion chromatography of the purified NME7-AB.

[0044] Figures 7A-7C show photographs of nanoparticle binding assays wherein a MUC1*
extra cellular domain peptide is immobilized onto SAM-coated nanoparticles, and NME proteins
are added free in solution. A color change from pink to blue indicates that the protein free in
solution can simultaneously bind to two peptides on two different nanoparticles.

[0045] Figure 8 shows graph of HRP signal from ELISA sandwich assay showing NME7-
AB dimerizes MUC1* extra cellular domain peptide.

[0046] Figures 9A-9D are magnified photographs of human iPS stem cells cultured in either
recombinant NME7-AB, or recombinant NM23 (NME1) purified dimers on Day 1 post-plating.
[0047] Figures 10A-10D are magnified photographs of human iPS stem cells cultured in
either recombinant NME7-AB, or recombinant NM23 (NME1) purified dimers on Day 3 post-
plating.

[0048] Figures 11A-11D show photos of an immunocytochemistry experiment showing that
human HES-3 stem cells cultured for 10 or more passages in NME7-AB are positive for the
pluripotency markers NANOG (A), OCT3/4 (B), Tra 1-81 (C) and SSEA4 (D).

[0049] Figure 12A-12C are photos of HES-3 embryonic stem cells stained with an antibody
that recognizes tri-methylated Lysine 27 on Histone 3 which forms a condensed dot if the cell
has progressed from the naive state to the primed state wherein a X chromosome is inactivated
(XaXi) as opposed to both X’s active (XaXa). A) cells were first cultured in FGF media on MEF
feeder cells (XaXi), B) then grown in NME7 for 10 passages (XaXa), C) then back into FGF-
MEFs for 4 passages (XaXi).

[0050] Figures 13A-13G show photos of MUC1*-positive cancer cells treated with nothing
(Row A), Taxol (Row B) or an anti-NME7 antibody (Rows C-E); a graph showing cell count in
response to treatment at 48 hours (F), and a dot-blot used to estimate antibody concentration used

in the cancer cell inhibition experiment (G).
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[0051] Figures 14A-14K show the 48 hour results of an experiment using an anti-NME7
antibody to inhibit cancer cell growth. Photos of the cells cultured in media alone (A), taxol (B),
or anti-NME7 at the concentrations indicated (C-J); a graph of cell number obtained using a
calcein am assay is shown (K).

[0052] Figure 15A-15K show the 96 hour results of an experiment using an anti-NME7
antibody to inhibit cancer cell growth. Photos of the cells cultured in media alone (A), taxol (B),
or anti-NME7 at the concentrations indicated (C-J); a graph of cell number obtained using a
calcein am assay is shown (K). The graph and the photos show anti-NME7 antibodies inhibit
cancer cell growth at concentrations as low as in the nanomolar range.

[0053] Figure 16 shows a native, non-denaturing gel that shows the multimerization state of
NM23-WT versus three different preparations of recombinant NM23-S120G.

[0054] Figures 17A-17G. (A) shows photographs of non-reducing gels of NM23-WT,
NM23-S120G-mixed, NM23-S120G-hexamer and NM23-S120G-dimer, showing the
multimerization state of the wild type protein and the three different preparations of the S120G
mutant. Figure 17B shows Surface Plasmon Resonance (SPR) measurements of different NM23
multimers binding to MUC1* extra cellular domain peptide (PSMGFR) attached to the SPR chip
surface. Figure 17C shows photograph of a nanoparticle experiment showing that only NM23
dimers bind to the cognate receptor MUCI1*. MUCI* extra cellular domain peptide was
immobilized onto gold nanoparticles. Figures 17D-G show different NM23-H1 multimers tested
for their ability to support pluripotent stem cell growth.

[0055] Figure 18 is a cartoon of the timing of the expression of NME7, NME!1 dimer and
NME]1 hexamer and the expression levels of their associated cancer/stem factors resulting from
analysis of the experiments described herein.

[0056] Figures 19A-191 show graphs of the results of ELISA assays in which human NME6
is shown to bind to the PSMGFR peptide of the MUC1* extra cellular domain. Recombinant
NME6-wt is separated by FPLC into monomers or multimers and assayed by ELISA for ability
to bind to a surface of PSMGFR peptide (A). The NME6 multimers were dissociated by dilution
in SDS according to a fraction of the CMC (critical micelle concentration), then assayed by
ELISA for ability to bind to a surface of PSMGFR peptide (B). NME6 mutants that are designed
to prefer dimerization were generated by mimicking the NME1 S120G mutation that prefers

dimer formation and is S139G in NME6 by alignment. A second mutant was made by mutating

10
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residues such that human NMES6 is converted in that critical area to look like sea sponge NMEG6
which has been reported to exist as a dimer. These recombinant mutants were expressed and
purified then assayed for the ability to bind to a surface of PSMGFR peptide (C). D-I are photos
of polyacrylamide gels evidencing expression of various recombinant human NMEG6 proteins. D)
NME6 wt is expressed. E) NME6 bearing S139G mutation, corresponding to the S120G
mutation in NMEI1, is expressed. F) human NME6 bearing mutations S139A, V142D, and
VI143A to mimic sea sponge NMEG6 that was reported to be a dimer. G,H) a single chain human
NMES6 having 2 domains joined by a (GSSS); linker. I) A pull-down assay was performed using
an antibody against the C-terminus of MUCI. Proteins that were bound to MUCI were
separated on a gel, then probed with an antibody against NMEG6. The gel shows that in T47D
breast cancer cells, BGolv and HES-3 human embryonic stem cells, human iPS cells all
expressed NME6 that bound to MUCI.

[0057] Figures 20A-20D show photos of Western blots in which cell lysates (A,C) or
nuclear fractions (B,D) from T47D breast cancer cells, BGO1V and HES-3 human ES cells and
human SC101-A1 iPS cells were probed for the presence of NME7 (A,B) or NME1 (C,D).
[0058] Figure 21 is a graph of real time PCR measurements of NME1, NME6, NME7 and
MUCI1 in MUCI-positive T47D breast cancer cells, MUC1-positive DU145 prostate cancer cells
and MUCI-negative PC3 prostate cancer cells. Measurements are relative to 18S ribosomal
RNA and normalized to the measurements of the T47D cells. Both MUCI1-positive cancer cell
lines are high in NME7. The MUCI-negative cell line has no detectable NMEI, NME7 or
MUCI1 but has very high expression of NME6.

[0059] Figure 22 is a photo of a Western blot wherein stem cell lysates (odd numbered
lanes) or cell conditioned media (even numbered lanes) were probed for the presence of NME7.
iPS (induced pluripotent stem) cells were cultured in FGF over MEFs (lanes 1,2), NM23-H1
dimers over an anti-MUCI1* antibody (C3) surface (lanes 3,4) or NME7 over an anti-MUCI1*
antibody (C3) surface (lanes 5-8). HES-3 (human embryonic stem) cells were cultured in FGF
over MEFs (lanes 9,10), NM23-H1 dimers over an anti-MUCI1* antibody (C3) surface (lanes
11,12) or NME7 over an anti-MUC1* antibody (C3) surface (lanes 13,14). Mouse embryonic
fibroblast (MEFs) cells were also probed (lanes 15,16). The Western blot shows that the cell

lysates contain an NME7 species with molecular weight of ~42kDa, which corresponds to the
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full-length protein. However, the secreted species runs with an apparent MW of ~33kDa, which
corresponds to an NME?7 species that is devoid of the N-terminal leader sequence.

[0060] Figures 23A-23B are photos of the same Western blot shown in Figure 22 that was
then stripped and probed for the presence of histidine-tagged species which would identify
recombinant NM23-H1, ~17kDa and NME7-AB 33kDa, in which stem cells in lanes 3-8 and 11-
14 were cultured. Minimal staining resulted, indicating that the major NME7 species detected in
Figure 22 was the native NME7 produced and processed by the stem cells.

[0061] Figures 24A-24B show photos of Western blots of various cell lysates and
corresponding conditioned media probed for the presence of NME7 using a mouse monoclonal
antibody (A) or another monoclonal antibody that only recognizes the N-terminal DM10
sequence (B). The lack of binding of the DM10 specific antibody to the ~33kDa NME7 species
in the samples from the conditioned media of the cells indicates that the secreted form of NME7
is devoid of most if not all of the N-terminal DM 10 leader sequence.

[0062] Figures 25A-25B. (A) shows a polyacrylamide gel of NME from the bacterium
Halomonas Sp. 593, which was expressed in E. coli and expressed as a soluble protein and
natural dimer. (B) shows that in an ELISA assay NME from Halomonas Sp. 593 bound to the
PSMGEFR peptide of the MUC1* extra cellular domain.

[0063] Figure 26 shows a polyacrylamide gel of NME from the bacterium Porphyromonas
gingivalis W83.

[0064] Figures 27A-27C. (A) shows sequence alignment of Halomonas Sp 593 bacterial
NME to human NME-HI1. (B) shows sequence alignment of Halomonas Sp 593 bacterial NME
to human NME7-A domain. (C) shows sequence alignment of Halomonas Sp 953 bacterial
NME to human NME7-B domain.

[0065] Figures 28A-28D are photographs of human embryonic stem cells cultured in
bacterial NME from Halomonas Sp 593 at 10X magnification (A,C) or 20X (B,D)

[0066] Figure 29 is a graph of RT-PCR data measuring expression of the stem/cancer cell
marker OCT4 after human fibroblast cells were cultured in a serum free media containing either
human NME7-AB, human NMEI dimer or bacterial NME from Halomonas Sp 593.

[0067] Figure 30 is a graph of RT-PCR measurement of the expression levels of the
stem/cancer genes OCT4 and NANOG in fibroblasts that have been cultured in the presence of
human NME7-AB, human NMEI or bacterial NME from Halomonas Sp 593, ‘HSP 593°. In
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some cases, a rho kinse inhibitor ‘ROCi” was added to make non-adherent cells (those becoming
stem/cancer-like) adhere to the surface.

[0068] Figure 31 shows photographs of human fibroblast cells after 18 days in culture in a
serum-free media containing human NME] in dimer form at 4X magnification.

[0069] Figure 32 shows photographs of human fibroblast cells after 18 days in culture in a
serum-free media containing human NME] in dimer form at 20X magnification.

[0070] Figure 33 shows photographs of human fibroblast cells after 18 days in culture in a
serum-free media containing bacterial NME from Halomonas Sp 593 at 4X magnification.
[0071] Figure 34 shows photographs of human fibroblast cells after 18 days in culture in a
serum-free media containing bacterial NME from Halomonas Sp 593 at 20X magnification.
[0072] Figure 35 shows photographs of human fibroblast cells after 18 days in culture in a
serum-free media containing human NME7-AB at 4X magnification.

[0073] Figure 36 shows photographs of human fibroblast cells after 18 days in culture in a
serum-free media containing human NME7-AB at 20X magnification.

[0074] Figure 37 shows photographs of human fibroblast cells after 18 days in standard
media without NME protein at 4X magnification.

[0075] Figure 38 shows photographs of human fibroblast cells after 18 days in standard
media without NME protein at 20X magnification.

[0076] Figure 39 is a graph of RT-PCR measurement of the expression levels of
transcription factors BRD4 and co-factor JMJID6 in the earliest stage naive human stem cells
compared to the later stage primed stem cells.

[0077] Figure 40 is a graph of RT-PCR measurement of the expression levels of the
chromatin rearrangement factors that are suppressed when fibroblasts revert to an induced
pluripotent state while others are suppressed in naive stem cells and in some cancer cells.
Expression levels of the chromatin rearrangement genes Brd4, JIMID6, Mbd3 and CHD4 were
measured in fibroblasts that have been cultured in the presence of human NME7-AB, human
NMEI1 or bacterial NME from Halomonas Sp 593, ‘HSP 593°. In some cases, a rho kinse
inhibitor ‘ROCi’ was added to make non-adherent cells (those becoming stem/cancer-like)
adhere to the surface.

[0078] Figure 41 is a composite graph of RT-PCR measurements of the expression levels of

the stem/cancer genes in fibroblasts that have been cultured in the presence of human NME7-
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AB, human NMEI or bacterial NME from Halomonas Sp 593, ‘HSP 593°. In some cases, a rho
kinase inhibitor ‘ROCi’ was added to make non-adherent cells (those becoming stem/cancer-
like) adhere to the surface.

[0079] Figure 42 is a composite graph of RT-PCR measurements of the expression levels of
the stem/cancer genes in fibroblasts that have been cultured in the presence of human NME7-
AB, human NMEI1 or bacterial NME from Halomonas Sp 593, ‘HSP 593°, with the Y-axis
compressed to better show differences in genes having smaller changes. In some cases, a rho
kinse inhibitor ‘ROCi’ was added to make non-adherent cells (those becoming stem/cancer-like)
adhere to the surface.

[0080] Figure 43 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.

[0081] Figure 44 is a graph of RT-PCR measurements of gene expression for stem cell
marker SOX2 and cancer stem cell marker CXCR4 for T47D cancer cells. Cells were cultured
either in traditional media or a media containing NME1 dimers or NME7 (NME7-AB). Cell
types that were separately analyzed were floating cells, cells plus Rho kinase inhibitor (+Ri),
which made all cells adhere, or cells that remained adherent after floaters were removed which
was in the absence of rho kinase inhibitor (- Ri).

[0082] Figure 45 is a graph of RT-PCR measurements of gene expression for a variety of
stem and putative cancer stem cell markers for T47D breast cancer cells. Cells were cultured
either in traditional media or a media containing NMEI dimers (“NM23”) or NME7 (NME7-
AB). Cell types that were separately analyzed were floating cells, cells plus Rho kinase inhibitor
(+R1), which made all cells adhere, or cells that remained adherent after floaters were removed
which was in the absence of rho kinase inhibitor (- Ri).

[0083] Figure 46 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 cultured
either in traditional media or a media containing NMEI dimers (“NM23”) or NME7 (NME7-
AB). Rho kinase inhibitor was not used because by passage 2, cells remained adherent.

[0084] Figure 47 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 cultured
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either in traditional media or a media containing NMEI dimers (“NM23”) or NME7 (NME7-
AB). Rho kinase inhibitor was not used because by passage 2, cells remained adherent.

[0085] Figure 48 is a graph of RT-PCR measurement of the expression levels of reported
‘cancer stem cell’ or ‘tumor initiating cell’ markers CDHI1 (E-cadherin), CXCR4, NANOG,
OCT4 and SOX2, along with MUCI in T47D breast cancer cells following culture in a minimal
serum-free base media wherein the only factors that were added were either the ‘21’ inhibitors
(GSK3-beta and MEK inhibitors) or human recombinant NME7-AB. The cells that were
analyzed were those that started growing anchorage-independently, ‘floaters’.

[0086] Figure 49 is a graph of RT-PCR measurement of the expression levels of
transcription factors BRD4 and co-factor IMJD6, reported to suppress NME7 and induce NME]I,
respectively, and chromatin re-arrangement factors MBD3 and CHD4, reported to block
induction of stem cell pluripotency, in T47D breast cancer cells following culture in a minimal
serum-free base media wherein the only factors that were added were either the ‘21’ inhibitors
(GSK3-beta and MEK inhibitors) or human recombinant NME7-AB.

[0087] Figure 50 is a cartoon of the interaction map of NME7 and associated factors
resulting from analysis of the experiments described herein.

[0088] Figure 51 is a graph of tumor volumes measured over time. T47D breast cancer cells
were implanted using the standard method (dashed line) or wherein the cells were mixed 50/50
vol/vol with NME7-AB and after 10 days, those mice were injected daily with NME7-AB.
[0089] Figure 52 shows a graph of a quantitative PCR assay that measured expression of
RNA for MMP14, MMP16 and ADAM17, which can cleave MUCI1-full-length to MUC1*, in
either cultured cancer cells (T47D), human embryonic stem cells (HES) cultured in either FGF,
NM23-H1 dimers or NME7.

[0090] Figure 53 is a graph of RT-PCR measurement of the expression levels of cleavage
enzymes MMP14, MMP16 and ADAM17 in HES-3 human embryonic stem cells grown in FGF,
HES-3 cells grown in human NME7-AB, HES-3 cells grown in NME1 dimers, T47D breast
cancer cells in vitro, T47D breast cancer cells implanted into an animal, DU145 prostate cancer
cells in vitro, DU145 cells implanted into an animal, and 1500 breast cancer cells implanted into
an animal, all normalized to HES-3 cells grown in FGF on MEFs.

[0091] Figure 54 is a graph of RT-PCR measurement of the expression levels of cleavage
enzymes MMP14, MMP16 and ADAM17 in T47D breast cancer cells in vitro, HES-3 human
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embryonic stem cells grown in FGF, HES-3 cells grown in human NME7-AB, HES-3 cells
grown in NMEI dimers, all normalized to T47D breast cancer cells in vitro.

[0092] Figure 55 is a graph of tumor volume measurement of DU145 hormone refractory
prostate cancer cells, implanted into NOD/SCID male mice, after 60 days of treatment with
either vehicle or the Fab of MN-E6 anti-MUC1* antibody. From Day 60 to Day 70 the treatment
groups were switched. The efficacy of anti-MUCI* E6 antibody was found to be statistically
significant in reducing tumor volume with p values of 0.0001.

[0093] Figure 56 is a graph of RT-PCR measurement of the expression levels of cleavage
enzymes MMP14 and MMPI16 in tumors excised from DUI45 hormone refractory prostate
cancer cells, implanted into NOD/SCID male mice, after 60 days of treatment with either vehicle
or the Fab of MN-E6 anti-MUC1* antibody. Although treatment blocking the MUCT* growth
factor receptor decreased expression of both cleavage enzymes only MMP14 was statistically
significant.

[0094] Figures 57A-57B. (A) is a photograph of a Western blot probing for MUCI1* in
tumors excised from DUI145 hormone refractory prostate cancer cells, implanted into
NOD/SCID male mice, after 60 days of treatment with either vehicle or the Fab of MN-E6 anti-
MUCI1* antibody. The photo shows that in anti-MUCI1* Fab treated mice, there is less MUC1*,
i.e. less MUCI cleavage in the treated group. (B) is a graph of RT-PCR measurement of the
expression levels of microRNA-145 in tumors excised from DU145 hormone refractory prostate
cancer cells, implanted into NOD/SCID male mice, after 60 days of treatment with either vehicle
or the Fab of MN-E6 anti-MUCI* antibody. The graph shows that on average, miR-145, which
signals a stem cell to differentiate, is increased in the treated group compared to the control
group.

[0095] Figures 58A-58D show the results of FACS experiments wherein live cancer cells
were probed with either stem cell specific anti-MUCIT* monoclonal antibodies or cancer cell
specific monoclonal antibodies. (A) MN-C2 monoclonal antibody that was selected based on
binding preference to the N-10 peptide shows strong binding to live T47D breast cancer cells and
is cancer cell specific. (B) MN-C3 monoclonal antibody that was selected based on binding
preference to the C-10 peptide shows no binding to live T47D breast cancer cells and is stem cell
specific. C) Cancer cell specific MN-C2 binds to DU145 prostate cancer cells. D) Stem cell
specific MN-C3 does not bind to DU145 prostate cancer cells. E) The graph of another FACS
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experiment shows that cancer cell specific monoclonal antibodies MN-C2 and MN-E6 binds to
DU 145 prostate cancer cells, while the stem cell specific MN-C3 does not.

[0096] Figures S9A-59D show the results of FACS experiments wherein either stem cells or
cancer cells were probed with either stem cell specific anti-MUCI1* monoclonal antibodies or
cancer cell specific monoclonal antibodies. Stem cell specific MN-C3 monoclonal shows strong
binding to BGO1v human embryonic stem cells (A), but shows no binding to T47D breast cancer
cells (B), or to DU145 prostate cancer cells (C). The graph of another FACS experiment shows
that stem cell specific MN-C3 monoclonal shows strong binding to stem cells but does not bind
to T47D breast cancer cells, 1500 breast cancer cell line, DU145 prostate cancer cells, or MUCI-
negative PC3 prostate cancer cells (D).

[0097] Figure 60A-60E shows photos of DU145 prostate cancer cells cultured in ordinary
media to which was added either nothing (A), the Fab of stem cell specific MN-C3 (B), the Fab
of stem cell specific MN-C8 (C), the Fab of cancer cell specific MN-C2 (D), or the Fab of cancer
cell specific MN-E6 (E). If the antibody recognized MUC1* as it appears on the cancer cells,
the Fab of the antibody would block the dimerization of MUCI1* and induce cell death. As can
be seen in the photos, the Fabs of the stem cell specific antibodies had no effect on the cancer
cell growth, while the Fabs of the cancer cells specific antibodies effectively killed the cancer
cells.

[0098] Figure 61 is a sequence alignment between human NME1 and human NME7-A or —
B domain.

[0099] Figure 62 lists immunogenic peptides from human NME7 with low sequence identity
to NMEI. The listed peptide sequences are identified as being immunogenic peptides giving rise
to antibodies that target human NME?7 but not human NMEI1. The sequences were chosen for
their lack of sequence homology to human NMEI, and are useful as NME7 specific peptides for
generating antibodies to inhibit NME7 for the treatment or prevention of cancers.

[00100] Figure 63 lists immunogenic peptides from human NME?7 that may be important for
structural integrity or for binding to MUCI*. Bivalent and bi-specific antibodies wherein each
variable region binds to a different peptide portion of NME7 are preferred. Such peptides may be
generated by using more than one peptide to generate the antibody specific to both. The peptides
are useful as NME?7 specific peptides for generating antibodies to inhibit NME7 for the treatment

or prevention of cancers.
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[00101] Figure 64 lists immunogenic peptides from human NME]1 that may be important for
structural integrity or for binding to MUCI1*. The listed peptide sequences are from human
NME]1 and were selected for their high homology to human NME7 as well as for their homology
to other bacterial NME proteins that are able to mimic its function. In particular, peptides 50 to

53 have high homology to human NME7-A or -B and also to HSP 593.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[00102] Definitions

[00103] As used herein, the “MUCI*” extra cellular domain is defined primarily by the
PSMGFR sequence (GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPESAQSGA
(SEQ ID NO:6)). Because the exact site of MUCI1 cleavage depends on the enzyme that clips it,
and that the cleavage enzyme varies depending on cell type, tissue type or the time in the
evolution of the cell, the exact sequence of the MUCT* extra cellular domain may vary at the N-
terminus.

[00104] As used herein, the term “PSMGFR” is an acronym for Primary Sequence of MUC1
Growth Factor Receptor as set forth as
GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (SEQ ID NO:6). In this
regard, the “N-number” as in “N-10 PSMGFR”, “N-15 PSMGFR”, or “N-20 PSMGFR” refers to
the number of amino acid residues that have been deleted at the N-terminal end of PSMGFR.
Likewise “C-number” as in “C-10 PSMGFR”, “C-15 PSMGFR”, or “C-20 PSMGFR” refers to
the number of amino acid residues that have been deleted at the C-terminal end of PSMGFR.
[00105] As used herein, the “extracellular domain of MUC1*” refers to the extracellular
portion of a MUC1 protein that is devoid of the tandem repeat domain. In most cases, MUCI* is
a cleavage product wherein the MUC1* portion consists of a short extracellular domain devoid
of tandem repeats, a transmembrane domain and a cytoplasmic tail. The precise location of
cleavage of MUCI is not known perhaps because it appears that it can be cleaved by more than
one enzyme. The extracellular domain of MUC1* will include most of the PSMGFR sequence
but may have an additional 10-20 N-terminal amino acids.

[00106] 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
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terms of being able to catalyze the conversion of ATP to ADP. NME proteins were formally
known as NM23 proteins, numbered H1, H2 and so on. Herein, the terms NM23 and NME are
interchangeable. Herein, terms NME1, NME2, NME6 and NME7 are used to refer to the native
protein as well as NME variants. In some cases these variants are more soluble, express better in
E. coli or are more soluble than the native sequence protein. For example, NME7 as used in the
specification can mean the native protein or a variant, such as NME7-AB that has superior
commercial applicability because variations allow high yield expression of the soluble, properly
folded protein in E. coli. “NME1" as referred to herein is interchangeable with “NM23-H1”. It
is also intended that the invention not be limited by the exact sequence of the NME proteins.
The mutant NME1-S120G, also called NM23-S120G, are used interchangeably throughout the
application. The S120G mutants and the P96S mutant are preferred because of their preference
for dimer formation, but may be referred to herein as NM23 dimers or NME1 dimers.

[00107] NME?7 as referred to herein is intended to mean native NME7 having a molecular
weight of about 42kDa, a cleaved form having a molecular weight between 25 and 33kDa, a
variant devoid of the DM10 leader sequence, NME7-AB or a recombinant NME7 protein, or
variants thereof whose sequence may be altered to allow for efficient expression or that increase
yield, solubility or other characteristics that make the NME7 more effective or commercially
more viable.

[00108] The present invention discloses antibodies and antibody variants that modulate a
pathway involving MUCT* wherein one set of antibodies preferentially binds to MUCI* as it
exists on stem cells but does not recognize MUC1* on cancer cells as well and another set of
antibodies that preferentially binds to MUC1* as it exists on cancer cells but does not recognize
MUCI1* on stem cells as well. The present invention further discloses methods for identifying
other antibodies that fall into these categories. The invention further discloses methods for using
the first set of antibodies, hereafter referred to as “stem cell antibodies”, for stimulating stem cell
growth in vitro and in vivo. The invention also discloses methods for using the second set of
antibodies, hereafter referred to as “cancer cell antibodies™, for inhibiting cancer cell growth in
vitro and in vivo.

[00109] In the present application, the cancer specific antibodies MIN-C2 (also referred to
herein as well as in the applications from which the present application claims priority as “C2”)

or MIN-E6 (also referred to herein as well as in the applications from which the present
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application claims priority as “E6”) are the same antibodies structurally and sequence-wise as
referred to in the present application as in other applications by the Applicant. A description of
these antibodies and their CDR sequences can be found in WO02010/042562
(PCT/US2009/059754), filed October 6, 2009. In particular, see Figures 11 to 16 therein.

[00110] Likewise, the stem cell specific antibodies 2D6C3 (also referred to herein as well as
in the applications from which the present application claims priority as “C3”) or MN-C3 or
2D6C8 (also referred to herein as well as in the applications from which the present application
claims priority as “C8”) or MN-C8 are the same antibodies structurally and sequence-wise as
referred to in the present application as in other applications by the Applicant. A description of
these antibodies and their CDR sequences can be found in WO2012/126013
(PCT/US2012/059754), filed March 19, 2012. In particular, see Figures 13 to 18 therein.

[00111] As used herein, an “effective amount of an agent to inhibit an NME family member
protein” refers to the effective amount the agent in hindering the activating interaction between
the NME family member protein and its cognate receptor such as MUCI1 or MUC1*.

[00112] As used herein, “high homology” is considered to be at least 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 97% identity in a designated
overlapping region between any two polypeptides.

[00113]  As used herein, “low homology” is considered lower than 25%, 20%, 15%, 10%, or
5% identity in a designated overlapping region between any two polypeptides.

[00114] As used herein, in reference to an agent being referred to as a “small molecule”, it
may be a synthetic chemical or chemically based molecule having a molecular weight between
50Da and 2000Da, more preferably between 150 Da and 1000 Da, still more preferably between
200Da and 750Da.

[00115] As used herein, in reference to an agent being referred to as a “natural product”, it
may be chemical molecule or a biological molecule, so long as the molecule exists in nature.
[00116] As used herein, “2i inhibitor” refers to small molecule inhibitors of GSK3-beta and
MEK of the MAP kinase signaling pathway. The name 2i was coined in a research article (Silva
J et al 2008), however herein ‘“21” refers to any inhibitor of either GSK3-beta or MEK, as there
are many small molecules or biological agents that if they inhibit these targets, have the same
effect on pluripotency or tumorigenesis.

[00117]  As used herein, FGF, FGF-2 or bFGF refer to fibroblast growth factor.
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[00118] As used herein, “Rho associated kinase inhibitors” may be small molecules, peptides
or proteins (Rath N, et al, 2012). Rho kinase inhibitors are abbreviated here and elsewhere as
ROCi or ROCK], or Ri. The use of specific rho kinase inhibitors are meant to be exemplary and
can be substituted for any other rho kinase inhibitor.

