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COMPOSITIONS AND METHODS FOR INCREASING PROLIFERATION

OF ADULT SALIVARY STEM CELLS

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Patent Application No. 61/480,506,
filed April 29, 2011, which application is incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0002] This invention was made with government support under Grant No. AA011147 awarded by the

National Institutes of Health. The government has certain rights in the invention.

BACKGROUND

[0003] Most head and neck cancer (HNC) patients receive radiotherapy (RT) as part of their cancer
management. Radiation exposure results in permanent damage to the salivary glands, causing loss of
function and subsequent RT-related xerostomia or dry mouth. Patients with RT xerostomia experience
reduced quality and quantity of saliva, which leads to considerable morbidities, including solid food
dysphagia, chronic dental caries, recurrent oral infections and rare mandibular osteoradionecrosis. It is
estimated that > 80% of patients receiving head and neck RT suffer from many of these side effects.
Current approved medical managements for RT xerosomia include the use of salivary substitutes,
lubricants and cholinergic agonists to stimulate salivary secretion. These treatments remain palliative
in nature, require chronic use and are often ineffective. Intensity modulated radiotherapy (IMRT) can
protect the parotid glands from direct radiation injury in selective cases; however, it often cannot
spare the submandibular glands (SMG), which are responsible for resting saliva production. The
vicinity of the SMG to the level I nodes, which are the most commonly involved nodes in HNC,
makes it harder to spare them from direct RT beams. At least one randomized study indicated that
although IMRT resulted in improved parotid sparing and more stimulatory saliva production, it did
not result in significant improvement of patient’s subjective xerostomia. In contrast, SMG transfer and
sparing from direct RT beams was associated with a significantly better subjective xerostomia
function as assessed by xerostomia and quality of life questionnaires. Therefore, despite widespread
IMRT use in HNC, development of methods to reconstitute salivary gland tissue, specifically SMG,
and recovery of physiological salivary secretion after R'T is needed in HNC patients.
Literature

[0004] U.S. Publication No. 2010/0113423; WO 2010/062308; U.S. Publication No. US 2010/0063100; WO
2010/028175; Lombaert et al. (2008) PLoS ONE 3(4):¢2063.
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SUMMARY OF THE INVENTION
[0005] The present disclosure provides methods of increasing proliferation of adult salivary stem cells. The
methods include contacting adult salivary stem cells in vivo, in vitro, or ex vivo with an aldehyde
dehydrogenase (ALDH) agonist. Increasing proliferation of adult salivary stem cells can be carried
out to provide for an increase in the number of adult salivary stem cells in an individual undergoing

radiotherapy for head and neck cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1A shows the results of flow cytometric analysis of isolated human salivary stem cells. FIG. 1B
shows the ability of CDD34+ human salivary stem cells to form highly proliferative BrdU+ salispheres
in culture. FIG. 1C shows that the salispheres retain positive staining for CD34 and c-Kit. FIG. 1D
shows that the salispheres are capable of forming acinar- and ductal-like structures.

[0007] FIG. 2A and FIG. 2B show quantitative polymerase chain reaction results for ALDH expression in
mouse c-Kit+ and human CD34+ submandibular gland cells, respectively.

[0008] FIG. 3A shows isozyme selectivity of Alda-89 for ALDH3. FIG. 3B shows the effect of Alda-89
infusion on ALDH3 expression in vivo. FIG. 3C shows the effect of Alda-89 infusion in mice on the
number of ¢-Kit+/CD90+ submandibular gland cells. FIG. 3D shows the effect of Alda-89 infusion on
the number of salispheres and BrdU-positive spheres.

[0009] FIG. 4 shows the results of implantation of human salivary cells into the submandibular gland of an
irradiated nude mouse.

[0010] FIG. 5A and FIG. 5B provide exemplary ALDH1 amino acid sequences.

[0011] FIG. 6 provides an exemplary ALDH3 amino acid sequence.

[0012] FIG. 7A and FIG. 7B provide exemplary ALDH6 amino acid sequences.

DEFINITIONS

[0013] As used herein, the term “aldehyde dehydrogenase” or “ALDH” refers to an enzyme that oxidizes an
aldehyde to its corresponding acid in an NAD+-dependent or an NADP+-dependent reaction. The
term “ALDH” encompasses any of the known ALDH isozymes, including ALDH1, ALDH2,
ALDH3, ALDH4, ALDHS, AL.DH6, etc.

[0014] As used herein, "ALDH1" refers to a cytosolic aldehyde dehydrogenase that oxidizes an aldehyde to
its corresponding acid in an NAD+-dependent reaction.

[0015] The term "ALDH1" encompasses ALDHI1 from various species. Amino acid sequences of ALDH1
from various species are publicly available. See, e.g., GenBank Accession Nos. AAC51652 (Homo
sapiens ALDH1); NP_000680 (Homo sapiens ALDH1); AAH61526 (Rattus norvegicus ALDH1);
AAI05194 (Bos taurus ALDH1); and NP_036051 (Mus musculus ALDH1). The term "ALDH1" as

used herein also encompasses fragments, fusion proteins, and variants (e.g., variants having one or
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more amino acid substitutions, addition, deletions, and/or insertions) that retain ALDH1 enzymatic
activity. The term "ALDH1" encompasses an aldehyde dehydrogenase that oxidizes aromatic
aldehydes, including those of the retinaldehyde, naphthaldehyde, phenanthrenealdehyde, and
coumarinaldehyde series, as well as complex polyaromatic aldehydes. The term "ALDH1"
encompasses a cytosolic aldehyde dehydrogenase.

[0016] The term "ALDH1" encompasses an enzymatically active polypeptide having at least about 75%, at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 98%, at
least about 99%, or 100%, amino acid sequence identity to an amino acid sequence depicted in FIG.
SA (SEQ ID NO:1) or FIG. 5B (SEQ ID NO:2).

[0017] The term “ALDH3” encompasses ALDH3 from various species. Amino acid sequences of ALDH3
from various species are publicly available. See, e.g., GenBank Accession Nos. AAB26658 (IHomo
sapiens ALDH3), NP_000683 (Homo sapiens ALLDH3), P30838 (Homo sapiens ALDH3),
NP_001106196 (Mus musculus ALDH3), and AAH70924 (Rattus norvegicus ALLDH3). The term
“ALDH3” as used herein also encompasses fragments, fusion proteins, and variants (e.g., variants
having one or more amino acid substitutions, addition, deletions, and/or insertions) that retain ALDH3
enzymatic activity. The term “ALDH3” encompasses an aldehyde dehydrogenase that exhibits
specificity toward aromatic aldehydes, e.g., oxidizing aromatic aldehydes of the 2-naphthaldehyde
series, but inactive toward 1-naphthaldehydes and higher polyaromatic aldehydes. The term
“ALDH3” encompasses an aldehyde dehydrogenase that can use both NAD+ and NADP+ as co-
substrate. The term “ALDH3” encompasses aldehyde dehydrogenase found naturally in the stomach,
in the lung, in saliva, and in the cornea.

[0018] The term "ALDH3" encompasses an enzymatically active polypeptide having at least about 75%, at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 98%, at
least about 99%, or 100%, amino acid sequence identity to the amino acid sequence depicted in FIG.
6 (SEQ ID NO:3).

[0019] The term “ALDHG6” (also referred to as “aldehyde dehydrogenase family 1 member A3” or
“ALDH1A3"”) encompasses ALLDH6 from various species. Amino acid sequences of ALDH6 from
various species are publicly available. See, e.g., GenBank Accession Nos. AAA79036.1 (Homo
sapiens ALDH6), NP_000684.2 (Homo sapiens ALDHG6) (FIG. 3A), P47895 (Homo sapiens
ALDH6), AAG33935.1 (Mus musculus ALDH6), NP_444310.3 (Mus musculus ALDH6) (FIG. 3B),
and NP_695212.1 (Rattus norvegicus ALDH6). The term “ALLDH6” as used herein also encompasses
fragments, fusion proteins, and variants (e.g., variants having one or more amino acid substitutions,
addition, deletions, and/or insertions) that retain ALLDIH6 enzymatic activity. The term “ALDH6”
encompasses an aldehyde dehydrogenase that exhibits specificity toward free retinal and cellular
retinol-binding protein-bound retinal, and oxidizes retinal to form all-trans-retinoic acid (RA). The
term “ALDH6” encompasses aldehyde dehydrogenase found naturally, e.g., in keratinocytes, in
saliva, in salivary gland, in breast epithelium, in stomach, in kidney, etc.
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The term "ALDH6" encompasses an enzymatically active polypeptide having at least about 75%, at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 98%, at
least about 99%, or 100%, amino acid sequence identity to an amino acid sequence depicted in FIG.
7A (SEQ ID NO:4) or 7B (SEQ ID NO:5).

The terms “subject,” “individual,” and “patient” are used interchangeably herein to a member or
members of any mammalian or non-mammalian species that may have a need for the pharmaceutical
methods, compositions and treatments described herein. Subjects and patients thus include, without
limitation, primate (including humans and non-human primates), canine, feline, ungulate (e.g., equine,
bovine, swine (e.g., pig)), avian, and other subjects. Humans and non-human mammals having
commercial importance (e.g., livestock and domesticated animals) are of particular interest.
"Mammal" refers to a member or members of any mammalian species, and includes, by way of
example, canines; felines; equines; bovines; ovines; rodentia, etc. and primates, e.g., humans. Non-
human animal models, particularly mammals, e¢.g. a non-human primate, a murine (e.g., a mouse, a
rat), lagomorpha, etc. may be used for experimental investigations.

The term “isolated compound” means a compound which has been substantially separated from, or
enriched relative to, other compounds with which it occurs in nature. Isolated compounds are at least
about 80%, at least about 90% pure, at least about 98% pure, or at least about 99% pure, by weight.
The present disclosure is meant to comprehend diastereomers as well as their racemic and resolved,
enantiomerically pure forms and pharmaceutically acceptable salts thereof.

A “therapeutically effective amount” or “efficacious amount” means the amount of a compound that,
when administered to a mammal or other subject for treating a disease or condition, is sufficient, in
combination with another agent, or alone in one or more doses, to effect such treatment for the disease
or condition. The “therapeutically effective amount” will vary depending on the compound, the
disease and its severity and the age, weight, etc., of the subject to be treated.

A “pro-drug” means any compound that releases an active parent drug according to one or more of the
generic formulas shown below in vivo when such pro-drug is administered to a mammalian subject or
mammalian cells. Pro-drugs of a compound of one or more of the generic formulas shown below are
prepared by modifying functional groups present in the compound of the generic formula in such a
way that the modifications may be cleaved in vivo to release the parent compound. Pro-drugs include
compounds of one or more of the generic formulas shown below wherein a hydroxy, amino, or
sulthydryl group in one or more of the generic formulas shown below is bonded to any group that
may be cleaved in vivo to regenerate the free hydroxyl, amino, or sulthydryl group, respectively.
Examples of pro-drugs include, but are not limited to esters (e.g., acetate, formate, and benzoate
derivatives), carbamates (e.g., N,N-dimethylaminocarbonyl) of hydroxy functional groups in
compounds of one or more of the generic formulas shown below, and the like.

“Treating” or “treatment” of a condition or disease includes: (1) preventing at least one symptom of

the conditions, i.e., causing a clinical symptom to not significantly develop in a mammal that may be
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exposed to or predisposed to the disease but does not yet experience or display symptoms of the
disease, (2) inhibiting the disease, i.e., arresting or reducing the development of the disease or its
symptoms, or (3) relieving the disease, i.e., causing regression of the disease or its clinical symptoms.
“In combination with,” or “co-administration,” as used herein, in the context of administering a first
compound and at least a second compound, refers to uses where, for example, the first compound is
administered during the entire course of administration of the second compound; where the first
compound is administered for a period of time that is overlapping with the administration of the
second compound, e.g. where administration of the first compound begins before the administration
of the second compound and the administration of the first compound ends before the administration
of the second compound ends; where the administration of the second compound begins before the
administration of the first compound and the administration of the second compound ends before the
administration of the first compound ends; where the administration of the first compound begins
before administration of the second compound begins and the administration of the second compound
ends before the administration of the first compound ends; where the administration of the second
compound begins before administration of the first compound begins and the administration of the
first compound ends before the administration of the second compound ends. As such, “in
combination” can also refer to regimen involving administration of two or more compounds. “In
combination with” as used herein also refers to administration of two or more compounds which may
be administered in the same or different formulations, by the same of different routes, and in the same
or different dosage form type.

The term “unit dosage form,” as used herein, refers to physically discrete units suitable as unitary
dosages for human and animal subjects, each unit containing a predetermined quantity of a
compound, calculated in an amount sufficient to produce the desired effect in association with a
pharmaceutically acceptable diluent, carrier or vehicle. The specifications for a dosage form may
depend on the particular compound employed and the effect to be achieved, and the
pharmacodynamics associated with each compound in the host.

The term “physiological conditions” is meant to encompass those conditions compatible with living
cells, e.g., predominantly aqueous conditions of a temperature, pH, salinity, etc. that are compatible

with living cells.

< G

A “pharmaceutically acceptable excipient,” “pharmaceutically acceptable diluent,” “pharmaceutically
acceptable carrier,” and “pharmaceutically acceptable adjuvant” means an excipient, diluent, carrier,
and adjuvant that are useful in preparing a pharmaceutical composition that are generally safe, non-
toxic and neither biologically nor otherwise undesirable, and include an excipient, diluent, carrier, and
adjuvant that are acceptable for veterinary use as well as human pharmaceutical use. “A
pharmaceutically acceptable excipient, diluent, carrier and adjuvant” as used in the specification and

claims includes one and more than one such excipient, diluent, carrier, and adjuvant.
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[0031] As used herein, a “pharmaceutical composition” is meant to encompass a composition suitable for
administration to a subject, such as a mammal, especially a human. In general a “pharmaceutical
composition” is sterile, and is free of contaminants that are capable of eliciting an undesirable
response within the subject (e.g., the compound(s) in the pharmaceutical composition is
pharmaceutical grade). Pharmaceutical compositions can be designed for administration to subjects or
patients in need thereof via a number of different routes of administration including oral, buccal,
rectal, parenteral, intraperitoneal, intradermal, intratracheal and the like. In some embodiments the
composition is suitable for administration by a transdermal route, using a penetration enhancer other
than dimethylsulfoxide (DMSO). In other embodiments, the pharmaceutical compositions are suitable
for administration by a route other than transdermal administration. A pharmaceutical composition
will in some embodiments include a compound (e.g., an ALDH agonist) and a pharmaceutically
acceptable excipient. In some embodiments, a pharmaceutically acceptable excipient is other than
DMSO.

[0032] As used herein, “pharmaceutically acceptable derivatives™ of a compound of the invention include
salts, esters, enol ethers, enol esters, acetals, ketals, orthoesters, hemiacetals, hemiketals, acids, bases,
solvates, hydrates or prodrugs thereof. Such derivatives may be readily prepared by those of skill in
this art using known methods for such derivatization. The compounds produced may be administered
to animals or humans without substantial toxic effects and are either pharmaceutically active or are
prodrugs.

[0033] A “pharmaceutically acceptable salt” of a compound means a salt that is pharmaceutically acceptable
and that possesses the desired pharmacological activity of the parent compound. Such salts include:
(1) acid addition salts, formed with inorganic acids such as hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic
acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid,
benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-
chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic
acid, glucoheptonic acid, 4,4’-methylenebis-(3-hydroxy-2-ene-1-carboxylic acid), 3-phenylpropionic
acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid,
hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the like; or (2) salts formed
when an acidic proton present in the parent compound either is replaced by a metal ion, e.g., an alkali
metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an organic base such as
ethanolamine, diethanolamine, triethanolamine, tromethamine, N-methylglucamine, and the like.

[0034] A “pharmaceutically acceptable ester” of a compound of the invention means an ester that is
pharmaceutically acceptable and that possesses the desired pharmacological activity of the parent
compound, and includes, but is not limited to, alkyl, alkenyl, alkynyl, aryl, heteroaryl, aralkyl,
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heteroaralkyl, cycloalkyl and heterocyclyl esters of acidic groups, including, but not limited to,
carboxylic acids, phosphoric acids, phosphinic acids, sulfonic acids, sulfinic acids and boronic acids.

[0035] A “pharmaceutically acceptable enol ether” of a compound of the invention means an enol ether that
is pharmaceutically acceptable and that possesses the desired pharmacological activity of the parent
compound, and includes, but is not limited to, derivatives of formula C=C(OR) where R is hydrogen,
alkyl, alkenyl, alkynyl, aryl, heteroaryl, aralkyl, heteroaralkyl, cycloalkyl or heterocyclyl.

[0036] A “‘pharmaceutically acceptable solvate or hydrate” of a compound of the invention means a solvate
or hydrate complex that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound, and includes, but is not limited to, complexes of a
compound of the invention with one or more solvent or water molecules, or 1 to about 100, or 1 to
about 10, or one to about 2, 3 or 4, solvent or water molecules.

