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METHODS OF TREATING LACTOSE INTOLERANCE

RELATED APPLICATIONS

[0001] This application claims priority to EP12425073.9, filed April 18, 2012 and
U.S.S.N 61/672,931, filed July 18, 2012, both of which are incorporated by reference in their

entireties.

BACKGROUND

[0002] Lactase protein is a disacharidase (B-galactosidase) expressed on the tips of the
villi of the small intestine having the ability to hydrolyze lactose into galactose and glucose.
Inadequate lactase-phlorizin hydrolase (LPH) activity is responsible for lactose
intolerance/malabsorption leading to diarrhea, abdominal pain or bloating after lactose ingestion.
Primary lactase deficiency (or lactase non persistence or hypolactasia) is the main cause of
lactose intolerance, due to the relative or absolute absence of lactase expression in the small
bowel, occurring in childhood at various ages and in different racial groups Approximately 70%
of the world’s population has primary lactase deficiency . The percentage of lactose deficiency
varies according to ethnicity and is related to the use of dairy products in the diet reaching up to
20% of North European, 40% of Mediterrancan European, 80% of Africans, and 90% of Asian
population. Typical treatments for lactose intolerance is lactose exclusion (Ieading to nutritional
impairment) or expansive regimen such as the use of lactose deficient milk or lactase

supplementation.

[0003] It has been reported that two particular Single Polymorphisme (SNP) nucleotide
are tightly associated with adult-type hypolactasia. A C at position_13910 (C_iz010) upstream of
the lactase gene is 100% associated and a G at position _22018 (G_22015) is more than 95%
associated with lactase non-persistence in the Finnish population. SNP. Expression of LPH
mRNA in the intestinal mucosa in individuals with T_is010 and A 22015 is higher than found in
individuals with C_io0and G_22018, suggesting a transcriptional regulation of LPH gene. However,
much of the regulation of the LPH gene remains unknown. Accordingly, effective agents,that

are useful in the treatment of lactose intolerance and related disorders are needed.
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[0004] Peroxisome Proliferator Activated Receptors (PPARS) are members of the nuclear
hormone receptor super family, which are ligand-activated transcription factors regulating gene
expression. PPARs play a role in the regulation of cell differentiation, development and

metabolism of higher organisms.

[0005] Three types of PPAR have been identified: alpha, expressed in the liver, kidney,
heart and other tissues and organs, beta/delta expressed for example in the brain, and gamma,
expressed in three forms: gammal, gamma2, and gamma3. PPARY receptors have been
associated with stimulation of keratinocyte differentiation, and has served as a potential drug
target for a number of disease states including skin disorders such as psoriasis and atopic

dermatitis.

SUMMARY

[0006] This disclosure is generally directed methods of treating, ameliorating or
substantially preventing lactose intolerance in a patient need thereof, comprising administering a
composition that includes a PPAR modulater, ¢.g. PPARQ, d or v, e.g., a PPARY modulator, ¢.g.,
agonist (¢.g. such as a compound disclosed herein) to a patient in need thereof. Also provided
herein is a method for stimulating lactose gene expression in a patient in need thereof,
comprising administering a PPAR agonist, ¢.g., a PPAR «, J, or PPARY agonist to the patient.
[0007] Also provided herein is a method for treating diarrhea, abdominal pain and/or
bloating after lactose ingestion in a patient in need thereof, comprising administering a PPAR
agonist, ¢.g. a PPARa, PPARS, PPARY agonist. For example, provided herein is a method for
ameliorating lactose intolerance in a patient ingesting a composition that includes lactose,
comprising administering a PPAR agonist before, substantially simulatenously with, or after said

ingestion.

