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PATIENT TREATMENT VIA TERATOGENIC PHARMACEUTICAL
COMPOUNDS

[0001] This application claims priority to copending US provisional application with the
serial number 62/155459, which was filed 30-Apr-15.

Field of the Invention

[0002] The field of the invention 1s use of pharmaceutical compounds that induce changes in
differentiation or cell cycle, and especially teratogenic agents and differentiating agents for

treatment of neoplastic diseases associated with cancer stem cells.

Background of the Invention

[0003] The background description includes information that may be useful in understanding
the present inventive subject matter. It 1s not an admission that any of the information
provided herein 1s prior art or relevant to the presently claimed inventive subject matter, or

that any publication specifically or implicitly referenced 1s prior art.

[0004] Billions of dollars are spent annually on research and development of new cancer
drugs or treatments. Typically such R&D covers broad spectrum ot development activities
including 1dentification of new chemical entities, determining viability of such entities,
testing for toxicity, animal testing, creating formulations, scaling production, seeking
regulatory approval, and more. Beyond the outlay of money, 1n practice, a company could
easily spend 10 or more years 1n developing a new compound of use 1in the market. At any
point along the complex R&D path, the new compound might result in a dead end. Even in
view of the high risks and costs associated with drug development, the return on investment
could be quite high 1f a market-viable compound 1s found. However, the loss of the

investment could be quite high should the results be a dead end.

[0005] In many cases, the development of a new drug 1s abandoned or simply not pursued
because the drug tails one or more regulatory requirements. Consider, for example, a new
compound that has been found to be teratogenic. Such a drug would not be pursued because
1t might cause birth detects. In fact, significant effort has been applied toward determining 1f
a compound 1s teratogenic, as can be seen from US 2015/0133340 or WO 2014/071137. All
patent applications and publications 1dentified herein are incorporated by reference to the
same extent as 1f each individual patent application or publication were specifically and

individually 1ndicated to be incorporated by reference. Where a definition or use of a term 1n
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an incorporated reference 1s inconsistent or contrary to the definition of that term provided

herein, the definition of that term provided herein applies and the definition of that term 1n

the reference does not apply.

[0006] Simuilarly, certain differentiation agents have been reported as being successful
treatment modalities for an already existing malignant cell. For example, all-trans retinoic
acid was shown to be effective 1n many cases of acute promyelocytic leukemia to push
promyelocytic cells 1in to downstream maturity and so reduce or even eliminate cancerous
population growth (Oncogene 2001; 20, 7140-7145). However, such treatment 1s limited to

specific lineage committed cells and thus not contemplated for other types of malignancies.

[0007] Next to differentiation agents, thalidomide was reported as an angilogenesis inhibitor
in androgen-independent prostate cancer when administered at low dose of 200 mg/d (Clin
Cancer Res. 2001) while inconclusive results were reported for thalidomide 1n non-small cell
lung cancer (Contemp Oncol (Pozn). 2014;18(1):39-47). In yet another report thalidomide
plus radiation was shown to reduce VEGF levels 1in esophageal cancer patients (World J
Gastroenterol 2014 May 7;20(17):5098-103), leading the authors to speculate that treatment
outcome may 1improve using thalidomide i1n such malignancy. In addition, immune
modulating effects were also proposed as mechanism for thalidomide 1n the treatment of
multiple myeloma (Science 2014 January 17; 343(6168): 256-257; PLoS One. 2013 May
14;8(5):€64354). However, despite these imited mechanistic insights, these observed etfects

have not led to effective cancer treatment.

[0008] Therefore, even though various compositions and methods for cell treatment are
known 1n the art, all or almost all of them suffer from one or more disadvantages. Theretore,
there 1s still a need for improved pharmaceutical intervention for malignant diseases, and

especlally malignant diseases cause by cancer stem cells.

Summary of the Invention

[0009] The inventive subject matter 1s directed to compounds, compositions, and methods 1in
which a differentiating agent and/or teratogenic pharmaceutical compound 1s used for cancer

treatment, and especially treatment and prevention of cancers originating from cancer stem

cells. Most typically, thusly treated cells will activate a destructive pathway 1n cancer stem

cells.
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[0010] In one aspect of the inventive subject matter, the inventors contemplate a method of
treating a diseased tissue that includes a step of determining from a sample taken from the
diseased tissue that a disease stem cell 1s present 1n the sample, wherein the disease stem cell
has at least one stem cell attribute and at least one differentiated cell attribute. Contemplated
methods will also include a further step of administering an effective amount of a teratogenic
pharmaceutical compound and/or stem cell ditferentiating agent to the diseased tissue to so
activate a destructive pathway (e.g., an apoptosis pathway or an autophagy pathway) in
disease stem cells remaining 1n the diseased tissue. Most typically such activation may
proceed via activation of a Fas receptor, TNFR1 (Tumor Necrosis Factor Receptor-1), an
Apo2 receptor, an Apo3 receptor, a caspase, a ZIP kinase, Bcl2, BAX, p53, and/or SMAC

(Second Mitochondria-Derived Activator of Caspase)

[0011] Typically, the diseased tissue comprises a neoplastic tissue, and most typically a
cancerous tissue (e.g., breast cancer tissue, colon cancer tissue, prostate cancer tissue,
glioblastoma tissue, ovarian cancer tissue, head and neck cancerous tissue, melanoma tissue,
basal cell cancer, squamous cell cancer, gastric cancer tissue, pancreatic cancer tissue, or lung
cancer tissue). While not imiting the inventive subject matter, 1t 1s generally preferred that
the step of determining comprises transcriptomics analysis, proteomics analysis, mass
spectroscopy analysis, and/or immunohistochemical analysis of at least a portion of the
diseased tissue. Depending on the particular tissue, the stem cell attribute may be CD19,
CD24, CD34, CD44, CDY0 (Thyl), CD117, CD133, CD200 (OX-2), EpCAM (epithehal cell
adhesion molecule), and/or ABCBS (ATP-binding cassette B5), while the differentiated cell
attribute may include Fox3, MAP2, beta III tubulin, BRCAI1, cytokeratin 5, podocalyxin,
cytokeratin 8, cytokeratin 14, cytokeratin 18, MUC-1, CA1235, cytokeratin 18, HSP27,
cytokeratin 15, CD138, cornulin, cathepsin E, desmocollin-2, caveolin-1, foxal, and/or Rex-

l.