[0037] The term “organic group™ and “organic radical” as used herein means any carbon-containing group,
including hydrocarbon groups that are classified as an aliphatic group, cyclic group, aromatic group,
functionalized derivatives thereof and/or various combinations thereof. The term “aliphatic group”
means a saturated or unsaturated linear or branched hydrocarbon group and encompasses alkyl,
alkenyl, and alkynyl groups, for example. The term “‘alkyl group” means a substituted or
unsubstituted, saturated linear or branched hydrocarbon group or chain (e.g., C; to Cs ) including, for
example, methyl, ethyl, isopropyl, tert-butyl, heptyl, iso-propyl, n-octyl, dodecyl, octadecyl, amyl, 2-
ethylhexyl, and the like. Suitable substituents include carboxy, protected carboxy, amino, protected
amino, halo, hydroxy, protected hydroxy, nitro, cyano, monosubstituted amino, protected
monosubstituted amino, disubstituted amino, C, to C; alkoxy, C, to C; acyl, C, to C; acyloxy, and the
like. The term “substituted alkyl” means the above defined alkyl group substituted from one to three
times by a hydroxy, protected hydroxy, amino, protected amino, cyano, halo, trifloromethyl, mono-
substituted amino, di-substituted amino, lower alkoxy, lower alkylthio, carboxy, protected carboxy, or
a carboxy, amino, and/or hydroxy salt. As used in conjunction with the substituents for the heteroaryl
rings, the terms “substituted (cycloalkyl)alkyl” and “substituted cycloalkyl” are as defined below
substituted with the same groups as listed for a “substituted alkyl” group. The term “‘alkenyl group”
means an unsaturated, linear or branched hydrocarbon group with one or more carbon-carbon double
bonds, such as a vinyl group. The term “alkynyl group” means an unsaturated, linear or branched
hydrocarbon group with one or more carbon-carbon triple bonds. The term “cyclic group” means a
closed ring hydrocarbon group that is classified as an alicyclic group, aromatic group, or heterocyclic
group. The term “alicyclic group™ means a cyclic hydrocarbon group having properties resembling
those of aliphatic groups. The term “aromatic group” or “aryl group” means a mono- or polycyclic
aromatic hydrocarbon group, and may include one or more heteroatoms, and which are further defined
below. The term “heterocyclic group™ means a closed ring hydrocarbon in which one or more of the
atoms in the ring are an element other than carbon (e.g., nitrogen, oxygen, sulfur, etc.), and are further

defined below.
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[0038] “Organic groups” may be functionalized or otherwise comprise additional functionalities associated
with the organic group, such as carboxyl, amino, hydroxyl, and the like, which may be protected or
unprotected. For example, the phrase “alkyl group” is intended to include not only pure open chain
saturated hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, ¢-butyl, and the like, but also
alkyl substituents bearing further substituents known in the art, such as hydroxy, alkoxy,
alkylsulfonyl, halogen atoms, cyano, nitro, amino, carboxyl, etc. Thus, “alkyl group” includes ethers,
esters, haloalkyls, nitroalkyls, carboxyalkyls, hydroxyalkyls, sulfoalkyls, etc.

[0039] The terms “halo” and “halogen” refer to the fluoro, chloro, bromo or iodo groups. There can be one or
more halogen, which are the same or different. Halogens of particular interest include chloro and
bromo groups.

[0040] The term “haloalkyl” refers to an alkyl group as defined above that is substituted by one or more
halogen atoms. The halogen atoms may be the same or different. The term “dihaloalkyl “ refers to an
alkyl group as described above that is substituted by two halo groups, which may be the same or
different. The term “trihaloalkyl” refers to an alkyl group as describe above that is substituted by three
halo groups, which may be the same or different. The term “perhaloalkyl” refers to a haloalkyl group
as defined above wherein each hydrogen atom in the alkyl group has been replaced by a halogen
atom. The term *“perfluoroalkyl” refers to a haloalkyl group as defined above wherein each hydrogen
atom in the alkyl group has been replaced by a fluoro group.

[0041] The term “cycloalkyl” means a mono-, bi-, or tricyclic saturated ring that is fully saturated or partially
unsaturated. Examples of such a group included cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, adamantyl, cyclooctyl, cis- or trans decalin, bicyclo[2.2.1]hept-2-ene, cyclohex-1-enyl,
cyclopent-1-enyl, 1,4-cyclooctadienyl, and the like.

[0042] The term “(cycloalkyl)alkyl” means the above-defined alkyl group substituted for one of the above
cycloalkyl rings. Examples of such a group include (cyclohexyl)methyl, 3-(cyclopropyl)-n-propyl, 5-
(cyclopentyl)hexyl, 6-(adamantyl)hexyl, and the like.

[0043] The term “substituted phenyl” specifies a phenyl group substituted with one or more moieties, and in
some instances one, two, or three moieties, chosen from the groups consisting of halogen, hydroxy,
protected hydroxy, cyano, nitro, trifluoromethyl, C, to C; alkyl, C, to C; alkoxy, C, to C; acyl, C, to
C; acyloxy, carboxy, oxycarboxy, protected carboxy, carboxymethyl, protected carboxymethyl,
hydroxymethyl, protected hydroxymethyl, amino, protected amino, (monosubstituted)amino,
protected (monosubstituted)amino, (disubstituted)amino, carboxamide, protected carboxamide, N-(C,
to Cg alkyl)carboxamide, protected N-( C, to Cg alkyl)carboxamide, N.N-di(C, to Cq
alkyl)carboxamide, trifluoromethyl, N-(( C; to C¢ alkyl)sulfonyl)amino, N-(phenylsulfonyl)amino or
phenyl, substituted or unsubstituted, such that, for example, a biphenyl or naphthyl group results.

[0044] Examples of the term “‘substituted phenyl” includes a mono- or di(halo)phenyl group such as 2, 3 or
4-chlorophenyl, 2,6-dichlorophenyl, 2,5-dichlorophenyl, 3,4-dichlorophenyl, 2, 3 or 4-bromophenyl,

3,4-dibromophenyl, 3-chloro-4-fluorophenyl, 2, 3 or 4-fluorophenyl and the like; a mono or
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di(hydroxy)phenyl group such as 2, 3, or 4-hydroxyphenyl, 2,4-dihydroxyphenyl, the protected-
hydroxy derivatives thereof and the like; a nitrophenyl group such as 2, 3, or 4-nitrophenyl; a
cyanophenyl group, for example, 2, 3 or 4-cyanophenyl; a mono- or di(alkyl)phenyl group such as 2,
3, or 4-methylphenyl, 2,4-dimethylphenyl, 2, 3 or 4-(iso-propyl)phenyl, 2, 3, or 4-ethylphenyl, 2, 3 or
4-(n-propyl)phenyl and the like; a mono or di(alkoxy)phenyl group, for example, 2,6-
dimethoxyphenyl, 2, 3 or 4-(isopropoxy)phenyl, 2, 3 or 4-(z-butoxy)phenyl, 3-ethoxy-4-
methoxyphenyl and the like; 2, 3 or 4-trifluoromethylphenyl; a mono- or dicarboxyphenyl or
(protected carboxy)phenyl group such as 2, 3 or 4-carboxyphenyl or 2,4-di(protected carboxy)phenyl;
a mono- or dithydroxymethyl)phenyl or (protected hydroxymethyl)phenyl such as 2, 3 or 4-(protected
hydroxymethyl)phenyl or 3.4-dithydroxymethyl)phenyl; a mono- or di(aminomethyl)phenyl or
(protected aminomethyl)phenyl such as 2, 3 or 4-(aminomethyl)phenyl or 2,4-(protected
aminomethyl)phenyl; or a mono- or di(N-(methylsulfonylamino))phenyl such as 2, 3 or 4-(V-
(methylsulfonylamino))phenyl. Also, the term “substituted phenyl” represents disubstituted phenyl
groups wherein the substituents are different, for example, 3-methyl-4-hydroxyphenyl, 3-chloro-4-
hydroxyphenyl, 2-methoxy-4-bromophenyl, 4-ethyl-2-hydroxyphenyl, 3-hydroxy-4-nitrophenyl, 2-
hydroxy-4-chlorophenyl, and the like.

[0045] The term “(substituted phenyl)alkyl” means one of the above substituted phenyl groups attached to

one of the above-described alkyl groups. Examples of include such groups as 2-phenyl-1-chloroethyl,
2-(4’-methoxyphenyl)ethyl, 4-(2’,6’-dihydroxy phenyl)n-hexyl, 2-(5’-cyano-3’-methoxyphenyl)n-
pentyl, 3-(2’,6’-dimethylphenyl)n-propyl, 4-chloro-3-aminobenzyl, 6-(4’-methoxyphenyl)-3-
carboxy(n-hexyl), 5-(4’-aminomethylphenyl)-3-(aminomethyl)n-pentyl, 5-phenyl-3-oxo-n-pent-1-yl,
(4-hydroxynapth-2-yl)methyl and the like.

[0046] As noted above, the term “aromatic” or “aryl” refers to six membered carbocyclic rings. Also as noted

above, the term “heteroaryl” denotes optionally substituted five-membered or six-membered rings that
have 1 to 4 heteroatoms, such as oxygen, sulfur and/or nitrogen atoms, in particular nitrogen, either

alone or in conjunction with sulfur or oxygen ring atoms.

[0047] Furthermore, the above optionally substituted five-membered or six-membered rings can optionally

be fused to an aromatic 5S-membered or 6-membered ring system. For example, the rings can be
optionally fused to an aromatic 5-membered or 6-membered ring system such as a pyridine or a

triazole system, and preferably to a benzene ring.

[0048] The following ring systems are examples of the heterocyclic (whether substituted or unsubstituted)

radicals denoted by the term “heteroaryl”: thienyl, furyl, pyrrolyl, pyrrolidinyl, imidazolyl, isoxazolyl,
triazolyl, thiadiazolyl, oxadiazolyl, tetrazolyl, thiatriazolyl, oxatriazolyl, pyridyl, pyrimidyl, pyrazinyl,
pyridazinyl, oxazinyl, triazinyl, thiadiazinyl tetrazolo, 1,5-[b]pyridazinyl and purinyl, as well as

benzo-fused derivatives, for example, benzoxazolyl, benzthiazolyl, benzimidazolyl and indolyl.

[0049] Substituents for the above optionally substituted heteroaryl rings are from one to three halo,

trihalomethyl, amino, protected amino, amino salts, mono-substituted amino, di-substituted amino,

9



WO 2012/149106 PCT/US2012/035119

carboxy, protected carboxy, carboxylate salts, hydroxy, protected hydroxy, salts of a hydroxy group,
lower alkoxy, lower alkylthio, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
(cycloalkylalkyl, substituted (cycloalkyl)alkyl, phenyl, substituted phenyl, phenylalkyl, and
(substituted phenyl)alkyl. Substituents for the heteroaryl group are as heretofore defined, or in the
case of trihalomethyl, can be trifluoromethyl, trichloromethyl, tribromomethyl, or triiodomethyl. As
used in conjunction with the above substituents for heteroaryl rings, “lower alkoxy” means a C; to C,
alkoxy group, similarly, “lower alkylthio” means a C,; to C, alkylthio group.

[0050] The term “(monosubstituted)amino™ refers to an amino group with one substituent chosen from the
group consisting of phenyl, substituted phenyl, alkyl, substituted alkyl, C; to C, acyl, C, to C; alkenyl,
C, to C; substituted alkenyl, C, to C; alkynyl, C; to Cys alkylaryl, C; to Ci¢ substituted alkylaryl and
heteroaryl group. The (monosubstituted) amino can additionally have an amino-protecting group as
encompassed by the term “protected (monosubstituted)amino.” The term “(disubstituted)amino”
refers to amino groups with two substituents chosen from the group consisting of phenyl, substituted
phenyl, alkyl, substituted alkyl, C; to C; acyl, C, to C; alkenyl, C, to C; alkynyl, C; to Cy¢ alkylaryl,
C; to Cy¢ substituted alkylaryl and heteroaryl. The two substituents can be the same or different.

[0051] The term “heteroaryl(alkyl)” denotes an alkyl group as defined above, substituted at any position by a
heteroaryl group, as above defined.

[0052] “Optional” or “optionally” means that the subsequently described event, circumstance, feature, or
element may, but need not, occur, and that the description includes instances where the event or
circumstance occurs and instances in which it does not. For example, “heterocyclo group optionally
mono- or di- substituted with an alkyl group” means that the alkyl may, but need not, be present, and
the description includes situations where the heterocyclo group is mono- or disubstituted with an alkyl
group and situations where the heterocyclo group is not substituted with the alkyl group.

[0053] Compounds that have the same molecular formula but differ in the nature or sequence of bonding of
their atoms or the arrangement of their atoms in space are termed “isomers.” Isomers that differ in the
arrangement of their atoms in space are termed “‘stereoisomers.” Stereoisomers that are not mirror
images of one another are termed “diastereomers” and those that are non-superimposable mirror
images of each other are termed “enantiomers.” When a compound has an asymmetric center, for
example, it is bonded to four different groups, a pair of enantiomers is possible. An enantiomer can be
characterized by the absolute configuration of its asymmetric center and is described by the R- and S-
sequencing rules of Cahn and Prelog, or by the manner in which the molecule rotates the plane of
polarized light and designated as dextrorotatory or levorotatory (i.e., as (+) or (-)-isomers
respectively). A chiral compound can exist as either individual enantiomer or as a mixture thereof. A
mixture containing equal proportions of the enantiomers is called a “racemic mixture.”

[0054] A compound may possess one or more asymmetric centers; such compounds can therefore be
produced as individual (R)- or (S)- stereoisomers or as mixtures thereof. Unless indicated otherwise,

the description or naming of a particular compound in the specification and claims is intended to
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include both individual enantiomers and mixtures, racemic or otherwise, therecof. The methods for the
determination of stereochemistry and the separation of stereoisomers are well-known in the art (see,
e.g., the discussion in Chapter 4 of “Advanced Organic Chemistry”, 4th edition J. March, John Wiley
and Sons, New York, 1992).

[0055] Before the present invention is further described, it is to be understood that this invention is not
limited to particular embodiments described, as such may, of course, vary. It is also to be understood
that the terminology used herein is for the purpose of describing particular embodiments only, and is
not intended to be limiting, since the scope of the present invention will be limited only by the
appended claims.

[0056] Where a range of values is provided, it is understood that each intervening value, to the tenth of the
unit of the lower limit unless the context clearly dictates otherwise, between the upper and lower limit
of that range and any other stated or intervening value in that stated range, is encompassed within the
invention. The upper and lower limits of these smaller ranges may independently be included in the
smaller ranges, and are also encompassed within the invention, subject to any specifically excluded
limit in the stated range. Where the stated range includes one or both of the limits, ranges excluding
either or both of those included limits are also included in the invention.

[0057] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. Although
any methods and materials similar or equivalent to those described herein can also be used in the
practice or testing of the present invention, the preferred methods and materials are now described.
All publications mentioned herein are incorporated herein by reference to disclose and describe the
methods and/or materials in connection with which the publications are cited.

% ¢

[0058] It must be noted that as used herein and in the appended claims, the singular forms “a,” “an,” and
“the” include plural referents unless the context clearly dictates otherwise. Thus, for example,
reference to “an ALLDH3 agonist” includes a plurality of such agonists and reference to “the adult
salivary stem cell” includes reference to one or more such stem cells and equivalents thereof known to
those skilled in the art, and so forth. It is further noted that the claims may be drafted to exclude any
optional element. As such, this statement is intended to serve as antecedent basis for use of such

¢

exclusive terminology as “solely,” “only” and the like in connection with the recitation of claim
elements, or use of a “negative” limitation.

[0059] 1t is appreciated that certain features of the invention, which are, for clarity, described in the context
of separate embodiments, may also be provided in combination in a single embodiment. Conversely,
various features of the invention, which are, for brevity, described in the context of a single
embodiment, may also be provided separately or in any suitable sub-combination. All combinations of

the embodiments pertaining to the invention are specifically embraced by the present invention and

are disclosed herein just as if each and every combination was individually and explicitly disclosed. In
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addition, all sub-combinations of the various embodiments and elements thereof are also specifically
embraced by the present invention and are disclosed herein just as if each and every such sub-
combination was individually and explicitly disclosed herein.

[0060] The publications discussed herein are provided solely for their disclosure prior to the filing date of the
present application. Nothing herein is to be construed as an admission that the present invention is
not entitled to antedate such publication by virtue of prior invention. Further, the dates of publication
provided may be different from the actual publication dates which may need to be independently

confirmed.

DETAILED DESCRIPTION

[0061] The present disclosure provides methods of increasing proliferation of adult salivary stem cells. The
present disclosure provides methods of increasing the number of adult salivary stem cells in an
individual. The methods generally involve contacting adult salivary stem cells in vivo, in vitro, or ex
vivo with an aldehyde dehydrogenase (ALDH) agonist. Contacting the adult salivary stem cells with
the ALLDH agonist increases the number of adult salivary stem cells and generates an expanded
population of adult salivary stem cells.

METHODS OF INCREASING PROLIFERATION OF ADULT SALIVARY CELLS

[0062] The present disclosure methods of increasing proliferation of adult salivary stem cells, the methods
including contacting adult salivary stem cells in vivo, in vitro, or ex vivo with an ALDH agonist.
Suitable ALLDH agonists include compounds that increase the activity of one or more of ALDHI1,
ALDH3, and AL.DH6.

[0063] According to one embodiment, a subject method involves contacting adult salivary stem cells in vitro,
in vivo, or ex vivo with an effective amount of an ALDH1 agonist (e.g., a natural or synthetic ALDH1
agonist), wherein the contacting increases the number of adult salivary stem cells by at least about
10%, thereby generating an expanded population of adult salivary stem cells. In certain aspects, the
ALDH1 agonist increases the number of adult salivary stem cells by at least 10%, at least 15%, at
least 20%, at least 25%, at least 40%, at least 50%, at least 75%, at least 2-fold, at least 2.5-fold, at
least 5-fold, at least 10-fold, or more than 10-fold, compared to the number of adult salivary stem
cells not contacted with the ALLDH1 agonist.