BRIEF DESCRIPTION OF THE FIGURES

[0008] Figure 1A depicts gene expression evaluated in qPCR in synchronized Caco2

cells after 24hours of treatment by compound 34, ImM. Confirmation of the 12 up-regulated
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genes expression observed in microarrays. Up regulated expression of AQP12, OSTa and
LZTS1 are not confirmed. Results are expressed in fold compared to control (set to value 1).
[0009] Figure 1B depicts gene expression evaluated in qPCR in synchronized Caco2
cells after 24hours of treatment by compound 34, ImM. Confirmation of the 12 up-regulated
genes expression observed in microarrays. Up regulated expression of AQP12, OSTa and
LZTSI are not confirmed. Results are expressed in relative expression.

[0010] Figure 2A depicts gene expression evaluated in qPCR in synchronized Caco2
cells after 24hours of treatment by compound 34, ImM. Confirmation of all the 15 up-regulated
genes expression observed in microarrays. Results are expressed in fold, compared to control (set
to value 1).

[0011] Figure 2B depicts gene expression evaluated in qPCR in synchronized Caco2
cells after 24hours of treatment by compound 34 1mM. Confirmation of all the 15 up-regulated
genes expression observed in microarrays. Results are expressed in relative expression.

[0012] FIGURE 3 depicts gene expression expressed in fold ,of stimulation 2 are
correlated of stimulation 1 microarrays results (r=0.754, p=0.0046).

[0013] Figure 4 shows that Lactase mRNA expression is induced by PPAR. Caco-2 cells
were stimulated with various PPARY and PPARa agonists. Statistical differences were analyzed
with GraphPad software using a non-parametric Mann-Whitney test.

[0014] Figure 5: Identification of direct repeats in the promoter (3000pb) of the human
Lactase gene. DR1 are in bold, and DR2 are in bold and start with “AG”. Also indicated are

TATA box and lowercases letters represent the beginning of the first exon.

DETAILED DESCRIPTION

[0015] The features and other details of the disclosure will now be more particularly
described. Before further description of the present invention, certain terms employed in the
specification, examples and appended claims are collected here. These definitions should be
read in light of the remainder of the disclosure and understood as by a person of skill in the art.
Unless defined otherwise, all technical and scientific terms used herein have the same meaning
as commonly understood by a person of ordinary skill in the art.

Definitions
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[0016] “Treating” includes any effect, e.g., lessening, reducing, modulating, or
eliminating, that results in the improvement of the condition, disease, disorder and the like.
[0017] The term “alkenyl” as used herein refers to an unsaturated straight or branched
hydrocarbon having at least one carbon-carbon double bond, such as a straight or branched group
of 2-12, 2-10, or 2-6 carbon atoms, referred to herein as C,.Ciralkenyl, C,.Cjoalkenyl, and Ca.
Cealkenyl, respectively. Exemplary alkenyl groups include, but are not limited to, vinyl, allyl,
butenyl, pentenyl, hexenyl, butadienyl, pentadienyl, hexadienyl, 2-ethylhexenyl, 2-propyl-2-
butenyl, 4-(2-methyl-3-butene)-pentenyl, etc.

[0018] The term “alkoxy” as used herein refers to an alkyl group attached to an oxygen
(-O-alkyl-). Exemplary alkoxy groups include, but are not limited to, groups with an alkyl,
alkenyl or alkynyl group of 1-12, 1-8, or 1-6 carbon atoms, referred to herein as C;-Ciralkoxy,
Ci-Csalkoxy, and C;-Cgalkoxy, respectively. Exemplary alkoxy groups include, but are not
limited to methoxy, ethoxy, etc. Similarly, exemplary “alkenoxy” groups include, but are not
limited to vinyloxy, allyloxy, butenoxy, etc.

[0019] The term “alkyl” as used herein refers to a saturated straight or branched
hydrocarbon, such as a straight or branched group of 1-12, 1-10, or 1-6 carbon atoms, referred to
herein as C;-Cjsalkyl, C;-Cjpalkyl, and C;-Cealkyl, respectively. Exemplary alkyl groups
include, but are not limited to, methyl, ethyl, propyl, isopropyl, 2-methyl-1-propyl, 2-methyl-2-
propyl, 2-methyl-1-butyl, 3-methyl-1-butyl, 2-methyl-3-butyl, 2,2-dimethyl-1-propyl, 2-methyl-
1-pentyl, 3-methyl-1-pentyl, 4-methyl-1-pentyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-
2-pentyl, 2,2-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-butyl, butyl, isobutyl, t-butyl,
pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, etc. In certain embodiments, alkyl refers to C;-
Cealkyl. In certain embodiments, cycloalkyl refers to Cs-Cecycloalkyl.