[0012] Among other suitable choices, contemplated teratogenic pharmaceutical compounds
include an ACE (angiotensin converting enzyme), an androgen, 1sotretinoin, a tetracycline, a
doxycycline, a streptomycin, phenytoin, valproic acid, methotrexate, aminopterin, a
thiouracil, a carbimazole, DES, thalidomide, lenalidomide, pomalidomide, and apremilast.
Contemplated stem cell differentiating agents include AICAR (N1-(B-D-Ribofuranosyl)-3-
aminoimidazole-4-carboxamide), S-azacytidine, CCG1423 (N-[2-[(4-Chlorophenyl)amino]-
I-methyl-2-oxoethoxy]-3,5-bis(trifluoromethyl)benzamide), CW 008 (4-Fluoro-N-[35-fluoro-
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6-(5-methoxypyrazolo[ 1,5-a]pyridin-3-yl)-1H-pyrazolo| 3,4-b]pyridin-3-yl]benzamide),
cyclopamine, DAPT (N-[(3,5-Difluorophenyl)acetyl]-L-alanyl-2-phenyl]glycine-1,1-
dimethylethyl ester), dexamethasone, forskolin, retinoic acid, and SIS3 (1,2,3,4-Tetrahydro-
6,7-dimethoxy-2-[(2E)-3-(1-phenyl-1H-pyrrolo|2,3-b]pyridin-3-yl)-1-0x0-2-propenyl |-

1soquinoline hydrochloride).

[0013] Additionally, 1t 1s generally preferred that the teratogenic pharmaceutical compound
and/or stem cell differentiating agent 1s administered to the diseased tissue 1n vivo. For
example, where the teratogenic pharmaceutical compound and/or stem cell differentiating
agent 1s a prescription drug, it may be administered to the diseased tissue 1n an amount of less
than 50%, or less than 25%, or even less than 10% (but above 0.1%) of an otherwise
recommended prescription dosage. Additionally, or alternatively, the teratogenic
pharmaceutical compound and/or stem cell ditferentiating agent may also be metronomically

administered, typically in an amount below a prescription dosage.

[0014] Viewed form a different perspective, the inventors therefore also contemplate a
method of reducing a number of cancer stem cells 1n a patient. Particularly contemplated
methods will include a step of determining from a sample taken from a cancer tissue of the
patient that a cancer stem cell 1s present 1n the sample, wherein the cancer stem cell has at
least one stem cell attribute and at least one differentiated cell attribute; and another step of
administering an effective amount of a teratogenic pharmaceutical compound and/or stem
cell differentiating agent to the patient to so reduce the number of cancer stem cells by

activating a destructive pathway 1n cancer stem cells remaining in the patient.

[0015] As noted above, contemplated cancer tissues include a breast cancer tissue, a colon
cancer tissue, a prostate cancer tissue, a glioblastoma tissue, an ovarian cancer tissue, a head
and neck cancerous tissue, a melanoma tissue, a basal cell cancer, a squamous cell cancer, a
gastric cancer tissue, a pancreatic cancer tissue, and a lung cancer tissue, while the step of
determining may comprise at least one of transcriptomics analysis, proteomics analysis, mass
spectroscopy analysis, and immunohistochemical analysis. With respect to the stem cell
attribute, the differentiated cell attribute, the teratogenic pharmaceutical compound, and the

stem cell differentiating agent, and administration, the same considerations as provided above

apply.
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[0016] Consequently, the inventors also contemplate use ot a teratogenic pharmaceutical
compound and/or stem cell differentiating agent to activate a destructive pathway 1n a disease
stem cell wherein the disease stem cell has at least one stem cell attribute and at least one
differentiated cell attribute. As betore, contemplated stem cell attributes include CD19,
CD24, CD34, CD44, CDY0 (Thyl), CD117, CD133, CD200 (OX-2), EpCAM (epithehal cell
adhesion molecule), and ABCBS (ATP-binding cassette BS), and 1t 1s further contemplated
that the disease stem cell 1s from a breast cancer tissue, a colon cancer tissue, a prostate
cancer tissue, a glioblastoma tissue, an ovarian cancer tissue, a head and neck cancerous
tissue, a melanoma tissue, a basal cell cancer, a squamous cell cancer, a gastric cancer tissue,

a pancreatic cancer tissue, or a lung cancer tissue.

[0017] Likewise, 1t 1s contemplated that 1s such uses the teratogenic pharmaceutical
compound may be an ACE (angiotensin converting enzyme), an androgen, 1sotretinoin, a
tetracycline, a doxycycline, a streptomycin, phenytoin, valproic acid, methotrexate,
aminopterin, a thiouracil, a carbimazole, DES, thahdomide, lenalidomide, pomalidomide,
and/or apremilast, while the stem cell differentiating agent may be AICAR (N1-(B-D-
Ribofuranosyl)-S-aminoimidazole-4-carboxamide), 5-azacytidine, CCG1423 (N-[2-[(4-
Chlorophenyl)amino|-1-methyl-2-oxoethoxy]|-3,5-bis(tritfluoromethyl)benzamide), CW 008
(4-Fluoro-N-[5-fluoro-6-(5-methoxypyrazolo|[ 1,5-a|pyridin-3-yl)-1H-pyrazolo| 3,4-b|pyridin-
3-yl|benzamide), cyclopamine, DAPT (N-[(3,5-Difluorophenyl)acetyl]-L-alanyl-2-
phenyl]glycine-1,1-dimethylethyl ester), dexamethasone, forskolin, retinoic acid, and/or SIS3
(1,2,3,4-Tetrahydro-6,7-dimethoxy-2-[(2E)-3-(1-phenyl-1H-pyrrolo| 2,3-b]pyridin-3-yl)-1-

0x0-2-propenyl J-1soquinoline hydrochloride).