[0064] According to one embodiment, a subject method involves contacting adult salivary stem cells in vitro,
in vivo, or ex vivo with an effective amount of an ALDH3 agonist (e.g., a natural or synthetic ALDH3
agonist), wherein the contacting increases the number of adult salivary stem cells by at least about
10%, thereby generating an expanded population of adult salivary stem cells. In certain aspects, the
ALDH3 agonist increases the number of adult salivary stem cells by at least 10%, at least 15%, at
least 20%, at least 25%, at least 40%, at least 50%, at least 75%, at least 2-fold, at least 2.5-fold, at
least 5-fold, at least 10-fold, or more than 10-fold, compared to the number of adult salivary stem
cells not contacted with the ALLDH3 agonist.
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[0065] According to one embodiment, a subject method involves contacting adult salivary stem cells in vitro,
in vivo, or ex vivo with an effective amount of an ALDH6 agonist (e.g., a natural or synthetic ALDH6
agonist), wherein the contacting increases the number of adult salivary stem cells by at least about
10%, thereby generating an expanded population of adult salivary stem cells. In certain aspects, the
ALDH6 agonist increases the number of adult salivary stem cells by at least 10%, at least 15%, at
least 20%, at least 25%, at least 40%, at least 50%, at least 75%, at least 2-fold, at least 2.5-fold, at
least 5-fold, at least 10-fold, or more than 10-fold, compared to the number of adult salivary stem
cells not contacted with the ALDH6 agonist.

[0066] Increasing the number of adult salivary stem cells is useful for treating an individual who has
undergone, or is about to undergo, radiation treatment for a head and neck cancer. Increasing the
number of adult salivary stem cells in an individual provides for an increase in the number of adult
salivary stem cells in the individual following radiation treatment, and also provides for an increase in
the number of functional saliva-producing cells in the individual following radiation treatment. For
example, a subject method provides for an increase in the number of functional saliva-producing cells
in an individual following radiation treatment for a head and neck cancer of at least 10%, at least 15%,
at least 20%, at least 25%, at least 40%, at least 50%, at least 75%, at least 2-fold, at least 2.5-fold, at
least 5-fold, at least 10-fold, or more than 10-fold, compared to the number of functional saliva-
producing cells in the individual in the absence of treatment with a subject method.

[0067] As noted above, in some cases, a subject method is carried out in vitro. Thus, e.g., adult salivary stem
cells can be contacted with an ALDH agonist in vitro to increase the number of adult salivary stem
cells.

[0068] In some cases, a subject method is carried out ex vivo, e.g., adult salivary stem cells are obtained from
a donor individual, the adult salivary stem cells are expanded ex vivo by contacting the adult salivary
stem cells with one or more ALDH1, ALDH3, or ALLDH6 agonists, to produce an ex vivo expanded
population of donor adult salivary stem cells. The ex vivo expanded population of donor adult salivary
stem cells is introduced into a recipient individual, e.g., an individual who has head and neck cancer
who has undergone radiation treatment for the cancer. In some instances, the donor individual is the
same as the recipient individual, e.g., adult salivary stem cells are obtained from the donor individual
before the donor individual undergoes radiation treatment for a head and neck cancer, the adult
salivary stem cells are expanded ex vivo, as described above, and the ex vivo expanded donor salivary
stem cell population is introduced into the donor individual (who is now the recipient) after the donor
has undergone radiation treatment for the head and neck cancer. In other embodiments, the donor
individual and the recipient individual are not the same individual.

[0069] A subject method can be carried out in vivo. For example, one or more ALDHI1, ALDH3, or ALDH6
agonist is administered to an individual before and/or after radiation treatment for a head and neck

cancer.
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Isolation and Maintenance of Adult Salivary Stem Cells

[0070] A number of approaches for isolating and culturing adult salivary stem cells are known in the art, and
any such method can be used to obtain adult salivary stem cells for use in a subject method. For
example, human salivary gland tissue may be isolated and cultured as described by Szlavik et al.
(Tissue Eng. Part A (2008) 14:1915-26); and Rotter N. et al. (Stem Cells Dev. (2008) 17:509-518),
the disclosures of which are incorporated herein by reference in their entireties. Human salivary stem
cells can be isolated from tissues such as the submandibular gland and/or the parotid gland.

[0071] According to one aspect of the present disclosure, salivary gland tissue isolated from a donor
individual is minced and dissociated in an appropriate cell dissociation medium, centrifuged, filtered,
and resuspended in a medium with one or more growth factors (e.g., epidermal growth factor (EGF),
fibroblast growth factor 2 (FGF2), insulin-like growth factor-1 (IGF-1), and the like), antibiotics, and
so forth to support maintenance and viability of the dissociated cells. Optionally, the stem cells are
isolated or enriched from the primary cell suspension. This may be achieved by contacting the donor
adult salivary stem cells in vitro with a reagent (e.g., an antibody) that specifically recognizes a
marker associated with adult salivary stem cells, where contacting the donor adult salivary stem cells
with the reagent is performed prior to contacting the donor adult salivary stem cells with the ALDH
agonist.

[0072] Useful markers for salivary stem cells include CD34, CD90, ¢-Kit, CD44, Nestin, CD49f, ALDHI,
and combinations thereof. For example, human and mouse adult salivary stem cells may be isolated
by selecting for CD34-positive and cKit-positive cells, respectively, e.g., using the EASYSEP™
positive selection kit (STEMCELL Technologies, Inc., Vancouver, BC). Detection of markers such as
CD49f1 can be achieved using antibody specific for the marker, where the antibody can comprise a
detectable label. Standard methods such as fluorescence activated cell sorting (FACS) can be used to
isolate the cells. ALDH expression can be detected using ALDEFLUOR® aldehyde dehydrogenase
fluorescent detection label. For example, ALDH converts the ALDH substrate, BAAA (BODIPY-
aminoacetaldehyde), into the fluorescent product BAA (BODIPY -aminoacetate). Cells
expressing high levels of ALDH become brightly fluorescent and can be identified using
standard flow cytometry methods and/or isolated by cell sorting. See, e.g., Deng et al. (2010)
PLoS One 5:€10277.

[0073] Isolation and culture of mouse salivary stem cells is described in, e.g., Lombaert et al. (2008) PLoS
One 3:¢2063. Isolation and culture of human salivary stem cells is also described in L.ombaert et al.
(2008) supra.

[0074] In certain aspects, adult salivary stem cells (isolated or otherwise) may be maintained in a culture
medium prior to being contacted with the ALDH agonist. For example, the cells may be maintained in
a medium that includes one or more factors that prevents the salivary stem cells from differentiating

into more specialized cells.
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[0075] According to one embodiment, the donor adult salivary stem cells are obtained from an individual
(e.g., having a head and neck cancer) prior to that individual undergoing a radiation treatment, e.g.,
radiotherapy to treat a head and neck cancer. In other aspects, the donor adult stem cells are obtained
from an individual other than a recipient individual, e.g., an individual who neither has cancer nor is
undergoing radiation treatment.

Contacting Adult Salivary Stem Cells with an ALDH Agonist in vitro

[0076] As noted above, in some cases, a subject method is carried out in vitro. Methods of the present
disclosure include contacting adult salivary stem cells in vitro with an ALDH agonist, which ALDH
agonist may be, e.g., an activator of one or more of ALDH1, ALDH3, and ALDHG6. In the case of
contacting adult salivary stem cells with an ALLDH agonist in vitro, the cell culture medium may be
supplemented with an effective amount of the agonist. The cell culture medium may be chosen such
that the medium is compatible with the agonist, e.g., the agonist is stable and active in the medium.
The medium may be supplemented with one or more components that enhance the stability and/or
activity of the ALDH agonist.

Contacting Adult Salivary Stem Cells with an ALDH Agonist ex vivo

[0077] In some cases, a subject method is carried out ex vivo, e.g., adult salivary stem cells are obtained from
a donor individual, the adult salivary stem cells are expanded ex vivo by contacting the adult salivary
stem cells with one or more ALDH1, ALDH3, or ALLDH6 agonists, to produce an ex vivo expanded
population of donor adult salivary stem cells. The ex vivo expanded population of donor adult salivary
stem cells is introduced into a recipient individual, e.g., an individual who has head and neck cancer
who has undergone radiation treatment for the cancer. An ex vivo expanded adult salivary stem cell
population can be obtained by culturing adult salivary stem cells ex vivo in a culture medium
comprising one or more ALDH1, ALLDH3, or ALLDH6 agonists, where the culturing can take place for
about 4 hours to about 72 hours, e.g., from about 4 hours to about 8 hours, from about 8 hours to
about 16 hours, from about 16 hours to about 24 hours, from about 24 hours to about 36 hours, from
about 36 hours to about 48 hours, or from about 48 hours to about 72 hours, or more than 72 hours.

[0078] In some instances, the donor individual is the same as the recipient individual, in which case the cells
are considered autologous. For example, adult salivary stem cells are obtained from the donor
individual before the donor individual undergoes radiation treatment for a head and neck cancer, the
adult salivary stem cells are expanded ex vivo, as described above, and the ex vivo expanded donor
salivary stem cell population is introduced into the donor individual (who is now the recipient) after
the donor has undergone radiation treatment for the head and neck cancer.

[0079] In other embodiments, the donor individual and the recipient individual are not the same individual, in
which case the cells are allogeneic. The donor and the recipient can be human leukocyte antigen

(HLA) typed before transplantation, and the closest HLLA match identified as a suitable donor.
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Introducing Salivary Stem Cells into a Recipient Individual

[0080] As noted above, methods of the present disclosure optionally include introducing an expanded
population of adult salivary stem cells (e.g., where the expansion is generated by contacting the cells
with an ALLDH agonist, e.g., an ALDH1 agonist and/or an ALDH3 agonist and/or an ALLDH6 agonist)
into a recipient individual (e.g., a human), where the recipient individual has a head and neck cancer,
and where the expanded population of adult salivary stem cells are introduced after the recipient
individual has undergone radiation treatment for the cancer. Introduction of the expanded salivary
stem cells is useful in a variety of applications, including stem cell-based therapies for restoring
function to a salivary gland of an individual who suffers from xerostomia or dry mouth (e.g.,
radiotherapy-related xerostomia). For example, the introduced (e.g., “transplanted”) salivary stem
cells may engraft to an irradiated salivary gland and differentiate into functional saliva-producing
cells, thereby restoring or enhancing function of the irradiated salivary gland.

[0081] In one embodiment, the cells to be introduced into the recipient individual are provided as a
suspension, which may be a single cell suspension, or a suspension of small clumps of cells, and
which are distinguished from solid tissue grafts, which are implanted and are not injected or infused.
The cell suspension is a form that can be injected or infused into a recipient. In another embodiment,
the cells are provided as an ex vivo engineered tissue construct. Survival of the cells or tissue may be
measured after short periods of time, e.g. after at least about three to about seven days.

[0082] The number of salivary stem cells transplanted into a recipient individual can vary from about 10 to
about 10%, e. g., from 10 to 10%, from about 10* to about 10°, from about 10° to about 10*, from about
10* to about 105, from about 10° to about 106, from about 10° to about 107, or from about 107 to about
10° A population of adult salivary stem cells to be introduced into a recipient individual is generally
at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at
least about 98%, or more than 98 %, adult salivary stem cells.

[0083] The adult salivary stem cells to be introduced into the recipient individual may be referred to as a cell
transplant. A cell transplant, as used herein, is the transplantation of one or more donor salivary stem
cells into a recipient body, usually for the purpose of augmenting function of an organ or tissue in the
recipient. The donor stem cells may originate from a salivary gland of the recipient, in which case the
donor and the recipient are the same individual. In other aspects, the recipient is an individual to
whom tissue or cells from another individual (donor), commonly of the same species, has been
transferred. When the donor and recipient are not the same individual, the HLLA antigens (or MHC
antigens), which may be Class I or Class II, generally will be matched, although one or more of the
HLA antigens may be different in the donor as compared to the recipient. The graft recipient and
donor are generally mammals, e.g., humans. Laboratory animals, such as rodents, e.g. mice, rats, etc.
are of interest. The cells may be allogeneic, autologous, or xenogeneic with respect to the recipient.

[0084] The cells may be provided as a suspension, which suspension includes one or more survival factors.

As used herein, the term *“survival factors” refers to biologically active agents that are provided in a
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formulation for the suspension of cells prior to transplantation. The presence of survival factor(s)
enhances the survival of cells after the cells are transferred into the body of a recipient. Survival
factors may be utilized as one or a cocktail of factors. In some embodiments, the survival factors are
also utilized as culture additives for a period of time prior to transplantation.

[0085] The donor salivary stem cells may be administered in any physiologically acceptable excipient
inlcuding an isotonic excipient prepared under sufficiently sterile conditions for human
administration. For general principles in medicinal formulation, the reader is referred to Cell Therapy:
Stem Cell Transplantation, Gene Therapy, and Cellular Inmunotherapy, by G. Morstyn & W.
Sheridan eds, Cambridge University Press, 1996; and Hematopoietic Stem Cell Therapy, E. D. Ball, J.
Lister & P. Law, Churchill Livingstone, 2000. Choice of the cellular excipient and any accompanying
elements of the composition will be adapted in accordance with the route and device used for
administration. The cells may be introduced by injection, catheter, or the like. The cells may be frozen
at liquid nitrogen temperatures and stored for long periods of time, being capable of use on thawing. If
frozen, the cells may be stored, e.g., in a 10% dimethylsulfoxide (DMSO), 50% fetal calf serum
(FCS) (or other suitable serum or serum substitute), 40% RPMI 1640 medium (or other suitable
culture medium).

[0086] The cell formulations may be used for tissue (e.g., salivary gland) reconstitution or regeneration in a
human patient or other subject in need of such treatment, e.g., a recipient individual having head and
neck cancer who has undergone radiation treatment for the cancer. The cells are administered in a
manner that permits them to graft or migrate to the intended tissue site and reconstitute or regenerate
the functionally deficient area (e.g., an irradiated salivary gland).

[0087] The salivary stem cells may also be genetically modified to enhance survival, control proliferation,
and the like. Cells may be genetically altering by transfection or transduction with a suitable vector,
homologous recombination, or other appropriate technique, so that they express a gene of interest. For
example, cells can be transfected with genes encoding a telomerase catalytic component (TERT), e.g.,
under a heterologous promoter that increases telomerase expression beyond what occurs under the
endogenous promoter, (see International Patent Application WO 98/14592). In other embodiments, a
selectable marker is introduced, to provide for greater purity of the desired differentiating cell. Cells
may be genetically altered using vector containing supernatants over an 8-16 h period, and then
exchanged into growth medium for 1-2 days. Genetically altered cells are selected using a drug
selection agent such as puromycin, G418, or blasticidin, and then recultured.

ALDH agonists

[0088] A subject method involves use of compounds that function as activators of ALDH enzymatic activity.
Activators of ALDH activity are also referred to herein as ALDH agonists.

[0089] In some embodiments, a suitable ALDH agonist selectively modulates (e.g., increases) an enzymatic
activity of a particular ALLDH isozyme. For example, in some embodiments, a suitable ALDH agonist

selectively increases an enzymatic activity of ALDH]I. For example, in some embodiments, a suitable
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ALDH agonist increases an enzymatic activity of ALDH1, but does not substantially increase the
same enzymatic activity of an ALDH isozyme other than ALLDH1, e.g., the ALDH agonist increases
an enzymatic activity of an ALDH isozyme other than ALDH], if at all, by no more than about 15%,
e.g., by less than 15%, less than 10%, less than 5%, or less than 1%.

[0090] In some embodiments, a suitable ALDH agonist selectively modulates (e.g., increases) an enzymatic
activity of ALDH3. For example, in some embodiments, a suitable ALDH agonist increases an
enzymatic activity of ALDH3, but does not substantially increase the same enzymatic activity of an
ALDH isozyme other than ALDH3, e.g., the ALDH agonist increases an enzymatic activity of an
ALDH isozyme other than ALDH3, if at all, by no more than about 15%, e.g., by less than 15%, less
than 10%, less than 5%, or less than 1%.

[0091] In some embodiments, a suitable ALDH agonist selectively modulates (e.g., increases) an enzymatic
activity of ALDHG6. For example, in some embodiments, a suitable ALLDI agonist increases an
enzymatic activity of ALDH6, but does not substantially increase the same enzymatic activity of an
ALDH isozyme other than ALLDHG6, e.g., the ALLDH agonist increases an enzymatic activity of an
ALDH isozyme other than ALLDHG, if at all, by no more than about 15%, e.g., by less than 15%, less
than 10%, less than 5%, or less than 1%.

[0092] In some embodiments, a suitable ALDH agonist increases enzymatic activity of both ALDH3 and
ALDH]. In some embodiments, a suitable ALDH agonist increases enzymatic activity of both
ALDH3 and ALDH]1, but does not substantially increase enzymatic activity of an ALDH isozyme
other than ALDH3 and ALDHI.

[0093] In some embodiments, a suitable ALDH agonist increases enzymatic activity of both ALDH6 and
ALDH]. In some embodiments, a suitable ALDH agonist increases enzymatic activity of both
ALDH6 and ALLDH1, but does not substantially increase enzymatic activity of an ALLDH isozyme
other than ALDH6 and ALDI1.

[0094] In some embodiments, a suitable ALDH agonist increases enzymatic activity of both ALDH6 and
ALDH3. In some embodiments, a suitable ALLDH agonist increases enzymatic activity of both
ALDH6 and ALLDH3, but does not substantially increase enzymatic activity of an ALLDH isozyme
other than ALDH6 and ALDI3.