[00119]  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.

[00120] 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-
differentiation 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.

[00121] As used herein, the term “antibody-like” means a molecule that may be engineered
such that it contains portions of antibodies but is not an antibody that would naturally occur in
nature. Examples include but are not limited to CAR (chimeric antigen receptor) T cell
technology and the Ylanthia® technology. The CAR technology uses an antibody epitope fused
to a portion of a T cell so that the body’s immune system is directed to attack a specific target
protein or cell. The Ylanthia® technology consists of an “antibody-like” library that is a
collection of synthetic human fabs that are then screened for binding to peptide epitopes from
target proteins. The selected Fab regions can then be engineered into a scaffold or framework so
that they resemble antibodies.

[00122] Sequence Listing Free Text

[00123] As regards the use of nucleotide symbols other than a, g, c, t, they follow the
convention set forth in WIPO Standard ST.25, Appendix 2, Table 1, wherein k represents t or g;
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n represents a, ¢, t or g; m represents a or c; r represents a or g; s represents ¢ or g; w represents a
or t and y represents c or t.

[00124] MTPGTQSPFF LLLLLTVLTV VIGSGHASST PGGEKETSAT QRSSVPSSTE
KNAVSMTSSV LSSHSPGSGS STTQGQDVTL APATEPASGS AATWGQDVTS
VPVTRPALGS TTPPAHDVTS APDNKPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS
TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS
APDTRPAPGS TAPPAHGVTS APDTRPAPGS TAPPAHGVTS APDNRPALGS
TAPPVHNVTS ASGSASGSAS TLVHNGTSAR ATTTPASKST PFSIPSHHSD
TPTTLASHST KTDASSTHHS SVPPLTSSNH STSPQLSTGV SFFFLSFHIS NLQFNSSLED
PSTDYYQELQ RDISEMFLQI YKQGGFLGLS NIKFRPGSVV VQLTLAFREG
TINVHDVETQ FNQYKTEAAS RYNLTISDVS VSDVPFPEFSA QSGAGVPGWG
TALLVLVCVL VALAIVYLIA LAVCQCRRKN YGQLDIFPAR DTYHPMSEYP
TYHTHGRY VP PSSTDRSPYE KVSAGNGGSS LSYTNPAVAA

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

[00125] MTPGTQSPFFLLLLLTVLT (SEQ ID NO:2)

[00126] MTPGTQSPFFLLLLLTVLT VVTA (SEQ ID NO:3)
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[00127] MTPGTQSPFFLLLLLTVLT VVTG (SEQ ID NO:4)

[00128] SEQ ID NOS:2, 3 and 4 describe N-terminal MUC-1 signaling sequence for directing
MUCI1 receptor and truncated isoforms to cell membrane surface. Up to 3 amino acid residues
may be absent at C-terminal end as indicated by variants in SEQ ID NOS:2, 3 and 4.

[00129] GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPESAQSGAGVPGWGI
ALLVLVCVLVALAIVYLIALAVCQCRRKNYGQLDIFPARDTYHPMSEYPTYHTHGRY VP
PSSTDRSPYEKVSAGNGGSSLSYTNPAVAAASANL (SEQ ID NO:5) describes a truncated
MUC1 receptor isoform having nat-PSMGFR at its N-terminus and including the transmembrane
and cytoplasmic sequences of a full-length MUC1 receptor.

[00130] GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPFSAQSGA (SEQ 1D
NO:6) describes Native Primary Sequence of the MUC1 Growth Factor Receptor (nat-PSMGFR
— an example of “PSMGFR”):

[00131] TINVHDVETQFNQYKTEAASRYNLTISDVSVSDVPFPESAQSGA (SEQ ID
NO:7) describes Native Primary Sequence of the MUC1 Growth Factor Receptor (nat-PSMGFR
— An example of “PSMGFR”), having a single amino acid deletion at the N-terminus of SEQ ID
NO:6).

[00132] GTINVHDVETQFNQYKTEAASPYNLTISDVSVSDVPFPFSAQSGA (SEQ ID
NO:8) describes “SPY” functional variant of the native Primary Sequence of the MUC1 Growth
Factor Receptor having enhanced stability (var-PSMGFR — An example of “PSMGFR”).

[00133] TINVHDVETQFNQYKTEAASPYNLTISDVSVSDVPFPESAQSGA (SEQ ID
NO:9) describes “SPY” functional variant of the native Primary Sequence of the MUC1 Growth
Factor Receptor having enhanced stability (var-PSMGFR — An example of “PSMGFR”), having
a single amino acid deletion at the C-terminus of SEQ ID NO:8).

[00134] tgtcagtgccgecgaaagaactacgggeagetggacatetttccageccegggatacctaccatectatgagegagtacee
cacctaccacacccatgggcgctatgtgceccectageagtaccgatcgtageecctatgagaaggtttctgcaggtaacggtggcageage
ctctcttacacaaacccagecagtggcagecgcettetgecaacttg (SEQ ID NO:10) describes MUCI cytoplasmic
domain nucleotide sequence.

[00135] CQCRRKNYGQLDIFPARDTYHPMSEYPTYHTHGRYVPPSSTDRSPYEKVSAG
NGGSSLSYTNPAVAAASANL (SEQ ID NO:11) describes MUCI cytoplasmic domain amino

acid sequence.
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[00136] gagatcctgagacaatgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgettcacttcttcgacgtta
tgagcttttattttacccaggggatggatctgttgaaatgcatgatgtaaagaatcatcgcacctttttaaagcggaccaaatatgataacctgeca
cttggaagatttatttataggcaacaaagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagctcgecagetgge
cagtaggaaagaaaaaacgctagecctaattaaaccagatgcaatatcaaaggctggagaaataattgaaataataaacaaagetggattta
ctataaccaaactcaaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctgate
cagtttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgctgggacctgcaaactctgg
agtggcacgcacagatgcttctgaaagcattagageectctttggaacagatggcataagaaatgcagegeatggecctgattcttttgcttct
gcggccagagaaatggagttgttttttccttcaagtggaggttgtggoccggcaaacactgctaaatttactaattgtacctgttgcattgttaaa
ccecatgetgtcagtgaaggtatgttgaatacactatattcagtacattttgttaataggagagcaatgtttattttcttgatgtactttatgtatagaa
aataa (SEQ ID NO:12) describes NME7 nucleotide sequence (NME7: GENBANK ACCESSION
AB209049).

[00137] DPETMNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFL
KRTKYDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKA
GEIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDDAI
CEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGC
GPANTAKFTNCTCCIVKPHAVSEGMLNTLYSVHFVNRRAMFIFLMYFMYRK (SEQ ID
NO:13) describes NME7 amino acid sequence (NME7: GENBANK ACCESSION AB209049).
[00138] atggtgctactgtctactttagggatcgtctttcaaggcgaggggcctectatctcaagetgtgatacaggaaccatggecaa
ctgtgagecgtaccttcattgcgatcaaaccagatggggtccagegggetctigtgggagagattatcaagegttttgagcagaaaggattce
gecttgttgetctgaaattcatgcaagettccgaagatcttctcaaggaacactacgttgacctgaaggaccgtecattctttgecggectggtg
aaatacatgcactcagggccggtagttgccatggtctgggagggoctgaatgtggtgaagacgggccgagtcatgetcggggagaccaa
ccetgeagactccaagectgggaccatccgtggagacttctgeatacaagttggcaggaacattatacatggeagtgattctgtggagagtg
cagagaaggagatcggcttgtggtttcaccctgaggaactggtagattacacgagetgtgctcagaactggatctatgaatga (SEQ ID
NO:14) describes NM23-H1 nucleotide sequence (NM23-H1: GENBANK ACCESSION
AF487339).

[00139] MVLLSTLGIVFQGEGPPISSCDTGTMANCERTFIAIKPDGVQRGLVGEIIKRFE
QKGFRLVGLKFMQASEDLLKEHY VDLKDRPFFAGLVKYMHSGPVVAMVWEGLNVVK
TGRVMLGETNPADSKPGTIRGDFCIQVGRNIIHGSDSVESAEKEIGLWFHPEELVDYTSC
AQNWIYE (SEQ ID NO:15) NM23-H1 describes amino acid sequence (NM23-H1: GENBANK
ACCESSION AF487339).
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[00140] atggtgctactgtctactttagggatcgtctttcaaggcgaggggcctectatctcaagetgtgatacaggaaccatggecaa
ctgtgagecgtaccttcattgcgatcaaaccagatggggtccagegggetctigtgggagagattatcaagegttttgagcagaaaggattce
gecttgttgetctgaaattcatgcaagettccgaagatcttctcaaggaacactacgttgacctgaaggaccgtecattctttgecggectggtg
aaatacatgcactcagggccggtagttgccatggtctgggagggoctgaatgtggtgaagacgggccgagtcatgetcggggagaccaa
ccetgeagactccaagectgggaccatccgtggagacttetgeatacaagttggcaggaacattatacatggeggtgattctgtggagagte
cagagaaggagatcggcttgtggtttcaccctgaggaactggtagattacacgagetgtgctcagaactggatctatgaatga (SEQ ID
NO:16) describes NM23-H1 S120G mutant nucleotide sequence (NM23-H1: GENBANK
ACCESSION AF487339).

[00141] MVLLSTLGIVFQGEGPPISSCDTGTMANCERTFIAIKPDGVQRGLVGEIIKRFE
QKGFRLVGLKFMQASEDLLKEHY VDLKDRPFFAGLVKYMHSGPVVAMVWEGLNVVK
TGRVMLGETNPADSKPGTIRGDFCIQVGRNIIHGGDSVESAEKEIGLWFHPEELVDYTSC
AQNWIYE (SEQ ID NO:17) describes NM23-H1 S120G mutant amino acid sequence (NM23-
HI: GENBANK ACCESSION AF487339).

[00142] atggccaacctggagegeaccttcatcgecatcaageeggacggegtgcagegeggectggtgggcgagatcatcaag
cgettcgagecagaagggattccgectcgtggccatgaagtticctccgggcectetgaagaacacctgaagecageactacattgacctgaaag
accgaccattcttcectgggcetggtgaagtacatgaactcagggecggttgtggccatggtctgggagggectgaacgtggtgaagacag
gecgagtgatgettgggoagaccaatccagcagattcaaagecaggeaccattcgtggggacttctgcattcaggttggcaggaacatcat
tcatggcagtgattcagtaaaaagtgctgaaaaagaaatcagectatggtttaagectgaagaactggttgactacaagtcttgtgctcatgac
tgggtctatgaataa (SEQ ID NO:18) describes NM23-H2 nucleotide sequence (NM23-H2:
GENBANK ACCESSION AK313448).

[00143] MANLERTFIAIKPDGVQRGLVGEIIKRFEQKGFRLVAMKFLRASEEHLKQHYI
DLKDRPFFPGLVKYMNSGPVVAMVWEGLNVVKTGRVMLGETNPADSKPGTIRGDFCIQ
VGRNIIHGSDSVKSAEKEISLWFKPEELVDYKSCAHDWVYE (SEQ ID NO:19) describes
NM23-H2 amino acid sequence (NM23-H2: GENBANK ACCESSION AK313448).

[00144] Human NM23-H7-2 sequence optimized for E. coli expression:

[00145] (DNA)

[00146] atgcatgacgttaaaaatcaccgtacctttctgaaacgcacgaaatatgataatctgecatctggaagaccetgtttattggcaac
aaagtcaatgtgttctctcgtcagetggtgctgatcgattatggcgaccagtacaccgegegtcaactgggtagtcgcaaagaaaaaacgcet
ggccctgattaaaccggatgcaatctccaaagetggcgaaattatcgaaattatcaacaaagegggtttcaccatcacgaaactgaaaatgat
gatgctgagcegtaaagaageectggattttcatgtcgaccaccagtctcgeccgtttttcaatgaactgattcaattcatcaccacgggtecg

attatcgcaatggaaattctgcgtgatgacgctatctgecgaatggaaacgectgetgggcccggcaaactcaggtgttgcgegtaccgatgc
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cagtgaatccattcgcgcetetgtttggcaccgatggtatccgtaatgcagecacatggtccggactcattcgecatcggecagetcgtgaaatgga
actgtttttcccgagcetctggeggttgcggteccggcaaacaccgecaaatttaccaattgtacgtgctgtattgtcaaaccgecacgeagtgtca
gaaggcctgctgggtaaaattctgatggcaatecgtgatgetggctttgaaatctcggecatgecagatgttcaacatggaccgegttaacgte
gaagaattctacgaagtttacaaaggcgtggttaccgaatatcacgatatggttacggaaatgtactccggtcecgtgcgtcgegatggaaatt
cagcaaaacaatgccaccaaaacgtttcgtgaattctgtggtccggcagatccggaaatcgeacgtcatctgegtecgggtaccetgegeg
caatttttggtaaaacgaaaatccagaacgctgtgcactgtaccgatctgccggaagacggtctgctggaagttcaatactttttcaaaattctg
gataattga (SEQ ID NO:20)

[00147] (amino acids)

[00148] MHDVKNHRTFLKRTKYDNLHLEDLFIGNKVNVESRQLVLIDYGDQYTARQL
GSRKEKTLALIKPDAISKAGEINEINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFNE
LIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDS
FASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISA
MQMFENMDRVNVEEFYEVYKGVVTEYHDMVTEMY SGPCVAMEIQQNNATKTFREFCG
PADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID
NO:21)

[00149] Human NME7-A:

[00150] (DNA)

[00151] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetgga
tttactataaccaaactcaaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctg
atccagtttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggacctgcaaactct
ggagtggcacgcacagatgcttctgaaageattagagecctetttggaacagatggcataagaaatgcagegeatggecctgattettttget
tctgcggccagagaaatggagttgtttttttga (SEQ ID NO:22)

[00152] (amino acids)

[00153] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFF- (SEQ ID NO:23)

[00154] Human NME7-Al:

[00155] (DNA)

[00156] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetgga
tttactataaccaaactcaaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctg

atccagtttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggacctgcaaactct
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ggagtggcacgcacagatgcttctgaaageattagagecctetttggaacagatggcataagaaatgcagegeatggecctgattettttget
tctgcggccagagaaatggagttgttttttccttcaagtggaggttetggeccggcaaacactgctaaatttacttga (SEQ ID NO:24)
[00157] (amino acids)

[00158] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKEFT- (SEQ ID NO:25)

[00159] Human NME7-A2:

[00160] (DNA)

[00161] atgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgcttcacttettcgacgttatgagcttttattttacce
caggggatggatctgttgaaatgcatgatgtaaagaatcatcgcacctttttaaagcggaccaaatatgataacctgecacttggaagatttattt
ataggcaacaaagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagetcgecagetgggcagtaggaaagaa
aaaacgctagccctaattaaaccagatgcaatatcaaaggctggagaaataattgaaataataaacaaagetggatttactataaccaaactc
aaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctgatccagtttattacaact
ggtcctattattgeccatggagattttaagagatgatgctatatgtgaatggaaaagactgctgggacctgcaaactctggagtggcacgeaca
gatgcttctgaaagcattagagecctctttggaacagatggcataagaaatgcagegeatggecctgattcttttgcttctgcggeccagagaa
atggagttgtttttttga (SEQ ID NO:26)

[00162] (amino acids)

[00163] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTK
YDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEIL
NKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDDAICEWK
RLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFF- (SEQ ID
NO:27)

[00164] Human NME7-A3:

[00165] (DNA)

[00166] atgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgcttcacttettcgacgttatgagcttttattttacce
caggggatggatctgttgaaatgcatgatgtaaagaatcatcgcacctttttaaagcggaccaaatatgataacctgecacttggaagatttattt
ataggcaacaaagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagetcgecagetgggcagtaggaaagaa
aaaacgctagccctaattaaaccagatgcaatatcaaaggctggagaaataattgaaataataaacaaagetggatttactataaccaaactc
aaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctgatccagtttattacaact
ggtcctattattgeccatggagattttaagagatgatgctatatgtgaatggaaaagactgctgggacctgcaaactctggagtggcacgeaca
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gatgcttctgaaagcattagagecctctttggaacagatggcataagaaatgcagegeatggecctgattcttttgcttctgcggeccagagaa
atggagttgttttttccttcaagtggaggttgtggeccggcaaacactgctaaatttacttga (SEQ ID NO:28)

[00167] (amino acids)

[00168] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTK
YDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEIL
NKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDDAICEWK
RLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANT
AKFT- (SEQ ID NO:29)

[00169] Human NME7-B:

[00170] (DNA)

[00171] atgaattgtacctgttgcattgttaaaccccatgetgtcagtgaaggactgttgggaaagatectgatggctatccgagatge
aggttttgaaatctcagctatgcagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatca
tgacatggtgacagaaatgtattctggcccttgtgtagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctg
ctgatcctgaaattgeccggceatttacgecctggaactctcagageaatctttggtaaaactaagatccagaatgetgttcactgtactgatctg
ccagaggatggcctattagaggttcaatacttcttctga (SEQ ID NO:30)

[00172] (amino acids)

[00173] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEV
YKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFG
KTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:31)

[00174] Human NME7-B1:

[00175] (DNA)

[00176] atgaattgtacctgttgcattgttaaaccccatgetgtcagtgaaggactgttgggaaagatectgatggctatccgagatge
aggttttgaaatctcagctatgcagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatca
tgacatggtgacagaaatgtattctggcccttgtgtagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctg
ctgatcctgaaattgeccggceatttacgecctggaactctcagageaatctttggtaaaactaagatccagaatgetgttcactgtactgatctg
ccagaggatggcctattagaggttcaatacttcttcaagatcttggataattagtga (SEQ ID NO:32)

[00177] (amino acids)

[00178] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEV
YKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFG
KTKIQNAVHCTDLPEDGLLEVQYFFKILDN— (SEQ ID NO:33)

[00179] Human NME7-B2:
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[00180] (DNA)

[00181] atgccttcaagtggaggttgtggeccggcaaacactgctaaatttactaattgtacetgttgcattgttaaaccecatgetgtca
gtgaaggactgttggeaaagatcctgatggctatccgagatgcaggttttgaaatctcagetatgcagatgttcaatatggatcgggttaatgtt
gaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggcccttgtgtagcaatggagattc
aacagaataatgctacaaagacatttcgagaattttgtggacctgctgatcctgaaattgcceggcatttacgecctggaactctcagageaat
ctttggtaaaactaagatccagaatgctgttcactgtactgatctgccagaggatggectattagaggttcaatacttcttctga (SEQ ID
NO:34)

[00182] (amino acids)

[00183] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQM
FNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADP
EIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:35)

[00184] Human NME7-B3:

[00185] (DNA)

[00186] atgccttcaagtggaggttgtggeccggcaaacactgctaaatttactaattgtacetgttgcattgttaaaccecatgetgtca
gtgaaggactgttggeaaagatcctgatggctatccgagatgcaggttttgaaatctcagetatgcagatgttcaatatggatcgggttaatgtt
gaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggcccttgtgtagcaatggagattc
aacagaataatgctacaaagacatttcgagaattttgtggacctgctgatcctgaaattgcceggcatttacgecctggaactctcagageaat
ctttggtaaaactaagatccagaatgctgttcactgtactgatctgccagaggatggectattagaggttcaatacttcttcaagatcttggataa
ttagtga (SEQ ID NO:36)

[00187] (amino acids)

[00188] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQM
FNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADP
EIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN-- (SEQ ID NO:37)
[00189] Human NME7-AB:

[00190] (DNA)

[00191] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetgga
tttactataaccaaactcaaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctg
atccagtttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggacctgcaaactct
ggagtggcacgcacagatgcttctgaaageattagagecctetttggaacagatggcataagaaatgcagegeatggecctgattettttget
tctgcggccagagaaatggagttgttttttccttcaagtggaggtigtgggccggcaaacactgctaaatttactaattgtacctgttgcattgtta
aaccccatgctgtcagtgaaggactgttgggaaagatcctgatggctatccgagatgcaggttttgaaatctcagetatgcagatgttcaatat
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ggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggeccttgtg
tagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgctgatcctgaaattgcceggcatttacgecctgg
aactctcagagcaatctttggtaaaactaagatccagaatgctgttcactgtactgatctgeccagaggatggcectattagaggttcaatacttctt
caagatcttggataattagtga (SEQ ID NO:38)

[00192] (amino acids)

[00193] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGF
EISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFRE
FCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN-- (SEQ ID
NO:39)

[00194] Human NME7-AB1:

[00195] (DNA)

[00196] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetgga
tttactataaccaaactcaaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctg
atccagtttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggacctgcaaactct
ggagtggcacgcacagatgcttctgaaageattagagecctetttggaacagatggcataagaaatgcagegeatggecctgattettttget
tctgcggccagagaaatggagttgttttttccttcaagtggaggtigtgggccggcaaacactgctaaatttactaattgtacctgttgcattgtta
aaccccatgctgtcagtgaaggactgttgggaaagatcctgatggctatccgagatgcaggttttgaaatctcagetatgcagatgttcaatat
ggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggeccttgtg
tagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgctgatcctgaaattgcceggcatttacgecctgg
aactctcagagcaatctttggtaaaactaagatccagaatgctgttcactgtactgatctgeccagaggatggcectattagaggttcaatacttctt
ctga (SEQ ID NO:40)

[00197] (amino acids)

[00198] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGF
EISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFRE
FCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:41)
[00199] Human NMET7-A sequence optimized for E. coli expression:

[00200] (DNA)
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[00201] atggaaaaaacgctggecctgattaaaccggatgcaatctccaaagetggegaaattatcgaaattatcaacaaagegggt
ttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecctggattttcatgtcgaccaccagtctcgeccgtttttcaatgaac
tgattcaattcatcaccacgggtccgattatcgcaatggaaattctgegtgatgacgetatctgecgaatggaaacgectgetgggecccggcaa
actcaggtgttgcgcgtaccgatgeccagtgaatccattcgegetctgtttgecaccgatggtatccgtaatgcageacatggtecggactcatt
cgcatcggcagcetcgtgaaatggaactgtttttctga (SEQ ID NO:42)

[00202] (amino acids)

[00203] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFF- (SEQ ID NO:43)

[00204] Human NME7-A1 sequence optimized for E. coli expression:

[00205] (DNA)

[00206] atggaaaaaacgctggccctgattaaaccggatgcaatctccaaagetggegaaattatcgaaattatcaacaaagegggt
ttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecctggattttcatgtcgaccaccagtctcgeccgtttttcaatgaac
tgattcaattcatcaccacgggtccgattatcgcaatggaaattctgegtgatgacgetatctgecgaatggaaacgectgetgggecccggcaa
actcaggtgttgcgcgtaccgatgeccagtgaatccattcgegetctgtttgecaccgatggtatccgtaatgcageacatggtecggactcatt
cgcatcggcagcetcgtgaaatggaactgtttttcccgagetetggeggttgcggtccggeaaacaccgecaaatttacetga (SEQ 1D
NO:44)

[00207] (amino acids)

[00208] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKEFT- (SEQ ID NO:45)

[00209] Human NME7-A2 sequence optimized for E. coli expression:

[00210] (DNA)

[00211] atgaatcactccgaacgctttgtttttatcgccgaatggtatgaccegaatgetteccetgctgegeecgetacgaactgcetgtttt
atccgggcgatggtagcgtggaaatgcatgacgttaaaaatcaccgtacctttctgaaacgcacgaaatatgataatctgecatctggaagac
ctgtttattggcaacaaagtcaatgtgttctctcgtcagetggtgctgatcgattatggcgaccagtacaccgegegtcaactgggtagtcgea
aagaaaaaacgctggccctgattaaaccggatgcaatctccaaagetggcgaaattatcgaaattatcaacaaagegggtttcaccatcacg
aaactgaaaatgatgatgctgagccgtaaagaagceectggattttcatgtcgaccaccagtctcgeccgtttttcaatgaactgattcaattcat
caccacgggtccgattatcgcaatggaaattctgegtgatgacgctatctgecgaatggaaacgectgetggecccggcaaactcaggtgtt
gecgegtaccgatgecagtgaatccattcgegetetgtitggcaccgatggtatcegtaatgecageacatggtccggactcattcgeategge
agctcgtgaaatggaactgtttttctga (SEQ ID NO:46)

31



WO 2014/130741 PCT/US2014/017515

[00212] (amino acids)

[00213] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTK
YDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEIL
NKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDDAICEWK
RLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFF- (SEQ ID
NO:47)

[00214] Human NME7-A3 sequence optimized for E. coli expression:

[00215] (DNA)

[00216] atgaatcactccgaacgctttgtttttatcgccgaatggtatgaccegaatgetteccetgctgegeecgetacgaactgcetgtttt
atccgggcgatggtagcgtggaaatgcatgacgttaaaaatcaccgtacctttctgaaacgcacgaaatatgataatctgecatctggaagac
ctgtttattggcaacaaagtcaatgtgttctctcgtcagetggtgctgatcgattatggcgaccagtacaccgegegtcaactgggtagtcgea
aagaaaaaacgctggccctgattaaaccggatgcaatctccaaagetggcgaaattatcgaaattatcaacaaagegggtttcaccatcacg
aaactgaaaatgatgatgctgagccgtaaagaagceectggattttcatgtcgaccaccagtctcgeccgtttttcaatgaactgattcaattcat
caccacgggtccgattatcgcaatggaaattctgegtgatgacgctatctgecgaatggaaacgectgetggecccggcaaactcaggtgtt
gecgegtaccgatgecagtgaatccattcgegetetgtitggcaccgatggtatcegtaatgecageacatggtccggactcattcgeategge
agctcgtgaaatggaactgtttttcccgagetetggcggttgcggtccggcaaacaccgecaaatttacctga (SEQ ID NO:48)
[00217] (amino acids)

[00218] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTK
YDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEIL
NKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDDAICEWK
RLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANT
AKFT- (SEQ ID NO:49)

[00219] Human NME7-B sequence optimized for E. coli expression:

[00220] (DNA)

[00221] atgaattgtacgtgctgtattgtcaaaccgcacgeagtgtcagaaggectgetgggtaaaattetgatggcaatcegtgatge
tggctttgaaatctcggccatgcagatgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatat
cacgatatggttacggaaatgtactccggtccgtgcgtcgecgatggaaattcagcaaaacaatgecaccaaaacgtttcgtgaattctgtggat
ccggceagatccggaaatcgeacgtcatctgegtecgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgcetgtgcactgtac
cgatctgccggaagacggtetgetggaagttcaatactttttctga (SEQ ID NO:50)

[00222] (amino acids)
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[00223] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEV
YKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFG
KTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:51)

[00224] Human NME7-B1 sequence optimized for E. coli expression:

[00225] (DNA)

[00226] atgaattgtacgtgctgtattgtcaaaccgcacgeagtgtcagaaggectgetgggtaaaattetgatggcaatcegtgatge
tggctttgaaatctcggccatgcagatgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatat
cacgatatggttacggaaatgtactccggtccgtgcgtcgecgatggaaattcagcaaaacaatgecaccaaaacgtttcgtgaattctgtggat
ccggceagatccggaaatcgeacgtcatctgegtecgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgcetgtgcactgtac
cgatctgccggaagacggtetgctggaagttcaatactttttcaaaattctggataattga (SEQ ID NO:52)

[00227] (amino acids)

[00228] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEV
YKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFG
KTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID NO:53)

[00229] Human NME7-B2 sequence optimized for E. coli expression_:

[00230] (DNA)

[00231] atgccgagcetctggeggttgcggtccggeaaacaccgecaaatttaccaattgtacgtgctgtattgtcaaaccgeacgea
gtgtcagaaggcectgetggetaaaattctgatggcaatccgtgatgetggctttgaaatctcggecatgcagatgttcaacatggaccgegtt
aacgtcgaagaattctacgaagtttacaaaggcgtggttaccgaatatcacgatatggttacggaaatgtactccggtcecgtgegtegegatg
gaaattcagcaaaacaatgccaccaaaacgtttcgtgaattctgtggtccggcagatccggaaatcgecacgtcatctgegtcecgggtacect
gecgegcaatttttggtaaaacgaaaatccagaacgetgtgcactgtaccgatctgecggaagacggtetgetggaagttcaatactttttctga
(SEQ ID NO:54)