[0018] Various objects, features, aspects and advantages of the inventive subject matter will

become more apparent from the following detailed description of preferred embodiments.

Detailed Description

[0019] To date, diseases such as cancer are treated only as a proliferation problem. Current

treatments focus on stopping or halting proliferation. However, even after such treatments,

cancer can return to the patient, even 1n circumstances where the patient appears to be 1n

remission. Thus, a different perspective on cancer 1s required to address such 1ssues.

[0020] It 1s thought that 1n order to have a significant impact on treating cancer, each

individual type of cancer cell (e.g., cancer stem cell, cancer progenitor cell, cancer metastatic
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cell, etc.) must be attacked, possibly via ditferent treatments. In the past, as alluded to above,
these various types of cancer cells have been treated as a single type of proliferation problem.
For example, chemotherapy 1s used to treat the cancer as a whole, but might only wipe out
proliferated cancer cells and, unfortunately, healthy cells as well. However, 1n the cancer
model discussed above, the chemotherapy would not necessarily rid the patient of the cancer
stem cells. Thus, the cancer can return possibly 1n a differentiated form. Simply put, each

type of cancer cell could require a different treatment strategy.

[0021] With respect to cancer stem cells, 1n situations where the cancer stem cells cannot be
treated via chemotherapy or other traditional routes, the cancer stems cells can be attacked

via their cellular metabolism governed by one or more signaling pathways.

[0022] The 1inventor has discovered that disease stem cells, and especially cancer stem cells
can be treated with a teratogenic pharmaceutical compound and/or stem cell differentiating
agent such that the disease/cancer stem cell activates a destructive pathway, which will then
lead to activation of a destructive pathway, and especially activation of an apoptosis pathway
or an autophagy pathway. Based on this observation, the inventor theretore contemplates a
method of treating a diseased (typically neoplastic or cancerous) tissue 1n which presence of a
disease/cancer stem cell 1s first determined using omics or immunohistochemical methods
well known 1n the art. Upon determination that a disease/cancer stem cell 1s present, an
effective amount of a teratogenic pharmaceutical compound and/or stem cell differentiating
agent 1s adminstered to the diseased tissue to so activate a destructive pathway 1n disease or

cancer stem cells remaining 1n the diseased tissue.

[0023] Most typically, contemplated cancer stem cells will exhibit certain stem cell attributes

and most commonly have one or more surface markers to stem cells and known cancer stem
cells. For example, cancer stem cells may exhibit CD19, CD24, CD34, CD44, CD90 (Thyl),
CD117, CD133, CD200 (OX-2), EpCAM (epithelial cell adhesion molecule), and/or ABCBS

(ATP-binding cassette BS5). Of course, 1t should be noted that such markers can be selectively
expressed 1n a particular cancer stem cell, and that different cancers will have different cancer
stem cells with their respective surface markers. For example, contemplated cancer tissues 1n
which the cancer stem cells reside include breast cancer tissue, colon cancer tissue, prostate
cancer tissue, glioblastoma tissue, ovarian cancer tissue, head and neck cancerous tissue,
basal cell cancer tissue, squamous cell cancer tissue, melanoma tissue, gastric cancer tissue,

pancreatic cancer tissue, and lung cancer tissue. In that context, 1t should be appreciated that
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the cancer stem cells need not necessarily be located 1n the cancer mass, but may reside distal
and/or 1n a dormant form. As such, and especially where cancer stem cells are quiescent,
traditional chemotherapeutic agents will not be effective as most of these agents require cell

division to be effective.

[0024] While 1t 1s generally contemplated that the disease/cancer stem cell 1s obtained from a
sample or biopsy of a tumor, 1t should be appreciated that circulating tumor cells (CTC) may
also be 1dentified 1n a blood sample, where the CTCs could comprise one or more cancer
stem cells. For example, CTCs could be enriched from the blood sample through be-bulking
techniques, possibly based on those described in US 8,569,0009.

[0025] Analysis of the cancer stem cell will also involve a confirmation that the cancer stem
cell has at least one differentiated cell attribute. For example, where the cancer 1s a neural
cancer, contemplated attributes may include Fox3, MAP2, and/or beta III tubulin, or where
the cancer 1s a breast cancer, the attribute may include BRCAT1, cytokeratin 5, or
podocalyxin. Stmilarly, where the cancer 1s prostate cancer, the attribute may be cytokeratin
8, 14, and/or 18 and where the cancer 1s ovarian cancer, the attribute may be MUC-1, CA125,
or cytokeratin 18. Melanoma attributes include HSP27, while basal cell cancer attributes
include cytokeratin 15 and squamous cell cancer attributes include CD138 and/or cornulin. In
further examples, cathepsin E or desmocollin-2 may serve as an attribute for gastric cancer,

while attributes for lung cancer include caveolin-1, foxal, and Rex-1.