[0095] A subject method involves use of an ALDH agonist (also referred to as “ALDH activator”™). A suitable
ALDH agonist increases an enzymatic activity of an ALDHa, ALDH3, or ALDH6 polypeptide by at
least about 5%, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at least
about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least
about 60%, at least about 70%, at least about 80%, at least about 90%, at least about 100 % (or two-
fold), at least about 2.5-fold, at least about 5-fold, at least about 10-fold, at least about 15-fold, at least
about 20-fold, at least about 25-fold, or at least about 50-fold, or greater than 50-fold, when compared

to the enzymatic activity of the ALDH polypeptide in the absence of the agonist.
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[0096] In some embodiments, a suitable ALDH agonist increases an enzymatic activity (e.g., an aldehyde
dehydrogenase activity, a reductase activity, or an esterase activity) of an ALDH]1 polypeptide
comprising an amino acid sequence set forth in FIG. 5A or 5B, by at least about 5%, at least about
10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at least about
35%, at least about 40%, at least about 45%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, at least about 100 % (or two-fold), at least about 2.5-
fold, at least about 5-fold, at least about 10-fold, at least about 15-fold, at least about 20-fold, at least
about 25-fold, or at least about 50-fold, or greater than 50-fold, when compared to the enzymatic
activity of the ALDH1 polypeptide in the absence of the agonist.

[0097] In some embodiments, a suitable ALDH agonist increases an enzymatic activity (e.g., an aldehyde
dehydrogenase activity, a reductase activity, or an esterase activity) of an ALDH3 polypeptide
comprising an amino acid sequence set forth in FIG. 6, by at least about 5%, at least about 10%, at
least about 15%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, at least about 50%, at least about 60%, at least about 70%, at
least about 80%, at least about 90%, at least about 100 % (or two-fold), at least about 2.5-fold, at least
about 5-fold, at least about 10-fold, at least about 15-fold, at least about 20-fold, at least about 25-
fold, or at least about 50-fold, or greater than 50-fold, when compared to the enzymatic activity of the
ALDH3 polypeptide in the absence of the agonist.

[0098] In some embodiments, a suitable ALDH agonist increases an enzymatic activity (e.g., an aldehyde
dehydrogenase activity, a reductase activity, or an esterase activity) of an ALLDH6 polypeptide
comprising an amino acid sequence set forth in FIG. 7A, by at least about 5%, at least about 10%, at
least about 15%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, at least about 50%, at least about 60%, at least about 70%, at
least about 80%, at least about 90%, at least about 100 % (or two-fold), at least about 2.5-fold, at least
about 5-fold, at least about 10-fold, at least about 15-fold, at least about 20-fold, at least about 25-
fold, or at least about 50-fold, or greater than 50-fold, when compared to the enzymatic activity of the
ALDHS6 polypeptide in the absence of the agonist.

[0099] In some embodiments, a suitable ALDH agonist has an ECs, (half maximal effective concentration) of
from about 1 nM to about 1 mM, e.g., from about 1 nM to about 10 nM, from about 10 nM to about
15 nM, from about 15 nM to about 25 nM, from about 25 nM to about 50 nM, from about 50 nM to
about 75 nM, from about 75 nM to about 100 nM, from about 100 nM to about 150 nM, from about
150 nM to about 200 nM, from about 200 nM to about 250 nM, from about 250 nM to about 300 nM,
from about 300 nM to about 350 nM, from about 350 nM to about 400 nM, from about 400 nM to
about 450 nM, from about 450 nM to about 500 nM, from about 500 nM to about 750 nM, from about
750 nM to about 1 pM, from about 1 uM to about 10 uM, from about 10 uM to about 25 pM, from
about 25 uM to about 50 uM, from about 50 uM to about 75 uM, from about 75 uM to about 100 pM,
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from about 100 uM to about 250 pM, from about 250 uM to about 500 pM, or from about 500 uM to
about 1 mM.
[00100] In some embodiments, a suitable ALDH agonist is a compound of generic Formula I, as

shown below:

X A X
X b ~ -2’
e SN
(Hz0); |/
> Rs R; 8
y Rs
Ro Formula I
[00101] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;

[00102] where ~ (dotted line) is an optional bond; where 7 is the integer 0, 1, or 2;
[00103] where — is an optional double bond;
[00104] where each of Ry, R,, R3, Ry, Rs, R, Ry, Rg, Ry, and Ry is independently selected from H; C;

N; O; a halo (e.g., bromo, fluoro, chloro, iodo); a substituted or unsubstituted phenyl group; an
aliphatic group, an alkyl group; a substituted alkyl group; an alkenyl group; an alkynyl group; a
substituted or unsubstituted cyclic group; a substituted or unsubstituted heterocyclic group; a

substituted or unsubstituted aryl group; and a substituted or unsubstituted heteroaryl group;

[00105] where A is C or S; and where a= 1 when A = C; and where a=2 when A = S;

[00106] where X, is C, N, O, or S; where b is the integer O or 1;

[00107] where X, is C, N, O, or S; where ¢ is the integer O or 1;

[00108] where X418 C, N, O, or S; where d is the integer O or 1; and

[00109] where Ar is selected from a substituted aryl group, an unsubstituted aryl group, a substituted

heteroaryl group, and an unsubstituted heteroaryl group;

[00110] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.
[00111] For example, in some embodiments, Ar of Formula I is:
Ris Ry
Rig Riz
R13
[00112] where R;;-R5 are each independently selected from H; a halo (e.g., bromo, fluoro, chloro,

iodo); a substituted or unsubstituted phenyl group; an aliphatic group, an alkyl group; a substituted
alkyl group; an alkenyl group; an alkynyl group; a substituted or unsubstituted cyclic group; a
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substituted or unsubstituted heterocyclic group; a substituted or unsubstituted aryl group; and a
substituted or unsubstituted heteroaryl group. In some embodiments, Ar of Formula I is a substituted
naphthalene group, e.g., a methoxy-substituted naphthalene group.

[00113] In other embodiments, Ar of Formula I is a substituted or unsubstituted heterocyclic group,
e.g., a substituted or unsubstituted pyridine, a substituted or unsubstituted pyrazine, a substituted or
unsubstituted pyrimidine, a substituted or unsubstituted pyridazine, a substituted or unsubstituted
pyrrole, a substituted or unsubstituted furan, a substituted or unsubstituted pyrazole, a substituted or
unsubstituted oxazole, a substituted or unsubstituted isoxazole, a substituted or unsubstituted thiazole,
a substituted or unsubstituted imidazole, a substituted or unsubstituted thiophene, a substituted or
unsubstituted quinoline, or a substituted or unsubstituted isoquinoline group. In some embodiments,
Ar of Formula I is a substituted thiophene group, e.g., a 2-carboxylic acid amide-substituted thiophene
group.

[00114] In other embodiments, Ar of Formula I is a substituted or unsubstituted heterocyclic group,
e.g., a substituted or unsubstituted pyridine, a thiazole, an imidazole, a thiophene, a quinoline, an
isoquinoline, or a furan group. In some embodiments, Ar of formula I is a substituted pyridine-oxide.

[00115] In some embodiments, a suitable ALDH agonist has the structure of Compound Alda-52, as
shown below:

Compound Alda-52

CH3
O O/
o N
O

[00116] Compound Alda-52: 1-methoxy-naphthalene-2-carboxylic acid (benzo[1,3]dioxol-5-
ylmethyl)-amide.
[00117] In some embodiments, a suitable ALDH agonist has the structure of Compound Alda-84, as

shown below:

Compound Alda-84

OH
NH
0]
[00118] Compound Alda-84: N-(2-hydroxy-phenyl)-3-phenyl-acrylamide.

21



WO 2012/149106 PCT/US2012/035119

[00119] In some embodiments, a suitable ALDH agonist is a compound of generic Formula Ia, as

shown below:

(ﬁ)a
A X
X d
ra H/ NCHRY A
(H2C),
y Ry
Ry Formula Ia
[00120] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;

[00121] where ~ (dotted line) is an optional bond;
[00122] where 7 is the integer 0, 1, or 2, with the provisos that: 1) z = 0 when X = halogen and " is

not a bond; and 2) when z = 0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,
oxygen is attached to a methyl group;

[00123] where A =C or S, and where a=1 when A = C; and where a=2 when A =S;

[00124] where R, R,, and R; are each independently selected from H; a halo (e.g., bromo, fluoro,
chloro, i0do); an aliphatic group, an alkyl group; a substituted alkyl group; a substituted or

unsubstituted alkenyl group; and a substituted or unsubstituted alkynyl group;

[00125] where ¢ is the integer O or 1;
[00126] where X, 18 C, N, O, or S; where d is the integer O or 1; and
[00127] where Ar is selected from a substituted aryl group, an unsubstituted aryl group, a substituted

heteroaryl group, and an unsubstituted heteroaryl group;
[00128] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.
[00129] In some embodiments, a suitable ALDH agonist is a compound of sub-generic Formula Ib, as

shown below:

O
S N)J\Ar
(H:C); i
\XV Formula Ib
[00130] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;
[00131] where ~ (dotted line) is an optional bond;
[00132] where 7 is the integer 0, 1, or 2, with the provisos that: 1) z = 0 when X = halogen and " is

not a bond; and 2) when z = 0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,

oxygen is attached to a methyl group;
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[00133] where Ar is selected from a substituted aryl group, an unsubstituted aryl group, a substituted
heteroaryl group, and an unsubstituted heteroaryl group;

[00134] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00135] In some embodiments, a suitable ALLDH agonist is a compound of sub-generic Formula Ic, as

shown below:

I
I,'X” N ﬁ\Ar
(HzC). H o
\ y Formula Ic
[00136] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;

[00137] where ~ (dotted line) is an optional bond;
[00138] where 7 is the integer 0, 1, or 2, with the provisos that: 1) z = 0 when X = halogen and " is

not a bond; and 2) when z = 0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,
oxygen is attached to a methyl group;

[00139] where Ar is selected from a substituted aryl group, an unsubstituted aryl group, a substituted
heteroaryl group, and an unsubstituted heteroaryl group;

[00140] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00141] In some embodiments, a suitable ALDH agonist is a compound of sub-generic Formula Id, as

shown below:

(ﬁ)a
,/Xn N /A\Xc e Rs
e BT
Xy Formula Id
[00142] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;
[00143] where ~ (dotted line) is an optional bond;
[00144] where 7 is the integer 0, 1, or 2, with the provisos that: 1) z = 0 when X = halogen and " is

not a bond; and 2) when z = 0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,

oxygen is attached to a methyl group;

[00145] where A =C or S, and where a=1 when A = C; and where a=2 when A =S;
[00146] where X is C, N, O, or S; where ¢ is the integer O or 1; and
[00147] where R; and R, are each independently selected from H; a halo (e.g., bromo, fluoro, chloro,

iodo); an aliphatic group, an alkyl group; a substituted alkyl group; a substituted or unsubstituted
alkenyl group; and a substituted or unsubstituted alkynyl group;
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[00148] where R; is selected from a substituted polycyclic group, an unsubstituted polycyclic group, a
substituted hetero polycyclic group, and an unsubstituted hetero polycyclic group;

[00149] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00150] In some embodiments, a suitable ALDH agonist is a compound of sub-generic Formula Ie, as

shown below:

R Rs
N/
X, RN N
N Rs
(HzC), 3
" R,
Ry Formula Ie
[00151] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;

[00152] where ~ (dotted line) is an optional bond;
[00153] where 7 is the integer 0, 1, or 2, with the provisos that: 1) z = 0 when X = halogen and " is

not a bond; and 2) when z = 0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,
oxygen is attached to a methyl group;

[00154] where Xy, is C, N, O, or S; where ¢ is the integer O or 1; and

[00155] where R, R,, R; and R, are each independently selected from H; a halo (e.g., bromo, fluoro,
chloro, i0do); an aliphatic group, an alkyl group; a substituted alkyl group; a substituted or
unsubstituted alkenyl group; and a substituted or unsubstituted alkynyl group;

[00156] where Rs is selected from a substituted polycyclic group, an unsubstituted polycyclic group, a
substituted hetero polycyclic group, and an unsubstituted hetero polycyclic group;

[00157] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00158] In some embodiments, a suitable ALDH agonist is a compound of generic Formula If, as

shown below:

R R, R
i X A
X NG C\\X el
, d
(H2C), ﬁ /\
\\X ©), R4+ Rs
y Formula If
[00159] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;
[00160] where “* (dotted line) is an optional bond;
[00161] where 7 is the integer 0, 1, or 2, with the provisos that: 1) z = 0 when X = halogen and " is

not a bond; and 2) when z = 0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,

oxygen is attached to a methyl group;
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[00162] where — is an optional double bond;
[00163] where A =C or S, and where a=1 when A = C; and where a=2 when A =S;
[00164] where R, Ry, R;3, Ry and R; are each independently selected from H; -OH; a halo (e.g.,

bromo, fluoro, chloro, iodo); an aliphatic group, an alkyl group; a substituted alkyl group; a
substituted or unsubstituted alkenyl group; and a substituted or unsubstituted alkynyl group;

[00165] where X, is C, N, O, or S; where ¢ is the integer O or 1;
[00166] where X, i8 C, N, O, or S; where c is the integer O or 1; and
[00167] where Ar is selected from a substituted aryl group, an unsubstituted aryl group, a substituted

heteroaryl group, and an unsubstituted heteroaryl group;

[00168] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.
[00169] An exemplary, non-limiting compound of Formula If is Alda-84.
[00170] In some embodiments, a suitable ALDH agonist is a compound of generic Formula II, as

shown below:

Ri R, Rs
RS Xb/\ P Re
K X;
(HzC); / \
" N Fs Ry
Ro Formula I1
[00171] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;
[00172] where ~ (dotted line) is an optional bond; where 7 is the integer 0, 1, or 2;
[00173] where R; to R is each independently selected from H; a halo (e.g., bromo, fluoro, chloro,

iodo); a substituted or unsubstituted phenyl group; an aliphatic group, an alkyl group; a substituted
alkyl group; an alkenyl group; an alkynyl group; a substituted or unsubstituted cyclic group; a
substituted or unsubstituted heterocyclic group; a substituted or unsubstituted aryl group; and a

substituted or unsubstituted heteroaryl group;

[00174] where Xy, is C, N, O, or S; where b is the integer O or 1;
[00175] where X, is C, N, O, or S; where c is the integer O or 1; and
[00176] where Rg is selected from a substituted or unsubstituted phenyl group; an aliphatic group, an

alkyl group; a substituted alkyl group; an alkenyl group; an alkynyl group; a substituted or
unsubstituted cyclic group; a substituted or unsubstituted heterocyclic group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted heteroaryl group; a substituted or
unsubstituted bicyclic group; a substituted or unsubstituted hetero bicyclic group; a substituted or
unsubstituted polycyclic group; and a substituted or unsubstituted hetero polycyclic group;

[00177] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.
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[00178] For example, in some embodiments, Rg of Formula I is a substituted or unsubstituted
heterocyclic group, e.g., a substituted or unsubstituted pyridine, a substituted or unsubstituted
pyrazine, a substituted or unsubstituted pyrimidine, a substituted or unsubstituted pyridazine, a
substituted or unsubstituted pyrrole, a substituted or unsubstituted furan, a substituted or unsubstituted
pyrazole, a substituted or unsubstituted oxazole, a substituted or unsubstituted isoxazole, a substituted
or unsubstituted thiazole, a substituted or unsubstituted imidazole, a substituted or unsubstituted
thiophene, a substituted or unsubstituted quinoline, or a substituted or unsubstituted isoquinoline
group. In some embodiments, Rg of Formula Il is a substituted pyrrolidin-2-one group, a substituted
pyrrolo[2,3-d]pyrimidine group, a substituted pyrazolo[3,4-d]pyrimidine group, a substituted pyrazin-
2-one group, or a substituted 4,5,6,7-tetrahydro-tetrazolo[1,5-a]pyrimidine group.

[00179] In other embodiments, Rg of Formula IT is a substituted or unsubstituted heterocyclic group,
e.g., a substituted or unsubstituted pyridine, a thiazole, an imidazole, a thiophene, a quinoline, an
isoquinoline, or a furan group. In some embodiments, Rg of Formula Il is a substituted pyridine-oxide.