[00232] (amino acids)

[00233] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQM
FNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADP
EIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:55)

[00234] Human NME7-B3 sequence optimized for E. coli expression:

[00235] (DNA)

[00236] atgccgagcetctggeggttgcggtccggeaaacaccgecaaatttaccaattgtacgtgctgtattgtcaaaccgeacgea
gtgtcagaaggcectgetggetaaaattctgatggcaatccgtgatgetggctttgaaatctcggecatgcagatgttcaacatggaccgegtt
aacgtcgaagaattctacgaagtttacaaaggcgtggttaccgaatatcacgatatggttacggaaatgtactccggtcecgtgegtegegatg
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gaaattcagcaaaacaatgccaccaaaacgtttcgtgaattctgtggtccggcagatccggaaatcgecacgtcatctgegtcecgggtacect
gegegcaatttttggtaaaacgaaaatccagaacgetgtgcactgtaccgatctgecggaagacggtetgetggaagttcaatactttttcaaa
attctggataattga (SEQ ID NO:56)

[00237] (amino acids)

[00238] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQM
FNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADP
EIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID NO:57)
[00239] Human NME7-AB sequence optimized for E. coli expression:

[00240] (DNA)

[00241] atggaaaaaacgctggccctgattaaaccggatgcaatctccaaagetggegaaattatcgaaattatcaacaaagegggt
ttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecctggattttcatgtcgaccaccagtctcgeccgtttttcaatgaac
tgattcaattcatcaccacgggtccgattatcgcaatggaaattctgegtgatgacgetatctgecgaatggaaacgectgetgggecccggcaa
actcaggtgttgcgcgtaccgatgeccagtgaatccattcgegetctgtttggcaccgatggtatccgtaatgcageacatggtecggactcatt
cgecatcggcagcetcgtgaaatggaactgtttttcccgagetctggeggttgeggtccggcaaacaccgecaaatttaccaattgtacgtgctg
tattgtcaaaccgcacgcagtgtcagaaggectgctgggtaaaattctgatggcaatccgtgatgctggctttgaaatctcggccatgecagat
gttcaacatggaccgcgttaacgtcgaagaattctacgaagtttacaaaggcgtggttaccgaatatcacgatatggttacggaaatgtactec
ggtccgtgcgtcgegatggaaattcagcaaaacaatgecaccaaaacgtttcgtgaattctgtggtccggcagatccggaaatcgecacgte
atctgcgtcegggtaccctgegegeaatttttggtaaaacgaaaatccagaacgetgtgecactgtaccgatctgecggaagacggtcetgctg
gaagttcaatactttttcaaaattctggataattga (SEQ ID NO:58)

[00242] (amino acids)

[00243] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGF
EISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFRE
FCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID
NO:59)

[00244] Human NME7-ABI1 sequence optimized for E. coli expression:

[00245] (DNA)

[00246] Atggaaaaaacgctggccctgattaaaccggatgecaatctccaaagetggegaaattatcgaaattatcaacaaageggg
tttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecctggattttcatgtcgaccaccagtctcgeecgtttttcaatgaa

ctgattcaattcatcaccacgggtccgattatcgcaatggaaattctgecgtgatgacgctatctgegaatggaaacgectgetgggeccggca
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aactcaggtgttgcgcgtaccgatgccagtgaatccattcgegetctgtttggcaccgatggtatccgtaatgcagecacatggtccggactca
ttcgcatcggcagcetcgtgaaatggaactgtttttcccgagetctggeggttgeggtccggcaaacaccgecaaatttaccaattgtacgtgct
gtattgtcaaaccgcacgcagtgtcagaaggcctgctgggtaaaattctgatggcaatccgtgatgctggctttgaaatctcggecatgecaga
tgttcaacatggaccgcgttaacgtcgaagaattctacgaagtttacaaaggcegtggttaccgaatatcacgatatggttacggaaatgtactc
cggtecgtgegtegegatggaaattcagcaaaacaatgecaccaaaacgtttcgtgaattctgtggtccggecagatccggaaatcgeacgt
catctgcgtccgggtaccctgegegeaatttttggtaaaacgaaaatccagaacgetgtgecactgtaccgatctgeccggaagacggtctect
ggaagttcaatactttttctga (SEQ ID NO:60)

[00247] (amino acids)

[00248] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGF
EISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFRE
FCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:61)
[00249] Mouse NMEG6

[00250] (DNA)

[00251] Atgacctecatcttgcgaagtccccaagetettcagetcacactageectgatcaagectgatgeagttgeccacecactga
tcctggaggctgttcatcagcagattctgagcaacaagttcctcattgtacgaacgagggaactgcagtggaagetggaggactgccggag
gttttaccgagagcatgaagggcgttttttctatcagcggctggtggagttcatgacaagtgggccaatccgagectatatcettgeccacaaa
gatgccatccaactttggaggacactgatgggacccaccagagtatttcgagecacgctatatagecccagattcaattcgtggaagtttggec
ctcactgacacccgaaatactacccatggctcagactcegtggtttccgecagecagagagattgcagecttcttccetgacttcagtgaacag
cgectggtatgaggaggaggaaccccagetgeggtgtgotectgtgcactacagtccagaggaaggtatccactgtgcagetgaaacagg
aggccacaaacaacctaacaaaacctag (SEQ ID NO:62)

[00252] (amino acids)

[00253] MTSILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRTRELQWKLE
DCRRFYREHEGRFFYQRLVEFMTSGPIRAYILAHKDAIQLWRTLMGPTRVFRARYIAPDS
IRGSLGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVHYSPEEGIH
CAAETGGHKQPNKT- (SEQ ID NO:63)

[00254] Human NMEG6:

[00255] (DNA)

[00256] Atgacccagaatctggggagtgagatggcctcaatettgcgaageectcaggctctccagetcactctageectgatcaa
gectgacgeagtegeccatccactgattetggaggctgttcatcagecagattctaagcaacaagttcctgattgtacgaatgagagaactact
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gtggagaaaggaagattgccagaggttttaccgagagcatgaagggcgttttttctatcagaggcetggtggagttcatggccagegggcca
atccgagcectacatccttgeccacaaggatgecatccagetctggaggacgetcatgggacccaccagagtgttccgagecacgecatgtg
geeccagattctatcegtgggagtttcggectcactgacacccgeaacaccacccatggttcggactetgtggtttcageccagecagagagat
tgcagcecttcttccctgacttcagtgaacagegetggtatgaggaggaagagecccagttgegetgtggeectgtgtectatageccagagg
gaggtgtccactatgtagetggaacaggaggectaggaccagectga (SEQ ID NO:64)

[00257] (amino acids)

[00258] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVR
MRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTR
VFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRC
GPVCYSPEGGVHYVAGTGGLGPA- (SEQ ID NO:65)

[00259] Human NMES6 1:

[00260] (DNA)

[00261] Atgacccagaatctggggagtgagatggcctcaatettgcgaageectcaggctctccagetcactctageectgatcaa
gectgacgeagtegeccatccactgattetggaggctgttcatcagecagattctaagcaacaagttcctgattgtacgaatgagagaactact
gtggagaaaggaagattgccagaggttttaccgagagcatgaagggcgttttttctatcagaggcetggtggagttcatggccagegggcca
atccgagcectacatccttgeccacaaggatgecatccagetctggaggacgetcatgggacccaccagagtgttccgagecacgecatgtg
geeccagattctatcegtgggagtttcggectcactgacacccgeaacaccacccatggttcggactetgtggtttcageccagecagagagat
tgcagecttcttcectgacttcagtgaacagegetggtatgaggaggaagagecccagttgegetgtgecectgtetga  (SEQ  ID
NO:66)

[00262] (amino acids)

[00263] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVR
MRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTR
VFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRC
GPV- (SEQ ID NO:67)

[00264] Human NMES6 2:

[00265] (DNA)

[00266] Atgctcactctagecctgatcaagectgacgeagtcgeccatecactgattetggaggctgttcatcageagattctaagea
acaagttcctgattgtacgaatgagagaactactgtggagaaaggaagattgccagaggttttaccgagagcatgaagggcgttttttctate
agaggctggtggagttcatggccagegggccaatccgagectacatecttgeccacaaggatgecatccagetctggaggacgetcatgg

gacccaccagagtgttccgagecacgecatgtggecccagattctatccgtgggagtttcggectcactgacacccgecaacaccacceatgg
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ttcggactctgtggtttcagccagcagagagattgecagecttcttccctgacttcagtgaacagegetggtatgaggaggaagagecccagtt
gcgctgtggccetgtgtga (SEQ ID NO:68)

[00267] (amino acids)

[00268] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYREHE
GRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSFGLTDT
RNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPV- (SEQ ID NO:69)

[00269] Human NMES6 3:

[00270] (DNA)

[00271] Atgctcactctagecctgatcaagectgacgeagtcgeccatecactgattctggaggctgttcatcageagattctaagea
acaagttcctgattgtacgaatgagagaactactgtggagaaaggaagattgccagaggttttaccgagagcatgaagggcgttttttctate
agaggctggtggagttcatggccagegggccaatccgagectacatecttgeccacaaggatgecatccagetctggaggacgetcatgg
gacccaccagagtgttccgagecacgecatgtggecccagattetatccgtgggagtttcggectcactgacacccgecaacaccacceatgg
ttcggactctgtggtttcagccagcagagagattgecagecttcttccctgacttcagtgaacagegetggtatgaggaggaagagecccagtt
gcgcetgtggccetgtgtgctatagcccagagggaggtetecactatgtagetggaacaggaggectaggaccageectga (SEQ 1D
NO:70)

[00272] (amino acids)

[00273] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYREHE
GRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSFGLTDT
RNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVCYSPEGGVHYVAGTGGL
GPA- (SEQ ID NO:71)

[00274] Human NMES6 sequence optimized for E. coli expression:

[00275] (DNA)

[00276] Atgacgcaaaatctgggctcggaaatggeaagtatectgegetceceegeaageactgeaactgacectggctetgatcaa
accggacgcetgttgctcatccgetgattctggaageggtccaccagcaaattctgagcaacaaatttctgatcgtgegtatgegegaactgcet
gtggcgtaaagaagattgccagegtttttatcgcgaacatgaaggcecgtttcttttatcaacgectggttgaattcatggectctggtcegatte
gcgcatatatcctggctcacaaagatgegattcagetgtggcgtaccctgatgggteccgacgegegtcetttcgtgcacgtcatgtggcaccg
gactcaatccgtggctegticggtctgaccgatacgegcaataccacgcacggtagegactctgttgttagtgcgtecegtgaaatcgeggce
ctttttcccggacttctccgaacagegttggtacgaagaagaagaaccgceaactgegetgtggcccggtetgttattctccggaaggtggtot
ccattatgtggcgggcacgggtegtctgggtccggcatga (SEQ ID NO:72)

[00277] (amino acids)
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[00278] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVR
MRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTR
VFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRC
GPVCYSPEGGVHYVAGTGGLGPA- (SEQ ID NO:73)

[00279] Human NMES6 1 sequence optimized for E. coli expression:

[00280] (DNA)

[00281] Atgacgcaaaatctgggctcggaaatggeaagtatectgegetceceegeaageactgeaactgacectggcetetgatcaa
accggacgcetgttgctcatccgetgattctggaageggtccaccagcaaattctgagcaacaaatttctgatcgtgegtatgegegaactgcet
gtggcgtaaagaagattgccagegtttttatcgcgaacatgaaggcecgtttctittatcaacgectggttgaattcatggectctggtcegatte
gcgceatatatcctggctcacaaagatgegattcagetgtggcgtacectgatgggteccgacgegegtcetttcgtgcacgtcatgtggcaccg
gactcaatccgtggctegticggtctgaccgatacgegcaataccacgcacggtagegactctgttgttagtgcgtecegtgaaatcgeggce
ctttttcccggacttctccgaacagegttggtacgaagaagaagaaccgeaactgegetgtggeccggtetga (SEQ ID NO:74)
[00282] (amino acids)

[00283] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVR
MRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTR
VFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRC
GPV- (SEQ ID NO:75)

[00284] Human NMES6 2 sequence optimized for E. coli expression:

[00285] (DNA)

[00286] Atgctgaccetggetetgatcaaaccggacgetgttgcteatccgetgattctggaageggtecaccageaaattetgage
aacaaatttctgatcgtgcgtatgcgegaactgetgtggcgtaaagaagattgccagegtttttatcgcgaacatgaaggecgtttcttttatca
acgcctggttgaattcatggcctctggtccgattcgecgeatatatcctggctcacaaagatgegattcagetgtggegtaceetgatgggtee
gacgcgegtctttcgtgcacgtcatgtggcaccggactcaatcegtgectegticggtctgaccgatacgegecaataccacgecacggtage
gactctgttgttagtgcgtccegtgaaatcgeggcctttttcccggacttctccgaacagegttggtacgaagaagaagaaccgcaactgcg
ctgtggccecggtetga (SEQ ID NO:76)

[00287] (amino acids)

[00288] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYREHE
GRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSFGLTDT
RNTTHGSDSVVSASREIAAFFPDFSEQRW YEEEEPQLRCGPV- (SEQ ID NO:77)

[00289] Human NMES6 3 sequence optimized for E. coli expression:

[00290] (DNA)
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[00291] Atgctgaccetggetetgatcaaaccggacgetgttgcteatccgetgattctggaageggtecaccageaaattetgage
aacaaatttctgatcgtgcgtatgcgegaactgetgtggcgtaaagaagattgccagegtttttatcgcgaacatgaaggecgtttcttttatca
acgcctggttgaattcatggcctctggtccgattcgecgeatatatcctggctcacaaagatgegattcagetgtggegtaceetgatgggtee
gacgcgegtctttcgtgcacgtcatgtggcaccggactcaatcegtgectegticggtctgaccgatacgegecaataccacgecacggtage
gactctgttgttagtgcgtccegtgaaatcgeggcctttttcccggacttctccgaacagegttggtacgaagaagaagaaccgcaactgcg
ctgtggcccggtctottattictccggaaggtgotgtccattatgtggcggecacggatggtctggatccggcatga (SEQ ID
NO:78)

[00292] (amino acids)

[00293] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYREHE
GRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSFGLTDT
RNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVCYSPEGGVHYVAGTGGL
GPA- (SEQ ID NO:79)

[00294] OriGene-NME7-1 full length

[00295] (DNA)

[00296] gacgttgtatacgactcctatagggcggccgggaattcgtcgactggatceggtaccgaggagatetgecgeecgegateg
ccatgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgcttcacttcttcgacgttatgagcttttattttacccaggggat
ggatctgttgaaatgcatgatgtaaagaatcatcgcacctttttaaagcggaccaaatatgataacctgcacttggaagatttatttataggcaa
caaagtgaatgtcttctctcgacaactggtattaattgactatggggatcaatatacagetcgecagetgggcagtaggaaagaaaaaacgct
agccctaattaaaccagatgcaatatcaaaggctggagaaataattgaaataataaacaaagetggatttactataaccaaactcaaaatgat
gatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagetgatccagtttattacaactggtcctatt
attgccatggagattttaagagatgatgctatatgtgaatggaaaagactgctgggacctgcaaactctggagtggcacgecacagatgcttct
gaaagcattagagccctctttggaacagatggcataagaaatgcagegeatggecctgattcttttgcttictgcggccagagaaatggagttg
ttttttccttcaagtggaggttgtggoccggcaaacactgctaaatttactaattgtacctgttgcattgttaaaccccatgetgtcagtgaaggac
tgttgggaaagatcctgatggctatccgagatgecaggttttgaaatctcagctatgcagatgttcaatatggatcgggttaatgttgaggaattct
atgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggcccttgtgtagcaatggagattcaacagaataa
tgctacaaagacatttcgagaattttgtggacctgetgatcctgaaattgecceggcatttacgecctggaactctcagageaatctttggtaaaa
ctaagatccagaatgctgttcactgtactgatctgccagaggatggcctattagaggttcaatacttcttcaagatcttggataatacgegtacg
cggecgetcgageagaaactcatctcagaagaggatctggcagcaaatgatatcctggattacaaggatgacgacgataaggtttaa
(SEQ ID NO:80)

[00297] (amino acids)

39



WO 2014/130741 PCT/US2014/017515

[00298] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTK
YDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEIL
NKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFNELIQFITTGPIIAMEILRDDAICEWK
RLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANT
AKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEVYKGV
VTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKI
QNAVHCTDLPEDGLLEVQYFFKILDNTRTRRLEQKLISEEDLAANDILDYKDDDDKV
(SEQ ID NO:81)

[00299] Abnova NME7-1 Full length
(amino acids)

[00300] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTK
YDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEIL
NKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFNELIQFITTGPIIAMEILRDDAICEWK
RLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANT
AKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEVYKGV
VTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKI
QNAVHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:82)

[00301] Abnova Partial NME7-B

[00302] (amino acids)

[00303] DRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCG
PADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKIL (SEQ ID NO:83)
[00304] Histidine Tag

[00305] (ctcgag)caccaccaccaccaccactga (SEQ ID NO:84)

[00306] Strept Il Tag

[00307] (accggt)tggagecatectcagttcgaaaagtaatga (SEQ ID NO:85)

[00308] N-10 peptide:

[00309] QFNQYKTEAASRYNLTISDVSVSDVPFPESAQSGA (SEQ ID NO:86)

[00310] C-10 peptide

[00311] GTINVHDVETQFNQYKTEAASRYNLTISDVSVSDV (SEQ ID NO:87)

[00312] Immunizing peptides derived from human NMET7:

[00313] LALIKPDA (SEQ ID NO:88)
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[00314]
[00315]
[00316]
[00317]
[00318]
[00319]
[00320]
[00321]
[00322]
[00323]
[00324]
[00325]
[00326]
[00327]
[00328]
[00329]
[00330]
[00331]
[00332]
[00333]
[00334]
[00335]
[00336]
[00337]
[00338]
[00339]
[00340]
[00341]
[00342]
[00343]
[00344]

MMMLSRKEALDFHVDHQS (SEQ ID NO:89)
ALDFHVDHQS (SEQ ID NO:90)
EILRDDAICEWKRL (SEQ ID NO:91)
FNELIQFITTGP (SEQ ID NO:92)

RDDAICEW (SEQ ID NO:93)
SGVARTDASESIRALFGTDGIRNAA (SEQ ID NO:94)
ELFFPSSGG (SEQ ID NO:95)
KFTNCTCCIVKPHAVSEGLLGKILMA (SEQ ID NO:96)
LMAIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVT (SEQ ID NO:97)
EFYEVYKGVVTEYHD (SEQ ID NO:98)
EIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNA (SEQ ID NO:99)
YSGPCVAM (SEQ ID NO:100)

FREFCGP (SEQ ID NO:101)
VHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:102)
IQNAVHCTD (SEQ ID NO:103)
TDLPEDGLLEVQYFFKILDN (SEQ ID NO:104)
PEDGLLEVQYFFK (SEQ ID NO:105)
EIINKAGFTITK (SEQ ID NO:106)
MLSRKEALDFHVDHQS (SEQ ID NO:107)
NELIQFITT (SEQ ID NO:108)

EILRDDAICEWKRL (SEQ ID NO:109)
SGVARTDASESIRALFGTDGI (SEQ ID NO:110)
SGVARTDASES (SEQ ID NO:111)

ALFGTDGI (SEQ ID NO:112)

NCTCCIVKPHAVSE (SEQ ID NO:113)
LGKILMAIRDA (SEQ ID NO:114)
EISAMQMFNMDRVNVE (SEQ ID NO:115)
EVYKGVVT (SEQ ID NO:116)

EYHDMVTE (SEQ ID NO:117)

EFCGPADPEIARHLR (SEQ ID NO:118)
AIFGKTKIQNAV (SEQ ID NO:119)
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[00345]
[00346]
[00347]
[00348]
[00349]
[00350]
[00351]
[00352]
[00353]
[00354]
[00355]
[00356]
[00357]
[00358]
[00359]
[00360]
[00361]
[00362]
[00363]
[00364]
[00365]
[00366]
[00367]
[00368]
[00369]

LPEDGLLEVQYFFKILDN (SEQ ID NO:120)
GPDSFASAAREMELFFP (SEQ ID NO:121)

Immunizing peptides derived from human NME7

ICEWKRL (SEQ ID NO:122)

LGKILMAIRDA (SEQ ID NO:123)

HAVSEGLLGK (SEQ ID NO:124)

VTEMYSGP (SEQ ID NO:125)

NATKTFREF (SEQ ID NO:126)

AIRDAGFEI (SEQ ID NO:127)

AICEWKRLLGPAN (SEQ ID NO:128)

DHQSRPFF (SEQ ID NO:129)

AICEWKRLLGPAN (SEQ ID NO:130)

VDHQSRPF (SEQ ID NO:131)

PDSFAS (SEQ ID NO:132)

KAGEIIEIINKAGFTITK (SEQ ID NO:133)

Immunizing peptides derived from human NMEI1
MANCERTFIAIKPDGVQRGLVGEIIKRFE (SEQ ID NO:134)
VDLKDRPF (SEQ ID NO:135)

HGSDSVESAEKEIGLWF (SEQ ID NO:136)
ERTFIAIKPDGVQRGLVGEIIKRFE (SEQ ID NO:137)
VDLKDRPFFAGLVKYMHSGPVVAMVWEGLN (SEQ ID NO:138)
NIIHGSDSVESAEKEIGLWFHPEELV (SEQ ID NO:139)
KPDGVQRGLVGEII (SEQ ID NO:140)

NME Inhibition

Applicants previously discovered that a key growth factor receptor, MUC1*, and its

activating ligand, NM23-H1 (also called NME1) in dimer form, mediates the growth of most

solid tumor cancers. We subsequently discovered that this same growth factor/growth factor

receptor pair also mediates the growth of pluripotent stem cells. MUCI*, an alternative splice

variant or an enzymatically cleaved form of the transmembrane protein, MUCI1, is expressed on

all pluripotent human stem cells (Hikita et al, 2008) and on the majority of solid tumor cancers

(Mahanta et al, 2008). When stem cells differentiate, cleavage of MUC]1 subsides and MUC1
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reverts to its full-length quiescent form. On stem cells and cancer cells, MUC1* functions as a
growth factor receptor. Ligand-induced dimerization of MUC1* promotes cancer cell growth,
survival and can make cancer cells resistant to chemotherapy drugs (Fessler et al, 2009).
Inhibition of ligand-induced dimerization of MUCI1*’s extracellular domain greatly inhibits
cancer cell growth in vitro (Figure 1) and in vivo (Figure 2). In stem cells, ligand-induced
dimerization of MUC1* stimulates growth and survival, while inhibiting differentiation. Both
stem cells and cancer cells secrete NM23-H1. In dimeric form, NM23-H1 dimerizes the extra
cellular domain of MUC1* to make stem cells proliferate and to inhibit their differentiation.
NMEI] in dimer form not only promotes growth and pluripotency of stem cells, but also induces
human stem cells to revert to the earliest, most pluripotent state called the “naive” state (Nichols
J, Smith A (2009); Hanna et al, 2010; Amit M, et al, 2000; Ludwig TE, et al 2006; Xu C, et al,
2005; Xu RH, et al, 2005; Smagghe et al 2013). To date, this is the only natural factor that has
been shown to maintain human stem cells in the naive state, as they exist in the inner mass of the
very early embryo.

[00370] Here, we report the discovery that other molecules, previously thought to be specific
to stem cells, are also expressed in cancer cells. Growth factors and growth factor receptors that
are expressed during embryogenesis, but are errantly expressed again in cancer cells make
excellent therapeutic targets, since disabling them should not have a significantly negative effect
on the patient. Thus, it would be a great improvement over the state of the art to identify stem
cell growth factors and receptors that are active in embryogenesis, in embryonic stem (ES) cells
or in induced pluripotent stem (iPS) cells but are errantly reactivated in cancer cells, and to
develop therapeutics that disable them or cause their expression to be suppressed.

[00371] Applicants also recently discovered that many genes and gene products that are
expressed in human stem cells, are also expressed in human cancers. For example MUC1#, an
alternative splice variant or an enzymatically cleaved form of the transmembrane protein,
MUC1#, is expressed on all pluripotent human stem cells and on the majority of solid tumor
cancers. When stem cells differentiate, cleavage of MUCI stops and MUCI reverts to its full-
length quiescent form. On stem cells and cancer cells, MUCI* functions as a growth factor
receptor.  Dimerization of MUCI1* promotes stem and cancer cell growth; it inhibits

differentiation of stem cells and causes cancer cells to revert to a less differentiated state. Both
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stem cells and cancer cells secrete NM23-H1 in dimeric form, and dimerizes the extra cellular
domain of MUCI1* to make stem cells proliferate and to inhibit their differentiation.

[00372] We have discovered that NME family members that are actively expressed in stem
cells are errantly up-regulated in cancer cells. In addition to NM23-HI1, other NME family
proteins act as growth factors and transcription factors that promote stem and cancer cell growth
and inhibit their differentiation. NMEI1 promotes stem cell growth and pluripotency when it is a
dimer. NMEI1 dimers also mediate the growth and de-differentiation of MUC]1-positive cancer
cells. As the density of stem cells increases and more and more NMEI is secreted from the stem
cells, the NMEI1 forms hexamers, which actually induce differentiation, thus stopping pluripotent
stem cell growth. It is known that cancer cells can appear to be less differentiated than normal
adult cells. In fact, the degree to which cancer cells morphologically appear to have de-
differentiated correlates to the degree of cancer aggressiveness. Therefore, it is a valid
therapeutic approach to treat patients with cancer, or patients who are at risk of developing
cancer, with NME]1 in hexamer form, which will induce differentiation of cancer cells and limit
their ability to self-replicate.

[00373] In addition to NME1, NME6 and NME7 are expressed in early stage stem cells and in
cancer cells. Western blot analysis was performed on a wide variety of human stem cells and
cancer cell lines, which showed that both stem cells and cancer cells express and secrete NMEI,
NMES6 and NME7. In one such experiment, human embryonic stem cells (BGO1v) and human
MUC1*-positive breast cancer cells (T47D), wherein the cell lysates were probed for the
presence of NME1 (NM23-H1), NME6 (data not shown), or NME7. Figures 3A and 3B show
that NME1 and NME7 were readily detected in the lysate of stem cells and cancer cells. NME®6,
~22kDa, was detected in a more sensitive assay shown in Figure 4D. A pull-down assay was
performed on the stem cells and the cancer cells using an antibody that binds to the cytoplasmic
domain of MUCI1. The Western of Figures 3C and 3D show that both NME1 and NME7 bind to
MUCI as it exists in stem and cancer cells. Although NME7 is produced in both stem cells and
cancer cells, we discovered that intra-cellularly, it exists as the full-length protein ~42kDa.
However, NME7 must be cleaved before it is secreted. The secreted form appears to be devoid
of its leader sequence DM10 and runs with an apparent molecular weight of ~33kDa. Figure 5 is
a panel of photos of Western blots of human embryonic stem (ES) cells (A) and induced

pluripotent stem (iPS) cells (B, C) probed for the presence of NME7. Western blots show the
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presence of three forms of NME7 in the cell lysates. One with an apparent molecular weight of
~42kDa (full length), ~33kDa (NME7-AB domains devoid of the N-terminal DH domain) and a
small ~25kDa species. However, only the lower molecular weight species are secreted in the
conditioned media (C).