[0026] For confirmation of the presence of the stem cell and differentiated cell attributes 1t 1s
contemplated that all manners are deemed suitable. Most typically, as the attributes need to
be expressed, contemplated analytical methods especially include methods that directly or
indirectly confirm the presence or absence of the markers. Therefore, among other suitable
methods, immunohistochemical tests using labeled antibodies on tissue sections (fixed or
fresh) are deemed appropriate. Alternatively, qualitative and quantitative mass spectroscopic
methods or proteomics methods (e.g., using gel electrophoresis or mass spec immune assay)
are also contemplated. Furthermore, indirect confirmation methods that indicate marker
expression include transcriptomic analyses, and especially qualitative and quantitative
transcriptomic analyses (e.g., using qPCR, micro arrays, or whole transcriptome shotgun

sequencing).
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[0027] Theretore, with respect to 1dentification of the disease/cancer stem cell 1t should be
noted that all manners of 1dentification or detection are deemed suitable for use herein, and
that the most appropriate manner of detection or 1identification will typically depend to at
least some degree of the desired marker used for the disease/cancer stem cell. However, 1n
most contemplated methods, a sample 1s obtained from the diseased or cancerous tissue and
the presence of the disease/cancer stem cell 1s determined following methods as noted above.
Once contirmed that the disease/cancerous tissue comprises a disease/cancer stem cell, the
tissue can then be exposed to one or more teratogenic pharmaceutical compound and/or stem
cell differentiating agent. Of course, 1t should be recognized that such exposure can be
performed in vitro or in vivo. Consequently, the manner of administering the teratogenic

pharmaceutical compound and/or stem cell differentiating agent may vary considerably.

[0028] For example, where the diseased/cancerous tissue 1s contacted with the teratogenic
pharmaceutical compound and/or stem cell differentiating agent in vitro, contacting may be
performed 1n cell or tissue culture, typically by combining the teratogenic pharmaceutical
compound and/or stem cell differentiating agent with a culture or incubation medium at a
suitable concentration. As will be readily appreciated, the appropriate concentration can be
ascertained using one or more test procedures that establish that a destructive pathway has
been activated 1n the disease/cancer stem cells as turther described 1n more detail below. On
the other hand, where the teratogenic pharmaceutical compound and/or stem cell
differentiating agent 1s administered in vivo, contacting may be performed using all known
manners of administering a pharmaceutical compound to a patient, especially via oral or
parenteral administration (e.g., intravenous injection, intramuscular injection, inhalation,
etc.). Advantageously, as numerous teratogenic pharmaceutical compounds and stem cell
differentiating agents are known 1n the art, administration 1in vivo may follow the same route,
dosage, and schedule as 1s noted for such compounds and agents (typically set torth in the

prescribing information).

[0029] The inventor has now appreciated that, although use of such compounds and/or agents
could be problematic 1n some contexts (e.g., during pregnancy), especially over an extended
period and at relatively high dosages, low dose administration of such compounds and agents
may advantageously achieve the same effect on cancer stem cells without triggering adverse
effects (or with a reduced frequency) otherwise observed. Therefore, the inventor

contemplates that the teratogenic pharmaceutical compound and/or stem cell differentiating
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agent 1s administered to the diseased tissue 1n an amount of less than S0% of a prescription
dosage, and more preferably less than 25% of a prescription dosage, and most preferably less
than 10% of a prescription dosage. Moreover, to sustain the desired eftect of activating a
destructive pathway 1n the disease/cancer stem cells 1t 1s contemplated that the teratogenic
pharmaceutical compound and/or stem cell ditferentiating agent 1s administered at a reduced
dosage (as compared to prescribing information) 1n a metronomic fashion. For example, the
compound or drug may be adminmistered orally at 20% ot a dosage indicated 1n the prescribing
information over a period of 2 months every 4 days. Thus, metronomic administration will
advantageously extend over at least two weeks, and more preferably over at least four weeks,
and most preferably over at least 8 weeks at dosage levels between 1-10%, or between 10-
25%, or between 235-50% of the indicated dosage 1n the prescribing information. Such
metronomic low dose administration 1s thought to maintain activation of the destructive
pathway 1n the disease/cancer stem cells without significantly producing adverse effects in

non-disease/cancer stem cells.

[0030] With respect to suitable teratogenic pharmaceutical compounds it should be noted that
all pharmaceutical agents with teratogenic activity are deemed appropriate for use herein, and
that teratogenic activity 1s either known for such agents or can be ascertained following
protocols well know 1n the art (see e.g., US 2015/0133340A1 or WO 2014/071137A1). For
example, suitable teratogenic agents include various an ACE (angiotensin converting
enzyme) inhibitors such as benazepril, captopril, enalapril, fosinopril sodium, lisinopril,
lisinopril, hydrochlorothiazide, quinapril, and ramipril, certain androgens (and especially
testosterone derivatives), diethylstilbestrol,isotretinoin, certain antibiotics (e. g., tetracycline,
doxycycline, streptomycin), certain anticonvulsants such as phenytoin, valproic acid,
trimethadione, paramethadione, and carbamazepine, and methotrexate, aminopterin,

thiouracil, carbimazole, thalidomide, lenalidomide, pomalidomide, and apremilast.