[00180] In some embodiments, a suitable ALDH agonist has the structure of Compound Alda-83, as
shown below:

Compound Alda-83

cl
[00181] Compound Alda-83: 7-(4-chloro-phenyl)-4-(4-methoxy-phenyl)-2-methyl-5-oxo-1,4,5,6,7,8-
hexahydro-quinoline-3-carbonitrile.
[00182] In some embodiments, a suitable ALDH agonist has the structure of sesamin, as shown
below:

Sesamin

OF 1

///"I:,
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[00183] Sesamin is 5,5°-(1S,3aR ,4S,6aR)-tetrahydro-1H,3H-furo[3,4-c]furan-1,4-diylbis(1,3-
benzodioxole).
[00184] In some embodiments, a suitable ALDH agonist has the structure of isosafrole, as shown
below:
Isosafrole
[00185] Isosafrole is 5-propenyl-benzo[1,3]dioxole.
[00186] In some embodiments, a suitable ALDH agonist has the structure of Alda-89, as shown
below:
0 F
ay -
[00187] Alda-89 is 5-(2-propenyl)-1,3-benzodioxole.
[00188] In some embodiments, a suitable ALDH agonist is a compound of sub-generic Formula Ila, as

shown below:

X e Re
(H';;;)z H
\XY Formula Ila
[00189] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;
[00190] where “* (dotted line) is an optional bond;
[00191] where 7 is the integer 0, 1, or 2, with the provisos that: 1) z = 0 when X = halogen and " is

not a bond; and 2) when z = 0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,
oxygen is attached to a methyl group;

[00192] where Rg is selected from a substituted aryl group, an unsubstituted aryl group, a substituted
heteroaryl group, and an unsubstituted heteroaryl group;

[00193] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00194] In some embodiments, a suitable ALDH agonist is a compound of sub-generic Formula IIb,

as shown below:
Rs

R; Formula IIb

27



WO 2012/149106 PCT/US2012/035119

[00195] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;

[00196] where “* (dotted line) is an optional bond;

[00197] where 7 is the integer 0, 1, or 2, with the provisos that: 1) z = 0 when X = halogen and " is

not a bond; and 2) when z = 0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,
oxygen is attached to a methyl group;

[00198] where R is selected from H; a halo (e.g., bromo, fluoro, chloro, iodo); an aliphatic group, an
alkyl group; a substituted alkyl group; a substituted or unsubstituted alkenyl group; and a substituted
or unsubstituted alkynyl group;

[00199] where Rg is selected from a substituted cyclic group, an unsubstituted cyclic group, a
substituted heterocyclic group, and an unsubstituted heterocyclic group;

[00200] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00201] In some embodiments, a suitable ALDH agonist is a compound of sub-generic Formula Ilc, as

shown below:

o Ro
(HI2:C)z
Xy
Ry Formula Ilc
[00202] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;

[00203] where “* (dotted line) is an optional bond;
[00204] where 7 is the integer 0, 1, or 2, with the provisos that: 1) z = 0 when X = halogen and " is

not a bond; and 2) when z = 0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,
oxygen is attached to a methyl group;

[00205] where R is selected from H; a halo (e.g., bromo, fluoro, chloro, iodo); an aliphatic group, an
alkyl group; a substituted alkyl group; a substituted or unsubstituted alkenyl group; and a substituted
or unsubstituted alkynyl group;

[00206] where Rg is selected from a substituted bicyclic group, an unsubstituted bicyclic group, a
substituted hetero bicyclic group, and an unsubstituted hetero bicyclic group;

[00207] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00208] In some embodiments, a suitable ALDH agonist is a compound of sub-generic Formula I1d,
as shown below:

X, Re

.
’

(H0),

Xy Formula IId
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[00209] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where
n is the integer O or 1; where y is the integer O or 1;

[00210] where ~ (dotted line) is an optional bond;

[00211] where 7 is the integer 0, 1, or 2, with the provisos that: 1) z = 0 when X = halogen and " is

not a bond; and 2) when z = 0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,
oxygen is attached to a methyl group;

[00212] where Rg is selected from a substituted aryl group, an unsubstituted aryl group, a substituted
heteroaryl group, and an unsubstituted heteroaryl group;

[00213] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00214] In some embodiments, a suitable ALDH agonist is a compound of generic Formula III, as

shown below:

Ri
Re Ar
Ro Xn/ X A/
\‘ \\
,") Re (O)a
R3 y\ R7
Rs
R4 Formula IIT
[00215] where X, and X, are each independently C, N, O, or S; where n is the integer 0, 1 or 2; where
y is the integer O, 1 or 2;
[00216] where — is an optional double bond;
[00217] where each of Ry, Ry, R3, Ry, Rs, Rg, R; and Ry is independently selected from H; C; N; O; a

halo (e.g., bromo, fluoro, chloro, iodo); a substituted or unsubstituted phenyl group; an aliphatic
group, an alkyl group; a substituted alkyl group; an alkenyl group; an alkynyl group; a substituted or
unsubstituted cyclic group; a substituted or unsubstituted heterocyclic group; a substituted or

unsubstituted aryl group; and a substituted or unsubstituted heteroaryl group;

[00218] where A is C or S; and where a= 1 when A = C; and where a=2 when A = S;
[00219] where X, is C, N, O, or S; where ¢ is the integer O or 1;
[00220] where Ar is selected from a substituted or unsubstituted phenyl group; an aliphatic group, an

alkyl group; a substituted alkyl group; an alkenyl group; an alkynyl group; a substituted or
unsubstituted cyclic group; a substituted or unsubstituted heterocyclic group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted heteroaryl group; a substituted or
unsubstituted bicyclic group; a substituted or unsubstituted hetero bicyclic group; a substituted or
unsubstituted polycyclic group; and a substituted or unsubstituted hetero polycyclic group;
[00221] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.
[00222] For example, in some embodiments, Ar of Formula III is a substituted or unsubstituted
heterocyclic group, e.g., a substituted or unsubstituted pyridine, a substituted or unsubstituted

pyrazine, a substituted or unsubstituted pyrimidine, a substituted or unsubstituted pyridazine, a
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substituted or unsubstituted pyrrole, a substituted or unsubstituted furan, a substituted or unsubstituted
pyrazole, a substituted or unsubstituted oxazole, a substituted or unsubstituted isoxazole, a substituted
or unsubstituted thiazole, a substituted or unsubstituted imidazole, a substituted or unsubstituted
thiophene, a substituted or unsubstituted quinoline, or a substituted or unsubstituted isoquinoline
group.

[00223] In some embodiments, a suitable ALDH agonist has the structure of Compound Alda-81, as
shown below:

Compound Alda-81

N HN
>~ %
N CHjy

CH,
[00224] Compound Alda-81: N-[1-(1-allyl-1H-benzoimidazol-2-yl)-ethyl]-benzamide.
[00225] In some embodiments, a suitable ALDH agonist is a compound of generic Formula IV, as
shown below:
Rt R, R
4 5
X \X/
Leon b~
(H20), Rs
(HoChw,.
X; Rs
Rz Formula IV
[00226] where X,, and X, are each independently C, N, O, or S; where n is the integer 0, 1 or 2; where
y is the integer O, 1 or 2;
[00227] where ~ (dotted line) is an optional bond;
[00228] where 7 is the integer O or 1, with the provisos that: 1) z=0 when X = halogen and " is not a

bond; and 2) when z =0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,
oxygen is attached to a methyl group;

[00229] where w is the integer O or 1, with the provisos that: 1) w = 0 when X = halogen and " is not
a bond; and 2) when w =0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,
oxygen is attached to a methyl group;

[00230] where each of R, R,, R3, Ry, and Rs is independently selected from H; C; N; O; a halo (e.g.,

bromo, fluoro, chloro, iodo); a substituted or unsubstituted alkoxyl group, a substituted or

30



WO 2012/149106 PCT/US2012/035119

unsubstituted amine group, a substituted or unsubstituted phenyl group; an aliphatic group, an alkyl
group; a substituted alkyl group; an alkenyl group; an alkynyl group; a substituted or unsubstituted
cyclic group; a substituted or unsubstituted heterocyclic group; a substituted or unsubstituted aryl
group; and a substituted or unsubstituted heteroaryl group;

[00231] where X, is C, N, O, or S; where b is the integer O or 1;

[00232] where Rg is selected from a substituted or unsubstituted phenyl group; an aliphatic group, an
alkyl group; a substituted alkyl group; an alkenyl group; an alkynyl group; a substituted or
unsubstituted cyclic group; a substituted or unsubstituted heterocyclic group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted heteroaryl group; a substituted or
unsubstituted bicyclic group; a substituted or unsubstituted hetero bicyclic group; a substituted or
unsubstituted polycyclic group; and a substituted or unsubstituted hetero polycyclic group;

[00233] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00234] For example, in some embodiments, Rg of Formula IV is a substituted or unsubstituted
alkenyl group, e.g., a substituted or unsubstituted ethenyl group, a substituted or unsubstituted
propenyl group, a substituted or unsubstituted allyl group, and the like.

[00235] In some embodiments, a suitable ALLDH agonist is a compound of generic Formula V, as

shown below:

(©)a
R, I
X, (CH=CHJ7 bR,
H0),
‘Xy N
Rz Formula V
[00236] where X, and X, are each independently C, N, O, or S; where n is the integer 0, 1 or 2; where
y is the integer O, 1 or 2;
[00237] where ~ (dotted line) is an optional bond;
[00238] where 7 is the integer O or 1, with the provisos that: 1) z=0 when X = halogen and " is not a

bond; and 2) when z =0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,
oxygen is attached to a methyl group;

[00239] where each of R, R, and R; is independently selected from H; C; N; O; a halo (e.g., bromo,
fluoro, chloro, i0do); a substituted or unsubstituted alkoxyl group, a substituted or unsubstituted
amine group, a substituted or unsubstituted phenyl group; an aliphatic group, an alkyl group; a
substituted alkyl group; an alkenyl group; an alkynyl group; a substituted or unsubstituted cyclic
group; a substituted or unsubstituted heterocyclic group; a substituted or unsubstituted aryl group; and
a substituted or unsubstituted heteroaryl group;

[00240] where m is an integer from 1 to 10;

31



WO 2012/149106 PCT/US2012/035119

[00241] where A is C or S; and where a= 1 when A = C; and where a=2 when A = S;
[00242] where b is the integer O or 1;
[00243] where R, is selected from a hydroxyl group, an amine group, a substituted or unsubstituted

phenyl group; an aliphatic group, an alkyl group; a substituted alkyl group; an alkenyl group; an
alkynyl group; a substituted or unsubstituted cyclic group; a substituted or unsubstituted heterocyclic
group; a substituted or unsubstituted aryl group; a substituted or unsubstituted heteroaryl group; a
substituted or unsubstituted bicyclic group; a substituted or unsubstituted hetero bicyclic group; a

substituted or unsubstituted polycyclic group; and a substituted or unsubstituted hetero polycyclic

group;
[00244] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.
[00245] For example, in some embodiments, R, of Formula V is a substituted or unsubstituted

heterocyclic group, e.g., a substituted or unsubstituted piperidine, a substituted or unsubstituted pyran,
a substituted or unsubstituted pyranone, a substituted or unsubstituted pyridine, a substituted or
unsubstituted pyrazine, a substituted or unsubstituted pyrimidine, a substituted or unsubstituted
pyridazine, a substituted or unsubstituted pyrrole, a substituted or unsubstituted furan, a substituted or
unsubstituted pyrazole, a substituted or unsubstituted oxazole, a substituted or unsubstituted
isoxazole, a substituted or unsubstituted thiazole, a substituted or unsubstituted imidazole, a
substituted or unsubstituted thiophene, a substituted or unsubstituted quinoline, or a substituted or

unsubstituted isoquinoline group.

[00246] In some embodiments, a suitable ALDH agonist has the structure of piperine, as shown
below:
Piperine
O
<o AN N
O
[00247] Piperine is 1-[5-(1,3-benzodioxol- 5-yl)- 1-oxo- 2,4-pentadienyl] piperidine.
[00248] In some embodiments, a suitable ALDH agonist has the structure of methysticin, as shown
below:
Methysticin
0]
®)
<O x OCHj4
@)
[00249] Methysticin is 6-(2-Benzo[1,3]dioxol-5-yl-vinyl)-4-methoxy-5,6-dihydro-pyran-2-one.
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[00250] In some embodiments, a suitable ALDH agonist is a compound of generic Formula Va, as

shown below:

(©)a
u
o (CH=CHJ7 b R
<O:ij/ Formula Va

[00251] where m is an integer from 1 to 10;

[00252] where A is C or S; and where a= 1 when A = C; and where a=2 when A = S;

[00253] where b is the integer O or 1;

[00254] where R is selected from a substituted or unsubstituted phenyl group; an aliphatic group, an

alkyl group; a substituted alkyl group; an alkenyl group; an alkynyl group; a substituted or
unsubstituted cyclic group; a substituted or unsubstituted heterocyclic group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted heteroaryl group; a substituted or
unsubstituted bicyclic group; a substituted or unsubstituted hetero bicyclic group; a substituted or
unsubstituted polycyclic group; and a substituted or unsubstituted hetero polycyclic group;
[00255] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.
[00256] In some embodiments, a suitable ALLDH agonist is a compound of generic Formula A, as

shown below:

R1)<R2 (9)a
A
AI’1 N \AI’Q
|
RS Formula A
[00257] where each of Ry, R, and R; is independently selected from H; a halo (e.g., bromo, fluoro,

chloro, i0do); a substituted or unsubstituted phenyl group; an aliphatic group, an alkyl group; a
substituted alkyl group; an alkenyl group; an alkynyl group; a substituted or unsubstituted cyclic
group; a substituted or unsubstituted heterocyclic group; a substituted or unsubstituted aryl group; and
a substituted or unsubstituted heteroaryl group;

[00258] where A is C or S and where a = 1 when A = C; and where a=2 when A = S; and

[00259] where Ar, and Ar; are independently selected from a substituted aryl group, an unsubstituted
aryl group, a substituted heteroaryl group, and an unsubstituted heteroaryl group;

[00260] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00261] For example, in some embodiments, Ar; of Formula A are independently:
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Rs R4
R7 Rs
Rs
[00262] where Ry-Rg are each independently selected from H; a halo (e.g., bromo, fluoro, chloro,

iodo); a substituted or unsubstituted phenyl group; an aliphatic group, an alkyl group; a substituted
alkyl group; an alkenyl group; an alkynyl group; a substituted or unsubstituted cyclic group; a
substituted or unsubstituted heterocyclic group; a substituted or unsubstituted aryl group; and a
substituted or unsubstituted heteroaryl group. In other embodiments, Ar; of Formula A are
independently a substituted or unsubstituted heterocyclic group, e.g., a substituted or unsubstituted
pyridine, a thiazole, an imidazole, a thiophene, a quinoline, an isoquinoline, or a furan group.
[00263] In exemplary embodiments of Formula A, Ar, of Formula A is independently a substituted
pyridine oxide. For example, in exemplary embodiments of Formula A, Ar, of Formula A is

independently a substituted pyridine oxide selected from the formulas,

R Ro Rg
}"Jl S .\s’j| X o \j’| o Po
N+~ = N4 o
-O/ I:{11 I:{12 O- R12 NT R11
Ri2 : R11 , and O- :
[00264] where Ry to Ry, is each independently selected from H; a halo (e.g., bromo, fluoro, chloro,

iodo); an aliphatic group; an alkyl group; a substituted alkyl group; an alkenyl group; an alkynyl
group; a substituted or unsubstituted cyclic group; an ether; a substituted or unsubstituted amine; an
ester; and an amide group.

[00265] In some embodiments, a suitable ALDH agonist is a compound of generic Formula B, as

shown below:

A
aXn N""Ar
(CHa), iy
Xy R3
I:{2 Formula B
[00266] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I); where

n is the integer O or 1; where y is the integer O or 1;

[00267] where ~ (dotted line) is an optional bond; where 7 is the integer 0, 1, or 2;
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[00268] where A is C or S, and where a=1 when A = C; and where a=2 when A =S;

[00269] where Ar is an unsubstituted or substituted aryl group, a substituted heteroaryl group, or an
unsubstituted heteroaryl group; and

[00270] where R; to Rg is each independently selected from H; a halo (e.g., bromo, fluoro, chloro,
iodo); a substituted or unsubstituted phenyl group; an aliphatic group, an alkyl group; a substituted
alkyl group; an alkenyl group; an alkynyl group; a substituted or unsubstituted cyclic group; a
substituted or unsubstituted heterocyclic group; a substituted or unsubstituted aryl group; and a
substituted or unsubstituted heteroaryl group;

[00271] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00272] In exemplary embodiments of Formula B, Ar is independently a substituted pyridine oxide.

For example, in exemplary embodiments of Formula B, Ar is independently a substituted pyridine

oxide selected from a formula shown below,

R Ro Rg
}:| X o }’;| X Fo \35| ST
N+~ N+ =
Yol Ryt Rz O- Riz” Ny~ "Ry
Ri2 , Ri1 , and O- ,
[00273] where Ry to R}, is each independently selected from a group including, but not limited to, H; a

halo (e.g., bromo, fluoro, chloro, iodo); an aliphatic group; an alkyl group; a substituted alkyl group;
an alkenyl group; an alkynyl group; a substituted or unsubstituted cyclic group; an ether; a substituted

or unsubstituted amine; an ester; and an amide group.

[00274] In some embodiments, a suitable ALDH agonist is a compound of generic formula Ia, as

shown below:

©)a
XﬁN’ A~ar
(C H2)z, H
/ Xy
Formula C
[00275] where X, and X, are each independently H, C, N, O, or a halogen (e.g., F, Br, Cl, or I);
[00276] where ~ (dotted line) is an optional bond;
[00277] where 7 is the integer 0, 1, or 2, with the provisos that: 1) z = 0 when X = halogen and " is

not a bond; and 2) when z = 0, X = O, " is not a bond, and one or more oxygen atoms (X) are present,

oxygen is attached to a methyl group;
[00278] where n is the integer O or 1;
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[00279] where y is the integer O or 1;
[00280] where A =C or S, and where a=1 when A = C; and where a=2 when A =S;
[00281] where Ar is independently a substituted pyridine oxide selected the formula from below,
R Ro Rg
}"Jl X Fo .\s’j| X o \35| - Ho
N+~ N+ =
-O/ I:{11 I:{12 O- R12 NT R11
Ri2 : R11 , and O- :
[00282] where Ro to Ry is each independently selected from a group including, but not limit to, H; a

halo (e.g., bromo, fluoro, chloro, iodo); an aliphatic group; an alkyl group; a substituted alkyl group;
an alkenyl group; an alkynyl group; a substituted or unsubstituted cyclic group; an ether; a substituted

or unsubstituted amine; an ester; and an amide group;

[00283] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.
[00284] In some embodiments, a suitable ALDH agonist is capsaicin. Capsaicin has the structure:
HOL

RN
i “1\5
. A M o N

Rl s,
R \’v‘f ™ \‘Q:\"ﬂf ~

~\"C:I(" ~ o \E_]» o o
o
[00285] In some embodiments, a suitable ALDH agonist has the structure of Formula D, as shown
below.
[00286] Formula D:
O Ry
@) N AN R2
N N
@) -0 R
R4
[00287] where R; to Ry is each independently selected from, but not limited to, H; a halo (e.g., bromo,

fluoro, chloro, iodo); an aliphatic group; an alkyl group; a substituted alkyl group; an alkenyl group;
an alkynyl group; a substituted or unsubstituted cyclic group; an ether; a substituted or unsubstituted

amine; an ester or an amide group;

[00288] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.
[00289] In some embodiments, a suitable ALDH agonist has the structure of Formula E, as shown
below.
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[00290] Formula E:
O Ry
O N AN Rz
< H | ~N*
O R4 ~0
Rs
[00291] where R| to R, is each independently selected from, but not limit to, H; a halo (e.g., bromo,

fluoro, chloro, iodo); an aliphatic group; an alkyl group; a substituted alkyl group; an alkenyl group;
an alkynyl group; a substituted or unsubstituted cyclic group; an ether; a substituted or unsubstituted

amine; an ester; and an amide group;

[00292] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.
[00293] In some embodiments, a suitable ALDH agonist has the structure of Formula ¢, as shown
below.
[00294] Formula F:
o R
@) N AN Rz
C Ho
O R NT R
o
[00295] where R; to Ry is each independently selected from such group, but not limit to, H; a halo

(e.g., bromo, fluoro, chloro, iodo); an aliphatic group; an alkyl group; a substituted alkyl group; an
alkenyl group; an alkynyl group; a substituted or unsubstituted cyclic group; an ether; a substituted or
unsubstituted amine; an ester; and an amide group;

[00296] or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

[00297] Whether a compound is an ALDH agonist can be readily ascertained. Assays for
dehydrogenase activity of ALDH are known in the art, and any known assay can be used. Examples
of dehydrogenase assays are found in various publications, including, e.g., Sheikh et al. ((1997) J.
Biol. Chem. 272:18817-18822); Vallari and Pietruszko (1984) J. Biol. Chem. 259:4922; and Farres et
al. ((1994) J. Biol. Chem. 269:13854-13860).