[00374] We made several constructs for expression of a human NME7. One of these
constructs expressed well in E. coli, was secreted in soluble form as a monomer and functioned
approximately as NME1 dimers did for promoting stem cell growth, pluripotency and inhibition
of differentiation. In this construct, the leader sequence “DMI10” was omitted from the
sequence. This generated a species that was approximately the same molecular weight, 33kDa,
as the secreted form of the protein. The protein was made as a Histidine tagged protein and first
purified over an NTA-Ni column, then by FPLC with greater than 98% purity. We call this form
of NME7, NME7-AB. It is not intended that the invention be limited by the exact nature of the
NME?7 protein. The NME7-AB protein that we generated may simply be the minimal portion of
the natural protein that is required for its stem/cancer promotion function. We have
demonstrated that NME7-AB functions in a way that is essentially the same as the naturally
processed NME7, as is demonstrated in the experiments and examples contained herein.
However the naturally occurring cleavage site of NME7 may be different from where we started
the NME7-AB N-terminus. Inhibitors of NME7 may act on the native protein that contains the
DMI10 at the N-terminus or may act to inhibit cleavage of NME?7 to the secreted form. Figure 6
A-C shows the FPLC trace of the NME7-AB following purification by the nickel column (A), an
SDS-PAGE gel of the unpurified protein (B) and an FPLC trace of the final product (C). A
nanoparticle assay was performed that showed that NME7 as a monomer can simultaneously
bind to two PSMGEFR peptides (SEQ ID NO:6) of the MUC1* extra cellular domain. Histidine-
tagged PSMGFR peptides were immobilized onto NTA-SAM-coated nanoparticles.
Recombinant NME7-AB (expressed devoid of the DM10 N-terminal leader sequence), which
had been verified to be monomeric by FPLC and native gel, was added to the nanoparticles. The
addition of the NME7 caused the gold nanoparticle solution to turn from pink to blue indicating
that the NME7 simultaneously bound to two peptides on two separate nanoparticles which
caused the particles to be drawn close together, thus inducing the characteristic color change
(Figure 7). Another ELISA experiment was performed that demonstrated that NME7 monomers

dimerize two MUCI1* extra cellular domain peptides. A first PSMGFR peptide was coupled to
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BSA and immobilized on a multi-well plate. Recombinant NME7-AB was added. After the
appropriate wash steps, a second PSMGFR peptide, modified with biotin was added. A labeled
streptavidin was then added which clearly showed that NME7 monomers can simultaneously
bind two MUCI* extra cellular domain peptides (Figure 8). These results indicate that NME7
via its two NDPK domains binds to and dimerizes MUC1* on stem cells and cancer cells.
[00375] NME?7 functions approximately the same as NMEI1 dimers. Like NME1 dimers,
NME?7 fully supports human stem cell growth. A panel of human stem cells (embryonic ‘ES’
and induced pluripotent ‘iPS’) were cultured in a minimal serum-free base media with either
NME]1 dimers or NME7-AB added as the only growth factor or cytokine. The stem cells grew
faster than growth in the traditional FGF-containing media, did not spontaneously differentiate,
and were reverted to the naive state, as evidenced by having two active X chromosomes. Figure
9 and Figure 10 show photographs of human HES-3 embryonic stem cells that were cultured in
either NME1 dimers or NME7-AB on Day 1 and Day 3 respectively. As can be clearly seen, the
stem cells appear to be growing equivalently with no signs of differentiation. Note that naive
stem cells do not grow in colonies but rather grow in monolayers that become sheets as
confluency is reached. Figure 11 shows photographs of immunocytochemistry (ICC)
experiments that confirm that stem cells cultured in NME7-AB for more than 10 passages stain
positive for the standard pluripotency markers. Figure 12 shows photographs of ICC
experiments that confirm that stem cells cultured in NME7-AB are in the naive state. The cells
of panel (A) were cultured in FGF on mouse feeder cells as is standard practice. The staining
antibody produced a red dot where it bound to condensed tri-methylated Lysine 27 on Histone 3
(H3K27me), indicating one X chromosome is inactive (XaXi) and that the stem cells have
progressed to the “primed” state. The cells of panel (B) are the same cells as photographed in
(A) except that they were cultured for 10 passages in NME7-AB. As can be seen in the insert,
the H3K27me antibody produced the ‘“cloud” staining pattern, indicating that both X
chromosomes were active (XaXa), evidencing that the cells had reverted to the naive state.
Thus, we have demonstrated that NME7 fully supports stem cell growth and pluripotency and
also reverts them to the naive or ground state, being a less mature state than the later, primed
state.

[00376] We next sought to determine whether NME7 was also an active growth factor driving

the growth of cancer cells. If so, then cancer growth could be inhibited or prevented in a patient
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by a therapeutic agent that blocks the interaction of NME7 to MUC1* extra cellular domain. A
rabbit polyclonal antibody raised against the NME7 A and B domains was added to T47D,
MUC1*-positive breast cancer cells and cell growth was measured. Even at very low,
nanomolar concentrations, anti-NME?7 inhibited the growth of cancer cells (Figure 13-15). In a
preferred embodiment, a therapeutic agent for the treatment of cancers is an antibody that binds
to the NDPK A domain of NME7. In a more preferred embodiment, the therapeutic agent is an
antibody that binds to the NDPK B domain of NME7. In a still more preferred embodiment, the
therapeutic agent is an antibody that binds a sequence in the A or B domain of NME7 that is not
present in NMEI. In a still more preferred embodiment, the therapeutic agent is an antibody that
inhibits the interaction between NME7 and MUCI1*. In a most preferred embodiment, the
therapeutic agent is an antibody that inhibits the function of NME7 wherein said function is the
promotion of cancerous growth or reversion to a cancer-like state.

[00377] Recall that one way that NME ligands function as growth factors is by binding to and
dimerizing the extra cellular domain of MUCI1*. NME family proteins have one or more NDPK
domains. These NDPK domains have a catalytic function that is independent of, and not
required for, their function as growth factors and transcription factors. NME family proteins
bind to the extra cellular domain of MUCI* via their NDPK domain.

[00378] Different NME family proteins are expressed at different times during normal embryo
development. NME7 is the most primitive of the NME family proteins that regulate stem cell
growth and in vivo is only expressed in very early embryogenesis. NME7 is a single ~42kDa
protein that has two NDPK domains, A and B plus an N-terminal leader sequence called the
DMI10 domain. ELISA assays show that NME7 binds to and dimerizes MUC1* transmembrane
receptor. Since NME7 has 2 NDPK domains, it is a pseudo dimer that is always able to dimerize
the MUC1* receptor.

[00379] By contrast, NMEI is roughly half the molecular weight of NME7 (~17kDa) and has
only one NDPK domain. NMEI1 acts as a growth factor that promotes growth and inhibits
differentiation only when it is a dimer. At higher concentrations, NMEI1 can form hexamers. In
contrast to the dimers, NMEI hexamers induce differentiation. Thus, NME]1, which is expressed
later in embryogenesis, has the ability to turn itself off, thus limiting self-replication, while
NME7 cannot. Wild type (wt) NMEI exists primarily as a hexamer at measurable

concentrations. Mutant NMEI proteins, such as S120G that form stable dimer populations have
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been isolated from cancers and thus are continuously activating the MUCT* receptor. We made
recombinant NME1-wt, and the S120G mutant. By varying refolding protocols we were able to
stabilize populations that were essentially 100% hexamer or 100% dimer. In addition we
isolated populations of NMEI1-S120G that were a mixture of dimer, tetramer and hexamer.
Figure 16 shows these various multimers on a native gel. Figure 17 (A) shows gels of NME1
proteins used in an SPR experiment (B) wherein the PSMGFR peptide of the MUCI1*
extracellular domain is immobilized on the chip and different NME1 proteins are flowed over the
surface. The results show that the dimer form of NMEI is the form that binds to the MUCT*
extracellular domain. Panel (C) shows a nanoparticle experiment wherein the PSMGFR peptide
was attached to NTA-Ni-SAM coated nanoparticles and recombinant NME1 dimers or hexamers
are added to the nanoparticles. Gold nanoparticles turn blue if the interaction takes place and
remain pink if it does not. As can be seen, only the dimer binds to the MUC1* peptide on the
nanoparticles and dimerizes two peptides in two different nanoparticles, essentially cross-linking
the particles. The Fab of the MN-C2 anti-MUC1* antibody when added to the solution disrupts
the interaction between NMEI dimers and the MUC1* PSMGFR peptide. Panel (D) shows
photos of human stem cells cultured in either NMEI1 dimers (NM23), hexamers, or the dimers
plus a free PSMGFR peptide to competitively inhibit the interaction. As can be seen in the
photos, only NMEI1 dimers promote pluripotent stem cell growth. In nature, when the
concentration of stem cells reaches critical mass and their secretions of NMEI1 reaches the
concentration at which they form hexamers, differentiation is induced. Figure 18 is a cartoon
depicting the mechanism, supported by experiments described herein, by which NME7 and
NME] function to promote pluripotency wherein NMEI regulates itself.

[00380] NMES®G is also expressed in very early embryogenesis. NMEG6 is reportedly a dimer in
some species such as sea sponge. NME6 must be expressed at high enough levels that it can
form dimers before it can activate growth and inhibit differentiation. Thus, it is expressed at a
later stage than NME7. NMES6 also binds to the PSMGFR peptide of the MUCI* extra cellular
domain. In a pull-down assay, NME6 was shown to bind to MUC1* in cancer cells and in stem
cells. We made recombinant NME6 as the wild type protein, or with a single point mutation
S139G, which mimics the S120G mutation that causes NMEI1 to prefer dimer formation. In
addition, another NMEG6 variant was made so that in this sensitive area, the human NME6 would

look like sea sponge NMEO6, which reportedly exists as a dimer. These mutations are S139A
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plus V142D and V143A. The ELISA assays shown in Figure 19 A, B, and C show that NME6
binds to the PSMGFR peptide of the MUC1* extra cellular domain. In part A, NME6-wt is
purified as the monomer or as a high molecular weight multimer. The ELISA assay, in which
the surface is coated with the PSMGFR MUCI1* peptide, shows preferential binding of the
NME6 monomer to the MUCI* peptides. In part B, the NME6 multimers are dissociated by
dilution in SDS. The ELISA shows that as the multimers are dissociated, binding to the MUC1*
peptide increases. The figure shows that NME6-wt and the two mutants that prefer dimer
formation, bind to the MUC1* peptides. The gels of Figure 19 D-H show expression of NME6-
wt (D), NME6 with the S139G mutation that corresponds to the mutation S120G which in
human NMEI1 increases dimer formation (E), NME6 bearing three mutations that make the
human form mimic the sea sponge form that is reported to be a dimer (F), and a single chain
protein linking two NMEG6 proteins (G,H). Panel I shows that in a pull-down assay using an
antibody against the cytoplasmic tail of MUC1, NME6 was shown to bind to MUCI in cancer
cells and in stem cells. Thus an effective anti-cancer agent would be an antibody, small molecule
or other agent that disrupts binding of NME6 dimers to MUCT* extra cellular domain peptide.
In a preferred embodiment, the therapeutic agent for the treatment of cancers is an antibody that
binds to the NDPK A domain of NME6. In a more preferred embodiment, the therapeutic
antibody binds to sequences of NMEG6 that are not present in NME].

[00381] Human stem cells that mimic embryonic stem cells of the inner mass of the
blastocyst, which are the very earliest stage stem cells, are called “naive” state stem cells. Until
recently, researchers were unable to maintain or generate genetically unmodified naive state
human stem cells in vitrro. We recently succeeded in generating genetically unmodified human
stem cells in the naive state by culturing cells in NME1 dimers or in NME7 and in the absence of
other growth factors or cytokines, particularly in the absence of bFGF. In addition, we showed
that these naive state stem cells progress to the more mature “primed” state as soon as they are
exposed to bFGF. To demonstrate that NMET7 is expressed at very high levels in very early stage
stem cells, we performed Western blot analysis on human stem cells cultured in either NMEI or
NME?7 (naive) or cultured in bFGF (primed), then probed for the presence of NME7. Embryonic
stem cells in the primed state, which is more differentiated than stem cells in the naive state,
express only trace amounts of NME7. By stark contrast, stem cells in the earlier “naive” state

(also called the “ground” state) express high levels of NME7 (Figure 3B, compare lane 1 (naive)

49



WO 2014/130741 PCT/US2014/017515

to lane 2 (primed). NME?7 is expressed in cancer cells to a level comparable to its expression in
early stage stem cells (Figure 3B, compare lane 3 (cancer cell) to lane 1 (naive stem cell)). For
this reason, NME7 and NME6 can be therapeutically disabled without significant side effects
because their primary role is in early embryogenesis rather than in adult life.

[00382] NME?7 is a single molecule that has two NDPK domains and so, in one aspect,
functions as NMEI1 dimers do. One of the binding partners of NME7 is MUCI1*. Our studies
show that NME7 binds and dimerizes the extra cellular domain of MUCI*-positive cells to
promote growth and to inhibit differentiation of both human stem cells and cancer cells. NME7
is also detected in cancer cells, in the conditioned media, cytoplasm and nucleus, indicating that
it functions as a secreted growth factor and also as a transcription factor that directly or indirectly
binds DNA. The Western blots of Figure 20 show that both NME1 and NME?7 are present in
both the cytoplasm and in the nucleus of human cancer cells (T47D), embryonic stem cells
(BGO1v and HES-3) and induced pluripotent stem (iPS) cells. These data show that NME]1 and
NME?7 can function directly or indirectly to affect transcription of genes. Therefore in one
aspect of the invention, the function of NMEI or NME?7 is inhibited by adding agents which can
be small molecules, that inhibit the binding of NME1 or NME7 to DNA, and agents that inhibit
the transcription function of NMEI or NME7 are anti-cancer agents that can be administered to a
patient with cancer or at risk of developing cancer.

[00383] NME proteins likely are expressed to different levels in different cancer cells. Most
cancers that are MUC1*-positive and show high expression of NMEI, NME6 and NME?7.
DU145 prostate cancer cells had higher expression of NME7 than NME1 or NME6. PC3
prostate cancer cells, which are MUC1*-negative, had no detectable NMEI or NME7 but had
high expression of NMEG6 (Figure 21).

[00384] NME?7 exists in different forms

[00385] NMEY7 is expressed as different species. Some of these species are specific to cancer
cells. Full length NME7 is 42kDa and is comprised of two non-identical NDPK domains and a
DMI10 leader sequence at its N-terminus. Full length NME7 can be found in the cytoplasm. A
~33kDa NME?7 species, consistent with a species comprised of the NDPK A and B domains but
devoid of the DM10 leader sequence is found exclusively in the conditioned media of both stem
cells and cancer cells (Figure 5 and Figure 22). Note that these findings are independent of

recombinant NMEI in dimer form added to culture the stem cells. Figure 23 shows that when
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the gel of Figure 22 was stripped and re-probed for the presence of the Histidine tag on the
recombinant protein, none was detected. These results argue that a smaller molecular weight
NME?7 is the secreted growth factor form. We made an NME7 variant comprised of the NDPK
A and B domains but without the DM10 domain, having molecular weight of ~33kDa, that we
called NME7-AB. This recombinant NME7-AB is able to fully support pluripotent human stem
cell growth in serum-free media, devoid of other growth factors or cytokines. NME7-AB also
fully supported the growth of MUCI*-positive cancer cells. These experiments demonstrate that
the secreted form of NME?7 is the growth factor form and that it is comprised of NDPK A and B
domains and devoid of most or all of the DM10 domain and has a molecular weight of ~33kDa.
Figure 24 shows photos of Western blots of various cell lysates and corresponding conditioned
media probed for the presence of NME7 using a mouse monoclonal antibody (A) or another
monoclonal antibody that only recognizes the N-terminal DM10 sequence (B). The lack of
binding of the DMIO0 specific antibody to the ~33kDa NME7 species in the samples from the
conditioned media of the cells indicates that the secreted form of NME7 is devoid of most if not
all of the N-terminal DM 10 leader sequence.

[00386] Another smaller ~25kDa NME?7 species is also sometimes present. Western blot
shows presence of lower molecular weight species ~25kDa from the outset. This ~25kDa NME7
is comprised of the NDPK A domain and has a single binding site for MUC1*. The ~25kDa
band was excised and analyzed by mass spectrometry. Mass spec showed that the ~25kDa
species was comprised essentially of the NDPK A domain.

[00387] It has been reported that NME7 is expressed in other human tissues, albeit at low
levels. However, we have discovered that it is the secreted form of NME?7 that functions as a
growth factor and although some adult tissues may express NME7, the critical aspect is whether
or not it is secreted. Stem cells that express and secrete NME7 are those stem cells that are in an
earlier and thus more pluripotent state than stem cells that do not secrete NME7, which are in an
earlier and more pluripotent state than stem cells that do not express or secrete NME7. Cancer
cells that express and secrete NME7 are those cancer cells that are less differentiated and more
aggressive than cancer cells that do not secrete NME7. Thus, measuring levels of NME7 and
secreted NME7 can be used to predict tumor aggressiveness, design therapies, monitor efficacy
of therapies and to stratify patient populations for clinical trials. Therefore, antibodies that detect

NME]1, NME6 or NME7 can be used as diagnostic tools to detect the occurrence of cancer or to

51



WO 2014/130741 PCT/US2014/017515

assess the aggressiveness of the cancer, wherein high levels of NME1, NME6 or NME7 correlate
with tumor aggressiveness and poor outcome. High levels of NME7 and NME6 are especially
correlated to tumor aggressiveness and therefore poor prognosis. Patient samples that can be
probed with antibodies against NME1, NME6 or NME7 can be samples of bodily fluids,
including blood, tissue biopsies, needle biopsies and the like.

[00388] NME family member proteins can function to promote cancer

[00389] The inventors previously reported that NME proteins promote growth and
pluripotency of embryonic and iPS cells as well as inducing cells to revert to a stem-like state.
Because much of the genetic signature of a stem-like state and a cancerous state is now shared,
we conclude that NME family member proteins are also able to induce a cancerous state. In a
preferred embodiment the NME family member protein is NME1 or an NME protein having
greater than 30%, 35%, 40%, 45%. 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or
97% sequence identity to NMEI, wherein said protein is a dimer. In a more preferred
embodiment, the NME family member protein is NME7 or an NME protein having greater than
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 97%
sequence identity to at least one of the NME7 domains A or B and able to dimerize the MUC1*
growth factor receptor.

[00390] Here, we report that NMEL1 in dimer form, a bacterial NME1 in dimer form, NME7 or
NME7-AB were able to: a) fully support human ES or iPS growth and pluripotency, while
inhibiting differentiation; b) revert somatic cells to a more stem-like or cancer-like state; and c)
transform cancer cells to the highly metastatic cancer stem cell state, also referred to as tumor
initiating cells.

[00391] We made recombinant bacterial NME proteins found in Halomonas Sp. 593 (‘HSP
593’) and in Porphyromonas gingivalis W83 that had high sequence homology to human NME1
and had been reported to exist in dimer state (Figure 25 and Figure 26). HSP 593 expressed well
in E. coli and a significant portion was present as a dimer, which population was then purified by
FPLC and confirmed the dimer population (Figure 25A). A direct binding experiment was
performed that showed that bacterial NME from Halomonas Sp. 593 bound to the PSMGFR
peptide of the MUC1* extracellular domain (Figure 25B). Sequence alignment between HSP
593 and human NMEI1 or human NME7 domain A or B showed that the bacterial NME that
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bound to MUCIT* extracellular domain was 40-41% identical to human NME1 and human
NME7-A, and 34% identical to NME7-B (Figure 27 A-C).

[00392] Additional experiments were performed that showed that bacterial NMEs with greater
than 30%, or more preferably 40%, identity to human NME1 or NME7 function like the human
NME:s that promote cancer and stem cell growth and survival. Many of the bacterial NMEs that
had this high sequence identity to the human NMEs were reported to be implicated in human
cancers. We therefore sought to test the idea that many bacteria were either inducing cancer in
humans or making existing cancers worse. The bacterial NME was tested in functional assays
against human NMEI and NME7. Human HES-3 embryonic stem cells were cultured in a
serum-free minimal base media with either HSP 593, human NMEI dimers or human NME7-AB
as the only growth factor or cytokine. Just as human NME1 and NME?7 fully supported human
stem cell growth, so did bacterial NME from HSP 593 (Figure 28 A-F, compared to Figure 9 and
Figurel0).

[00393] Human NMEI1 dimer or human NME7 are able to make somatic cells revert to a less
mature state, expressing stem and cancer cell markers. Bacterial NME from HSP 593 was tested
alongside the human homologs to determine if it could mimic their function by being able to
revert somatic cells to a cancer-like state. Human fibroblasts were cultured in a serum-free
minimal base media with either HSP 593, human NME1 dimers or human NME7-AB as the only
growth factor or cytokine. RT-PCR measurement showed that like the human NMEs, bacterial
NME1 HSP 593 reverted somatic cells to an OCT4-positive stage by Day 19 (Figure 29).
Recalling that stem cells and metastatic cancer cells can grow anchorage-independently, we
repeated the experiments but this time a rho kinase inhibitor was added to one set of cells to
make the cells adhere to the surface. When the floating cells were forced to adhere to the
surface, RT-PCR showed that there had actually been a 7-fold increase in stem/cancer marker
OCT4 and as high as a 12-fold increase in the stem/cancer markers Nanog (Figure 30). Photos
of the experiment show the dramatic change in morphology as the fibroblasts revert when
cultured in human or bacterial NME (Figures 31-38). The relative order of efficiency of
reverting somatic cells to a less mature state was NME7 > NMEI dimers > NMEI1 bacterial.
Transcription factors BRD4 and co-factor JMJD6 reportedly suppress NME7 and up-regulate
NME]1 (Lui With et al, 2013). We found that these factors were expressed at lower levels in

naive stem cells than they were in the later stage primed stem cells (Figure 39). This result
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supports our hypothesis that NME7 is an earlier expressed stem cell growth factor than NMEI1
because the former cannot turn itself off or regulate self-replication the way NMEI1 does; as a
dimer it activates stem cell growth but when the cells secrete more and it forms hexamers, the
hexamers do not bind MUC1* and differentiation is induced.

[00394] Chromatin re-arrangement factors MBD3 and CHD4 were recently reported to block
the induction of pluripotency (Rais Y et al, 2013). RT-PCR measurements of human fibroblasts
grown in the human NME1 or NME7 or bacterial NME1 show that the NME protein suppress all
four (BRD4, JMID6, MBD3 and CHD4) blockers of pluripotency (Figure 40). Composite
graphs of RT-PCR experiments show that the relative potency of increasing pluripotency genes
and decreasing pluripotency blockers is NME7 > NME1 > HSP 593 NME. However, Bacterial
NME from HSP 593 apparently up-regulates expression of human NME7 and NMEI1 (Figure 41
and Figure 42). Thus, NMEI dimers, NME7 and bacterial NME1 dimers cause somatic cells to
revert to a less mature cancer/stem-like state.

[00395]  Another function that NME1 and NME7 have is the ability to transform cancer cells
to the more metastatic cancer stem cell state, also called tumor initiating cells. A panel of cancer
cells were cultured in a serum-free minimal base media with human NME7-AB or human NME1
dimers (‘NM23’ in figures) as the only growth factor or cytokine. After several days in this
media, cells began to float off the surface and continued to grow in solution. The ‘floaters’ were
collected and separately analyzed by PCR. Cells in other wells were treated with a rho kinase
inhibitor (‘Ri in figures’). Quantitative PCR measurements show an increase of the cancer stem
cell markers, some of which used to be thought of as stem cell markers only (Miki J et al 2007,
Jeter CR et al 2011, Hong X et al 2012Faber A et al 2013, Mukherjee D et al 2013, Herreros-
Villanueva M et al , 2013, Sefah K et al, 2013; Su H-T et al 2013). Figures 44-47 show that
culture with the NME proteins reverts the cancer cells to the highly metastatic tumor initiating
cells, with the ‘metastasis receptor’ CXCR4 up-regulated by more than 200-fold, SOX2 up-
regulated by more than 200-fold, E-cadherin (CDH1), NANOG and MUCI1 up by 10-fold. In
conclusion, cancer cells secrete NME7 and NME1 which activate MUC]1 and up-regulate a host
of cancer and cancer stem cell genes. We observed a more modest, but trending, increase in
markers of cancer stem cells and metastasis even in cells that were MUC]1-negative (Figure 47).
We therefore conclude that NME7 likely is able to enter these cells by a route other than MUC1*

wherein it can still act as a transcription factor and affect the expression levels of these genes.
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NME]1 must be a dimer to function this way, because as a hexamer it does not activate stem or
cancer growth. However, many cancers mutate NME] so that it resists the formation of the self-
replication limiting hexamer. Unlike NME1, NME7 is always active.

[00396] 2i inhibitors, which are small molecule inhibitors of GSK3-beta and MEK of the
MAP kinase signaling pathway, have been reported (Silva J et al, 2008) to revert mouse primed
stem cells to the naive state. We wondered whether these inhibitors could also revert human
cancer cells to the cancer stem cell state. T47D breast cancer cells were cultured for 10 days in a
serum-free minimal base media with the 2i inhibitors added or in the same base media with
human recombinant NME7-AB added, or both NME7-AB and 2i. The results shown in Figure
48 show that the cancer stem cell markers E-cadherin (CDH1), the metastasis receptor CXCR4
as well as stem/cancer markers OCT4, SOX2 and NANOG were greatly up-regulated by 21, 2i +
NME7-AB, NME7-AB alone. The relative potency of inducing the cancer stem cell markers
was NME7 > NME7 + 2i > 2i (Figure 48). Expression of the pluripotency-blocking chromatin
regulators and transcription factors BRD4, JMJID6, MBD3 and CHD4 were similarly down-
regulated when the cancer cells were treated with either 2i or NME7-AB (Figure 49).

[00397] Thus, agents that disable any of these functions of NMEI dimers, human or bacterial
or of NME7 — ability to promote stem cell growth, ability to bind to MUCI1* peptide PSMGFR,
ability to revert somatic cells to a less mature state, ability to transform cancer cells to cancer
stem cell state — are potent anti-cancer agents and can be administered to patients for the
treatment or prevention of cancers.

[00398] In support of the idea that NME inhibitors are potent anti-cancer agents, we
performed an experiment and contend that it can be extended to many other antibodies that bind
to NME7, NME7-AB as well as other NME proteins. We grew MUC1*-positive cancer cells in
the presence or absence of a rabbit polyclonal antibody raised against human NME7. Tumor cell
growth was greatly decreased in a concentration dependent manner and is shown in Figures 13-
15. Polyclonal anti-NME7 may not be the ideal anti-cancer agent in that it is a collection of
antibodies produced by rabbits. For a therapeutic agent, monoclonal antibodies would be
generated and selected for their ability to specifically inhibit cancer cell growth and ideally select
a monoclonal antibody that disrupts binding of NME7 to MUC1* extracellular domain. Finally

a human or humanized antibody would be selected.
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[00399] NME Function 1: One way that NME proteins function to promote cancer is by
binding to a clipped form of the MUCI transmembrane protein, herein referred to as MUC1*,
which consists primarily of the PSMGFR sequence. Dimerization of the MUCI1* extracellular
domain stimulates growth and de-differentiation of stem and cancer cells.

[00400] NME Function 2: Another way that NME proteins function to promote cancer, de-
differentiation, pluripotency, growth or survival is that they can be transported to the nucleus
where they function directly or indirectly to stimulate or suppress other genes. It has been
previously reported (Boyer et al, 2005) that OCT4 and SOX2 bind to the promoter sites of
MUCI1 and its cleavage enzyme MMP16. The same study reported that SOX2 and NANOG bind
to the promoter site of NME7. We conclude, on the basis of our experiments that these
“Yamanaka’ pluripotency factors (Takahashi and Yamanaka, 2006) up-regulate MUCI, its
cleavage enzyme MMP16 and its activating ligand NME7. It has also been previously reported
that BRD4 suppresses NME7, while its co-factor JMJD6 up-regulates NME1 (Thompson et al)
that we determined is a self-regulating stem cell growth factor that is expressed later than NME7
in embryogenesis. Still others recently reported that siRNA suppression of Mbd3 or Chd4
greatly reduced resistance to iPS generation (Rais Y et al 2013 et al.) Our evidence is that there
is a reciprocal feedback loop wherein NME7 suppresses BRD4 and JMJD6, while also
suppressing inhibitors of pluripotency Mbd3 and CHD4. We note that in naive human stem
cells, these four factors BRD4, JMID6, Mbd3 and CHD4 are suppressed compared to their
expression in later stage ‘primed’ stem cells. We also note that the 2i inhibitors (inhibitors of
Gsk3p and MEK) that revert mouse primed stem cells to the naive state, also down regulated the
same four factors BRD4, JMJD6, Mbd3 and CHD4.