[0031] Simularly, there are numerous the stem cell differentiating agents known 1n the art,
and especially contemplated agents include those that induce endoderm tormation, ectoderm
formation, mesoderm formation, and those that facilitate neuronal differentiation, osteoblast
or adipocyte formation, cardiomyogenic differentiation, etc. Therefore, exemplary stem cell
differentiating agents suitable for use herein include AICAR (N'-(B-D-Ribofuranosyl)-3-
aminoimidazole-4-carboxamide), S-azacytidine, CCG1423 (N-[2-[(4-Chlorophenyl)amino]-
1-methyl-2-oxoethoxy]-3,5-bis(trifluoromethyl)benzamide), CW 008 (4-Fluoro-N-[5-fluoro-
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6-(5-methoxypyrazolo|[1,5-a]pyridin-3-yl)-1H-pyrazolo[3,4-b]pyridin-3-yl]benzamide),
cyclopamine, DAPT (N-[(3,5-Difluorophenyl)acetyl]-L-alanyl-2-phenyl]glycine-1, 1-
dimethylethyl ester), dexamethasone, forskolin, retinoic acid, and SIS3 (1,2,3,4-Tetrahydro-
6,7-dimethoxy-2-[(2E)-3-(1-phenyl-1H-pyrrolo|2,3-b]|pyridin-3-yl)-1-0x0-2-propenyl |-
1soquinoline hydrochloride). Further suitable compounds and compositions known to induce
differentiation of a stem cell into any one of the three germ layer cell types include those
described 1n “Reviews 1n Stem and Progenitor Cells™ ( The Scientific World Journal (2002) 2,
1147-1166). Suitable agents also include those that trans-differentiate an at least lineage-
committed cell to another lineage or type without passing through a stem cell type stage (see
e.g., Mol Hum Reprod Volume 16, Issue 11; Pp. 856-868; or Mol Hum Reprod 2010
Nov;16(11):856-68).

[0032] Depending on the particular teratogenic pharmaceutical compound and/or stem cell
differentiating agent 1t should be appreciated that the particular mechanmism ot action may
vary to at least some degree. However, 1t 1s generally contemplated that the compounds and
agents contemplated herein will trigger or activate an apoptosis pathway and/or an autophagy
pathway. Viewed from another perspective, the teratogenic pharmaceutical compound and/or
stem cell differentiating agent may interfere with one or more components present in Wnt/3-
catenin signaling, in Hippo signaling, in Notch signaling, in Hedgehog signaling, in TGF-[3
signaling, and/or 1n G-protein signaling. Theretore, 1t should be appreciated that destructive
pathways may be activated by a Fas receptor or ligand thereof, TNFR1 (Tumor Necrosis
Factor Receptor-1) or ligand thereof, an Apo2 receptor or ligand thereot, an Apo3 receptor or
ligand thereof, a caspase, a SMAC (Second Mitochondria-Derived Activator of Caspase), a
ZIP kinase, Bcl2, BAX, and/or p53.

[0033] Regardless of the particular compound or agent, it should thus be appreciated that the
disease/cancer stem cell will undergo an event that, even at low concentrations, will dispose
the disease/cancer stem cell towards activation of a destructive pathway that will ultimately
lead to a breakdown of the disease/cancer stem cell. Moreover, as the disease/cancer stem
cell undergoes apoptosis or autophagy, numerous proteins and protein fragments are released
that may 1n turn serve as a triggering event for the immune system to recognize and target a
response against the dying disease/cancer stem cell. Notably, as all or almost all of the

disease/cancer stem cell will express neoepitopes due to mutations, such neoepitopes may
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become antigens against which the immune system can mount a therapeutically effective

ICSPOIISC.

[0034] In addition, 1t 1s contemplated that a secondary drug may be provided to the cancer or
patient to augment or synergistically enhance activation of the destructive pathway. Most
preferably, secondary drugs include all known chemotherapeutic drug, particularly where

such drugs are (co-)administered 1in a low dose metronomic regimen as described above.

[0035] Therefore, contemplated composition and methods may also be usetul to reduce the
number of cancer stem cells 1n a patient. To that end, 1t 1s generally contemplated that first a
sample 1s taken from the cancer tissue, and that the cancer tissue contains a cancer stem cell.
As noted before, suitable cancer stem cells will have at least one stem cell attribute and at
least one differentiated cell attribute. Upon confirmation of the presence of a cancer stem cell,
an effective amount of a teratogenic pharmaceutical compound and/or stem cell
differentiating agent 1s administered to the patient to so reduce the number of cancer stem
cells by activating a destructive pathway 1n cancer stem cells remaining in the patient. Thus,
viewed tfrom a different perspective, the inventors also contemplate the use of a teratogenic
pharmaceutical compound and/or stem cell ditferentiating agent to activate a destructive
pathway 1n a disease stem cell (wherein the disease stem cell has at least one stem cell
attribute and at least one differentiated cell attribute). With respect to the cancer stem cell, the
attributes, the teratogenic pharmaceutical compound and/or stem cell differentiating agent,

and the adminmistration, the same considerations as provided above apply.

[0036] It should still further be appreciated that somatic cells proliferate through standard
mitosis, at least up to a Haytlick Iimit. Stem cells, on the other hand, do not necessarily
follow the same processes as somatic cells; for example stem cells are able to self-renew.
Rather, stem cells can self-renew through routes such a symmetric cell division, asymmetric
cell division (e.g., intrinsic, extrinsic, etc.), or other routes unavailable to somatic cells that
are fully differentiated. As a more specific example, consider totipotent zygote cells. In
zygote growth the cells divide via cell cleavage. Betore the 8-cell phase, each cell remains
substantially unspecialized and could individually become separate organisms where each
cell can be considered a stem cell. One of the significant differences between stem cells and
somatic cells 1s that the stem cells can be considered immortal based on high telomerase
activity that allow renewal of the stem cell’s telomeres, which prevents telomere triggered

apoptosis.

11



CA 02990861 2017-12-19

WO 2016/176675 PCT/US2016/030391

[0037] Cancer stem cells are thought to following similar self-renew routes as standard stem
cells. Consequently, cancer stem cells could self-renew through similar stem cell renewal
routes, chemotherapy or other cancer treatments that target proliterated, ditfferentiated cancer
cells would be unable to target the cancer stem cells 1n a significant way. The Applicants
have appreciated that targeting the specialized cell division or self-renewal routes of the
cancer stem cells with drugs, molecules, or other pharmaceutical compounds offers additional
paths to treating a patient where traditional treatments such as chemotherapy have tailed.
Thus, the inventive subject matter 1s also considered to include development of or use of
teratogenic pharmaceutical compounds, stem cell differentiating agents, or other compounds,

that specifically attack the specialized cancer stem cell routes of self-renewal or cell division.