[00298] As an example of an assay for dehydrogenase activity, ALDH aldehyde dehydrogenase
activity is assayed at 25°C in 50 mM sodium pyrophosphate HCI buffer, pH 9.0, 100 mM sodium
phosphate buffer, pH 7.4, or 50 mM sodium phosphate buffer, pH 7.4, where the buffer includes
NAD" (e.g., 0.8 mM NAD", or higher, e.g., 1 mM, 2 mM, or 5 mM NAD") and an aldehyde substrate
such as 14 uM propionaldehyde. Reduction of NAD" is monitored at 340 nm using a
spectrophotometer, or by fluorescence increase using a fluoromicrophotometer. Enzymatic activity

can be assayed using a standard spectrophotometric method, e.g., by measuring a reductive reaction of
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the oxidized form of nicotinamide adenine dinucleotide (NAD™) to its reduced form, NADH, at 340
nm, as described in US 2005/0171043; and WO 2005/057213, and as depicted schematically in Figure
4. In an exemplary assay, the reaction is carried out at 25°C in 0.1 sodium pyrophosphate (NaPPi)
buffer, pH 9.0, 2.4 mM NAD" and 10 mM acetaldehyde as the substrate. Enzymatic activity is
measured by a reductive reaction of NAD* to NADH at 340 nm, as described in US 2005/0171043;
and WO 2005/057213. Alternatively, the production of NADH can be coupled with another
enzymatic reaction that consumes NADH and that provides for a detectable signal. An example of
such an enzymatic reaction is a diaphorase-based reaction, which reduces resazurin to its oxidized
fluorescent compound resorufin, as described in US 2005/0171043; and WO 2005/057213. Detection
of fluorescent resorufin at 590 nm provides amplified and more sensitive signals for any change in
ALDH aldehyde dehydrogenase enzymatic activity. NADP" can be used in place of NAD" in this
assay. In some embodiments, a substrate other than the substrate depicted in Figure 4 is used. Suitable
substrates include, but are not limited to, octylaldehyde, phenylacetaldehyde, retinaldehyde, and 4-
hydroxynonenal.

[00299] As another example, the effect of a compound on aldehyde dehydrogenase activity of an
ALDH polypeptide can be assayed as described in Wierzchowski et al. ((1996) Analytica Chimica
Acta 319:209), in which a fluorogenic synthetic substrate, e.g., 7-methoxy-1-naphthaldehyde is used.
For example, the reaction could include 7-methoxy-1-naphthaldehyde, NAD", an ALDH polypeptide,
and an ALLDH agonist to be tested; fluorescence (excitation, 330 nm; emission 390 nm) is measured as
a readout of enzymatic activity.

[00300] Whether a compound increases an esterase activity of an ALDH polypeptide can be
determined using any known assay for esterase activity. For example, esterase activity of ALDH can
be determined by monitoring the rate of p-nitrophenol formation at 400nm in 25 mM N,N-Bis (2-
hydroxyethyl)-2-amino ethanesulfonic acid (BES) (pH 7.5) with 800 uM p-nitrophenyl acetate as the
substrate at room temperature in the absence or presence of added NAD®. A pH-dependent molar
extinction coefficient of 16 mM™cm™ at 400 nm for nitrophenol can be used. See, e.g., Larson et al.
(2007) J. Biol. Chem. 282:12940). Esterase activity of an ALDH polypeptide can be determined by
measuring the rate of p-nitrophenol formation at 400 nm in 50 mM Pipes (pH 7.4) with 1 mM p-
nitrophenylacetate as the substrate. A molar extinction coefficient of 18.3 x 10° M'em™ at 400 nm for
p-nitrophenolate can be used for calculating its rate of formation. See, e.g., Ho et al. (2005)
Biochemistry 44:8022).

[00301] Whether a compound increases a reductase activity of ALDH can be determined using any
known assay for reductase activity. A reductase activity of ALDH can be determined by measuring
the rate of 1,2-glyceryl dinitrate and 1,3-glyceryl dinitrate formation using a thin layer
chromatography (TLC) or liquid scintillation spectrometry method, using a radioactively labeled
substrate. For example, 0.1 mM or 1 mM GTN (glyceryl trinitrate) is incubated with the assay mixture
(1 ml) containing 100 mM KPi (pH 7.5), 0.5 mM EDTA, 1 mM NADH, 1 mM NADPH in the
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presence the ALDH. After incubation at 37°C for about 10 minutes to about 30 minutes, the reaction
is stopped and GTN and its metabolites are extracted with 3 x 4 ml ether and pooled, and the solvent
is evaporated by a stream of nitrogen. The final volume is kept to less than 100 pl in ethanol for
subsequent TLC separation and scintillation counting. See, e.g., Zhang and Stamler (2002) Proc. Natl.
Acad. Sci. USA 99:8306.

[00302] As noted above, in some embodiments, a suitable ALDH agonist is pure, e.g., at least 80%, at
least about 90% pure, at least about 98% pure, or at least about 99% pure, by weight.
Natural extracts

[00303] The present disclosure also provides for use of ALDH agonists in natural extracts, e.g.,
extracts of plants and other organisms that naturally contain an ALDH agonist. Natural formulations
and extracts can comprise an ALLDH agonist in an amount by weight of from about 0.01% to about
30%, or from about 30% to about 80%, e.g., from about 0.01% to about 0.05%, from about 0.05% to
about 0.1%, from about 0.1% to about 0.5%, from about 0.5% to about 1%, from about 1% to about
2.5%, from about 2.5% to about 5%, from about 5% to about 7.5%, from about 7.5% to about 10%,
from about 10% to about 12.5%, from about 12.5% to about 15%, from about 15% to about 20%,
from about 20% to about 25%, or from about 25% to about 30%. In some embodiments, a suitable
natural formulation or natural extract comprises an ALLDH agonist in an amount by weight of from
about 30% to about 35%, from about 35% to about 40%, from about 40% to about 45%, from about
45% to about 50%, from about 50% to about 60%, from about 60% to about 70%, or from about 70%
to about 80%. As used herein, a “natural formulation” or a “natural extract” can include components
of a plant or other natural source of an ALDH agonist, but does not exclude inclusion of components
not normally found in a plant source of an ALDH agonist, e.g., the “natural formulation” or “natural
extract” can include added components not normally found in a plant source or other natural source of
an ALDH agonist.

[00304] A plant or plant part can be extracted either singly or sequentially with one or more of an
aqueous solution, an alcohol, a polar organic solvent, and a non-polar organic solvent. In some
embodiments, an ALDH agonist is water soluble (hydrophilic) and is present in an aqueous phase of a
natural extract. For example, in some embodiments, a plant or plant part is extracted with 100%
water. In other embodiments, an ALLDH agonist is hydrophobic and is present in an organic phase of a
natural extract. For example, a plant or a plant part can be extracted with an organic solvent such as
ethyl acetate or methylene chloride. In some embodiments, the plant or plant part is extracted with
alcohol, e.g., methanol or butanol. In some embodiments, the plant or plant part is extracted with
methanol:chloroform (1:1 vol:vol). In some embodiments, the plant or plant part is extracted with
methanol:water from 95:5 to 1:1. In some embodiments, the plant or plant part is extracted
sequentially with an alcohol, then with an alcohol:chloroform mixture. Polar organic solvents include,

e.g., tetrahydrofuran, acetonitrile, acetone, and isopropyl alcohol. In some embodiments, the plant or
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plant part is extracted with a polar organic solvent. Extraction methods are known in the art, and are
described in, e.g., U.S. Patent Nos. 7,282,150 and 7,172,772.

[00305] The natural extract can be obtained by extracting a plant or plant part at a temperature of from
about 15°C to about 20°C, from about 20°C to about 25°C, from about 25°C to about 30°C, from
about 30°C to about 35°C, from about 35°C to about 40°C, from about 40°C to about 45°C, from
about 45°C to about 50°C, from about 50°C to about 60°C, from about 60°C to about 70°C, from
about 70°C to about 80°C, from about 80°C to about 90°C, or from about 90°C to about 100°C.

[00306] A natural extract includes an extract of a whole plant or one or more parts of a plant, where
plant parts include leaves, stems, rhizomes, roots, tubers, bulbs, flowers, bark, seeds, fruit, and the
like. Thus, sources of an ALLDH agonist include, e.g., whole plant or one or more parts of a plant,
where plant parts include leaves, stems, rhizomes, tubers, bulbs, roots, flowers, bark, seeds, fruit, and
the like. Prior to extraction, the plant or plant part can be subjected to one or more processing steps;
e.g., prior to extraction, the plant or plant part can be dried, powdered, frozen, steamed, ground,
pulverized, or fermented. Pulverizing can be achieved by carrying out one or more of homogenizing,
milling, grinding, chopping, blending, cutting, and tearing.

[00307] Combinations of two or more extracts are also contemplated, e.g., extracts of two or more
different plant parts from the same plant; extracts from two or more plants of the same genus, where
the plants are of two or more different species; extracts from two or more plants of two or more
different genuses; a combination of an aqueous extract and an alcohol extract; a combination of an
aqueous extract and a polar organic solvent extract; a combination of an aqueous extract and a non-
polar organic solvent extract; etc.

[00308] A suitable natural extract can be formulated in any form convenient for use, e.g., a lozenge, a
capsule, a powder, a liquid solution, a gel, etc. Any of a variety of components can be added to a
natural extract, including, e.g., fillers, binders, sweeteners, flavors and other ingredients. Nearly any
excipients that are known for use in the preparation of oral dosage pharmaceutical products, or natural
supplement products, can be used. Examples of such excipients include without limitation, carbomer,
carboxymethylcellulose sodium, cellulose, dextrin, dextrose, ethylcellulose, fructose, gelatin, guar
gum, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxypropyl methylcellulose, glucose,
maltodextrin, mannitol, methylcellulose, microcrystalline cellulose, polymethacrylates, povidone,
sorbitol, starches, sucrose, sugar, sucralose, stevia, and flavor agents.

Pharmaceutical Compositions, Dosages, Routes of Administration

[00309] In some instances, as discussed above, an ALDH agonist (e.g., an ALDH1 agonist and/or an
ALDH3 agonist and/or an ALLDH6 agonist) can be used to increase the number of adult salivary stem
cells in vivo, e.g., an effective amount of an ALLDH agonist is administered to an individual in need
thereof. The terms “ALDH agonist” and “ALDH activator” are also referred to herein as *“active
agent.” For administration to an individual, a suitable ALDH agonist is formulated with one or more

pharmaceutically acceptable excipients. A wide variety of pharmaceutically acceptable excipients are
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known in the art and need not be discussed in detail herein. Pharmaceutically acceptable excipients
have been amply described in a variety of publications, including, for example, A. Gennaro (2000)
“Remington: The Science and Practice of Pharmacy,” 20th edition, Lippincott, Williams, & Wilkins;
Pharmaceutical Dosage Forms and Drug Delivery Systems (1999) H.C. Ansel et al., eds., 7" ed.,
Lippincott, Williams, & Wilkins; and Handbook of Pharmaceutical Excipients (2000) A.H. Kibbe et
al., eds., 3" ed. Amer. Pharmaceutical Assoc.

[00310] The pharmaceutically acceptable excipients, such as vehicles, adjuvants, carriers or diluents,
are readily available to the public. Moreover, pharmaceutically acceptable auxiliary substances, such
as pH adjusting and buffering agents, tonicity adjusting agents, stabilizers, wetting agents and the like,
are readily available to the public.

[00311] The term “unit dosage form,” as used herein, refers to physically discrete units suitable as
unitary dosages for human and animal subjects, each unit containing a predetermined quantity of an
active agent (e.g., an ALDH agonist) calculated in an amount sufficient to produce the desired effect
in association with a pharmaceutically acceptable diluent, carrier or vehicle. The specifications for an
active agent depend on the particular compound employed and the effect to be achieved, and the
pharmacodynamics associated with each compound in the host.

[00312] In the subject methods, a suitable ALDH agonist may be administered to the host using any
convenient means capable of resulting in the desired outcome, e.g., reduction of disease, reduction of
a symptom of a disease, etc. Thus, a suitable ALDH agonist can be incorporated into a variety of
formulations for therapeutic administration. More particularly, a suitable ALDH agonist can be
formulated into pharmaceutical compositions by combination with appropriate, pharmaceutically
acceptable carriers or diluents, and may be formulated into preparations in solid, semi-solid, liquid or
gaseous forms, such as tablets, capsules, powders, granules, ointments, solutions, suppositories,
injections, inhalants and aerosols.

[00313] Suitable excipient vehicles are, for example, water, saline, dextrose, glycerol, ethanol, or the
like, and combinations thereof. In addition, if desired, the vehicle may contain minor amounts of
auxiliary substances such as wetting or emulsifying agents or pH buffering agents. Actual methods of
preparing such dosage forms are known, or will be apparent, to those skilled in the art. See, e.g.,
Remington’s Pharmaceutical Sciences, Mack Publishing Company, Easton, Pennsylvania, 17th
edition, 1985. The composition or formulation to be administered will, in any event, contain a
quantity of the agent adequate to achieve the desired state in the subject being treated.

[00314] In pharmaceutical dosage forms, a suitable ALDH agonist (“active agent”) may be
administered in the form of its pharmaceutically acceptable salts, or an active agent may be used alone
or in appropriate association, as well as in combination, with other pharmaceutically active
compounds. The following methods and excipients are merely exemplary and are in no way limiting.

[00315] For oral preparations, an active agent can be used alone or in combination with appropriate

additives to make tablets, powders, granules or capsules, for example, with conventional additives,
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such as lactose, mannitol, corn starch or potato starch; with binders, such as crystalline cellulose,
cellulose derivatives, acacia, corn starch or gelatins; with disintegrators, such as corn starch, potato
starch or sodium carboxymethylcellulose; with lubricants, such as talc or magnesium stearate; and if
desired, with diluents, buffering agents, moistening agents, preservatives and flavoring agents.

[00316] An active agent can be formulated into preparations for injection by dissolving, suspending or
emulsifying them in an aqueous or nonaqueous solvent, such as vegetable or other similar oils,
synthetic aliphatic acid glycerides, esters of higher aliphatic acids or propylene glycol; and if desired,
with conventional additives such as solubilizers, isotonic agents, suspending agents, emulsifying
agents, stabilizers and preservatives.

[00317] An active agent can be utilized in aerosol formulation to be administered via inhalation. An
active agent can be formulated into pressurized acceptable propellants such as
dichlorodifluoromethane, propane, nitrogen and the like.

[00318] Furthermore, an active agent can be made into suppositories by mixing with a variety of bases
such as emulsifying bases or water-soluble bases. An active agent can be administered rectally via a
suppository. The suppository can include vehicles such as cocoa butter, carbowaxes and polyethylene
glycol monomethyl ethers, which melt at body temperature, yet are solidified at room temperature.

[00319] Unit dosage forms for oral or rectal administration such as syrups, elixirs, and suspensions
may be provided wherein each dosage unit, for example, teaspoonful, tablespoonful, tablet or
suppository, contains a predetermined amount of the active agent. Similarly, unit dosage forms for
injection or intravenous administration may comprise an active agent in a composition as a solution in
sterile water, normal saline or another pharmaceutically acceptable carrier.

[00320] An active agent can be formulated for administration by injection. Typically, injectable
compositions are prepared as liquid solutions or suspensions; solid forms suitable for solution in, or
suspension in, liquid vehicles prior to injection may also be prepared. The preparation may also be
emulsified or the active ingredient encapsulated in liposome vehicles.

Dosages and dosing

[00321] Depending on the subject and condition being treated and on the administration route, an
active agent may be administered in dosages of, for example, 0.1 pg to 500 mg/kg body weight per
day, e.g., from about 0.1 pg/kg body weight per day to about 1 pg/kg body weight per day, from about
1 ng/kg body weight per day to about 25 ug/kg body weight per day, from about 25 nug/kg body
weight per day to about 50 pg/kg body weight per day, from about 50 pg/kg body weight per day to
about 100 pg/kg body weight per day, from about 100 ng/kg body weight per day to about 500 pug/kg
body weight per day, from about 500 pg/kg body weight per day to about 1 mg/kg body weight per
day, from about 1 mg/kg body weight per day to about 25 mg/kg body weight per day, from about 25
mg/kg body weight per day to about 50 mg/kg body weight per day, from about 50 mg/kg body
weight per day to about 100 mg/kg body weight per day, from about 100 mg/kg body weight per day

to about 250 mg/kg body weight per day, or from about 250 mg/kg body weight per day to about 500
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mg/kg body weight per day. The range is broad, since in general the efficacy of a therapeutic effect
for different mammals varies widely with doses typically being 20, 30 or even 40 times smaller (per
unit body weight) in man than in the rat. Similarly the mode of administration can have a large effect
on dosage. Thus, for example, oral dosages may be about ten times the injection dose. Higher doses
may be used for localized routes of delivery.