[0020] Alkyl, alkenyl and alkynyl groups can, in some embodiments, be optionally be
substituted with or interrupted by at least one group selected from alkanoyl, alkoxy, alkyl,
alkenyl, alkynyl, amido, amidino, amino, aryl, arylalkyl, azido, carbamate, carbonate, carboxy,
cyano, cycloalkyl, ester, ether, formyl, halogen, haloalkyl, heteroaryl, heterocyclyl, hydroxyl,
imino, ketone, nitro, phosphate, phosphonato, phosphinato, sulfate, sulfide, sulfonamido,
sulfonyl and thiocarbonyl.

[0021] The term “alkynyl” as used herein refers to an unsaturated straight or branched

hydrocarbon having at least one carbon-carbon triple bond, such as a straight or branched group
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of 2-12, 2-§, or 2-6 carbon atoms, referred to herein as C,-Cyralkynyl, C,.Csalkynyl, and C,.
Cealkynyl, respectively. Exemplary alkynyl groups include, but are not limited to, ethynyl,
propynyl, butynyl, pentynyl, hexynyl, methylpropynyl, 4-methyl-1-butynyl, 4-propyl-2-pentynyl,
and 4-butyl-2-hexynyl, etc.

[0022] The term “aryl” as used herein refers to refers to a mono-, bi-, or other multi-
carbocyclic, aromatic ring system. In certain embodiments, aryl refers to a monocyclic and/or
bicyclic, 5 to 6 membered ring. The aromatic ring may be substituted at one or more ring
positions with substituents selected from alkanoyl, alkoxy, alkyl, alkenyl, alkynyl, amido,
amidino, amino, aryl, arylalkyl, azido, carbamate, carbonate, carboxy, cyano, cycloalkyl, ester,
ether, formyl, halogen, haloalkyl, heteroaryl, heterocyclyl, hydroxyl, imino, ketone, nitro,
phosphate, phosphonato, phosphinato, sulfate, sulfide, sulfonamido, sulfonyl and thiocarbonyl.
The term “aryl” also includes polycyclic ring systems having two or more cyclic rings in which
two or more carbons are common to two adjoining rings (the rings are “fused rings”) wherein at
least one of the rings is aromatic, e.g., the other cyclic rings may be cycloalkyls, cycloalkenyls,
cycloalkynyls, and/or aryls. Exemplary aryl groups include, but are not limited to, phenyl, tolyl,
anthracenyl, fluorenyl, indenyl, azulenyl, and naphthyl, as well as benzo-fused carbocyclic
moieties such as 5,6,7,8-tetrahydronaphthyl.

[0023] The term “carboxy” as used herein refers to the radical -COOH or its
corresponding salts, e¢.g. -COONa, etc.

[0024] The term “cycloalkyl” as used herein refers to a monovalent saturated or
unsaturated cyclic, bicyclic, or bridged bicyclic hydrocarbon group of 3-12, 3-8, 4-8, or 4-6
carbons, referred to herein, e.g., as "Csscycloalkyl," derived from a cycloalkane. Exemplary
cycloalkyl groups include, but are not limited to, cyclohexanes, cyclohexenes, cyclopentanes,
cyclopentenes, cyclobutanes and cyclopropanes. Cycloalkyl groups may be substituted with
alkanoyl, alkoxy, alkyl, alkenyl, alkynyl, amido, amidino, amino, aryl, arylalkyl, azido,
carbamate, carbonate, carboxy, cyano, cycloalkyl, ester, ether, formyl, halogen, haloalkyl,
heteroaryl, heterocyclyl, hydroxyl, imino, ketone, nitro, phosphate, phosphonato, phosphinato,
sulfate, sulfide, sulfonamido, sulfonyl and thiocarbonyl. Cycloalkyl groups can be fused to other
cycloalkyl, aryl, or heterocyclyl groups. In certain embodiments, cycloalkyl refers to C3-Ce
alkyl.