[0038] Yet another aspect of the inventive subject matter includes use of pharmaceutical
compounds that break cancer cell tolerance of NK cells or that possibly make cancer stem
cells visible to NK cells so that the NK cells are able to trigger apoptosis pathways. In such
embodiments, the NK cells’ cytotoxicity can be considered reactivated with respect to the
target cells (e.g., cancer progenitor cell, cancer tumor cell, cancer stem cell, etc.). The NK

cells can have their cytotoxicity activated through cytokines or compounds that operate as

cytokines.

[0039] In some embodiments, combinations of one or more compounds or molecules can
operate to increase the cytotoxicity of NK cells when proximal to target cancer cells.
Example compounds or analogs thereof include COX-2 inhibitors, mettormin, granulocyte
macrophage colony-stimulating tactor (GM-CSF), and granulocyte colony-stimulating tactor
(GCSF) to name a few. Such compounds, alone or combined, can impact how cytokines

active NK cells relative to the target cancer cells.

[0040] Further, in some embodiments, compounds such as GCSF or interferon are thought to
induce cancer stem cells to become cancer progenitor cells. The cancer progenitor cells can
then divided normally. Thus, the cancer stem cells, which would normally not be atfected by

chemotherapy, can be caused to become susceptible to chemotherapy due to becoming

differentiated. This strategy combined with the previously discussed strategies otfers
multiple paths through which a patient can be treated for cancer, especially cancers that are

assoclated with cancer stem cells.
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[0041] It should be apparent to those skilled 1n the art that many more modifications besides
those already described are possible without departing from the 1inventive concepts herein.
The inventive subject matter, therefore, 1s not to be restricted except 1n the spirit ot the
appended claims. Moreover, 1in interpreting both the specification and the claims, all terms
should be interpreted 1n the broadest possible manner consistent with the context. In
particular, the terms “comprises” and “comprising” should be interpreted as referring to
elements, components, or steps 1n a non-exclusive manner, indicating that the referenced
elements, components, or steps may be present, or utilized, or combined with other elements,
components, or steps that are not expressly referenced. Where the specification or claims
refer to at least one of something selected from the group consisting of A, B, C .... and N, the

text should be interpreted as requiring only one element from the group, not A plus N, or B

plus N, etc.
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AMENDED CLAIMS
recelved by the International Bureau on 18 December 2016 (18.12.2016)

What 1s claimed 1s:

1. A method of treating a diseased tissue, comprising:
determining from a sample taken from the diseased tissue that a disease stem cell is
present in the sample, wherein the disease stem cell has at least one stem cell
attribute and at least one differentiated cell attribute; and
administering an effective amount of a teratogenic pharmaceutical compound and/or
stem cell differentiating agent to the diseased tissue to so activate a destructive

pathway in disease stem cells remaining in the diseased tissue.
2. The method of claim 1 wherein the diseased tissue comprises a neoplastic tissue.
3. The method of claim 1 wherein the diseased tissue comprises a cancerous tissue.

4, The method of claim 3 wherein the cancerous tissue is a breast cancer tissue, a colon

cancer tissue, a prostate cancer tissue, a glioblastoma tissue, an ovarian cancer tissue, a head

and neck cancerous tissue, a melanoma tissue, a basal cell cancer, a squamous cell cancer, a

gastric cancer tissue, a pancreatic cancer tissue, or a lung cancer tissue.

5. The method of claim 1 wherein the step of determining comprises at least one of
transcriptomics analysis, proteomics analysis, mass spectroscopy analysis, and

immunohistochemical analysis.

6. The method of claim 1 wherein the at least one stem cell attribute 1s selected from the

group consisting of CD19, CD24, CD34, CD44, CD90 (Thy1), CD117, CD133, CD200 (OX-
2), EpCAM (epithelial cell adhesion molecule), and ABCBS (ATP-binding cassette B5).

7. The method of clairn 1 wherein the at least one differentiated cell attribute 1s selected
from the group consisting of Fox3, MAP2, beta III tubulin, BRCA1, cytokeratin 5,
podocalyxin, cytokeratin 8, cytokeratin 14, cytokeratin 18; MUC-1, CA1235, cytokeratin 18,
HSP27, cytokeratin 15, CD138, cornulin, cathepsin E, desmocollin-2, caveolin-1, foxal, and

Rex-1.

8. The method of claim 1 wherein the teratogenic pharmaceutical compound is selected
from the group consisting of an ACE (angiotensin converting enzyme) inhibitors, an

androgen, isotretinoin, a tetracycline, a doxycycline, a streptomycin, phenytoin, valproic acid,
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methotrexate, aminopterin, a thiouracil, a carbimazole, DES, thalidomide, lenalidomide,

pomalidomide, and apremilast.

9. The method of claim 1 wherein the stem cell differentiating agent is selected from the
group consisting of AICAR (N'-(B-D-Ribofuranosyl)-5-aminoimidazole-4-carboxamide), 5-
azacytidine, CC(G1423 (N-[2-[(4-Chlorophcny])amino]-1¥methyl-2-oxoethoxy]—3,5-
bis(trifluoromethyl)benzamide), CW 008 (4-Fluoro-N-[5-fluoro-6-(5-methoxypyrazolo[1,5-
a|pyridin-3-yl)-14-pyrazolo[3,4-b]pyridin-3-y[]Jbenzamide), cyclopamine, DAPT (N-[(3,5-
Difluorophenyl)acetyl]-L-alanyl-2-phenyl]glycine-1,1-dimethylethyl ester), dexamethasone,
forskolin, retinoic acid, and SIS3 (1,2,3,4-Tetrahydro-6,7-dimethoxy-2-[(2E)-3~(1-phenyl-

1 H-pyrrolo[2,3-b]pyridin-3-y1)-1-0xo-2-propenyl]-isoquinoline hydrochloride).

10. The method of claim 1 wherein the teratogenic pharmaceutical compound and/or stem

cell differentiating agent is administered to the diseased tissue in vivo.