[00322] For example, an ALDH1 activator, and/or an ALLDH3 activator, and/or ALDHG6 activator can
be administered in an amount of from about 1 mg to about 1000 mg per dose, e.g., from about 1 mg to
about 5 mg, from about 5 mg to about 10 mg, from about 10 mg to about 20 mg, from about 20 mg to
about 25 mg, from about 25 mg to about 50 mg, from about 50 mg to about 75 mg, from about 75 mg
to about 100 mg, from about 100 mg to about 125 mg, from about 125 mg to about 150 mg, from
about 150 mg to about 175 mg, from about 175 mg to about 200 mg, from about 200 mg to about 225
mg, from about 225 mg to about 250 mg, from about 250 mg to about 300 mg, from about 300 mg to
about 350 mg, from about 350 mg to about 400 mg, from about 400 mg to about 450 mg, from about
450 mg to about 500 mg, from about 500 mg to about 750 mg, or from about 750 mg to about 1000
mg per dose.

[00323] An exemplary dosage may be a solution suitable for intravenous administration; a tablet taken
from two to six times daily, or one time-release capsule or tablet taken once a day and containing a
proportionally higher content of active ingredient, etc. The time-release effect may be obtained by
capsule materials that dissolve at different pH values, by capsules that release slowly by osmotic
pressure, or by any other known means of controlled release.

[00324] Those of skill in the art will readily appreciate that dose levels can vary as a function of the
specific compound, the severity of the symptoms and the susceptibility of the subject to side effects.
Preferred dosages for a given compound are readily determinable by those of skill in the art by a
variety of means.

[00325] Although the dosage used will vary depending on the clinical goals to be achieved, a suitable
dosage range is in some embodiments one which provides up to about 1 pg to about 1,000 ug or about
10,000 pg of an active agent in a blood sample taken from the individual being treated, about 24 hours
after administration of the compound to the individual.

[00326] Unit dosage forms for oral or rectal administration such as syrups, elixirs, and suspensions
may be provided wherein each dosage unit, for example, teaspoonful, tablespoonful, tablet or
suppository, contains a predetermined amount of the composition containing one or more compounds
of the invention. Similarly, unit dosage forms for injection or intravenous administration may
comprise the compound(s) in a composition as a solution in sterile water, normal saline or another
pharmaceutically acceptable carrier.

[00327] In some embodiments, multiple doses of an active agent are administered. The frequency of
administration of a compound (“active agent”) can vary depending on any of a variety of factors, e.g.,

severity of the symptoms, etc. For example, in some embodiments, an active agent is administered
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once per month, twice per month, three times per month, every other week (qow), once per week
(qw), twice per week (biw), three times per week (tiw), four times per week, five times per week, six
times per week, every other day (qod), daily (qd), twice a day (bid), or three times a day (tid). As
discussed above, in some embodiments, an active agent is administered continuously.

[00328] The duration of administration of an active agent, e.g., the period of time over which an active
agent is administered, can vary, depending on any of a variety of factors, e.g., patient response, etc.
For example, an active agent can be administered over a period of time ranging from about one day to
about one week, from about two weeks to about four weeks, from about one month to about two
months, or from about two months to about four months, or more.

Routes of administration

[00329] A suitable ALDH agonist is administered to an individual using any available method and
route suitable for drug delivery, including in vivo and ex vivo methods, as well as systemic and
localized routes of administration. Administration can be acute (e.g., of short duration, e.g., a single
administration, administration for one day to one week), or chronic (e.g., of long duration, e.g.,
administration for longer than one week, e.g., administration over a period of time of from about 2
weeks to about one month, from about one month to about 3 months, from about 3 months to about 6
months, or more).

[00330] Conventional and pharmaceutically acceptable routes of administration include intranasal,
intramuscular, intratracheal, subcutaneous, intradermal, transdermal, sublingual, topical application,
intravenous, ocular (e.g., topically to the eye, intravitreal, etc.), rectal, nasal, oral, and other enteral
and parenteral routes of administration. Routes of administration may be combined, if desired, or
adjusted depending upon the agent and/or the desired effect. The compound can be administered in a
single dose or in multiple doses.

[00331] An active agent can be administered to a host using any available conventional methods and
routes suitable for delivery of conventional drugs, including systemic or localized routes. In general,
routes of administration contemplated by the invention include, but are not necessarily limited to,
enteral, parenteral, and inhalational routes.

[00332] Parenteral routes of administration other than inhalation administration include, but are not
necessarily limited to, topical, transdermal, subcutaneous, intramuscular, intraorbital, intracapsular,
intraspinal, intrasternal, ocular, and intravenous routes, i.e., any route of administration other than
through the alimentary canal. Parenteral administration can be carried to effect systemic or local
delivery of the agent. Where systemic delivery is desired, administration typically involves invasive
or systemically absorbed topical or mucosal administration of pharmaceutical preparations.

[00333] The agent can also be delivered to the subject by enteral administration. Enteral routes of
administration include, but are not necessarily limited to, oral and rectal (e.g., using a suppository)

delivery.
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[00334] Methods of administration of a suitable ALLDH agonist through the skin or mucosa include,
but are not necessarily limited to, topical application of a suitable pharmaceutical preparation,
transdermal transmission, injection and epidermal administration. For transdermal transmission,
absorption promoters or iontophoresis are suitable methods. Iontophoretic transmission may be
accomplished using commercially available “patches” which deliver their product continuously via
electric pulses through unbroken skin for periods of several days or more.

TREATMENT METHODS

[00335] The present disclosure provides various treatment methods, generally involving administering
to an individual in need thereof an effective amount of an ALDH agonist and/or an expanded
population of adult salivary stem cells (e.g., salivary stem cells expanded in vitro or ex vivo by
contacting the salivary stem cells with an ALDH agonist).

Local and/or Systemic ALLDH Agonist Administration

[00336] As noted above, individuals with head and neck cancer commonly undergo radiotherapy (RT)
which often results in permanent damage to the salivary glands, causing loss of function and
subsequent RT-related xerostomia or dry mouth. Treatment methods of the present disclosure may
include in vivo activation of one or more ALDH enzymes (e.g., ALDH1, ALDH3 and/or ALDHG6,
etc.) in tissues of the head and neck region (one or more salivary glands, for example) of an individual
with with head and neck cancer who will undergo, or has undergone, radiotherapy to treat the head
and neck cancer. The methods may include administering an ALDH agonist systemically (e.g., by
oral, intravenous, or other systemic administration) or locally (e.g., by local injection and/or topical
application at a target site of a composition that includes a modulator of ALDH activity). According
to one embodiment of the present disclosure, the ALDH agonist may be administered (e.g.,
systemically and/or locally) before the individual with head and neck cancer undergoes radiation
therapy. In another embodiment, the ALDH agonist may be administered (e.g., systemically and/or
locally) after the individual with head and neck cancer undergoes radiation therapy. In yet another
embodiment, the ALDH agonist is administered before and after the individual undergoes radiation
therapy.

[00337] As noted above, in some embodiments, an ALLDH agonist (e.g., an activator of ALDHI1,
ALDH3, ALDHG6, or a combination thereof) is administered as a “pretreatment” to an individual
before the individual undergoes radiation treatment, e.g., from about 1 hour to about 1 week before
the radiation treatment, e.g., from about 1 hour to about 2 hours, from about 2 hours to about 4 hours,
from about 4 hours to about 8 hours, from about 8 hours to about 12 hours, from about 12 hours to
about 16 hours, from about 16 hours to about 24 hours, from about 24 hours to about 36 hours, from
about 36 hours to about 48 hours, from about 48 hours to about 72 hours, or from about 72 hours to
about 1 week preceding the radiation treatment.

[00338] Pretreatment with an ALDH agonist (e.g., an ALDH1, ALDH3 or ALDHG6 agonist; or a

combination of two or more of such agonists) is useful, for example, to expand the number of adult
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salivary stem cells in vivo, such that the probability of a sufficient number of stem cells surviving the
radiation treatment is increased. The above situation is only one example of a circumstance when a
subject would benefit from pretreatment with a suitable ALDH agonist.

[00339] In some embodiments, a suitable ALDH agonist is administered after radiation therapy. For
example, a suitable ALDH agonist administered after radiation treatment is effective for mitigating
the adverse effects of the radiation treatment on the salivary gland and corresponding salivary
function. In some embodiments, a suitable ALLDH agonist is administered within 1 minute to within
15 hours, e.g., from about 1 minute to about 5 minutes, from about 5 minutes to about 10 minutes,
from about 10 minutes to about 15 minutes, from about 15 minutes to about 30 minutes, from about
30 minutes to about 60 minutes, from about 60 minutes to about 2 hours, from about 2 hours to about
4 hours, from about 4 hours to about 8 hours, from about 8 hours to about 12 hours, or from about 12
hours to about 15 hours, following the ischemic event. In some embodiments, an increased
concentration of an ALLDH1, ALDH3 and/or ALLDH6 agonist is maintained in the plasma for at least
several hours to several days following the radiation treatment.

[00340] For example, in some embodiments, a suitable ALDH agonist is administered to an individual
with head and neck cancer within 1 minute to within 15 hours, e.g., from about 1 minute to about 5
minutes, from about 5 minutes to about 10 minutes, from about 10 minutes to about 15 minutes, from
about 15 minutes to about 30 minutes, from about 30 minutes to about 60 minutes, from about 60
minutes to about 2 hours, from about 2 hours to about 4 hours, from about 4 hours to about 8 hours,
from about 8 hours to about 12 hours, or from about 12 hours to about 15 hours, following radiation
treatment.

[00341] As described above in the section entitled “Methods of Increasing Proliferation of Adult
Salivary Stem Cells”, the present disclosure provides methods that optionally include introducing an
expanded population of adult salivary stem cells (e.g., where the expansion is effected by contacting
the cells with an ALLDH agonist, e.g., an activator of ALDH1 and/or ALDH3 and/or ALDH6) into a
recipient individual. Introduction of the expanded salivary stem cells is useful in a variety of
applications. For example, the introduced (e.g., "transplanted") salivary stem cells may engraft to an
irradiated salivary gland and differentiate into functional saliva-producing cells, thereby restoring or
enhancing the function of the irradiated salivary gland.

[00342] In certain aspects, the present disclosure provides treatment regimens that combine the post-
radiation therapy introduction of an expanded population of adult salivary stem cells (e.g., as
described above) with the pre- and/or post-radiotherapy administration (e.g., systemic and/or local
administration) of an ALLDH agonist to an individual (e.g., as also described above). As such, the
present disclosure provides a treatment regimen wherein an individual with head and neck cancer
receives an administration of an ALDH agonist (e.g., an activator of ALDH]1 and/or ALDH3 and/or
ALDHG6) before radiotherapy, the treatment regimen further including introducing into the individual
an expanded population of adult salivary stem cells as described above. The present disclosure
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further provides a treatment regimen wherein an individual with head and neck cancer receives an
administration of an ALLDIH agonist (e.g., an activator of ALLDH1 and/or ALDH3 and/or ALLDH6) and
an administration of an expanded population of adult salivary stem cells, with both administrations
occurring after the radiotherapy. As will be appreciated, the present disclosure also provides a
treatment regimen in which an ALLDH agonist is administered systemically and/or locally to an
individual before and after radiotherapy, the treatment regimen further including the introduction of

an expanded population of adult salivary stem cells after the radiotherapy.

EXAMPLES

[00343] The following examples are put forth so as to provide those of ordinary skill in the art with a
complete disclosure and description of how to make and use the present invention, and are not
intended to limit the scope of what the inventors regard as their invention nor are they intended to
represent that the experiments below are all or the only experiments performed. Efforts have been
made to ensure accuracy with respect to numbers used (e.g2. amounts, temperature, etc.) but some
experimental errors and deviations should be accounted for. Unless indicated otherwise, parts are
parts by weight, molecular weight is weight average molecular weight, temperature is in degrees
Celsius, and pressure is at or near atmospheric. Standard abbreviations may be used, e.g., bp, base
pair(s); kb, kilobase(s); pl, picoliter(s); s or sec, second(s); min, minute(s); h or hr, hour(s); aa, amino
acid(s); kb, kilobase(s); bp, base pair(s); nt, nucleotide(s); i.m., intramuscular(ly); i.p.,

intraperitoneal(ly); s.c., subcutaneous(ly); and the like.

Example 1: Adult salivary stem cell enrichment by activation of aldehyde dehydrogenase 3 in vivo
[00344] In this study, human and murine submandibular gland (SMG) stem cells (SCs) were isolated

and characterized, specifically with respect to the expression of different ALDH members in these
cells compared to their non-stem cell (NSC) counterparts. It was found that adult human SMG SCs
express different SC cell surface markers, including c-Kit, CD90, Nestin and CD44. Adult human
SMG SCs also have higher levels of ALDH1 and ALDH3 isozymes than NSC. Functionally, adult
human SMG SCs retain the ability to proliferate by forming BrdU* salispheres and to differentiate into
different SMG lineages in culture. However, this cell population is rare; hence, there is a need to
improve their yield. Treatment of adult mice with Alda89, an ALLDH3 activator, resulted in more than
doubling of ¢-Kit"/CD90* SMG SC and BrdU" salisphere number. These data show that ALDH3 plays
arole in SMG SC survival and that manipulating this pathway can be used for enrichment of these

cells for use in therapy.
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MATERIALS AND METHODS
Human salivary tissue collection

[00345] Salivary gland tissues were obtained from patients who underwent a neck dissection as part of
their surgical treatment for HNC. All patients signed an informed consent approved by the Stanford
Institutional Review Board (IRB).

Animal studies

[00346] All animal procedures were approved by the Institutional Animal Care and Use Committee at
Stanford University. Female C57BL/6 mice (n=10, 4 - 5 weeks old, Jackson Laboratory, Sacramento,
CA) were used for ALDH3 activator study.

Salivary gland tissue dissociation

[00347] The isolation of human and mouse SMG tissues were performed as previously described by
Szlavik V. et al. (Tissue Eng. Part A (2008) 14:1915-26). Salivary gland tissues were minced and
dissociated in DMEM/F12 media (Gibco Invitrogen, Carlsbdad, CA) containing 0.1% trypsin-EDTA
and 0.2 U/ml of liberase blendzyme 3 (Roche, Indianapolis, IN) for 4 hr at 37 °C, centrifuges at 300 x
g and filtered through a Millipore filter (100 pm pore size, Millipore, Billerica MA). Primary cells
were resuspended in DMEM/F12 medium supplemented with N2, B27, EGF (20 ng/ml), FGF2 (10
ng/ml) and IGF-1 (50 ng/ml), penicillin (100U/ml) /streptomycin and (100 mg/ml), amphotericin-B
(2.5 mg/ml) (Gibco Invitrogen, Carlsbdad, CA). The CD34 (human) and c-Kit (mouse) cells were
isolated using the EASYSEP human CD34 and mouse c-Kit positive selection kit (STEMCELL
Technologies Inc., Vancouver, BC).

Salispheres formation and BrdU analysis

[00348] After 3 days of culture, cells were stained with Brdu staining kit according to the
manufacturer’s instructions (Invitrogen, Carlsbdad, CA). The total number of salispheres and BrdU
positive salispheres per 96 well were counted under light microscopy. For each group 20 wells were
counted and experiments were repeated 3 times.

[00349] The salispheres were also cultured in rat tail collagen 3D matrix (Roche, Indianapolis, IN).
After 7 days of culture, the formation of ductal structures was examined. Images were captured with
light microscopy under 400x magnification.

Immunohistochemistry

[00350] Frozen tissue sections were warmed to room temperature and fixed on ice in acetone for 20
min. After fixation, slides were washed in phosphate buffered saline (PBS) solution. After overnight
incubation at 4 °C with mouse anti-CD34 and mouse anti-c-Kit (1:100 dilution; BD Biosciences, San
Jose, CA), the slides were rinsed with phosphate-buffered saline (PBS) and then incubated with either
an Alexa Fluor 594 anti-mouse secondary antibody or Alexa Fluor 488 anti-mouse secondary (1:200
dilution; Invitrogen, Carlsbad, CA) at room temperature for 1 hour. The sections were then mounted

with medium containing 4’, 6-diamidino-2-phenylindole (DAPI, Vector Laboratories, Burlingame,
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CA). Immunofluorescence images were acquired at 400x magnification using a Leica TCS SP2
confocal microscope (Leica Microsystems Inc., Bannockburn, IL).
FACS analysis for stem cell markers

[00351] CD34 positive selected huSMG cells were incubated with anti-human CD34, CD90, c-Kit,
CD44 and Nestin for 30 minutes on ice. The ALDEFLLUOR kit was use to detect ALDH activity in
the cells as an additional stem cell indicator (STEMCELL Technologies Inc., Vancouver, BC). The
total cell viability was detected with a LIVE/DEAD fixable dead cell staining kit (Invitrogen,
Carlsbad, CA) following manufacturer’s suggested protocol. In addition, ArC amine reactive
compensation beads (Invitrogen, Carlsbad, CA) were used as a positive staining control. The cells
were analyzed using the LSR II analyzer (BD Biosciences) and FlowJo software (Tree Star, Asland
OR).