[0025] The terms “halo” or “halogen” or “Hal” as used herein refer to F, Cl, Br, or 1.
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[0026] The term “haloalkyl” as used herein refers to an alkyl group substituted with one
or more halogen atoms.

[0027] The term “phenyl” as used herein refers to a 6-membered carbocyclic aromatic
ring. The phenyl group can also be fused to a cyclohexane or cyclopentane ring. Phenyl can be
substituted with one or more substituents including alkanoyl, alkoxy, alkyl, alkenyl, alkynyl,
amido, amidino, amino, aryl, arylalkyl, azido, carbamate, carbonate, carboxy, cyano, cycloalkyl,
ester, ether, formyl, halogen, haloalkyl, heteroaryl, heterocyclyl, hydroxyl, imino, ketone, nitro,
phosphate, phosphonato, phosphinato, sulfate, sulfide, sulfonamido, sulfonyl and thiocarbonyl.
[0028] The term “pharmaceutically acceptable carrier” or “pharmaceutically acceptable
excipient” as used herein refers to any and all solvents, dispersion media, coatings, isotonic and
absorption delaying agents, and the like, that are compatible with pharmaceutical administration.
The use of such media and agents for pharmaceutically active substances is well known in the
art. The compositions may also contain other active compounds providing supplemental,
additional, or enhanced therapeutic functions.

[0029] The term “pharmaceutical composition” as used herein refers to a composition
comprising at least one compound as disclosed herein formulated together with one or more
pharmaceutically acceptable carriers.

[0030] “Individual,” “patient,” or “subject” are used interchangeably and include to any
animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine,
cattle, sheep, horses, or primates, and most preferably humans. The compounds of the invention
can be administered to a mammal, such as a human, but can also be other mammals such as an
animal in need of veterinary treatment, e.g., domestic animals (e.g., dogs, cats, and the like),
farm animals (e.g., cows, sheep, pigs, horses, and the like) and laboratory animals (e.g., rats,
mice, guinea pigs, and the like). The mammal treated in the methods of the invention is
desirably a mammal in whom modulation of PPAR receptors is desired. “Modulation” includes
antagonism (e.g., inhibition), agonism, partial antagonism and/or partial agonism.

[0031] In the present specification, the term “therapeutically effective amount” means the
amount of the subject compound that will elicit the biological or medical response of a tissue,
system, animal or human that is being sought by the researcher, veterinarian, medical doctor or
other clinician. The compounds of the invention are administered in therapeutically effective

amounts to treat a disecase. Alternatively, a therapeutically effective amount of a compound is
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the quantity required to achieve a desired therapeutic and/or prophylactic effect, such as an
amount which results in the prevention of or a decrease in the symptoms associated with a
disease associated with PPAR receptors.

[0032] The term "pharmaceutically acceptable salt(s)" as used herein refers to salts of
acidic or basic groups that may be present in compounds used in the present compositions.
Compounds included in the present compositions that are basic in nature are capable of forming
a wide variety of salts with various inorganic and organic acids. The acids that may be used to
prepare pharmaceutically acceptable acid addition salts of such basic compounds are those that
form non-toxic acid addition salts, i.¢., salts containing pharmacologically acceptable anions,
including but not limited to malate, oxalate, chloride, bromide, iodide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, isonicotinate, acetate, lactate, salicylate, citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, gluconate,
glucuronate, saccharate, formate, benzoate, glutamate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and pamoate (i.c., 1,1'-methylene-bis-(2-hydroxy-3-
naphthoate)) salts. Compounds included in the present compositions that include an amino
moiety may form pharmaceutically acceptable salts with various amino acids, in addition to the
acids mentioned above. Compounds included in the present compositions that are acidic in
nature are capable of forming base salts with various pharmacologically acceptable cations.
Examples of such salts include alkali metal or alkaline earth metal salts and, particularly,
calcium, magnesium, sodium, lithium, zinc, potassium, and iron salts.