11. The method of claim 10 wherein the teratogenic pharmaceutical compound and/or stem
cell differentiating agent is & prescription drug, and wherein the teratogenic pharmaceutical

compciund and/or stem cell differentiating agent is administered to the diseased tissue in an

amount of less than 50% of a prescription dosage.

12. The method of claim 10 wherein the teratogenic pharmaceutical compound and/or stem
cell differentiating agent is a prescription drug, and wherein the teratogenic pharmaceutical
compound and/or stem cell differentiating agent is administered to the diseased tissue in an

amount of less than 25% of a prescription dosage.

13. The method of claim 10 wherein the teratogenic pharmaceutical compound and/or stem
cell differentiating agent is a prescription drug, and wherein the teratogenic pharmaceutical

compound and/or stem cell differentiating agent is administered to the diseased tissue in an

amount of less than 10% of a prescription dosage.

14. The method of claim 10 wherein the teratogenic pharmmaceutical compound and/or stem
cell differentiating agent is a prescription drug, and wherein the teratogenic pharmaceutical

compound and/or stem cell differentiating agent is metronomically administered In an

amount below a prescription dosage.
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15, The method of claim 1 wherein the destractive pathway is an apoptosis pathway or an

autophagy pathway.

16. The method of claim 1 wherein the destructive pathway is activated by at least one of Fas
receptor, TNFR1 (Tumor Necrosis Factor Receptor-1), an Apo2 receptor, an Apo3 receptor, a

caspase, a ZIP kinase, B¢l2, BAX, p33, and SMAC (Second Mitochondria-Derived Activator
of Caspase). |

17. A method of reducing a number of cancer stem cells in a patient, comprising:
determining from a sample taken from a cancer tissue of the patient that a cancer stem
cell Is present in the sample, wherein the cancer stem cell has at least one stem
cell attribute and at least one differentiated cell attribute; and
administering an effective amount of a teratogenic pharmaceutical compound and/or
stemn cell differentiating agent to the patient to so reduce the number of cancer

stem cells by activating a destructive pathway in cancer stem cells remaining

in the patient.

18. The method of claim 17 whetein the cancer tissue is a breast cancer tissue, a colon cancer
tissue, a prostate cancer tissue, a glioblastoma tissue, an ovarian cancer tissue, a head and
neck cancerous tissue, a melanoma tissue, a basal cell cancer, a squamous cell cancer, a

pastric cancer tissue, a pancreatic cancer tissue, or a lung cancer tissue.

19. The method of claim 17 wherein the step of determining comprises at least one of
transcriptomics analysis, proteomics analysis, mass spectroscopy analysis, and

Immunohistochemical analysis.

20. The method of ¢laim 17 wherein the at least one stem cell attribute is selected from the
group consisting of CD19, CD24, CD34, CD44, CDS0 (Thyl), CD117, CD133, CD200 (OX-
- 2), EpCAM (epithelial cell adhesion molecule), and ABCB5 (ATP-binding cassette BS). .

21. The method of claim 17 wherein the at least one differentiated cell attribute is selected
from the group consisting of Fox3, MAP2, beta III tubulin, BRCAI, cytokeratin 5,
podocalyxin, cytokeratin 8, cytokeratin 14, cytokeratin 18, MUC-1, CA125, cytokeratin 18,

HSP27, cytokeratin 15, CD138, cornulin, cathepsin E, desmocollin-2, caveolin-1, foxal, and
Rex-1.
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22. The method of claim 17 wherein the teratogenic pharmaceuntical compound is selected
from the group consisting of an ACE (angiotensin converting enzyme) inhibitors, an
androgen, 1sotretinoin, a tetracycline, a doxycycline, a streptomycin, phenytoin, valproic acid,
methotrexate, aminopterin, a thiouracil, a carbimazole, DES, thalidomide, lenalidomide,

pomalidomide, and apremilast.

23. The method of claim 17 wherein the stem cell differentiating agent is selected from the
group consisting of AICAR (NV'-(B-D-Ribofuranosyl)-5-aminoimidazole-4-carboxamide), 5-
azacytidine, CCG1423 (¥-[2-[(4-Chlorophenyl)amino]-1-methyl-2-oxoethoxy]-3,5-
bis(trifluvoromethyl)benzamide), CW 008 (4-Fluoro-N-[5-fluoro-6-(5-methoxypyrazolo[1,5-
a|pyridin-3-yl)-1 H-pyrazolo[3,4-b]pyridin-3-yl]benzamide), cyclopamine, DAPT (N-[(3,5-
Difluorophenyl)acetyl]-L-alanyl-2-phenyl]glycine-1,1-dimethylethyl ester), dexamethasone,
forskolin, retinoic acid, and SIS3 (1,2,3,4-Tetrahydro-6,7~-dimethoxy-2-[ (2E)-3-(1-phenyl-

1 H-pyrrolo[2,3-b]pyridin-3-yl)-1-oxo-2-propenyl}-isoquinoline hydrochloride).

24, The method of claim 17 wherein the teratogenic pharmaceutical compound and/or stem
cell differentiating agent is a prescription drug, and wherein the teratogenic pharmaceutical

compound and/or stem cell differentiating agent is admimistered to the patient in an amount of

less than 25% of a prescription dosage.

25. The method of claim 17 wherein the teratogenic pharmaceutical compound and/or stem
cell diffcréntiating agent is a prescription drug, and wherein the teratogenic pharmaceutical
compound and/or stem cell differentiating agent is administered to the diseased tissue in an

amount of less than 10% of a prescription dosage.