RNA purification and Reverse Transcription

[00352] Total RNA was extracted from CD34 (human) and c¢-Kit (mouse) positive and negative cells
respectively using Trizol Reagent according to manufacturer’s instruction (Invitrogen, Carlsbad, CA).
Reverse transcription was performed on 500ng of total RNA using random hexamer primer following
manufacturer instruction (Applied Biosystems, Foster City, CA).

Quantitative Polymerase Chain Reaction (PCR)

[00353] Quantitative polymerase chain reaction (PCR) was performed on the cDNA samples using an
Applied Biosystem 7900HT detection system (Applied Biosystems, Foster City, CA). The following
primers were used: H18s sense primer CGGCTACCACATCCAAGGAA (SEQ ID NO:6), h18s anti-
sense primer GCTGGAATTACCGCGGCT (SEQ ID NO:7), ALDH1A1 sense primer
GCACGCCAGACTTACCTGTC (SEQ ID NO:8), ALDHIA1 anti-sense primer
CCACTCACTGAATCATGCCA (SEQ ID NO:9), ALDH2A sense primer
GAAACCATCCCCATTGACT (SEQ ID NO:10), ALDH2A anti-sense primer
GTCTGCTCAGCTACCTTCATC (SEQ ID NO:11), ALDH1A3 sense primer
ATCAACTGCTACAACGCCCT (SEQ ID NO:12), ALDH1A3 anti-sense primer
TATTCGGCCAAAGCGTATTC (SEQ ID NO:13), ALDH3A2 sense primer
CGCTCAACTCTTTCCCATTTG (SEQ ID NO:14), ALDH3A2 anti-sense primer
TTCCCCAATCCACCTTTGAC (SEQ ID NO:15). Quantification of the samples was calculated from
the threshold cycle by delta delta Ct method. The experiments were repeated four times on different
patients’ samples.

[00354] Primers for mouse ALDH1A3, ALDH2A, ALDIH3A1, ALDH3A2 and ALDHG6A are
described in Levi, B.P. et al. (Blood (2009) 113:1670-80).

[00355] All PCR reactions were carried out in triplicate. DNA amplifications were carried out in a
384-well plate. The reactions were started for 2 min at 50 °C, and then run at one cycle at 94 °C for 10
min and 45 of two-step repeats of 94 °C for 15 sec and 60 °C for 1 min. Fluorescence data were

collected in real-time and analyzed with Sequence Detection System Software.
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Treatment with ALDH3 activator (Alda89)

[00356] An ALLDH3 activator (Alda89, 100 ug/ml, n = 5) and Vehicle control (50 pM; 50% DMSO
and 50% PEG400, n = 5) was injected into ALZET osmotic pumps (DURECT Corporation,
Cupertino, CA). The osmotic pumps were implanted subcutaneously into C57BL./6 mice. The mice
were euthanized after 7 days and salivary gland tissues were collected for analysis of salsiphere
formation and BrdU incorporation as described above. In addition, FACs analysis for anti-mouse c-
Kit and anti-mouse CD90 (BD Biosciences, San Jose, CA) cell population was also performed in
pooled SMG samples.

Statistics

[00357] Data are expressed as mean = SEM. Statistical analysis of variance (ANOVA) and T-tests
was use to compare the different number of salispheres, BrdU incorporation, and various ALDH
isoform expressions in CD34/c-Kit positive cells from human and mouse salivary tissues. A p value <
0.05 is considered to be significant.

RESULTS
Isolation of human salivary stem cells

[00358] Patient samples were dissociated and selected for CD34" cells. These cells were used for co-
localization studies to characterize the presence of other SC surface markers by flow cytometry. As
shown in FIG. 1A, > 99% of viable CD34" cells also harbored c-Kit and CD90 on the cell surface and
70% were also positive for CD44 and Nestin. Functionally, these CD34" cells were able to form
highly proliferative BrdU" salispheres in culture (FIG. 1B). The proliferative salispheres also retained
positive staining for CD34 and c-Kit (FIG. 1C). When these spheres were placed in a 3D collagen
matrix culture, they were able to form acinar- and ductal-like structures at day 7 (FIG. 1D). The
overall SC yield by CD34 selection was estimated to be 0.3%. These results show that we have been
able to isolate viable adult salivary SC from patients’ SMG and these cells are quite rare in adult
unirradiated glands.

ALDHS3 activation increased cKit*/CD90" salivary stem cell population

[00359] Quantitative PCR analysis of mouse SMG c-Kit" cells showed significantly higher levels of
ALDH3A?2 (1.70 = 0.44) and ALDHO6A (1.76 £ 0.22) expression when compared to c-Kit cells (FIG.
2A). The ALDHI1A3 (1.04 £0.02) and ALDH3A1 (1.10 = 0.05) expression levels in c-Kit" cells did
not differ from the c-Kit'cells. Additionally, ALDH2A (0.49 + 0.03) expression was significantly
decreased in c-Kit" cells when compared to the negative control cells. Similarly, human SMG CD34"
cells have higher expressions of ALDH3A2 (7.94 + 3.91) when normalized to the respective
expressions in CD34 cells (FIG. 2B). Human SMG CD34" cells also had higher levels of ALDH1A1
(1.90 £ 0.33) and ALDH1A3 (4.55 + 1.31) compared to NSC counterparts (FIG. 2B). The increased
expression of ALDH2A (2.00 £ 1.09) in the CD34" cells was not significant. Furthermore, analysis
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using the Aldefluor assay showed that 84% of the human SMG SC have high ALDH activity (FIG.
2C). Amplification of ALDH6 was incomplete in human cells.

[00360] Since the expression of the ALDH3A?2 isoform was elevated in both human and murine SMG
SC, the effect of activating this enzyme on salivary SC yield in mice was explored. An ALDH3 small
molecular activator (Alda-89), which specifically activates ALDH3 enzymatically, was tested. Alda-
89 is an ALDH3 isozyme-selective activator. Alda-89 significantly increases the catalytic activity of
human ALDH3 recombinant enzyme by 304.4 + 7.1% of control (n=3, p<0.01), but has no effect on
ALDH1, ALDH2 or ALDHS isozyme (FIG. 3A). In vivo, infusion of Alda89 into mice by an osmotic
infusion pump at 34 mg/kg/day successfully enhanced ALLDH3 enzyme activity by 29% in esophagus
cell homogenate as compared to vehicle control (n=5, p<0.05) (FI1G. 3B).

[00361] Mouse SMGs were collected after 7 days of Alda89 treatment and assayed for the number of
c-kit*/CD90" cells. As shown in FIG. 3C, Alda89 treatment more than doubled the number of c-
kit"/CD90" cells when compared to the vehicle control (17.8 £ 0.95% vs. 7.37 £ 0.45%, p<0.05). In
addition, unselected SMG cells were collected and cultured to examine the effects of Aldag9 on
BrdU" salisphere formation. Parallel to the increase in c-kit”/CD90" cells, the total number of
salispheres were significantly greater in the Alda89 treated group compared to vehicle control (121 +
0.83 spheres/5000 cells vs. 86 £ 0.58 p < 0.05, FIG. 3D, left). Additionally, the number of BrdU*
spheres were also significantly higher in the Alda89 treated group (91 % 0.83 spheres/5000 cells vs. 66
+1.42, p < 0.05, FIG. 9D, right). These data indicated that pharmacologic activation of ALDH3 was
sufficient to enhance adult SMG SC yield.

[00362] In addition, it was investigated whether human salivary cells can be implanted into the
submandibular gland of an irradiated nude mouse. As shown in FIG. 4, HLA-ABC staining of human
cells implanted into the SMG of a recipient irradiated nude mouse indicates successful implantation of

the human cells.

[00363] While the present invention has been described with reference to the specific embodiments
thereof, it should be understood by those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the true spirit and scope of the invention. In
addition, many modifications may be made to adapt a particular situation, material, composition of
matter, process, process step or steps, to the objective, spirit and scope of the present invention. All

such modifications are intended to be within the scope of the claims appended hereto.

51



WO 2012/149106 PCT/US2012/035119

CLAIMS

‘What is claimed is:

1. A method of increasing proliferation of adult salivary stem cells, the method
comprising contacting adult salivary stem cells in vitro, in vivo, or ex vivo with an effective amount
of an aldehyde dehydrogenase (ALDH) agonist selected from an ALDH-1 agonist, an ALDH-3
agonist, and an ALLDH 6 agonist, wherein said contacting increases the number of adult salivary stem

cells by at least 25%.

2. The method of claim 1, wherein said contacting is in vivo, and wherein said method

comprises administering an effective amount of said ALLDH agonist to an individual in need thereof.

3. The method of claim 2, wherein said individual has a head and neck cancer and has

undergone or is about to undergo radiation treatment for the head and neck cancer.

4. The method of claim 1, wherein said contacting is ex vivo, and wherein said

contacting generates an expanded population of adult salivary stem cells.

5. The method of claim 4, further comprising introducing the expanded population of
adult salivary stem cells into a recipient individual, wherein the recipient individual has a head and
neck cancer, and wherein said introducing occurs after the recipient individual has undergone

radiation treatment for the cancer.

6. The method of claim 5, wherein the expanded adult salivary stem cells are expanded
using adult salivary stem cell obtained from the recipient individual before the individual undergoes

radiation treatment.

7. The method of claim 5, wherein the expanded population of adult salivary stem cells

is expanded from adult salivary stem cells obtained from an individual other than the recipient

individual.
8. The method of claim 5, wherein the recipient individual is a human.
9. The method of claim 1, wherein the ALDH agonist is an ALDH3 agonist.
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10. The method of claim 9, wherein the ALLDH3 agonist is a synthetic ALDH3 agonist
or a natural ALDH3 agonist.

11. The method of claim 9, wherein the ALDH3 agonist is a compound of Formula II:
Rt R, R
Y/
Xa Xb\x /RS
(Ho0), 7\
' Rs Ry
X; Ry
Ro

wherein X, and X, are each independently H, C, N, O, or a halogen; wherein n is the integer
0 or 1; where y is the integer O or 1;

wherein ' (dotted line) is an optional bond; where z is the integer 0, 1, or 2;

wherein R; to R; is each independently selected from H; a halo (e.g., bromo, fluoro, chloro,
iodo); a substituted or unsubstituted phenyl group; an aliphatic group, an alkyl group; a substituted
alkyl group; an alkenyl group; an alkynyl group; a substituted or unsubstituted cyclic group; a
substituted or unsubstituted heterocyclic group; a substituted or unsubstituted aryl group; and a
substituted or unsubstituted heteroaryl group;

wherein Xy, is C, N, O, or S; where b is the integer O or 1;

wherein X, is C, N, O, or S; where c is the integer O or 1; and

wherein Ry is selected from a substituted or unsubstituted phenyl group; an aliphatic group,
an alkyl group; a substituted alkyl group; an alkenyl group; an alkynyl group; a substituted or
unsubstituted cyclic group; a substituted or unsubstituted heterocyclic group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted heteroaryl group; a substituted or
unsubstituted bicyclic group; a substituted or unsubstituted hetero bicyclic group; a substituted or
unsubstituted polycyclic group; and a substituted or unsubstituted hetero polycyclic group;

or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

12. The method of claim 11, wherein the ALLDH3 agonist is a compound having a

<ojij/\/
o (Alda-89),

or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

structure:

13. The method of claim 1, further comprising contacting said adult salivary stem cells

in vitro with a reagent that specifically recognizes a marker associated with adult salivary stem cells,
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wherein contacting said adult salivary stem cells with the reagent is performed prior to contacting

said adult salivary stem cells with said ALDH agonist.

14. The method of claim 13, wherein the marker is selected from CD34, CD90, c-Kit,

CD44, Nestin, and combinations thereof.

15. The method of claim 1, wherein the ALDH agonist is an ALDH]1 agonist.

16. The method of claim 15, wherein the ALLDH1 agonist is a compound of Formula Ia:

(ﬁ)a
A X
X, d
e H/ NcHRY ar
(Ho0)2
y R,

R,

[

wherein 7 is the integer O, 1, or 2, with the provisos that: 1) z=0 when X = halogen and " is
not a bond; and 2) when z =0, X = O, " is not a bond, and one or more oxygen atoms (X) are
present, oxygen is attached to a methyl group;

wherein A = C or S, and where a = 1 when A = C; and where a=2 when A =S;

wherein Ry, R,, and R; are each independently selected from H; a halo; an aliphatic group, an
alkyl group; a substituted alkyl group; a substituted or unsubstituted alkenyl group; and a substituted
or unsubstituted alkynyl group;

wherein c is the integer O or 1;

wherein X, is C, N, O, or S; where c is the integer O or 1; and

wherein Ar is selected from a substituted aryl group, an unsubstituted aryl group, a
substituted heteroaryl group, and an unsubstituted heteroaryl group;

or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

17. The method of claim 16, wherein the ALLDH1 agonist is a compound having a
structure:

/CH3

O

N
< H
o (Alda-52),

or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

18. The method of claim 15, wherein the ALDH1 agonist is a compound of Formula III:
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i Re /Ar
Ro X n/ Xs A\\
R, ©k
R3 Xy\ R7
R
R, °

wherein X, and X, are each independently C, N, O, or S; wherein n is the integer 0, 1 or 2;
wherein y is the integer O, 1 or 2;

wherein — is an optional double bond;

wherein each of Ry, R,, R3, Ry, Rs, Rg, R7 and Rg is independently selected from H; C; N; O;
a halo (e.g., bromo, fluoro, chloro, iodo); a substituted or unsubstituted phenyl group; an aliphatic
group, an alkyl group; a substituted alkyl group; an alkenyl group; an alkynyl group; a substituted or
unsubstituted cyclic group; a substituted or unsubstituted heterocyclic group; a substituted or
unsubstituted aryl group; and a substituted or unsubstituted heteroaryl group;

wherein A is C or S; and wherein a = 1 when A = C; and whereina =2 when A= S;

wherein X, is C, N, O, or S; wherein c is the integer O or 1;

wherein Ar is selected from a substituted or unsubstituted phenyl group; an aliphatic group,
an alkyl group; a substituted alkyl group; an alkenyl group; an alkynyl group; a substituted or
unsubstituted cyclic group; a substituted or unsubstituted heterocyclic group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted heteroaryl group; a substituted or
unsubstituted bicyclic group; a substituted or unsubstituted hetero bicyclic group; a substituted or
unsubstituted polycyclic group; and a substituted or unsubstituted hetero polycyclic group;

or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

19. The method of claim 18, wherein the ALLDH1 agonist is a compound having the

structure:

N HN
NS> %
N CH,

CH, (Alda-81),

or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

20. The method of claim 15, wherein the ALDH1 agonist is a compound of Formula Ilc:
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R1 >

wherein X, and X, are each independently H, C, N, O, or a halogen; wherein n is the integer
0 or 1; where y is the integer O or 1;

wherein  (dotted line) is an optional bond;

wherein 7 is the integer O, 1, or 2, with the provisos that: 1) z=0 when X = halogen and " is
not a bond; and 2) when z =0, X = O, " is not a bond, and one or more oxygen atoms (X) are
present, oxygen is attached to a methyl group;

wherein R is selected from H; a halo; an aliphatic group, an alkyl group; a substituted alkyl
group; a substituted or unsubstituted alkenyl group; and a substituted or unsubstituted alkynyl group;

wherein Ry is selected from a substituted bicyclic group, an unsubstituted bicyclic group, a

substituted hetero bicyclic group, and an unsubstituted hetero bicyclic group;

or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

21. The method of claim 20, wherein the ALLDH1 agonist is a compound having the

structure:

cl (Alda-83),

or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

22. The method of claim 15, wherein the ALLDH1 agonist is a compound of Formula If:

R Ry Rs
X
X N '
(H:C), | /\
\\X ()N Ry Rs

y
wherein X, and X, are each independently H, C, N, O, or a halogen (e.g., I, Br, CL, or I);

wherein n is the integer O or 1; wherein y is the integer O or 1;
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wherein ~ (dotted line) is an optional bond;

wherein 7 is the integer O, 1, or 2, with the provisos that: 1) z=0 when X = halogen and "~

not a bond; and 2) when z =0, X = O, " is not a bond, and one or more oxygen atoms (X) are
present, oxygen is attached to a methyl group;

wherein — is an optional double bond;

wherein A = C or S, and wherein a = 1 when A = C; and wherein a = 2 when A = S;

wherein R, R, R;, Ry and Rs are each independently selected from H; -OH; a halo (e.g.,
bromo, fluoro, chloro, iodo); an aliphatic group, an alkyl group; a substituted alkyl group; a
substituted or unsubstituted alkenyl group; and a substituted or unsubstituted alkynyl group;

wherein X, is C, N, O, or S; wherein c is the integer O or 1;

wherein X, is C, N, O, or S; wherein c is the integer O or 1; and

wherein Ar is selected from a substituted aryl group, an unsubstituted aryl group, a
substituted heteroaryl group, and an unsubstituted heteroaryl group;

or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof

23. The compound of claim 22, wherein the compound has the structure:
OH
NH
o]
(Alda-84),

or a pro-drug, a pharmaceutically acceptable salt, an analog, or a derivative thereof.

24. The method of claim 1, wherein said ALLDH agonist is an ALLDH6 agonist.

25. A method of treating an individual having a head and neck cancer, the method

comprising:

a) subjecting the individual to radiation therapy for the head and neck cancer; and

is

b) administering to the individual an aldehyde dehydrogenase (ALDH) agonist in an amount

effective to increase the number of adult salivary stem cells in the individual, wherein the ALDH
agonist is an ALLDI-1 agonist, an ALLDH-3 agonist, or ALDH-6 agonist, and wherein said

administering increases the number of functioning saliva-producing cells in the individual.
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