[00401] We have also discovered that NME7 up-regulates SOX2 (>150X), NANOG (~10X),
OCT4 (~50X), KLF4 (4X) and MUC1 (10X). Importantly, we have shown that NME7 up-
regulates cancer stem cell markers including CXCR4 (~200X) and E-cadherin (CDH1). Taken
together these multiple lines of evidence point to the conclusion that NME?7 is the most primitive
stem cell growth and pluripotency mediator and that it is a powerful factor in the transformation
of somatic cells to a cancerous state as well as transforming cancer cells to the more metastatic
cancer stem cells. Figure 50 is a cartoon of the interaction map of NME7 and the associated
regulators of the stem/cancer state as evidenced by the experiments described herein. NMEI in

dimer form functioned approximately the same as NME7 in being able to convert somatic cells
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to a stem/cancer-like state and being able to transform cancer cells to metastatic cancer stem
cells, albeit to a slightly lesser degree. Similarly, bacterial NME dimers with high homology to
human NMEI or NME7 such as Halomonas Sp 593 was, like NMEI dimers and NME7
monomers, able to fully support human stem cell growth, pluripotency and survival, cancer cell
growth and survival, reverted somatic cells to a cancer/stem cell state and transformed cancer
cells to the more metastatic cancer stem cells.

[00402] We therefore conclude that agents that disable the function of NME proteins that
support human stem cell growth, pluripotency and survival, cancer cell growth and survival, that
are able to revert somatic cells to a cancer/stem cell state and that are able to transform cancer
cells to the more metastatic cancer stem cells are ideal targets for anti-cancer therapies, wherein
the therapeutic agent disables the NME protein, blocks its binding to MUC1*, blocks its function
as a direct or indirect transcription factor or blocks its function as described above. In a
preferred embodiment, the agent that blocks the function of the NME protein is an antibody. In
another preferred embodiment the agent blocks the function of NMEI dimers or dimerization. In
a yet more preferred embodiment the agent blocks the function of NME7. An anti-cancer agent
that blocks the function of one of these NME proteins can alternatively be a nucleic acid. For
example a nucleic acid that inhibits expression of the NME such as sh- or siRNA, antisense
nucleic acid and the like. Alternatively, the agent may indirectly suppress expression of the
NME. For example, increased expression of BRD4 would suppress NME7 and thus act as an
anti-cancer agent. In another embodiment, the agent that inhibits function of the targeted NME
protein is a synthetic chemical such as a small molecule that either acts on the NME protein
directly or inhibits its expression. Separately or in combinations, these agents are potent anti-
cancer agents for the treatment or prevention of cancers.

[00403] In one case, an agent that inhibits the targeted NME protein is an antibody and is an
anti-cancer agent that is administered directly to a patient for the treatment or prevention of
cancers. In a preferred embodiment the primary cancer or its progeny is a MUCI* positive
cancer. The antibody may be an antibody per se or may be an engineered antibody-like
molecule. The antibody or antibody-like molecule can be linked to a cytotoxic entity or an entity
that activates an immune response. For example, portions of the anti-NME antibody can be
engineered to be a part of a therapeutic molecule as described in the CAR (chimeric antigen

receptor) T cell technology (Porter D et al, 2011). The antibody can be bivalent, monovalent, bi-
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specific humanized or partially humanized. The antibody or antibody-like molecule may be
generated using in vitro binding assays, phage display techniques and the like, including those
used by Tiller T et al, 2013, and for example using randomized human antibody epitope libraries
such as the Ylanthia® system as well as others.

[00404] In another aspect of the invention, the agent that inhibits the targeted NME protein is
an antibody that is generated by the patient, wherein the patient is immunized with portions of
the targeted NME protein(s) such that the patient mounts an immune response which includes
anti-NME antibodies. Such immunization is performed for the treatment or prevention of
cancers, for example as a vaccine.

[00405] In another aspect, the present invention involves the identification of peptide
sequences derived from MUC1*, NMEI human, NMEI1 bacterial and NME7 that will give rise
to antibodies that are anti-cancer agents. These peptide sequences can be used for generating
therapeutic antibodies as well as for vaccines, nucleic acid sequences for anti-sense type
therapies, methods for the identification of cancer-causing bacteria, diagnostic methods and drug
screening methods. In one aspect of the invention, peptides of sequence described herein may be
augmented with adjuvant or fused to other peptides which stimulate the immune system and then
used to generate anti-cancer antibodies either in a host animal or in a human as a vaccine to
immunize against cancer by inducing the patient to raise antibodies against the targeted NME
protein. In a preferred embodiment, the targeted NME protein is bacterial NME having 30% or
greater sequence identity to human NMEl or NME7 domain A or B. In a more preferred
embodiment, the targeted NME protein is human NME]1, wherein the antibody may specifically
target NMEI with mutations that make it prefer dimer formation such as the S120G mutation,
the P69S mutation or C-terminal truncations. In a still more preferred embodiment, the targeted
NME protein is NME7 (SEQ ID NO:13), including the cleaved form substantially as set forth as
NME7-AB (SEQ ID NO:39) .

[00406] A transgenic mouse expressing human NME7, human NME1 or mutants that prefer
dimerization or bacterial NME would be of great use in drug discovery, for growing cancer cells
in vivo and for testing the effects of immunizing NME-derived peptides as elements of an anti-
cancer vaccine. For example, murine NME proteins differ from human NME proteins. Mouse
stem cells grow using the single growth factor LIF, while LIF cannot support the growth of

human stem cells. We now know that cancer cells and stem cells grow by similar mechanisms.
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Therefore, implanting human cancer cells into a mouse poses problems besides just an immune
response in the mouse to human cancer cells; the mouse does not produce human NME7 or
dimeric NME1 which are the growth factors that singly promote cancer growth and their
transformation to cancer stem cells.

[00407] We have found that animals injected with human NME7 develop cancers more easily
than mice that are not injected. For example, some cancer cells are very difficult to engraft in
animals. We increased the engraftment rate of cancer cells by several fold by injecting the
animal with human NME7 or NME7-AB. Immune-compromised mice were implanted with
T47D breast cancer cells that were mixed 50/50 vol/vol with either Matrigel or NME7-AB.
After 10 days, the mice that had received the NME7 mixed cells were additionally injected with
NME7-AB every day (Figure 51). The group that was additionally injected with NME7-AB
(dashed line) had larger tumors that grew at an accelerated rate. Engraftment rates, decreased
numbers of required cells and a faster tumor growth rate resulted when NME7-AB was mixed
with the cancer cells when implanted and when the mice were injected every 24 or 48 hours after
implantation. A range of ratios of cancer cells to NME7 or the injection schedule of NME?7 is
expected to vary from one mouse strain to another and from one tumor type to another. In an
improvement over this method, animals that are transgenic for human NME7 or NME7-AB
greatly increase engraftment rates of cancer cells and thus, decrease the number of cells required
to develop into a tumor in an animal. This allows growth of primary patient cancer cells in an
animal expressing human NME7 or NME7-AB.

[00408] In one example, cancer cells are implanted into an animal and the animal is
administered NME7 or NME7-AB. In a preferred embodiment, the animal is a transgenic animal
that expresses human NME7-AB. In a preferred embodiment, the cancer cells are primary cells
from a patient. In this way, the animal, which can be a mouse, provides the NME growth factor
that causes the patient cancer cells to revert to a less mature, more metastatic state. In one
embodiment, the host animal is injected with candidate drugs or compounds and efficacy is
assessed in order to predict the patient’s response to treatment with the candidate drug or
compound. In another instance, the first line treatments or drugs that are being administered to
the patient or are being considered for treatment of the patient, are administered to the animal
bearing the patient’s cancer cells which are being reverted to a less mature state. The first line

treatments likely influence which mutations the cancer cells adopt in order to escape the first line
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treatments. The resultant cancer cells can then be removed from the host animal and analyzed or
characterized to identify mutations that are likely to occur in response to certain treatments.
Alternatively, the cancer cells can remain in the host animal and the host animal is then treated
with other therapeutic agents to determine which agents inhibit or kill the resistant cells or cancer
stem cells.

[00409] Our experiments have shown that the differences between murine NME proteins and
human NME proteins is a major reason why engraftment of human cancer cells into mice is so
inefficient. Injecting the mouse with recombinant human NMET7 at the time of cancer cell
implantation greatly increased the rate of tumor engraftment and the rate of tumor growth. Thus
a transgenic mouse that expresses human NME7, or more preferably human NME7-AB, would
greatly increase the rate of tumor engraftment, making it possible to engraft patient cells in a
mouse model for drug discovery, dosage testing or to determine how the patient’s cancer cells
might evolve or mutate in response to drug treatment. It would be advantageous to have the
human NME7 on an inducible promoter, for example to avoid potential problems of NME7
expression during development of the animal. Alternatively, cancer cells, including patient cells
can be cultured in NME7, NME]1 dimers or bacterial NME that mimics human NMEs such that
the cells are transformed to the cancer stem cells that require as few as 50-200 cells to initiate a
tumor in an animal. These cells would then be tested in vitro or in vivo, including in a transgenic
animal bearing NME7, NME1 dimers, bacterial NMEs or single chain NME]1 pseudo dimers.
[00410] A transgenic animal expressing human NME, especially NME7-AB, would also be
useful for assessing which immunizing peptides could safely be used for the generation of
antibodies against NME proteins, including NMEI, bacterial NME and NME7. For example,
mice transgenic for human NMEI, NME7, or NME7-AB could be immunized with one or more
of the immunizing peptides set forth as in Figures 62-64, peptide numbers 1-53. Control group
mice are analyzed to ensure that anti-NME antibodies were produced. Human tumor cells would
then be implanted into the transgenic mouse, wherein expression of the human NME protein in
the host animal is induced, if using an inducible promoter. The efficacy and potential toxicities
of the immunizing peptides is then assessed by comparing the tumor engraftment, tumor growth
rate and tumor initiating potential of cells transplanted into the transgenic mouse compared to the
control mouse or a mouse wherein the inducible NME promoter was not turned on. Toxicities

are assessed by examining organs such as heart, liver and the like, in addition to determining
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overall bone marrow numbers, number and type of circulating blood cells and response time to
regeneration of bone marrow cells in response to treatment with agents cytotoxic to bone marrow
cells. Immunizing peptides derived from those listed in Figures 62-64, peptide numbers 1-53
that significantly reduced tumor engraftment, tumor growth rate, or tumor initiating potential
with tolerable side effects are selected as immunizing peptides for the generation of antibodies
outside of the patient or in a human as an anti-cancer treatment, preventative or vaccine.

[00411] Therefore, a mouse or other mammal that would spontaneously form tumors, or
respond more like a human to drugs being tested or that would better allow human tumor
engraftment, is generated by using any one of the many methods for introducing human genes
into an animal. Such methods are often referred to as knock-in, knock-out, CRISPR, TALENSs
and the like. The invention envisions using any method for making the mammal express human
NME7 or NME7-AB. NME7 or NME7-AB can be inducible as one of many methods for
controlling expression of transgenes are known in the art. Alternatively, the expression or timing
of expression, of NME7 may be controlled by the expression of another gene which may be
naturally expressed by the mammal. For example, it may be desirable for the NME7 or NME7
variant to be expressed in a certain tissue, such as the heart. The gene for the NME7 is then
operably linked to the expression of a protein expressed in the heart such as MHC. In this
instance, the expression of NME7 is turned on when and where the MHC gene product is
expressed. Similarly, one may want to have the expression of human NME6 or NME7 turn on in
the prostate such that the location and timing of its expression is controlled by the expression of
for example, a prostate specific protein. Similarly, the expression of human NME6 or NME7 in
a non-human mammal can be controlled by genes expressed in mammary tissues. For example,
in a transgenic mouse, human NMEG6 or human NME?7 is expressed from the prolactin promoter,
or a similar gene.

[00412] Inhibitors of NME proteins as anti-cancer agents

[00413] Which NME proteins to target with inhibitors that will act as anti-cancer agents may
depend on the type of cancer. For example, tumors that are shown to harbor bacterial NME of
high sequence homology to human NME1 or NME7-A or -B domains or bacterial NMEs that are
shown to mimic the function of human NMEI1 dimers or NME7-AB would be treated with
antibodies or other agents that target the bacterial NME protein and inhibit its ability to dimerize,

its ability to bind to MUCI* or its ability to promote cancer growth or transform cancer cells to

61



WO 2014/130741 PCT/US2014/017515

cancer stem cells. Alternatively, in some cancer cells NME proteins that prefer dimerization
may be errantly re-activated or mutated such that they resist formation of the hexameric form.
Still other cancer may errantly re-activate expression of NME7 or the cleaved form NME7-AB.
Thus therapeutic antibodies that recognize NMEI, bacterial NMEs that mimic NMEI dimers
and/or NME7-AB may be useful for the prevention or treatment of cancers. Alternatively,
diagnostic assays are performed to determine which NME inhibitor is effective for a cancer or a
subset of cancers.

[00414] Antibodies that bind to NME7 and inhibit its tumorigenic potential are potent anti-
cancer agents and can be administered to patients for the treatment or prevention of cancers.
Antibodies that inhibit tumorigenic potential of NME7 or NME7-AB are those antibodies that
inhibit the ability of NME7 to bind to its cognate binding partners, which in one case is the
PSMGEFR portion of the MUC1* receptor. In another case, NME7 can function by entering the
cell, translocating to the nucleus and acting as a direct or indirect transcription factor, turning on
genes that promote tumorigenesis such as CXCR4, SOX2, MUCI1, E-cadherin, OCT4. NME7 or
NME7-AB down-regulates BRD4, JMID6, MBD3 and CHD4, all of which results in increased
tumorigenic potential of a cell. Therefore antibodies for the treatment or prevention of cancer
are those that when tested in vitro or in vivo inhibit NME7 binding to MUC1* or inhibit NME7
or its co-factors from binding to the nucleic acid promoter sites of CXCR4, SOX2, MUCI, E-
cadherin, OCT4, BRD4, JMID6, MBD3 or CHD4. These antibodies can be administered to a
patient with cancer or at risk of developing cancer. As is well known in the art, antibodies and
antibody-like molecules can be generated using the entire NME1, NME6 or NME7 protein.
Alternatively, peptides or portions of the proteins can be used. Still in other methods, peptides
are injected into a host animal along with carrier molecules or adjuvant to elicit an immune
response. Antibodies may be harvested from an animal in the standard ways, including
monoclonal antibodies produced from antibody-producing cells harvested from an animal which
can then be humanized. The invention also envisions using NME1, NME6 or NME7 proteins, or
peptides whose sequences are derived from them, in screening assays. In one such example,
antibody libraries can be screened for their ability to bind to NME1, NME6 or NME7, wherein
antibodies that bind to the targeted NME protein are then used to treat or prevent cancers.
Moreover, the library need not be comprised of antibodies per se. Libraries of antibody epitopes

or fragments can be screened for binding to portions of the NME proteins in order to identify
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therapeutic antibodies for the treatment of persons with cancer or at risk of developing cancers.
One or more of the immunogenic peptides listed in Figures 62-64 are ideal for generating
antibodies in a host animal or for identifying and selecting antibody epitope which can later be
engineered into antibody-like molecules for administration to a patient. In another embodiment,
peptides whose sequences are derived from NMEI1, NME6 or preferably NME7 are directly
administered to a human, such that the recipient generates an immune response including
antibody production as a cancer vaccine. One or more of the peptides listed in Figures 62-64
(SEQ ID NO. 88-140) are preferred for antibody generation or selection, whether for antibody
generation in a host animal, for use as a vaccine, for bait to screen libraries of synthetic peptides
or antibody epitopes such as the Ylanthia® system, wherein said antibodies will inhibit cancers
by inhibiting the function of NME7 or marking it for degradation. In another aspect, the
invention is directed to peptide fragments of NME family proteins, and using these peptides to
generate or select anti-cancer antibodies or antibody epitopes that bind to and inhibit NME7,
selected from SEQ ID NOS:88-140, more preferably 88-133, more preferably 88-121.

[00415] NME7 may be an ideal therapeutic target for the treatment or prevention of cancers
because its primary role appears to be in very early embryogenesis and is not expressed at
significant levels in adult tissues. Therefore, agents that disable NME7 are expected to prevent
or greatly inhibit cancers while having minor if any adverse effects on healthy adult tissues. Our
studies show that cancer cells and naive stem cells secrete NME7, which can function as their
only required growth factor. In addition, we showed that the population of cancer cells that are
metastatic cancer cells, also called cancer stem cells or tumor initiating cells, are preferentially
expanded by contacting them with NMEI1 dimers, bacterial NME dimers, or NME7, wherein
NME?7 produced the greatest number of cancer stem cells. Therefore agents that disable NME
proteins are excellent anti-cancer therapeutics, particularly useful for the inhibition or prevention
of cancer stem cells or tumor initiating cells. In a preferred embodiment, the NME protein that is
targeted by the therapeutic agent is NMEI, human or bacterial, wherein the therapeutic agent
inhibits dimerization, inhibits binding to MUCI*, or inhibits its ability to up-regulate
pluripotency genes or cancer stem cell genes such as CXCR4. In a more preferred embodiment
the NME protein that is targeted by the therapeutic agents is NME7, wherein the therapeutic
agent inhibits expression of NME7, inhibits NME7 binding to MUC1*, inhibits cleavage of the
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DMI10 domain or inhibits its ability to up-regulate pluripotency genes or cancer stem cell genes
such as CXCR4.

[00416] Thus, a targeted therapeutic to inhibit growth and de-differentiation of cancer cells is
an agent that disables NME7 function. NME7 function that therapeutic agents would disable for
the treatment of cancer include but are not limited to: 1) ability to bind to MUC1* extra cellular
domain; 2) ability to bind to DNA; 3) ability to promote stem cell proliferation; 4) ability to
inhibit differentiation; 5) ability to act as a transcription factor; and 6) ability to be secreted by
the cell.

[00417] Agents that disable NME7 functions as listed above include but are not limited to:
antibodies, chemical entities, small molecules, microRNAs, anti-sense nucleic acids, inhibitory
RNA, RNAi, siRNA. In one instance the therapeutic agent is an antibody, which can be
monovalent, bivalent, bispecific, polyclonal, monoclonal or may be antibody-like in that they
contain regions that mimic variable domains of antibodies. In another instance, the therapeutic
agent is a chemical entity such as a small molecule. Agents that cause suppression of NME7
such as RNAi or siRNA are also envisioned as anti-cancer treatments. In a preferred
embodiment, these agents block the interaction of NME7 with the extra cellular domain of
MUC1*.

[00418] In an alternate approach, agents that up-regulate BRD4 are administered to a patient
for the treatment or prevention of cancer, as BRD4 suppresses NME7.

[00419] Immunizing NME peptides to generate therapeutic antibodies

[00420] Until now, very little has been known about NME proteins and their function,
especially the newly identified NME proteins such as NME7. Until recently, NME1 was
believed to be a hexamer. Crystal structures of NME]1 and NME2 as hexamers have been
published (Webb PA et al, 1995; Min K et al, 2002) but provides little information about how
NME dimers or NME7 may fold. However, based on the published hexameric structure of
NME], sequence alignments among human NME1, human NME7 and bacterial NME that can
mimic human NMEI and NME7 function, specifically Halomonas Sp. 593, we identify certain
peptide sequences from Human NME1, human NME7 and Halomonas Sp. 593 that are predicted
to give rise to antibodies for therapeutic use for the treatment or prevention of cancers as

previously described herein.
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[00421] Figure 61 is a sequence alignment between human NME1 and human NME7-A or -B
domain. Figure 27 is a sequence alignment between human NMEI1 and bacterial NME from
Halomonas Sp 593 and between human NME7-A or -B domain and bacterial NME from
Halomonas Sp 593 (‘HSP 593°).

[00422] The peptides 1 to 34 listed in Figure 62 having SEQ ID NOS:88-121) are peptides
from human NME7 that were chosen because of their low homology to human NME1. NME7
peptides 35 to 46 (SEQ ID NOS:122-133) (Figure 63) were selected because they are somewhat
unique sequences regarding regions of NME7 that appear to be structurally important to the
integrity of the protein or for their ability to bind to MUCI1* peptide. Both sets of NME7
sequences are expected to give rise to antibodies that bind to NME7, whereas the second set of
NME?7 peptides may function to disable NME7 or its ability to bind to MUC1* peptide. These
peptides are expected to give rise to antibodies that would recognize NME7 or could also
recognize human NME]1 or bacterial NMEs and thus can be used for the treatment or prevention
of cancers.

[00423] The peptides 47 to 53 (SEQ ID NOS:134-140) listed in Figure 64 are human NMEI1
sequences chosen for their high sequence homology to both human NME7 and bacterial HSP
593 NME, so are inferred to be important for structure or binding to MUC1*. These peptides are
expected to give rise to antibodies that could recognize NME1, NME7 or bacterial NMEs and
thus can be used for the treatment or prevention of cancers.

[00424] The peptide sequences that have low homology to human NMEI1 but high homology
to human NME7-A or NME7-B are listed in Figure 62, peptides 1 to 34 (SEQ ID NOS:88-121)
should give rise to antibodies that prefer to bind to human NME7, which should have limited if
any role in adult tissue, except in cancerous tissue in which case it is desired to inhibit its
activity.

[00425] The peptides 35 to 46 (SEQ ID NOS:122-133) listed in Figure 63 are peptide
sequences from NME7 wherein they appear to be important for structural integrity or binding to
MUCI1* based on sequence homology, the published crystal structure of the NME1 hexamer and
the knowledge that C-terminal truncations prefer dimerization and do not inhibit binding to
MUCI1* or the function of the protein in stem and cancer growth. The peptides 47 to 53 (SEQ
ID NOS:134-140) listed in Figure 64 are peptide sequences from NME1 wherein they appear to

be important for structural integrity or binding to MUC1* based on sequence homology, the
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published crystal structure of the NMEI hexamer and the knowledge that C-terminal truncations
prefer dimerization and do not inhibit binding to MUCT* or the function of the protein in stem
and cancer growth. Antibodies generated from peptides or peptide mimics containing these
sequences will give rise to antibodies that can be administered to a patient for the treatment or
prevention of cancers. Peptides or peptide mimics containing these sequences will give rise to
antibodies in a host and thus constitute an anti-cancer vaccine that can be administered to a
patient for the treatment or prevention of cancers.

[00426] Diagnostic assays

[00427] In yet another aspect of the invention, diagnostic assays are described that can
determine whether the predominant NME in a patient’s cancer, or in a patient at risk of
developing a cancer, is NME], bacterial NME or NME?7 full-length or cleaved to the NME7-AB
form. The diagnostic assay involves standard assays such as IHC, ICC, FISH, RNA-Seq and
other detection or sequencing techniques, but unlike standard cancer diagnostic tests, the assays
would be performed to determine whether NME1, NME7 or bacterial NME is present in
amounts greater than those measured in a control group. Based on such determination of the
type of NME protein that is expressed by the patient’s cancer or by a subset of cancers afflicting
many patients, anti-NME antibodies or other NME disabling agents that will specifically inhibit
or disable the NME protein(s) present in the patient, or group of patients are selected and
administered to the patient(s). Similarly, diagnostic assay are employed to determine if the
patient’s NME protein bears a mutation that makes the protein favor dimerization and if so,
agents that disable that particular mutant NME are administered to the patient for the treatment
or prevention of cancer.

[00428] Antibodies that disable the function of the targeted NME protein, or its cognate
receptor MUC1*, may be further screened to identify those antibodies that preferentially target
cancer cells and do not target stem or progenitor cells or do so to a much lesser degree. MUCI is
cleaved to the MUC1* form by a variety of cleavage enzymes, wherein which enzyme cleaves
MUCI1 may be due to the tissue type or the timing of development of the cell or the organism.
For example, MMP14 is expressed at higher levels in stem cells than it is on breast cancer cells
(Figure 52). Conversely, MMP14 and ADAM17, also MUCI cleavage enzymes are expressed on
DU 145 prostate cancer cells 3- and 5-times higher than they are in human stem cells; in T47D
breast cancer cells MMP16 and ADAMI17 are 2-times higher than they are in stem cells (Figures
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53 and 54). Indeed, when mice implanted with DU145 prostate cancer cells are treated with the
Fab of the anti-MUCI1* antibody MN-E6, tumor growth was greatly inhibited (Figure 55),
expression of MMP14 and ADAM17 was reduced (Figure 56), MUCI cleavage was reduced and
expression of microRNA-145 that signals differentiation was increased (Figure 57 A,B) Thus,
MUCI1* may vary at its distal, N-terminus by 10 or more amino acids. The C-terminus of
MUCI is intracellular and its N-terminus is extracellular. Our experiments show that NME1
dimers bind to the N-10 version of the PSMGFR peptide. That is to say that omitting the first 10
amino acids of the PSMGFR peptide, which corresponds to the majority of the MUCI*
extracellular domain, did not affect the ability of NMEI dimers to bind to the MUCI1* peptide.
Antibodies that preferentially bind to the N-10 peptide (SEQ ID NO:86) preferentially bind to
MUCI1* as it exists on cancer cells. Conversely, antibodies that preferentially bind to the C-10
peptide (SEQ ID NO:87), preferentially bind to stem cells and cell of the bone marrow rather
than cancer cells (Figures 58-60). Therefore, antibodies that target MUCI* for the treatment or
prevention of cancer may be generated by immunization with the PSMGFR peptide, the N-10
peptide or the C-10 peptide. Alternatively, therapeutic antibodies or antibody-like molecules for
the treatment or prevention of cancers can be identified by selecting those that bind to MUCI* as
it appears on cancer cells as opposed to how it appears on stem and progenitor cells. In a
preferred embodiment, the antibody prefers binding to the N-10 peptide. In a yet more preferred
embodiment, the therapeutic antibody is selected for its ability to bind to cancer cells but not
stem or progenitor cells. In one example, antibodies were first selected for their ability to bind to
the PSMGFR peptide, the N-10 peptide or the C-10 peptide by ELISA or similar direct binding
assay, then confirmed to be able to bind to MUC1* positive cancer cells of many different types,
wherein one antibody may bind prostate cancer cells better than breast cancer cells or vice versa,
in support of the hypothesis of different cleavage sites on different tissue types. Then, hybridoma
supernatants were coated onto multi-well plates and stem cells were plated over them. Since
human stem cells are non-adherent, wells that were coated with an antibody that bound to stem
cells (or progenitor cells) caused the stem cells to adhere, while antibodies that did not cause the
stem cells to adhere were selected as preferred anti-MUCI* antibodies for the treatment or
prevention of cancers.

[00429] Therefore, in another aspect, the invention is directed to a method for classifying

cancers or stratifying patients, having or suspected of having cancer, including the steps of: (1)
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analyzing a patient sample for the presence of stem or progenitor cell genes or gene products;
and (ii) grouping patients who share similar expression or expression levels of stem or progenitor
cell genes or gene products. In this way, the patients can then be treated with agents that inhibit
those stem or progenitor cell genes or gene products.

[00430] In another case, the expression levels of the stem or progenitor genes or gene
products are measured to assess severity of the cancer, wherein expression of, or higher
expression of, genes or gene products that are characteristic of earlier stem or progenitor states
indicate more aggressive cancers and expression of, or higher expression of, genes or gene
products that are characteristic of later progenitor states indicate less aggressive cancers. Such
determination would then allow the physician to design a therapy commensurate with treating a
patient with cancer more or less aggressive cancer.

[00431] These methods for classifying cancers or stratifying cancers can be accomplished
with a blood sample, bodily fluid, or biopsy. The gene or gene products whose high expression
level would indicate a very aggressive cancer would include NME1, more preferably NME6 and
still more preferably NME7.

[00432] The present invention is not to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of the invention in addition to those described
herein will become apparent to those skilled in the art from the foregoing description and
accompanying figures. Such modifications are intended to fall within the scope of the appended
claims. The following examples are offered by way of illustration of the present invention, and

not by way of limitation.