26. The method of claim 17 wherein the teratogenic pharmaceutical compound and/or stem

cell differentiating agent is a prescription drug, and wherein the teratogenic pharmaceutical
compound and/or stem cell differentiating agent is metronomically administered in an

amount below a prescription dosage.

27. The method of ¢claim 17 wherein the destructive pathway is an apoptosis pathway or an

autophagy pathway.

28. The method of ¢claim 17 wherein the destructive pathway is activated by at least one of

Fas receptor, TNFR1 (Tumor Necrosis Factor Receptor-1), an Apo2 receptor, an Apo3
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49, USe OT a Terarogenic pnarmaceutical Compouna ang/or stem ¢ell gIIIeIentang agent 1o
activate a destructive pathway in a disease stem cell wherein the disease stem cell has at least
one stem cell attribute and at least one differentiated cell attribute, and wherein the
teratogenic pharmaceutical compound comprises a teratogenic agent selected from the group
consisting of an ACE (angiotensin converting enzyme) inhibitor, an androgen, isotretinoin, a
tetracycline, a doxycycline, a streptomycin, phenytoin, valproic acid, a thiouracil, a

carbimazole, thalidomide, lenalidomide, pomalidomide, and apremilast.

30. The use of claim 29 wherein the stem cell attribute is selected from the group consisting
of CD19, CD24, CD34, CD44, CD90 (Thyl), CD117, CD133, CD200 (OX-2), EpCAM
(epithelial cell adhesion molecule), and ABCBS (ATP-binding cassette B5), and wherein the
disease stem cell is from a breast cancer tissue, a colon cancer tissue, a prostate cancer tissue,
a glioblastoma tissue, an ovarian cancer tissue, a head and neck cancerous tissue, a melanoma

tissue, a basal cell cancer, a squamous cell cancer, a gastric cancer tissue, a pancreatic cancer

tissue, or 2 lung cancer tissue.

31. The use of claim 29 wherein the teratogenic pharmaceutical compound is selected from
the group consisting of an ACE (angiotensin converting enzyme) inhibitor, an androgen,
isotretinoin, a tetracycline, a doxycycline, a streptomycin, phenytoin, valproic acid, a

thiouracil, a carbimazole, DES, thalidomide, lenalidomide, pomalidomide, and apremilast.

32. The use of claim 29 wherein the stem cell differentiating agent is selected from the group
consisting of AICAR (V'-(B-D-Ribofuranosyl)-S-aminoimidazole-4-carboxamide), 5-
azacytidine, CCG1423 (N-[2-[(4-Chlorophenyl)amino]-1-methyl-2-oxoethoxy]-3,5-
bis(trifluoromethyl)benzamide), CW 008 (4-Fluoro-N-[5-fluoro-6-(5-methoxypyrazolo[1,5-
alpyridin-3-yl)-1A-pyrazolo[3,4-b)pyridin-3-yl]benzamide), cyclopamine, DAPT (N-[(3,5-
Difluorophenyl)acetyl]-L-alanyl-2-phenyl]glycine-1,1-dimethylethyl ester), dexamethasone,
forskolin, retinoic acid, and SIS3 (1,2,3,4-Tetrahydro-6,7~-dimethoxy-2-[(2E)-3-(1-phenyl-

| H-pyrrolo]2,3-b]pyridin-3-yl)-1-oxo-2-propenyl]-isoquinaline hydrochloride).

33. The use of claim 29 comprising use of the stem cell differentiating agent selected from
the group consisting of AICAR (N'-(B-D-Ribofuranosyl)-5-aminoimidazole-4-carboxamide),
5-azacytidine, CCG1423 (N-[2-[(4-Chlarophenyl)amino]-1-methyl-2-oxoethoxy]-3,5-
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bis(irifluoromethyl)benzamide), CW 008 (4-Fluoro-N-[5-fluoro-6-(5-methoxypyrazolo[1,5-
a]pyridin-3-yl)-1H-pyrazolo[3,4-b]pyridin-3-yl]benzamide), cyclopamine, DAPT (N-[(3,5- .
Difluorophenyl)acetyl]-L-alanyl-2-phenyl]glycine-1,1-dimethylethyl ester), dexamethasone,
forskolin, retinoic acid, and SIS3 (1,2,3,4;Tetrahydro-6,7-dime:thoxy-2~[(2E)-3 -(1-phenyi-

1 H-pyrrolo[2,3-b]pyridin-3-yl)-1-0x0-2-propenyl]-isoquinoline hydrochloride).

34. The use of claim 29, wherein the stem cell attribute is selected from the group consisting
of CD19, CD117, CD133, CD200 (0X-2), EpCAM (epithelial cell adhesion molecule),' and
ABCBS5 (ATP-binding cassette B5), and wherein the disease stem cell is from a breast cancer
fissue, a colon cancer tissue, a prostate cancer tissue, a glioblastoma tissue, an ovarian cancer

tissue, a head and neck cancerous tissue, a melanoma tissue, a basal cell cancer, a squamous

cell cancer, a gastric cancer tissue, a pancreatic cancer tissue, or a lung cancer tissue.

35. Use of a teratogenic pharmaceutical compound and/or stem cell differentiating agent to
activate a destructive pathway In a disease stem cell wherein the disease stem cell has at least
one stem cell attribute and at least one differentiated cell attribute, and wherein the
teratogenic pharmaceutical compound is selected from the group consisting of an ACE
(anglotensin converting enzyme) mnhibitor, an androgen, isotretinoin, a tetracycline, a
doxycycline, a streptomycin, phenytoin, valproic acid, methoti"exate, aminopterin, a

thiouracil, a carbimazole, DES, thalidomide, lenalidomide, pomalidomide, and apremilast.
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