EXAMPLES

[00433] Example 1 - Components of minimal serum-free base (“MM”’) (500mls)

[00434] 400 ml DME/F12/GlutaMAX I (Invitrogen# 10565-018)

[00435] 100 ml Knockout Serum Replacement (KO-SR, Invitrogen# 10828-028)

[00436] 5 ml 100x MEM Non-essential Amino Acid Solution (Invitrogen# 11140-050)
[00437] 0.9 ml (0.1mM) B-mercaptoethanol (55mM stock, Invitrogen# 21985-023)

[00438] Example 2 - Probing cancer and stem cells for the presence of NME1, NME6
and NME7
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[00439] In this series of experiments, we probed the expression of NME6 and NME7 in stem
cells and cancer cells. In addition, we identified MUCI1* as the target of NME7. We first
performed Western blot assays on cell lysates to determine the presence or absence of NMEI,
NMES6 and NME7. In Figure 3A, lysates from BGOlv human embryonic stem cells that had
been cultured in NMEI dimers over a surface coated with anti-MUC1* antibodies (Lane 1), or
cultured in bFGF over MEFs (Lane 2) or T47D human breast cancer cell lysates (Lane 3) or
NME]1-wt as a positive control, were separated by SDS-PAGE then probed with an anti-NME1
specific antibody. The results show that NME] is strongly expressed in human ES cells whether
cultured in NME1 dimers or bFGF, and in T47D cancer cells. The same cell lysates are separated
by SDS-PAGE and then probed with an anti-NME6 specific antibody (anti-NME6 from
Abnova). No NMEG6 was detected (data not shown), however it was detected later in a more
concentrated sample (see Figure 4).

[00440] In Figure 3B, the same cell lysates are separated by SDS-PAGE and then probed with
an anti-NME?7 specific antibody (nm23-H7 B9 from Santa Cruz Biotechnology, Inc). The results
show that NME7 is strongly expressed in human ES cells cultured in NME1 dimers over an anti-
MUCI1* antibody surface (Lane 1), weakly expressed in the same ES cells that were cultured in
bFGF over MEFs (Lane 2), and strongly expressed in breast cancer cells (Lane 3). Lane 4 in
which NME1 was added is blank indicating that the NME7 antibody does not cross react with
NME]1. The fact that NME7 is expressed to a greater degree in stem cells cultured in NME1
dimers, which we have shown express markers indicating that they are in a more naive state than
cells cultured in bFGF, means that NMET7 is expressed at a higher level in naive cells, compared
to its expression in primed cells.

[00441] To determine whether NME7 also functions as a growth factor with MUC1* as its
target receptor, we performed pull-down assays. In these experiments, a synthetic MUCI* extra
cellular domain peptide (His-tagged PSMGFR sequence) was immobilized on NTA-Ni magnetic
beads. These beads were incubated with the cell lysates of BGO1v human embryonic stem cells
that had been cultured in NME1 dimers over a surface coated with anti-MUC1* antibodies (Lane
1), or cultured in bFGF over MEFs (Lane 2) or T47D human breast cancer cell lysates (Lane 3).
Beads were rinsed and captured proteins were released by addition of imidazole. Proteins were
separated by SDS-PAGE and then probed with either an anti-NMEI1 antibody (Figure 3C), an
anti-NMES6 antibody (data not shown) or an NME7 antibody (Figure 3D). The results show that
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NME?7 binds to the MUC1* extra cellular domain peptide. This means that in stem cells and
cancer cells, NME7 via its portions of its two NDPK domains, activates pluripotency pathways
by dimerizing the MUC1* extra cellular domain.

[00442] Example 3 - Generation of Protein Constructs

[00443] Generating recombinant NME7 — First constructs were made to make a recombinant
NMEY7 that could be expressed efficiently and in soluble form. The first approach was to make a
construct that would encode the native NME7 (-1) or an alternative splice variant NME7 (-2),
which has an N-terminal deletion. In some cases, the constructs carried a histidine tag or a strep
tag to aid in purification. NME7-1 expressed poorly in E. coli and NME7-2 did not express at all
in E. coli. However, a novel construct was made in which the targeting sequence was deleted and
the NME7 comprised essentially the NDPK A and B domains having a calculated molecular
weight of 31kDa. This novel NME7-AB expressed very well in E. coli and existed as the soluble
protein. A construct in which a single NDPK domain was expressed, NME-A, did not express in
E. coli . NME7-AB was first purified over an NTA-Ni column and then further purified by size
exclusion chromatography (FPLC) over a Sephadex 200 column. The purified NME7-AB
protein was then tested for its ability to promote pluripotency and inhibit differentiation of stem
cells.

[00444] Example 4 - Functional testing of human recombinant NME7-AB

[00445] Testing recombinant NME7 for ability to maintain pluripotency and inhibit
differentiation. A soluble variant of NME7, NME7-AB, was generated and purified. Human
stem cells (iPS cat# SCl0la-1, System Biosciences) were grown per the manufacturer’s
directions in 4ng/ml bFGF over a layer of mouse fibroblast feeder cells for four passages. These
source stem cells were then plated into 6-well cell culture plates (Vita'™, Thermo Fisher) that
had been coated with 12.5 ug/well of a monoclonal anti-MUCI* antibody, MN-C3. Cells were
plated at a density of 300,000 cells per well. The base media was Minimal Stem Cell Media
consisting of: 400 ml DME/F12/GlutaMAX I (Invitrogen# 10565-018), 100 ml Knockout Serum
Replacement (KO-SR, Invitrogen# 10828-028), 5 ml 100x MEM Non-essential Amino Acid
Solution (Invitrogen# 11140-050) and 0.9 ml (0.1lmM) B-mercaptoethanol (55mM stock,
Invitrogen# 21985-023). The base media can be any media. In a preferred embodiment, the
base media is free of other growth factors and cytokines. To the base media was added either

8nM of NME7-AB or §nM NM23-HI refolded and purified as stable dimers. Media was
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changed every 48 hours and due to accelerated growth had to be harvested and passaged at Day 3
post-plating. Figures 9 and 10 document the day by day comparison of growth in NM23-H1
dimers to growth in NME7 monomers. NME7 and NM23-H1 (NMEI1) dimers both grew
pluripotently and had no differentiation even when 100% confluent. As can be seen in the
photos, NME7 cells grew faster than the cells grown in NM23-H1 dimers. Cell counts at the
first harvest verified that culture in NME7 produced 1.4-times more cells than culture in NM23-
HI1 dimers. ICC staining for the typical pluripotent markers confirmed that NME7-AB fully
supported human stem cell growth, pluripotency and resisted differentiation (Figure 11).

[00446] Example S - Generating variants of NME6 and NME7

[00447] The following novel NME6 and NME7 variants were designed and generated:
[00448] Human NM23-H7-2 sequence optimized for E. coli expression:

[00449] (DNA)

[00450] atgcatgacgttaaaaatcaccgtacctttctgaaacgcacgaaatatgataatctgecatctggaagaccetgtttattggcaac
aaagtcaatgtgttctctcgtcagetggtgctgatcgattatggcgaccagtacaccgegegtcaactgggtagtcgcaaagaaaaaacgcet
ggccctgattaaaccggatgcaatctccaaagetggcgaaattatcgaaattatcaacaaagegggtttcaccatcacgaaactgaaaatgat
gatgctgagcegtaaagaageectggattttcatgtcgaccaccagtctcgeccgtttttcaatgaactgattcaattcatcaccacgggtecg
attatcgcaatggaaattctgcgtgatgacgctatctgecgaatggaaacgectgetgggcccggcaaactcaggtgttgcgegtaccgatgc
cagtgaatccattcgcgcetetgtttggcaccgatggtatccgtaatgcagecacatggtccggactcattcgecatcggecagetcgtgaaatgga
actgtttttcccgagcetctggeggttgcggteccggcaaacaccgecaaatttaccaattgtacgtgctgtattgtcaaaccgecacgeagtgtca
gaaggcctgctgggtaaaattctgatggcaatecgtgatgetggctttgaaatctcggecatgecagatgttcaacatggaccgegttaacgte
gaagaattctacgaagtttacaaaggcgtggttaccgaatatcacgatatggttacggaaatgtactccggtcecgtgcgtcgegatggaaatt
cagcaaaacaatgccaccaaaacgtttcgtgaattctgtggtccggcagatccggaaatcgeacgtcatctgegtecgggtaccetgegeg
caatttttggtaaaacgaaaatccagaacgctgtgcactgtaccgatctgccggaagacggtctgctggaagttcaatactttttcaaaattctg
gataattga (SEQ ID NO:20)

[00451] (amino acids)

[00452] MHDVKNHRTFLKRTKYDNLHLEDLFIGNKVNVESRQLVLIDYGDQYTARQL
GSRKEKTLALIKPDAISKAGEINEINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFNE
LIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDS
FASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISA
MQMFENMDRVNVEEFYEVYKGVVTEYHDMVTEMY SGPCVAMEIQQNNATKTFREFCG
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PADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID
NO:21)

[00453] Human NME7-A:

[00454] (DNA)

[00455] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetgga
tttactataaccaaactcaaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctg
atccagtttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggacctgcaaactct
ggagtggcacgcacagatgcttctgaaageattagagecctetttggaacagatggcataagaaatgcagegeatggecctgattettttget
tctgcggccagagaaatggagttgtttttttga (SEQ ID NO:22)

[00456] (amino acids)

[00457] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFF- (SEQ ID NO:23)

[00458] Human NME7-Al:

[00459] (DNA)

[00460] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetgga
tttactataaccaaactcaaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctg
atccagtttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggacctgcaaactct
ggagtggcacgcacagatgcttctgaaageattagagecctetttggaacagatggcataagaaatgcagegeatggecctgattettttget
tctgcggccagagaaatggagttgttttttccttcaagtggaggttetggeccggcaaacactgctaaatttacttga (SEQ ID NO:24)
[00461] (amino acids)

[00462] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKEFT- (SEQ ID NO:25)

[00463] Human NME7-A2:

[00464] (DNA)

[00465] atgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgcttcacttettcgacgttatgagcttttattttacce
caggggatggatctgttgaaatgcatgatgtaaagaatcatcgcacctttttaaagcggaccaaatatgataacctgecacttggaagatttattt
ataggcaacaaagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagetcgecagetgggcagtaggaaagaa
aaaacgctagccctaattaaaccagatgcaatatcaaaggctggagaaataattgaaataataaacaaagetggatttactataaccaaactc

aaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctgatccagtttattacaact
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ggtcctattattgeccatggagattttaagagatgatgctatatgtgaatggaaaagactgctgggacctgcaaactctggagtggcacgeaca
gatgcttctgaaagcattagagecctctttggaacagatggcataagaaatgcagegeatggecctgattcttttgcttctgcggeccagagaa
atggagttgtttttttga (SEQ ID NO:26)

[00466] (amino acids)

[00467] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTK
YDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEIL
NKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDDAICEWK
RLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFF- (SEQ ID
NO:27)

[00468] Human NME7-A3:

[00469] (DNA)

[00470] atgaatcatagtgaaagattcgttttcattgcagagtggtatgatccaaatgcttcacttcttcgacgttatgagcttttattttacce
caggggatggatctgttgaaatgcatgatgtaaagaatcatcgcacctttttaaagcggaccaaatatgataacctgecacttggaagatttattt
ataggcaacaaagtgaatgtcttttctcgacaactggtattaattgactatggggatcaatatacagetcgecagetgggcagtaggaaagaa
aaaacgctagccctaattaaaccagatgcaatatcaaaggctggagaaataattgaaataataaacaaagetggatttactataaccaaactc
aaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctgatccagtttattacaact
ggtcctattattgeccatggagattttaagagatgatgctatatgtgaatggaaaagactgctgggacctgcaaactctggagtggcacgeaca
gatgcttctgaaagcattagagecctctttggaacagatggcataagaaatgcagegeatggecctgattcttttgcttctgcggeccagagaa
atggagttgttttttccttcaagtggaggttgtggeccggcaaacactgctaaatttacttga (SEQ ID NO:28)

[00471] (amino acids)

[00472] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTK
YDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEIL
NKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDDAICEWK
RLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANT
AKFT- (SEQ ID NO:29)

[00473] Human NME7-B:

[00474] (DNA)

[00475] atgaattgtacctgttgcattgttaaaccccatgetgtcagtgaaggactgttgggaaagatectgatggctatccgagatge
aggttttgaaatctcagctatgcagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatca
tgacatggtgacagaaatgtattctggcccttgtgtagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctg
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ctgatcctgaaattgeccggceatttacgecctggaactctcagageaatctttggtaaaactaagatccagaatgetgttcactgtactgatctg
ccagaggatggcctattagaggttcaatacttcttctga (SEQ ID NO:30)

[00476] (amino acids)

[00477] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEV
YKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFG
KTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:31)

[00478] Human NME7-B1:

[00479] (DNA)

[00480] atgaattgtacctgttgcattgttaaaccccatgetgtcagtgaaggactgttgggaaagatectgatggctatccgagatge
aggttttgaaatctcagctatgcagatgttcaatatggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatca
tgacatggtgacagaaatgtattctggcccttgtgtagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctg
ctgatcctgaaattgeccggceatttacgecctggaactctcagageaatctttggtaaaactaagatccagaatgetgttcactgtactgatctg
ccagaggatggcctattagaggttcaatacttcttcaagatcttggataattagtga (SEQ ID NO:32)

[00481] (amino acids)

[00482] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEV
YKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFG
KTKIQNAVHCTDLPEDGLLEVQYFFKILDN— (SEQ ID NO:33)

[00483] Human NME7-B2:

[00484] (DNA)

[00485] atgccttcaagtggaggttgtggeccggcaaacactgctaaatttactaattgtacetgttgcattgttaaaccecatgetgtca
gtgaaggactgttggeaaagatcctgatggctatccgagatgcaggttttgaaatctcagetatgcagatgttcaatatggatcgggttaatgtt
gaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggcccttgtgtagcaatggagattc
aacagaataatgctacaaagacatttcgagaattttgtggacctgctgatcctgaaattgcceggcatttacgecctggaactctcagageaat
ctttggtaaaactaagatccagaatgctgttcactgtactgatctgccagaggatggcctattagaggttcaatacttcttctga (SEQ ID
NO:34)

[00486] (amino acids)

[00487] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQM
FNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADP
EIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:35)

[00488] Human NME7-B3:

[00489] (DNA)
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[00490] atgccttcaagtggaggttgtggeccggcaaacactgctaaatttactaattgtacetgttgcattgttaaaccecatgetgtca
gtgaaggactgttggeaaagatcctgatggctatccgagatgcaggttttgaaatctcagetatgcagatgttcaatatggatcgggttaatgtt
gaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggcccttgtgtagcaatggagattc
aacagaataatgctacaaagacatttcgagaattttgtggacctgctgatcctgaaattgcceggcatttacgecctggaactctcagageaat
ctttggtaaaactaagatccagaatgctgttcactgtactgatctgccagaggatggectattagaggttcaatacttcttcaagatcttggataa
ttagtga (SEQ ID NO:36)

[00491] (amino acids)

[00492] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQM
FNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADP
EIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN-- (SEQ ID NO:37)
[00493] Human NME7-AB:

[00494] (DNA)

[00495] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetgga
tttactataaccaaactcaaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctg
atccagtttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggacctgcaaactct
ggagtggcacgcacagatgcttctgaaageattagagecctetttggaacagatggcataagaaatgcagegeatggecctgattettttget
tctgcggccagagaaatggagttgttttttccttcaagtggaggtigtgggccggcaaacactgctaaatttactaattgtacctgttgcattgtta
aaccccatgctgtcagtgaaggactgttgggaaagatcctgatggctatccgagatgcaggttttgaaatctcagetatgcagatgttcaatat
ggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggeccttgtg
tagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgctgatcctgaaattgcceggcatttacgecctgg
aactctcagagcaatctttggtaaaactaagatccagaatgctgttcactgtactgatctgeccagaggatggcectattagaggttcaatacttctt
caagatcttggataattagtga (SEQ ID NO:38)

[00496] (amino acids)

[00497] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGF
EISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFRE
FCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN-- (SEQ ID
NO:39)

[00498] Human NME7-AB1:

[00499] (DNA)
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[00500] atggaaaaaacgctagccctaattaaaccagatgcaatatcaaaggetggagaaataattgaaataataaacaaagetgga
tttactataaccaaactcaaaatgatgatgctttcaaggaaagaagcattggattttcatgtagatcaccagtcaagaccctttttcaatgagctg
atccagtttattacaactggtcctattattgccatggagattttaagagatgatgctatatgtgaatggaaaagactgetgggacctgcaaactct
ggagtggcacgcacagatgcttctgaaageattagagecctetttggaacagatggcataagaaatgcagegeatggecctgattettttget
tctgcggccagagaaatggagttgttttttccttcaagtggaggtigtgggccggcaaacactgctaaatttactaattgtacctgttgcattgtta
aaccccatgctgtcagtgaaggactgttgggaaagatcctgatggctatccgagatgcaggttttgaaatctcagetatgcagatgttcaatat
ggatcgggttaatgttgaggaattctatgaagtttataaaggagtagtgaccgaatatcatgacatggtgacagaaatgtattctggeccttgtg
tagcaatggagattcaacagaataatgctacaaagacatttcgagaattttgtggacctgctgatcctgaaattgcceggcatttacgecctgg
aactctcagagcaatctttggtaaaactaagatccagaatgctgttcactgtactgatctgeccagaggatggcectattagaggttcaatacttctt
ctga (SEQ ID NO:40)

[00501] (amino acids)

[00502] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGF
EISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFRE
FCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:41)
[00503] Human NMET7-A sequence optimized for E. coli expression:

[00504] (DNA)

[00505] atggaaaaaacgctggccctgattaaaccggatgcaatctccaaagetggegaaattatcgaaattatcaacaaagegggt
ttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecctggattttcatgtcgaccaccagtctcgeccgtttttcaatgaac
tgattcaattcatcaccacgggtccgattatcgcaatggaaattctgegtgatgacgetatctgecgaatggaaacgectgetgggecccggcaa
actcaggtgttgcgcgtaccgatgeccagtgaatccattcgegetctgtttgecaccgatggtatccgtaatgcageacatggtecggactcatt
cgcatcggcagcetcgtgaaatggaactgtttttctga (SEQ ID NO:42)

[00506] (amino acids)

[00507] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFF- (SEQ ID NO:43)

[00508] Human NME7-A1 sequence optimized for E. coli expression:

[00509] (DNA)

[00510] atggaaaaaacgctggccctgattaaaccggatgcaatctccaaagetggegaaattatcgaaattatcaacaaagegggt

ttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecctggattttcatgtcgaccaccagtctcgeccgtttttcaatgaac
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tgattcaattcatcaccacgggtccgattatcgcaatggaaattctgegtgatgacgetatctgecgaatggaaacgectgetgggecccggcaa
actcaggtgttgcgcgtaccgatgeccagtgaatccattcgegetctgtttgecaccgatggtatccgtaatgcageacatggtecggactcatt
cgcatcggcagcetcgtgaaatggaactgtttttcccgagetetggeggttgcggtccggeaaacaccgecaaatttacetga (SEQ 1D
NO:44)

[00511] (amino acids)

[00512] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKEFT- (SEQ ID NO:45)

[00513] Human NME7-A2 sequence optimized for E. coli expression:

[00514] (DNA)

[00515] atgaatcactccgaacgctttgtttttatcgccgaatggtatgacccgaatgetteccetgctgegeecgetacgaactgcetgtttt
atccgggcgatggtagcgtggaaatgcatgacgttaaaaatcaccgtacctttctgaaacgcacgaaatatgataatctgecatctggaagac
ctgtttattggcaacaaagtcaatgtgttctctcgtcagetggtgctgatcgattatggcgaccagtacaccgegegtcaactgggtagtcgea
aagaaaaaacgctggccctgattaaaccggatgcaatctccaaagetggcgaaattatcgaaattatcaacaaagegggtttcaccatcacg
aaactgaaaatgatgatgctgagccgtaaagaagceectggattttcatgtcgaccaccagtctcgeccgtttttcaatgaactgattcaattcat
caccacgggtccgattatcgcaatggaaattctgegtgatgacgctatctgecgaatggaaacgectgetggecccggcaaactcaggtgtt
gecgegtaccgatgecagtgaatccattcgegetetgtitggcaccgatggtatcegtaatgecageacatggtccggactcattcgeategge
agctcgtgaaatggaactgtttttctga (SEQ ID NO:46)

[00516] (amino acids)

[00517] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTK
YDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEIL
NKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDDAICEWK
RLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFF- (SEQ ID
NO:47)

[00518] Human NME7-A3 sequence optimized for E. coli expression:

[00519] (DNA)

[00520] atgaatcactccgaacgctttgtttttatcgccgaatggtatgacccgaatgettecetgctgegeecgetacgaactgcetgtttt
atccgggcgatggtagcgtggaaatgcatgacgttaaaaatcaccgtacctttctgaaacgcacgaaatatgataatctgecatctggaagac
ctgtttattggcaacaaagtcaatgtgttctctcgtcagetggtgctgatcgattatggcgaccagtacaccgegegtcaactgggtagtcgea
aagaaaaaacgctggccctgattaaaccggatgcaatctccaaagetggcgaaattatcgaaattatcaacaaagegggtttcaccatcacg

aaactgaaaatgatgatgctgagccgtaaagaagceectggattttcatgtcgaccaccagtctcgeccgtttttcaatgaactgattcaattcat
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caccacgggtccgattatcgcaatggaaattctgegtgatgacgctatctgecgaatggaaacgectgetggecccggcaaactcaggtgtt
gecgegtaccgatgecagtgaatccattcgegetetgtitggcaccgatggtatcegtaatgecageacatggtccggactcattcgeategge
agctcgtgaaatggaactgtttttcccgagetetggcggttgcggtccggcaaacaccgecaaatttacctga (SEQ ID NO:48)
[00521] (amino acids)

[00522] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTK
YDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTLALIKPDAISKAGEIIEIL
NKAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPIIAMEILRDDAICEWK
RLLGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANT
AKFT- (SEQ ID NO:49)

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

[00524] (DNA)

[00525] atgaattgtacgtgctgtattgtcaaaccgcacgeagtgtcagaaggectgetgggtaaaattetgatggcaatcegtgatge
tggctttgaaatctcggccatgcagatgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatat
cacgatatggttacggaaatgtactccggtccgtgcgtcgecgatggaaattcagcaaaacaatgecaccaaaacgtttcgtgaattctgtggat
ccggceagatccggaaatcgeacgtcatctgegtecgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgcetgtgcactgtac
cgatctgccggaagacggtetgetggaagttcaatactttttctga (SEQ ID NO:50)

[00526] (amino acids)

[00527] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEV
YKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFG
KTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:51)

[00528] Human NME7-B1 sequence optimized for E. coli expression:

[00529] (DNA)

[00530] atgaattgtacgtgctgtattgtcaaaccgcacgeagtgtcagaaggectgetgggtaaaattetgatggcaatcegtgatge
tggctttgaaatctcggccatgcagatgttcaacatggaccgegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatat
cacgatatggttacggaaatgtactccggtccgtgcgtcgecgatggaaattcagcaaaacaatgecaccaaaacgtttcgtgaattctgtggat
ccggceagatccggaaatcgeacgtcatctgegtecgggtaccetgegegeaatttttggtaaaacgaaaatccagaacgcetgtgcactgtac
cgatctgccggaagacggtetgctggaagttcaatactttttcaaaattctggataattga (SEQ ID NO:52)

[00531] (amino acids)

[00532] MNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEV
YKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFG
KTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID NO:53)
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[00533] Human NME7-B2 sequence optimized for E. coli expression_:

[00534] (DNA)

[00535] atgccgagcetetggeggttgcggtccggeaaacaccgecaaatttaccaattgtacgtgctgtattgtcaaaccgeacgea
gtgtcagaaggcectgetggetaaaattctgatggcaatccgtgatgetggctttgaaatctcggecatgcagatgttcaacatggaccgegtt
aacgtcgaagaattctacgaagtttacaaaggcgtggttaccgaatatcacgatatggttacggaaatgtactccggtcecgtgegtegegatg
gaaattcagcaaaacaatgccaccaaaacgtttcgtgaattctgtggtccggcagatccggaaatcgecacgtcatctgegtcecgggtacect
gecgegcaatttttggtaaaacgaaaatccagaacgetgtgcactgtaccgatctgecggaagacggtetgetggaagttcaatactttttctga
(SEQ ID NO:54)

[00536] (amino acids)

[00537] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQM
FNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADP
EIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:55)

[00538] Human NME7-B3 sequence optimized for E. coli expression:

[00539] (DNA)

[00540] atgccgagcetetggeggttgcggtccggeaaacaccgecaaatttaccaattgtacgtgetgtattgtcaaaccgeacgea
gtgtcagaaggcectgetggetaaaattctgatggcaatccgtgatgetggctttgaaatctcggecatgcagatgttcaacatggaccgegtt
aacgtcgaagaattctacgaagtttacaaaggcgtggttaccgaatatcacgatatggttacggaaatgtactccggtcecgtgegtegegatg
gaaattcagcaaaacaatgccaccaaaacgtttcgtgaattctgtggtccggcagatccggaaatcgecacgtcatctgegtcecgggtacect
gegegcaatttttggtaaaacgaaaatccagaacgetgtgcactgtaccgatctgecggaagacggtetgetggaagttcaatactttttcaaa
attctggataattga (SEQ ID NO:56)

[00541] (amino acids)

[00542] MPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQM
FNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADP
EIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID NO:57)
[00543] Human NME7-AB sequence optimized for E. coli expression:

[00544] (DNA)

[00545] atggaaaaaacgctggecctgattaaaccggatgcaatctccaaagetggegaaattatcgaaattatcaacaaagegggt
ttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecctggattttcatgtcgaccaccagtctcgeccgtttttcaatgaac
tgattcaattcatcaccacgggtccgattatcgcaatggaaattctgegtgatgacgetatctgecgaatggaaacgectgetgggecccggcaa
actcaggtgttgcgcgtaccgatgeccagtgaatccattcgegetctgtttgecaccgatggtatccgtaatgcageacatggtecggactcatt
cgcatcggcagcetcgtgaaatggaactgtttttcccgagetctggeggttgeggtccggcaaacaccgecaaatttaccaattgtacgtgctg
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tattgtcaaaccgcacgcagtgtcagaaggectgctgggtaaaattctgatggcaatccgtgatgctggctttgaaatctcggccatgcagat
gttcaacatggaccgcegttaacgtcgaagaattctacgaagtttacaaaggegtggttaccgaatatcacgatatggttacggaaatgtactec
ggtccgtgcgtcgegatggaaattcagcaaaacaatgecaccaaaacgtttcgtgaattctgtggtccggcagatccggaaatcgeacgte
atctgcgtcegggtaccctgegegeaatttttggtaaaacgaaaatccagaacgcetgtgecactgtaccgatctgecggaagacggtetgctg
gaagttcaatactttttcaaaattctggataattga (SEQ ID NO:58)

[00546] (amino acids)

[00547] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGF
EISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFRE
FCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFFKILDN- (SEQ ID
NO:59)

[00548] Human NME7-ABI sequence optimized for E. coli expression:

[00549] (DNA)

[00550] Atggaaaaaacgctggccctgattaaaccggatgecaatctccaaagetggegaaattatcgaaattatcaacaaageggg
tttcaccatcacgaaactgaaaatgatgatgctgagecgtaaagaagecctggattttcatgtcgaccaccagtctcgeecgtttttcaatgaa
ctgattcaattcatcaccacgggtccgattatcgcaatggaaattctgecgtgatgacgctatctgegaatggaaacgectgetgggeccggca
aactcaggtgttgcgcgtaccgatgccagtgaatccattcgegetctgtttggcaccgatggtatccgtaatgcagecacatggtccggactca
ttcgcatcggcagcetcgtgaaatggaactgtttttcccgagetctggeggttgeggtccggcaaacaccgecaaatttaccaattgtacgtgct
gtattgtcaaaccgcacgcagtgtcagaaggcctgctgggtaaaattctgatggcaatccgtgatgctggctttgaaatctcggecatgecaga
tgttcaacatggaccgcgttaacgtcgaagaattctacgaagtttacaaaggcegtggttaccgaatatcacgatatggttacggaaatgtactc
cggtecgtgegtegegatggaaattcagcaaaacaatgecaccaaaacgtttcgtgaattctgtggtccggecagatccggaaatcgeacgt
catctgcgtccgggtaccctgegegeaatttttggtaaaacgaaaatccagaacgetgtgecactgtaccgatctgeccggaagacggtctect
ggaagttcaatactttttctga (SEQ ID NO:60)

[00551] (amino acids)

[00552] MEKTLALIKPDAISKAGEIIEINKAGFTITKLKMMMLSRKEALDFHVDHQSRP
FENELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAH
GPDSFASAAREMELFFPSSGGCGPANTAKFTNCTCCIVKPHAVSEGLLGKILMAIRDAGF
EISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMVTEMYSGPCVAMEIQQNNATKTFRE
FCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDLPEDGLLEVQYFF- (SEQ ID NO:61)
[00553] Mouse NME6
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[00554] (DNA)

[00555] Atgacctecatcttgcgaagtccccaagetettcagetcacactageectgatcaagectgatgeagttgeccacecactga
tcctggaggctgttcatcagcagattctgagcaacaagttcctcattgtacgaacgagggaactgcagtggaagetggaggactgecggag
gttttaccgagagcatgaagggcgttttttctatcagcggctggtggagttcatgacaagtgggccaatccgagectatatccttgeccacaaa
gatgccatccaactttggaggacactgatgggacccaccagagtatttcgagecacgctatatagecccagattcaattcgtggaagtttggec
ctcactgacacccgaaatactacccatggctcagactcegtggtttccgecagecagagagattgcagecttcttccetgacttcagtgaacag
cgectggtatgaggaggaggaaccccagetgeggtgtgotectgtgcactacagtccagaggaaggtatccactgtgcagetgaaacagg
aggccacaaacaacctaacaaaacctag (SEQ ID NO:62)

[00556] (amino acids)

[00557] MTSILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRTRELQWKLE
DCRRFYREHEGRFFYQRLVEFMTSGPIRAYILAHKDAIQLWRTLMGPTRVFRARYIAPDS
IRGSLGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVHYSPEEGIH
CAAETGGHKQPNKT- (SEQ ID NO:63)

[00558] Human NMEG6:

[00559] (DNA)

[00560] Atgacccagaatctggggagtgagatggcctcaatettgcgaageectcaggcetctcecagetcactctageectgatcaa
gectgacgeagtegeccatccactgattetggaggctgttcatcagecagattctaagcaacaagttcctgattgtacgaatgagagaactact
gtggagaaaggaagattgccagaggttttaccgagagcatgaagggcgttttttctatcagaggcetggtggagttcatggccagegggcca
atccgagcectacatccttgeccacaaggatgecatccagetctggaggacgetcatgggacccaccagagtgttccgagecacgecatgtg
geeccagattctatcegtgggagtttcggectcactgacacccgeaacaccacccatggttcggactetgtggtttcageccagecagagagat
tgcagcecttcttccctgacttcagtgaacagegetggtatgaggaggaagagecccagttgegetgtggeectgtgtectatageccagagg
gaggtgtccactatgtagetggaacaggaggectaggaccagectga (SEQ ID NO:64)

[00561] (amino acids)

[00562] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVR
MRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTR
VFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRC
GPVCYSPEGGVHYVAGTGGLGPA- (SEQ ID NO:65)

[00563] Human NMES6 1:

[00564] (DNA)

[00565] Atgacccagaatctggggagtgagatggcctcaatettgcgaageectcaggctctccagetcactctageectgatcaa
gectgacgeagtegeccatccactgattetggaggctgttcatcagecagattctaagcaacaagttcctgattgtacgaatgagagaactact
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gtggagaaaggaagattgccagaggttttaccgagagcatgaagggcgttttttctatcagaggcetggtggagttcatggccagegggcca
atccgagcectacatccttgeccacaaggatgecatccagetctggaggacgetcatgggacccaccagagtgttccgagecacgecatgtg
geeccagattctatcegtgggagtttcggectcactgacacccgeaacaccacccatggttcggactetgtggtttcageccagecagagagat
tgcagecttcttcectgacttcagtgaacagegetggtatgaggaggaagagecccagttgegetgtgecectgtetga  (SEQ  ID
NO:66)

[00566] (amino acids)

[00567] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVR
MRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTR
VFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRC
GPV- (SEQ ID NO:67)

[00568] Human NMES6 2:

[00569] (DNA)

[00570] Atgctcactctagecctgatcaagectgacgeagtcgeccatecactgattctggaggctgttcatcageagattctaagea
acaagttcctgattgtacgaatgagagaactactgtggagaaaggaagattgccagaggttttaccgagagcatgaagggcgttttttctate
agaggctggtggagttcatggccagegggccaatccgagectacatecttgeccacaaggatgecatccagetctggaggacgetcatgg
gacccaccagagtgttccgagecacgecatgtggecccagattetatccgtgggagtttcggectcactgacacccgecaacaccacceatgg
ttcggactctgtggtttcagccagcagagagattgecagecttcttccctgacttcagtgaacagegetggtatgaggaggaagagecccagtt
gcgctgtggccetgtgtga (SEQ ID NO:68)

[00571] (amino acids)

[00572] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYREHE
GRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSFGLTDT
RNTTHGSDSVVSASREIAAFFPDFSEQRW YEEEEPQLRCGPV- (SEQ ID NO:69)

[00573] Human NMES6 3:

[00574] (DNA)

[00575] Atgctcactctagecctgatcaagectgacgeagtcgeccatecactgattetggaggctgttcatcageagattctaagea
acaagttcctgattgtacgaatgagagaactactgtggagaaaggaagattgccagaggttttaccgagagcatgaagggcgttttttctate
agaggctggtggagttcatggccagegggccaatccgagectacatecttgeccacaaggatgecatccagetctggaggacgetcatgg
gacccaccagagtgttccgagecacgecatgtggecccagattetatccgtgggagtttcggectcactgacacccgecaacaccacceatgg
ttcggactctgtggtttcagccagcagagagattgecagecttcttccctgacttcagtgaacagegetggtatgaggaggaagagecccagtt
gcgcetgtggccetgtgtgctatagecccagagggaggtetecactatgtagetggaacaggaggectaggaccagectga (SEQ 1D
NO:70)
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[00576] (amino acids)

[00577] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYREHE
GRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSFGLTDT
RNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVCYSPEGGVHYVAGTGGL
GPA- (SEQ ID NO:71)

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

[00579] (DNA)

[00580] Atgacgcaaaatctgggctcggaaatggeaagtatectgegetceceegeaageactgeaactgacectggctetgatcaa
accggacgcetgttgctcatccgetgattctggaageggtccaccagcaaattctgagcaacaaatttctgatcgtgegtatgegegaactgcet
gtggcgtaaagaagattgccagegtttttatcgcgaacatgaaggcecgtttctittatcaacgectggttgaattcatggectctggtcegatte
gcgcatatatcctggctcacaaagatgegattcagetgtggcgtaccctgatgggteccgacgegegtcetttcgtgcacgtcatgtggcaccg
gactcaatccgtggctegticggtctgaccgatacgegcaataccacgcacggtagegactctgttgttagtgcgtecegtgaaatcgeggce
ctttttcccggacttctccgaacagegttggtacgaagaagaagaaccgceaactgegetgtggcccggtetgttattctccggaaggtggtot
ccattatgtggcgggcacgggtegtctgggtccggcatga (SEQ ID NO:72)

[00581] (amino acids)

[00582] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVR
MRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTR
VFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRC
GPVCYSPEGGVHYVAGTGGLGPA- (SEQ ID NO:73)

[00583] Human NMES6 1 sequence optimized for E. coli expression:

[00584] (DNA)

[00585] Atgacgcaaaatctgggctcggaaatggeaagtatectgegetceceegeaageactgeaactgacectggcetetgatcaa
accggacgcetgttgctcatccgetgattctggaageggtccaccagcaaattctgagcaacaaatttctgatcgtgegtatgegegaactgcet
gtggcgtaaagaagattgccagegtttttatcgcgaacatgaaggcecgtttcttttatcaacgectggttgaattcatggectctggtcegatte
gcgcatatatcctggctcacaaagatgegattcagetgtggcgtaccctgatgggteccgacgegegtcetttcgtgcacgtcatgtggcaccg
gactcaatccgtggctegticggtctgaccgatacgegcaataccacgcacggtagegactctgttgttagtgcgtecegtgaaatcgeggce
ctttttcccggacttctccgaacagegttggtacgaagaagaagaaccgeaactgegetgtggeccggtetga (SEQ ID NO:74)
[00586] (amino acids)

[00587] MTQNLGSEMASILRSPQALQLTLALIKPDAVAHPLILEAVHQQILSNKFLIVR
MRELLWRKEDCQRFYREHEGRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTR
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VFRARHVAPDSIRGSFGLTDTRNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRC

GPV- (SEQ ID NO:75)

[00588] Human NMES6 2 sequence optimized for E. coli expression:

[00589] (DNA)

[00590] Atgctgaccetggetetgatcaaaccggacgetgttgcteatccgetgattctggaageggtecaccageaaattetgage

aacaaatttctgatcgtgcgtatgcgegaactgetgtggcgtaaagaagattgccagegtttttatcgcgaacatgaaggecgtttcttttatca

acgcctggttgaattcatggcctctggtccgattcgecgeatatatcctggctcacaaagatgegattcagetgtggegtaceetgatgggtee

gacgcgegtctttcgtgcacgtcatgtggcaccggactcaatcegtgectegticggtctgaccgatacgegecaataccacgecacggtage

gactctgttgttagtgcgtccegtgaaatcgeggcctttttcccggacttctccgaacagegttggtacgaagaagaagaaccgcaactgcg

ctgtggccecggtetga (SEQ ID NO:76)

[00591] (amino acids)

[00592] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYREHE
GRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSFGLTDT
RNTTHGSDSVVSASREIAAFFPDFSEQRW YEEEEPQLRCGPV- (SEQ ID NO:77)

[00593] Human NMES6 3 sequence optimized for E. coli expression:

[00594] (DNA)

[00595] Atgctgaccetggetetgatcaaaccggacgetgttgcteatccgetgattetggaageggtecaccageaaattetgage

aacaaatttctgatcgtgcgtatgcgegaactgetgtggcgtaaagaagattgccagegtttttatcgcgaacatgaaggecgtttcttttatca

acgcctggttgaattcatggcctctggtccgattcgecgeatatatcctggctcacaaagatgegattcagetgtggegtaceetgatgggtee

gacgcgegtctttcgtgcacgtcatgtggcaccggactcaatcegtgectegticggtctgaccgatacgegecaataccacgecacggtage

gactctgttgttagtgcgtccegtgaaatcgeggcctttttcccggacttctccgaacagegttggtacgaagaagaagaaccgcaactgcg

ctgtggcccggtctottattictccggaaggtgotgtccattatgtggcggecacggatggtctggatccggcatga (SEQ ID
NO:78)

[00596] (amino acids)

[00597] MLTLALIKPDAVAHPLILEAVHQQILSNKFLIVRMRELLWRKEDCQRFYREHE
GRFFYQRLVEFMASGPIRAYILAHKDAIQLWRTLMGPTRVFRARHVAPDSIRGSFGLTDT
RNTTHGSDSVVSASREIAAFFPDFSEQRWYEEEEPQLRCGPVCYSPEGGVHYVAGTGGL

GPA- (SEQ ID NO:79)

[00598] NME6 and NME7 as well as novel variants may be expressed with any affinity tag
but were expressed with the following tags:

[00599] Histidine Tag
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[00600] (ctcgag)caccaccaccaccaccactga (SEQ ID NO:84)

[00601]  Strept I Tag

[00602] (accggt)tggagecatectcagttcgaaaagtaatga (SEQ ID NO:8S5)

[00603] Example 6 - Human NME7-1 sequence optimized for E. coli expression

[00604] NME7 wt-cDNA, codon optimized for expression in E. coli was generated per our
request by Genscript (NJ). NME7-1 was amplified by polymerase chain reaction (PCR) using the
following primers:

[00605] Forward 5’- atcgatcatatgaatcactccgaacge -3’ (SEQ ID NO:141)

[00606] Reverse 5’- agagcctcgagattatccagaattttgaaaaagtattg -3’ (SEQ ID NO:142)

[00607] The fragment was then purified, digested (Ndel, Xhol) and cloned between Ndel and
Xhol restriction sites of the expression vector pET21b.

[00608] Example 7 - Human NME7-2 sequence optimized for E. coli expression

[00609] NME7-2 was amplified by polymerase chain reaction (PCR) using the following
primers:

[00610] Forward 5’- atcgatcatatgcatgacgttaaaaatcac-3’ (SEQ ID NO:143)

[00611] Reverse 5’- agagcctcgagattatccagaattttgaaaaagtattg -3° (SEQ ID NO:144)

[00612] The fragment was then purified, digested (Ndel, Xhol) and cloned between Ndel and
Xhol restriction sites of the expression vector pET21b.

[00613] Example 8 - Human NME7-A sequence optimized for E. coli expression

[00614] NME7-A was amplified by polymerase chain reaction (PCR) using the following
primers:

[00615] Forward 5’-atcgacatatggaaaaaacgctggcectgattaaaccggatg-3’ (SEQ ID NO:145)
[00616] Reverse 5’-actgcctcgaggaaaaacagttccatttcacgagetgecgatg-3’ (SEQ ID NO:146)
[00617] The fragment was then purified, digested (Ndel, Xhol) and cloned between Ndel and
Xhol restriction sites of the expression vector pET21b.

[00618] Example 9 - Human NME7-AB sequence optimized for E. coli expression

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

[00620] Forward 5’-atcgacatatggaaaaaacgctggcectgattaaaccggatg-3’ (SEQ ID NO:147)
[00621] Reverse 5’-agagcctcgagattatccagaattttgaaaaagtattg-3’ (SEQ ID NO:148)

85



WO 2014/130741 PCT/US2014/017515

[00622] The fragment was then purified, digested (Ndel, Xhol) and cloned between Ndel and
Xhol restriction sites of the expression vector pET21b. The protein is expressed with a C-Term
His Tag.

[00623] NME7-AB was amplified by polymerase chain reaction (PCR) using the following
primers:

[00624] Forward 5’-atcgacatatggaaaaaacgctggcectgattaaaccggatg-3’ (SEQ ID NO:149)
[00625] Reverse 5’-agagcaccggtattatccagaattttgaaaaagtattg-3’ (SEQ ID NO:150)

[00626] The fragment was then purified, digested (Ndel, Agel) and cloned between Ndel and
Agel restriction sites of the expression vector pET21b where Xhol was replaced by Agel
followed by the Strep Tag II and two stop codon before the His Tag . The protein is expressed
with a C-Term Strep Tag II.

[00627] Example 10 - Human NME6 sequence optimized for E. coli expression:

[00628] NMEG6 was amplified by polymerase chain reaction (PCR) using the following
primers:

[00629] Forward 5’- atcgacatatgacgcaaaatctgggctcggaaatg-3’ (SEQ ID NO:151)

[00630] Reverse 5’- actgcctcgagtgecggacccagaccacecgtge -3° (SEQ ID NO:152)

[00631] The fragment was then purified, digested (Ndel, Xhol) and cloned between Ndel and
Xhol restriction sites of the expression vector pET21b. The protein is expressed with a C-Term
His Tag.

[00632] NMEG6 was amplified by polymerase chain reaction (PCR) using the following
primers:

[00633] Forward 5’- atcgacatatgacgcaaaatctgggctcggaaatg -3’ (SEQ ID NO:153)

[00634] Reverse 5’- actgcaccggttgccggacccagaccacccgtgeg -3° (SEQ ID NO:154)

[00635] The fragment was then purified, digested (Ndel, Agel) and cloned between Ndel and
Agel restriction sites of the expression vector pET21b where Xhol was replaced by Agel
followed by the Strep Tag II and two stop codon before the His Tag . The protein is expressed
with a C-Term Strep Tag II.

[00636] Example 11 - Generating recombinant NME7-AB

[00637] LB broth (Luria-Bertani broth) is inoculated with 1/10 of an overnight culture and
cultured at 37°C until OD600 reached ~0.5. At this point, recombinant protein expression is

induced with 0.4mM Isopropyl-p-D-thio-galactoside (IPTG, Gold Biotechnology) and culture is
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stopped after Sh. After harvesting the cells by centrifugation (6000 rpm for 10 min at 4°C), cell
pellet is resuspended with running buffer: PBS pH7.4, 360 mM NaCl and 80 mM imidazole.
Then lysozyme (1 mg/mL, Sigma), MgCl, (0.5mM) and DNAse (0.5 ug/mL, Sigma) is added.
Cell suspension is incubated on a rotating platform (275 rpm) for 30 min at 37°C and sonicated
on ice for 5 min. Insoluble cell debris are removed by centrifugation (20000 rpm for 30 min at
4°c). The cleared lysate is then applied to a Ni-NTA column (Qiagen) equilibrated with the
running buffer. The column was washed with 4CV of running buffer, then 4CV of running
buffer supplemented with 30 mM imidazole before eluting the protein off the column with the
running buffer (6CV) supplemented with 70 mM imidazole followed by a second elution with
the running buffer (4CV) supplemented with 490 mM imidazole. NME7-AB is further purified
by size exclusion chromatography (Superdex 200) “FPLC”.

[00638] Example 12 - Generating recombinant NME6

[00639] LB broth (Luria-Bertani broth) is inoculated with 1/10 of an overnight culture and
cultured at 37°C until OD600 reached ~0.5. At this point, recombinant protein expression is
induced with 0.4mM Isopropyl-p-D-thio-galactoside (IPTG, Gold Biotechnology) and culture is
stopped after Sh. After harvesting the cells by centrifugation (6000 rpm for 10 min at 4°C), cell
pellet is resuspended with running buffer: PBS pH7.4, 360 mM NaCl and 80 mM imidazole.
Then lysozyme (1 mg/mL, Sigma), MgCl, (0.5mM) and DNAse (0.5 ug/mL, Sigma) is added.
Cell suspension is incubated on a rotating platform (275 rpm) for 30 min at 37°C and sonicated
on ice for 5 min. Insoluble cell debris are removed by centrifugation (20000 rpm for 30 min at
4°c). The cleared lysate is then applied to a Ni-NTA column (Qiagen) equilibrated with the
running buffer. The column is washed (8CV) before eluting the protein off the column with the
running buffer (6CV) supplemented with 420 mM imidazole. NMEG6 is further purified by size
exclusion chromatography (Superdex 200) “FPLC”.

[00640] Example 13 - Quantitative PCR analysis of Naive and Primed genes.

[00641] Standard methods were used to perform RT-PCR. The primers used are listed below:
RNA was isolated using the Trizol® Reagent (Invitrogen) and cDNA was reverse transcribed
with Random Hexamers (Invitrogren) using Super Script II (Invitrogen) and subsequently
assayed for the genes FOXA2, XIST, KLF2, KLF4, NANOG and OCT4, using Applied
Biosystems gene expression assays (OCT4 P/N Hs00999634_gH, Nanog P/N Hs02387400_g1,
KLF2 P/N Hs00360439_g1, KLF4 P/N Hs00358836_m1, FOXa2 P/N Hs00232764_ml, OTX2
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P/N Hs00222238_ml1, LHX2 P/N Hs00180351_m1, XIST P/N Hs01079824_m1 and GAPDH
P/N 4310884E), on an Applied Biosystems 7500 real-time instrument. Each sample was run in
triplicate. Gene expression was normalized to GAPDH. Data are expressed as a fold change
relative to control.

[00642] Example 14 - A MUC1 pull down assay shows that NME1, NME6 and NME7
bind to a MUCI1 species protein.

[00643] A pull down assay using an antibody to the MUCI1* cytoplasmic tail (Ab-5) was
performed on a panel of cells. The proteins pulled down by the MUCI antibody were separated
by SDS-PAGE then probed with antibodies specific for NME1, NME6 and NME7, using
Western blot technique. MUCI1*-positive breast cancer cell line T47D cells (ATCC), human
embryonic stem cell line BGOlv (LifeTechnologies), human ES cells (HES-3, BioTime Inc.)
and human iPS cells (SC101A-1, System Biosciences Inc.) T47D cancer cells were grown
according to ATCC protocol in RPMI-1640 (ATCC) plus 10% FBS (VWR). All stem cells were
cultured in minimal stem cell media “MM” with 8nM NM23-RS (recombinant NME1 S120G
dimers). Stem cells were grown on plasticware coated with 12.5 ug/mL anti-MUCI1* C3 mab.
Cells were lysed with 200ulL RIPA buffer for 10 min on ice. After removal of cell debris by
centrifugation, the supernatant was used in a co-immunoprecipitation assay. MUC1* was pulled
down using the Ab-5 antibody (anti-MUC-1 Ab-5, Thermo Scientific), which recognizes the
MUCI1 cytoplasmic tail, coupled to Dynabeads protein G (Life Technologies). The beads were
washed twice with RIPA buffer and resuspended in reducing buffer. A sample of the supernatant
was subjected to a reducing SDS-PAGE followed by transfer of the protein to a PVDF
membrane. The membrane was then probed with: A) an anti-NM23-H1 (NME1) Antibody (C-
20, Santa Cruz Biotechnology); B) anti-NMEG6 (Abnova); or C) anti NM23-H7 Antibody (B-9,
Santa Cruz Biotechnology); D) the staining of NME6 was enhanced using Supersignal (Pierce);
and E) the staining of NME7 was enhanced using Supersignal. After incubation with their
respective  secondary antibody coupled to HRP, the proteins were detected by
chemiluminescence. The photos show that native NME1, NME6 and NME7 are present in
MUC1*-positive breast cancer cells, in human ES cells and in human iPS cells and that they bind
to MUC1*. Note that the number of cells present in the HES-3 pellet was less than the number

present in the other samples.
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[00644] Example 15 - Recombinant NM23 (S120G mutant H1 dimers), NME7-AB, as
well as native NME7 bind to the MUC1* extra cellular domain peptide and can induce
receptor dimerization.

[00645] Gold nanoparticles of a diameter of 30.0 nm were coated with an NTA-SAM surface
according to Thompson et al. (A5 Appl. Mater, Interfaces, 2011, 3 (8), pp 29792087}, The
NTA-2AM coated gold naneparticles were then activated with an equal volume of 180 uM
Nisily, incubated for 10 min at room tempersture, washed, and resuspended in a HOmM
phosphate butter {pH 7.4}, The gold nanoparticles were then loaded with PSMGFR N-10 peptide
(OFNQYKTEAASRYNLTISDVIVISDVPEPEFSAQSGAHHHHBE (SEQ ID NO:155)) at 4.5
ub final concentration, and incubated at room temperature for 10 min. Recombinant NMET-AB
protetn expressed and punfied from £ coli was added free in solution at the concentrations
indicated. When particle-immobilized proteins bind to each other, or simultanesusiy bind to two
different peptides on two different particies, the particle solution color changes from pink/red 1o
purpie/blue. I the protein added free in sclution causes particle aggregation, it is strong
evidence that the free protein dimerizes the cognate peptide, sinee binding to a single peptide
would not induce two or more particles to be brought into close proximity to each other.

[00646] Figure 7 (A) shows NTA-Ni-SAM coated nanoparticles loaded with the PSMGFR N-
10 peptide. The NME7-AR 15 added free in solution at the concentrations indicated. Solation
color change from pink o purple/blue from particle aggregation indicates binding between the
MUCT® peptide on the pariicles and NME7T free in solution. This result shows that NME7
solution bhas two binding sites for the MUCT® peptide. The Fab of the anti-MUCH antibody
fully frhubite the binding, showing that particle aggregation is due to the specific interaction of
MUCT* peptide and NMET, (B3 shows NME7-AB added tree in solution over a wider range of
concentrations. Particle aggregation, indicating NME7 can simuitancously bind 1o two peptides
1w observed. ) shows all proteins added i solution. NME7-AB turned purple almost
immediately. NM23-RS {HI dimer} alsc began to change almost tmediately to purple. The
T471 breast cancer cell Une Lysate, which contains native NME7T turns noticeably purple also,
[00647] Example 16 - Human ES and iPS cells cultured in NME1 dimers or NME7 are
in the naive state as evidenced by lack of condensed Histone-3 in the nucleus which would

have indicated X-inactivation, a hallmark of the primed state.
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[00648] Human ES (HES-3 stem cells, BioTime Inc) and iPS (SC101A-Ipsc, System
Biosciences) cells were cultured in Minimal Media (“MM”) plus either NME1 dimers (NM23-
RS) or NME7 (NME7-AB construct) for 8-10 passages. The cells were plated onto a Vita'™
plate (ThermoFisher) that had been coated with 12.5 ug/mL of an anti-MUCI* monoclonal
antibody (MN-C3) that binds to the distal portion of the PSMGFR sequence of the MUC1*
receptor. Periodically throughout the 10 passages, samples of the stem cells were assayed by
immunocytochemistry (ICC) and analyzed on a confocal microscope (Zeiss LSM 510 confocal
microscope) to determine the cellular localization of Histone-3. If Histone-3 is condensed in the
nucleus (appears as single dot), then a copy of the X chromosome has been inactivated and the
cells are no longer in the pure ground state or naive state. If the stem cells have reverted from
the primed state (all commercially available stem cells have been driven to the primed state by
culturing in FGF) to the naive state, then Histone-3 will be seen as a ‘“cloud,” speckled
throughout or not detectable. Figure 12 shows the control cells, from the same source except that
they have been grown in FGF on MEFs according to standard protocols, all show Histone-3
(H3K27me3) condensed in the nucleus, confirming that they are all 100% in the primed state and
not in the naive state. Conversely, the same source cells that were cultured in NME7 for 10
passages had mostly stem cells that do not have condensed Histone-3, indicating that they are
pre-X-inactivation and in the true naive state. The insert shown in Figure 12 is one of many
clones isolated that were 100% naive.

[00649] Example 17 - Detection of NME7 in embryonic stem cells and iPS cells

[00650] Human ES cells (BGO1v and HES-3) as well as iPS cells (SC101-A1) were cultured
in NME-based media wherein cells were plated over a layer of anti-MUCI* antibody. To
identify NME7 species, cells were harvested and lysed with RIPA buffer (Pierce), supplemented
with protease inhibitor (Pierce). Cell lysates (20 uL) were separated by electrophoresis on a 12%
SDS-PAGE reducing gel and transferred to a PVDF membrane (GE Healthcare). The blot was
blocked with PBS-T containing 3% milk and then incubated with primary antibody (anti NM23-
H7 clone B-9, Santa Cruz Biotechnology) at 4°C overnight. After washing with PBS-T, the
membrane was incubated with horseradish peroxidase (HRP)-conjugated secondary antibody
(goat anti mouse, Pierce) for 1 hr at room temperature. Signals were detected with Immun-Star

Chemiluminescence kit (Bio-Rad). The Western blots show NMET7 exist as ~40 kDa species as
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well as a lower molecular weight NME7 species of ~25-33 kDa, which may be an alternative
splice isoform or a post translational modification such as cleavage.

[00651] Example 18 - Detection of NME?7 in iPS conditioned media

[00652] iPS Conditioned media (20 uL) was separated by electrophoresis on either a 12%
SDS-PAGE reducing gel and transferred to a PVDF membrane (GE Healthcare). The blot was
blocked with PBS-T containing 3% milk and then incubated with primary antibody (anti NM23-
H7 clone B-9, Santa Cruz Biotechnology) at 4°C overnight. After washing with PBS-T, the
membrane was incubated with horseradish peroxidase (HRP)-conjugated secondary antibody
(goat anti mouse, Pierce) for 1 hr at room temperature. Signals were detected with Immun-Star
Chemiluminescence kit (Bio-Rad). Western blots show secreted NME7 species having an
approximate molecular weight of 30 kDa. Note that the recombjnant NME7-AB has a molecular
weight of 33 kDa and as such can simultaneously bind to two MUCI1* peptides and also fully
supports pluripotent stem cell growth, induction of pluripotency and inhibits differentiation. The
NME?7 species of ~25-30 kDa may be an alternative splice isoform or a post translational
modification such as cleavage, which may enable secretion from the cell.

[00653] Example 19 - NME7 Immuno-precipitation and analysis by mass
spectrophotometry

[00654] A pull down assay was performed using an NME7 specific antibody (NM23 H7 B9,
Santa Cruz) on a panel of MUC1*-positive cells. Breast cancer cells (T47D) as well as human
ES (BGO1v and HES-3) and iPS (SC101-AT) cells were cultured according to standard protocol
(T47D) or cultured in NME-based media over a surface of anti-MUCI1* antibody. Cells were
lysed with RIPA buffer (Pierce), supplemented with protease inhibitor (Pierce). Cell lysates were
supplemented with 10ug of recombinant NME7-AB incubated at 4°C for 2h. Then NME7 was
immuno-precipitated at 4°C overnight with anti NM23-H7 (B-9, Santa Cruz Biotechnology)
coupled to Dynabeads protein G (Life technologies). Beads were washed twice with PBS and
immuno-precipitated proteins were separated by electrophoresis on a 12% SDS-PAGE reducing
gel. Proteins were detected by silver staining (Pierce). The ~23 kDa bands of proteins that co-
immunoprecipitated along with NME7, from the T47D sample and the BGOlv cells, were
excised and analyzed by mass spec (Taplin Mass Spectrometry Facility, Harvard Medical

School). Mass spec analysis showed that the protein bands that were excised all contained

91



WO 2014/130741 PCT/US2014/017515

sequences from the NME7 NDPK A domain as shown below. The underlined sequences in the
A domain of NME7 were identified by mass spec.

[00655] MNHSERFVFIAEWYDPNASLLRRYELLFYPGDGSVEMHDVKNHRTFLKRTK
YDNLHLEDLFIGNKVNVFSRQLVLIDYGDQYTARQLGSRKEKTIALIKPDAISKAGEIIEIIN
KAGFTITKLKMMMLSRKEALDFHVDHQSRPFENELIQFITTGPITAMEILRDDAICEWKRL
LGPANSGVARTDASESIRALFGTDGIRNAAHGPDSFASAAREMELFFPSSGGCGPANTAKFT
NCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFENMDRVNVEEFYEVYKGVVTEY
HDMVTEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAV
HCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:156)

[00656] The higher molecular weight protein bands, ~30 kDa, that immunoprecipitated with
NME7were not analyzed by mass spec and may correspond to either an endogenous NME7
protein that may be a cleavage product or an alternative splice isoform or alternatively could be
NME7-AB ~33 kDa that was added to the cell lysates.

[00657] Example 20 - ELISA assay showing NME7-AB simultaneously binds to two
MUCT1* extra cellular domain peptides

[00658] The PSMGFR peptide bearing a C-terminal Cysteine (PSMGFR-Cys) was covalently
coupled to BSA using Imject Maleimide activated BSA kit (Thermo Fisher). PSMGFR-Cys
coupled BSA was diluted to 10ug/mL in 0.1M carbonate/bicarbonate buffer pH 9.6 and 50uL.
was added to each well of a 96 well plate. After overnight incubation at 4°C, the plate was wash
twice with PBS-T and a 3% BSA solution was added to block remaining binding site on the well.
After 1h at RT the plate was washed twice with PBS-T and NME7, diluted in PBS-T + 1% BSA,
was added at different concentrations. After 1h at RT the plate was washed 3x with PBS-T and
anti-NM23-H7 (B-9, Santa Cruz Biotechnology), diluted in PBS-T + 1% BSA, was added at
1/500 dilution. After 1h at RT the plate was washed 3x with PBS-T and goat anti mouse-HRP,
diluted in PBS-T + 1% BSA, was added at 1/3333 dilution. After 1h at RT the plate was washed
3x with PBS-T and binding of NME7 was measured at 415nm using a ABTS solution (Pierce).
[00659] ELISA MUCI* dimerization: The protocol for NME7 binding was used and NME7
was used at 11.6ug/mL.

[00660] After 1h at RT the plate was washed 3x with PBS-T and HisTagged PSMGFR
peptide (PSMGFR-His) or biotinylated PSMGFR peptide (PSMGFR-biotin), diluted in PBS-T +
1% BSA, was added at different concentration. After 1h at RT the plate was washed 3x with
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PBS-T and anti Histag-HRP (Abcam) or streptavidin-HRP (Pierce), diluted in PBS-T + 1%
BSA, was added at a concentration of 1/5000. After 1h at RT the plate was washed 3x with
PBS-T and binding of PSMGFR peptide to NME7 already bound to another PSMGFR peptide
(which could not signal by anti-His antibody or by streptavidin) coupled BSA was measured at
415nm using a ABTS solution (Pierce).

[00661] Example 21 - NME6 cloning, expression and purification

[00662] WT NME6 cDNA, codon optimized for expression in E. coli was synthesized by our
request by Genscript, NJ. The WT NME6 cDNA was then amplified by polymerase chain
reaction (PCR) using the following primer: 5’-atcgacatatgacgcaaaatctgggctcggaaatg-3’ (SEQ ID
NO:157) and 5’-actgcctcgagtgccggacccagaccaccegtge-3” (SEQ ID NO:158). After digestion with
Ndel and Xhol restriction enzymes (New England Biolabs), the purified fragment was cloned
into the pET21b vector (Novagen) digested with the same restriction enzymes.

[00663] Example 22 - NME6 Protein expression/purification

[00664] LB broth (Luria-Bertani broth) was inoculated with 1/10 of an overnight culture and
cultured at 37°C until OD600 reached ~0.5. At this point, recombinant protein expression was
induced with 0.4mM Isopropyl-p-D-thio-galactoside (IPTG, Gold Biotechnology) and culture
was stopped after Sh. After harvesting the cells by centrifugation (6000 rpm for 10 min at 4°C),
cell pellet was resupended with running buffer: PBS pH7.4, 360 mM NaCl, 10 mM imidazole
and 8M urea. Cell suspension was incubated on a rotating platform (275 rpm) for 30 min at 37°C
and sonicated on ice for 5 min. Insoluble cell debris was removed by centrifugation (20000 rpm
for 30 min at 4°c). The cleared lysate was then applied to a Ni-NTA column (Qiagen)
equilibrated with the running buffer. The column was washed with 4CV of running buffer, then
4CV of running buffer supplemented with 30 mM imidazole before eluting the protein off the
column with the running buffer (8CV) supplemented with 420 mM imidazole. The protein was
then refolded by dialysis.

[00665] Example 23 - Refolding protocol

[00666] 1. Dialyse overnight against 100mM Tris pH 8.0, 4M urea, 0.2mM imidazole, 0.4M
L-arginine, ImM EDTA and 5% glycerol

[00667] 2. Dialyse 24h against 100mM Tris pH 8.0, 2M urea, 0.2mM imidazole, 0.4M L-
arginine, ImM EDTA and 5% glycerol
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[00668] 3. Dialyse 24h against 100mM Tris pH 8.0, 1M urea, 0.2mM imidazole, 0.4M L-
arginine, ImM EDTA and 5% glycerol

[00669] 4. Dialyse 8h against 100mM Tris pH 8.0, 0.2mM imidazole, 0.4M L-arginine, 1mM
EDTA and 5% glycerol

[00670] 5. Dialyse overnight against 25mM Tris pH 8.0, 0.2mM imidazole, 0.1M L-arginine,
ImM EDTA and 5% glycerol

[00671] 6. Dialyse 3x3h against PBS pH 7.4, 0.2mM imidazole, ImM EDTA and 5% glycerol
[00672] 7. Dialyse overnight against PBS pH 7.4, 0.2mM imidazole, ImM EDTA and 5%
glycerol

[00673] 8. Centrifuge refolded protein (18,500 rpm ) 30 min at 4°C and collect supernatant for
further purification. The protein was further purified by size exclusion chromatography
(Superdex 200).

[00674] All of the references cited herein are incorporated by reference in their entirety.
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[00675] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention

specifically described herein. Such equivalents are intended to be encompassed in the scope of

the claims.
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What is claimed is:

1. An agent that inhibits function of an NME family member protein.
2. The agent according to claim 1, wherein the agent is an antibody.
3. The agent according to claim 2, wherein the antibody is Fab, monovalent, bivalent or

IgM, bi-specific human or humanized.

4. The agent according to claim 1, wherein the agent is a small molecule.

5. The agent according to claim 1, wherein the function of the NME family member protein
that is inhibited is the ability to: promote stem cell proliferation and/or inhibit differentiation;
promote cancer cell proliferation and/or inhibit differentiation; bind to MUCT*; bind to DNA;
act as a transcription factor; be secreted by a cell; or form a dimer.

6. The agent according to claim 1, wherein the NME family member is NME7 or NME7-
AB.

7. The agent according to claim 6, which is an antibody that inhibits tumorigenic activity of
NME7 or NME7AB.
8. The agent according to claim 6, wherein the NME family member is a variant of NME7

having a molecular weight between 25 and 33 kDa.

9. The agent according to claim 1, wherein the NME family member is NME®6.

10. The agent according to claim 1, wherein the NME family member is NME].

11. A method for treating a patient with cancer or at risk of developing cancer comprising
administering to the patient an effective amount of an agent that inhibits tumorigenic activity of
an NME family member protein.

12. The method according of claim 11, wherein the NME family member protein is NME7,
NMES6, or NME].

13. The method according to claim 11 or claim 12, wherein the agent inhibits NME7 but not
NMEI].

14. The method according to claim 11 or claim 12, wherein the agent inhibits binding
between NME7 and MUCT*.

15. The method according to claim 11 or claim 12, wherein the agent inhibits binding
between NME7 and cognate nucleic acid binding site.

16. The method according to claim 11 or claim 12, wherein agent is an antibody.
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17. A method for treating a patient with cancer or at risk of developing cancer comprising
administering to the patient an effective amount of NMEI as a hexamer.
18. The method according to claim 17, wherein the NMEI is a mutant or variant that prefers
hexamer state.
19. A method for treating a patient with cancer or at risk of developing cancer comprising
administering to the patient an effective amount of NME6 as a monomer.
20. The method according to claim 19, wherein the NMEG6 is a mutant or variant that prefers
monomer state.
21. A method for treating a patient with cancer or at risk of developing cancer comprising
administering to the patient an effective amount of NMEI as a monomer.
22. The method according to claim 21, wherein the NMEI is a mutant or variant that prefers
monomer state.
23. A method for treating a patient with cancer or at risk of developing cancer comprising
administering to the patient an effective amount of a peptide or peptide mimic that inhibits the
interaction of the NME family member with its cognate receptor.
24. The method according to claim 23, wherein the cognate receptor is MUCI.
25. The method according to claim 23 or claim 24, wherein the peptide is derived from the
MUC1* portion of MUCI1, PSMGFR, N-10 PSMGFR, N-15 PSMGFR, N-20 PSMGFR.
26. A method for classifying cancers or stratifying patients, having or suspected of having
cancer, comprising the steps of:
(1) analyzing a patient sample for the presence of stem or progenitor cell genes or gene
products; and
(i1) grouping patients who share similar expression or expression levels of stem or
progenitor cell genes or gene products.
27. The method according to claim 26, further comprising:
(ii1) treating the patient with agents that inhibit those stem or progenitor cell genes or
gene products.
28. The method according to claim 26, further comprising:
(ii1) analyzing the stem or progenitor genes or gene products to assess severity of the
cancer, wherein expression of, or higher expression of, genes or gene products that are

characteristic of earlier stem or progenitor states indicate more aggressive cancers and
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expression of, or higher expression of, genes or gene products that are characteristic of
later progenitor states indicate less aggressive cancers;
(iv) designing therapy commensurate with treating patient with cancer more or less
aggressive cancer as determined in step (iii); and
(v) treat patient with therapy in accordance with the design in step (iv).
29. The method according to claims 27 or 28, wherein the patient sample is blood, bodily
fluid, or biopsy.
30. The method according to claims 27 or 28, wherein the genes or gene products are NME
family proteins.
31. The method according to claim 30, wherein the genes or gene product indicative of an
earlier stem cell state is NME7.
32. The method according to claim 30, wherein the genes or gene product indicative of an
earlier stem cell state is NMEG6.
33. An agent that inhibits the interaction of an NME family member protein and a MUC1
transmembrane protein whose extracellular domain is devoid of the tandem repeat domain,
wherein the agent binds to MUC1* on cancer cells with a higher affinity than its binding to the
MUCI1 transmembrane protein whose extracellular domain is devoid of the tandem repeat

domain present on healthy cells in an adult.

34. The agent as in claim 33, wherein the agent is an antibody.

35. The agent as in claim 33, wherein the agent is a natural product.
36. The agent as in claim 33, wherein the agent is a synthetic chemical.
37. The agent as in claim 33, wherein the agent is a nucleic acid.

38. A method of inhibiting interaction of an NME family member protein and a MUC1
transmembrane protein whose extracellular domain is devoid of the tandem repeat domain in a
cell, comprising contacting the cell with an agent that binds to MUC1* on cancer cells with a
higher affinity than its binding to the MUC]1 transmembrane protein whose extracellular domain

is devoid of the tandem repeat domain on healthy cells in an adult.

39. The method as in claim 38, wherein the agent is an antibody.

40. The method as in claim 38, wherein the agent is a natural product.
41. The method as in claim 38, wherein the agent is a synthetic chemical.
42. The method as in claim 38, wherein the agent is a nucleic acid.
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43. A method of identifying an agent according to claim 33, comprising
determining affinity of the agent for MUC1* present on cancer cells,
determining affinity of the agent for MUC1* present on stem or progenitor cells, and
selecting an agent that binds to MUCI* present on cancer cells better than its ability to

bind to MUC1* present on stem or progenitor cells, thus identifying the agent.

44. The method as in claim 43, wherein the agent is an antibody.

45. The method as in claim 43, wherein the agent is a natural product.

46. The method as in claim 43, wherein the agent is a synthetic chemical.

47. The method as in claim 43, wherein the agent is a nucleic acid.

48. The method as in claim 43, wherein the stem or progenitor cells are embryonic stem

cells, iPS cells, cord blood cells, bone marrow cells or hematopoietic progenitor cells.

49. The agent as in any of the claims 33-37, wherein the NME family member protein is
NME7, NMES6 or bacterial NME.

50. The method as in any of the claims 38-48, wherein the NME family member protein is
NME7, NMES6 or bacterial NME.

51. A transgenic mammal that expresses human NME protein in the germ cells and somatic
cells, wherein the germ cells and somatic cells contain a nucleic acid encoding human NME
introduced into said mammal.

52. The transgenic mammal according to claim 51, wherein the NME protein is inducibly
expressed.

53. The transgenic mammal according to claim 51, wherein the NME protein is NME7 or
NME7-AB.

54. A method of generating a mammal that responds to cancer in a way that more closely
resembles the response of a human wherein the mammal is a mammal in which human NME
protein is expressed.

55. The method according to claim 54, wherein the cancer is spontaneously generated or
implanted from cultured cells or from a human being.

56. The method according to claim 54, wherein the NME protein is NME1 dimer or NME7
monomer.

57. The method according to claim 54, wherein the mammal is transgenic, wherein the

mammal expresses human MUC1 or MUCI* or NME protein in the germ cells and somatic
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cells, wherein the germ cells and somatic cells contain a recombinant human MUC1 or MUC1*
or NME protein gene sequence introduced into said mammal.
58. The method according to claim 54, wherein the NME protein is inducibly expressed.
59. The method according to claim 54, wherein the NME protein is NME7 or NME7-AB.
60. A method for increasing engraftment of human tumors in mammals, comprising mixing
the human tumor cells with NME1 dimers or NME7 monomers prior to injecting the cells into
the test mammals.
61. A method for generating an antibody comprising injecting an NME family protein or
peptide fragment or fragments thereof into a mammal and harvesting the antibody or antibody
producing cell.
62. The method according to claim 61, wherein the NME family protein is NME7 or NME7-
AB.
63. The method according to claim 62, wherein the peptide fragment is selected from SEQ
ID NOS:88-140, more preferably 88-133, more preferably 88-121.
64. A method of generating or selecting an antibody or antibody-like molecule that
specifically binds to NME family protein or peptide fragment thereof, comprising:
(1) screening an antibody library or library of antibody fragments or epitopes with the
NME family protein or peptide fragment;
(i1) assaying for binding to the NME family protein or a peptide fragment thereof; and
(111) identifying the specifically bound antibody or antibody-like molecule.
65. The method of claim 64, further comprising formulating the identified antibody or
antibody-like molecule for administration to a patient for the treatment or prevention of cancer.
66. The method according to claim 64, wherein the NME family protein is NME7 or NME7-
AB.
67. The method according to claim 66, wherein the peptide fragment is selected from SEQ
ID NOS:88-140, more preferably 88-133, more preferably 88-121.
68. A method of preventing cancer by vaccinating a person with an NME family protein or
peptide fragment or fragments thereof.
69. The method according to claim 68, wherein the peptide fragment or fragments comprise
one or more peptides whose sequence is present in an NME family protein, which is optionally

mixed with a carrier, adjuvant or attached to an immunogenic agent.
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70. The method according to claim 68, wherein the NME family protein is NME1, NME®,
NME7 or NME7-AB.

71. The method as in claim 70, wherein the peptide is chosen from the group consisting of
peptides having the amino sequence as set forth as SEQ ID NOS:88-140, more preferably 88-
133, more preferably 88-121.

72. The method according to claim 68, wherein the sequence of the peptide is not present

in human NME-H]1.
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Purification of Halomonas Sp. 593 NM23
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Purification of Porphyromonas gingivalis W83 NM23
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Figure 27
A) 41.4% identity in 152 aa overlap

10 20 30 40 50 60
NME1l 1 MANCERTFIAIKPDGVQRGLVGEIIKRFEQKGFRLVGLKFMQASEDLLKEHYVDLKDRPF
HSP MAT ERTLSIIKPDAVAKNVIGEIESRFEKAGLKIVAAKMLQLSQEQAEGFYAEHKERPF
10 20 30 40 50

70 80 90 100 110 120
NME1l 1 FAGLVKYMHSGPVVAMVWEGLNVVKTGRVMLGETNPADSKPGTIRGDFCIQVGRNIIHGS

HSP FGDLVGFMTSGPVVVQVLEGENAIAANRDLMGATNPKEAEAGTIRADYAQSIDANAVHGS
60 70 80 %0 100 110
130 140 150

NME1l 1 DSVESAEKEIGLWFHPEELVDYTSCAQNWIYE
HSP DSPESAAREIAYFFEESEI-—-—-- CSR-——---—
120 130 140

B) 40.6% identity in 133 aa overlap (1-131:4-133); score: 299 E(10000):
9.4e-24

10 20 30 40 50
NME7A EKTLALIKPDAISKA——GEIIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPFFNEL

HSP ERTLSIIKPDAVAKNVIGEIESRFEKAGLKIVAAKMLQLSQEQAEGFYAEHKERPFFGDL
10 20 30 40 50 60

60 70 80 920 100 110
NME7A IQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAAHGPD
HSP VGFMTSGPVVVQVLEGENAIAANRDLMGATNPKEAEAG———TIRADYAQSIDANAVHGSD
70 80 90 100 110 120

120 130
NME7A SFASAAREMELET

HSP SPESAAREIAYFF
130

C) 34.1% identity in 132 aa overlap (3-134:6-133);
score:225 E(10000): 2.8e-16

10 20 30 40 50 60
NME7B TCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVTEYHDMV

HSP TLSIIKPDAVAKNVIGEIESRFEKAGLKIVAAKMLQLSQEQAEGFYAEHKER PFFGDLV
10 20 30 40 50 60
70 g0 90 100 110 120

NME7B TEMYSGPCVAMEIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNAVHCTDL
HSP GFMTSGPVVVQVLEGENAIAANRDLMGATNPKEAE———AGTIRADYAQSIDANAVHGSDS
70 8D 90 100 110 120
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130
NME7B PEDGLLEVQYFF
HSP PESAAREIAYFF
130

Figure 27 (cont'd)
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HES-3 VITA/C3 — Human stem cells cultured in bacterial NME from

WO 2014/130741

Ha_lomonas HSP593- passage 2, day 5

PCT/US2014/017515

Figure 28



PCT/US2014/017515

WO 2014/130741

S|193 Y IFWIDS 1170 01 SIse|qoIql} uewny s1J9AdJ JIAIN [elJo1degd
uoissatdxa 170 JO ¥Id-1Y

L9/1€

n <o
g = o

uoissaidxg annjey

i

pazijewiou

62 2Inbi4



32/67

WO 2014/130741 PCT/US2014/017515

% OCT4
% NANOG

% a -

N

H : z

T

o E

I
P | Z

£ ;

: o
3 2
g. 2
HRen £
- Rk g
E 4
.e m
E
=

£ o]
@

< ©

N 3
2
4

NME1 HSP593 +
ROCi

N AR
N N

Tl Rt

NME1 + ROCi

Fibroblasts+GF Relative Gene Expression

NME? AB + ROCi

Fbb Control

- . i

(=] «Q w ~ ™~ Qo
-l

pazijewlou ‘uojssaidxy auan anlle|ay

Figure 30

14
12



WO 2014/130741 PCT/US2014/017515

-

X
N

AR = N \ \\\\ a ™ §\\\

Nt
\W\\
W

T R R W

R N MR X N \

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\_\,\R\\&&\ \\\\\\\\\\\\\\\\\\\\\\\\\ RN \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\%\\w N

\\\\\\\Q\\\\\\\\\\\ NN \\\\‘\\_\\\\ M NN RN
N

Y

R %\\\§\
.
. \\\\\\\s .

33/67
Human NME1 dimers alone causes human fibroblasts to revert to a stem-like state
hFFN.p9.NME1 dimers p2 no ROCi Day 18 4x
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hFFN.p9. HSP593 p2 no ROCi Day 18 4x

Bacterial Halomonas Sp 593 NME1 alone causes human fibroblasts to revert to a stem-like state

Figure 33



€ aunbig

. . | .
. . \N . \\\mm . m\\ \N\\\\N&

X0¢Z 81 Ae@ ID0OY ou zd £€66dSH "6d'N44Y
aje)s 9YI|-Wa)s B 0] JaAal 0} S)sk|qoiqy UeLIny sasned suoje | JANN £6SdSH |eue)oeg

L9/9¢



WO 2014/130741

37/67

Human NME7-AB alone causes human fibroblasts to revert to a stem-like state
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hFFN no ROCi Day 18 4x

Human fibroblasts cultured in media in the absence of an NME protein

Control Cells

Figure 37
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Human fibroblasts cultured in media in the absence of an NME protein
hFFN no ROCi Day 18 20x

Control Cells
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21" inhibitors or recombinant NME7-AB revert cancer cells to cancer stem-like state
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Figure 61

Sequence alignment of human NME1 to human NME7-A and —B domains

NME1 MANCERTFIAIKPDGVQRGLVGEIIKRFEQKGFRLVGLKEMQASEDLLKEHYVDLKDRPE 60

NME7A ———-EKTLALIKPDAISK--AGEIIEIINKAGFTITKLKMMMLSRKEALDFHVDHQSRPF 54

*:*: ****_:_: _****: A * * s **:* *__ :_:** :_***

NME1 FAGLVKYMHSGPVVAMVWEGLNVVKTGRVMLGETNP---ADSKPGTIRGDFCIQVGRNII 117

NME7A FNELIQFITTGPIIAMEILRDDAICEWKRLLGPANSGVARTDASESIRALFGTDGIRNAA 114
o S R - R o HIRH Hio ol Lo tEX X k%

NME1 HGSDSVESAEKEIGLWFHPEELVDYTSCAQNWIYE 152

NME7A HGPDSFASAAREMELFF-————————————————— 131

**x Kk Kk **x aka kak

NME1 MANCERTFIAIKPDGVQRGLVGEIIKRFEQKGFRLVGLKEMQASEDLLKEHYVDLK-DRP 59
NME7B —-——-NCTCCIVKPHAVSEGLLGKILMAIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVT 56
* HEk N A S S HIPEE I B S I BN HHE *
NME1 FFAGLVKYMHSGPVVAMVWEGLNVVKTGRVMLGETNPADS——-KPGTIRGDFCIQVGRNI 116
NME7B EYHDMVTEMYSGPCVAME IQONNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNA 116
:*_ *:*** * k% . *__** * . * ::* . :***:*_ * :*
NME1 IHGSDSVESAEKEIGLWFHPEELVDYTSCAQNWIYE 152

NME7B VHCTDLPEDGLLEVQYFFKILDN-—————==————— 139

ek ek * * ke
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Figure 62

Immunizing peptides derived from human NME7

1.

R S AN T

N2 T \S N S RS L 2 S I SRR S R S e e e e e e e e e
O 00 N1 N A WD R, O VOV NN R WD~ O

LALIKPDA (SEQ ID NO:88)
MMMLSRKEALDFHVDHQS (SEQ ID NO:89)
ALDFHVDHQS (SEQ ID NO:90)

EILRDDAICEWKRL (SEQ ID NO:91)

FNELIQFITTGP (SEQ ID NO:92)

RDDAICEW (SEQ ID NO:93)
SGVARTDASESIRALFGTDGIRNAA (SEQ ID NO:94)
ELFFPSSGG (SEQ ID NO:95)
KFTNCTCCIVKPHAVSEGLLGKILMA (SEQ ID NO:96)

. LMAIRDAGFEISAMQMFNMDRVNVEEFYEVYKGVVT (SEQ ID NO:97)
.EFYEVYKGVVTEYHD (SEQ ID NO:98)

. EIQQNNATKTFREFCGPADPEIARHLRPGTLRAIFGKTKIQNA (SEQ ID NO:99)
. YSGPCVAM (SEQ ID NO:100)

. FREFCGP (SEQ ID NO:101)

. VHCTDLPEDGLLEVQYFFKILDN (SEQ ID NO:102)

. IQNAVHCTD (SEQ ID NO:103)

. TDLPEDGLLEVQYFFKILDN (SEQ ID NO:104)

. PEDGLLEVQYFFK (SEQ ID NO:105)

. EIINKAGFTITK (SEQ ID NO:106)

. MLSRKEALDFHVDHQS (SEQ ID NO:107)

. NELIQFITT (SEQ ID NO:108)

. EILRDDAICEWKRL (SEQ ID NO:109)

. SGVARTDASESIRALFGTDGI (SEQ ID NO:110)

. SGVARTDASES (SEQ ID NO:111)

. ALFGTDGI (SEQ ID NO:112)

. NCTCCIVKPHAVSE (SEQ ID NO:113)

. LGKILMAIRDA (SEQ ID NO:114)

. EISAMQMFNMDRVNVE (SEQ ID NO:115)

.EVYKGVVT (SEQ ID NO:116)
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30. EYHDMVTE (SEQ ID NO:117)

31. EFCGPADPEIARHLR (SEQ ID NO:118)

32. AIFGKTKIQNAV (SEQ ID NO:119)

33. LPEDGLLEVQYFFKILDN (SEQ ID NO:120)
34. GPDSFASAAREMELFFP (SEQ ID NO:121)

Figure 62 (Cont'd)

PCT/US2014/017515



WO 2014/130741

66/67

Figure 63

Immunizing peptides derived from human NME7

35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

ICEWKRL (SEQ ID NO:122)
LGKILMAIRDA (SEQ ID NO:123)
HAVSEGLLGK (SEQ ID NO:124)
VTEMYSGP (SEQ ID NO:125)
NATKTFREF (SEQ ID NO:126)
AIRDAGEFEI (SEQ ID NO:127)
AICEWKRLLGPAN (SEQ ID NO:128)
DHQSRPFF (SEQ ID NO:129)
AICEWKRLLGPAN (SEQ ID NO:130)
VDHQSRPF (SEQ ID NO:131)
PDSFAS (SEQ ID NO:132)
KAGEIIEIINKAGFTITK (SEQ ID NO:133)
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Figure 64

Human NME1 peptides having high homology to human NME7 and bacterial NME
proteins

47. MANCERTFIAIKPDGVQRGLVGEIIKRFE (SEQ ID NO:134)

48. VDLKDRPF (SEQ ID NO:135)

49. HGSDSVESAEKEIGLWEF (SEQ ID NO:136)

50. ERTFIAIKPDGVQRGLVGEIIKRFE (SEQ ID NO:137)

51. VDLKDRPFFAGLVKYMHSGPVVAMVWEGLN (SEQ ID NO:138)

52. NIIHGSDSVESAEKEIGLWFHPEELV (SEQ ID NO:139)

53. KPDGVQRGLVGEII (SEQ ID NO:140)
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