[0033] The compounds of the disclosure may contain one or more chiral centers and/or
double bonds and, therefore, exist as stereoisomers, such as geometric isomers, enantiomers or
diastereomers. The term “stereoisomers” when used herein consist of all geometric isomers,
enantiomers or diastereomers. These compounds may be designated by the symbols “R” or “S,”
depending on the configuration of substituents around the stereogenic carbon atom. The present
invention encompasses various stercoisomers of these compounds and mixtures thereof.
Stereoisomers include enantiomers and diastercomers. Mixtures of enantiomers or diastereomers
may be designated “(£)” in nomenclature, but the skilled artisan will recognize that a structure
may denote a chiral center implicitly.

[0034] Individual stereoisomers of compounds of the present invention can be prepared

synthetically from commercially available starting materials that contain asymmetric or
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stereogenic centers, or by preparation of racemic mixtures followed by resolution methods well
known to those of ordinary skill in the art. These methods of resolution are exemplified by (1)
attachment of a mixture of enantiomers to a chiral auxiliary, separation of the resulting mixture
of diastereomers by recrystallization or chromatography and liberation of the optically pure
product from the auxiliary, (2) salt formation employing an optically active resolving agent, or
(3) direct separation of the mixture of optical enantiomers on chiral chromatographic columns.
Stereoisomeric mixtures can also be resolved into their component stereoisomers by well known
methods, such as chiral-phase gas chromatography, chiral-phase high performance liquid
chromatography, crystallizing the compound as a chiral salt complex, or crystallizing the
compound in a chiral solvent. Stercoisomers can also be obtained from stereomerically-pure
intermediates, reagents, and catalysts by well known asymmetric synthetic methods.

[0035] Geometric isomers can also exist in the compounds of the present invention. The

symbol denotes a bond that may be a single, double or triple bond as described herein. The
present invention encompasses the various geometric isomers and mixtures thereof resulting
from the arrangement of substituents around a carbon-carbon double bond or arrangement of
substituents around a carbocyclic ring. Substituents around a carbon-carbon double bond are
designated as being in the “Z” or “E” configuration wherein the terms “Z” and “E” are used in
accordance with [IUPAC standards. Unless otherwise specified, structures depicting double
bonds encompass both the “E” and “Z” isomers.

[0036] Substituents around a carbon-carbon double bond alternatively can be referred to
as “cis” or “trans,” where “cis” represents substituents on the same side of the double bond and
“trans” represents substituents on opposite sides of the double bond. The arrangement of
substituents around a carbocyclic ring are designated as “cis” or “trans.” The term “cis”
represents substituents on the same side of the plane of the ring and the term “trans” represents
substituents on opposite sides of the plane of the ring. Mixtures of compounds wherein the
substituents are disposed on both the same and opposite sides of plane of the ring are designated
“cis/trans.”

[0037] The compounds disclosed herein can exist in solvated as well as unsolvated forms
with pharmaceutically acceptable solvents such as water, ethanol, and the like, and it is intended

that the invention embrace both solvated and unsolvated forms. In one embodiment, the
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compound is amorphous. In one embodiment, the compound is a polymorph. In another
embodiment, the compound is in a crystalline form.

[0038] The invention also embraces isotopically labeled compounds of the invention
which are identical to those recited herein, except that one or more atoms are replaced by an
atom having an atomic mass or mass number different from the atomic mass or mass number
usually found in nature. Examples of isotopes that can be incorporated into compounds of the
invention include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, fluorine and
chlorine, such as 2H, 3H, 13C, 14C, ISN, 18O, 17O, 31P, 32P, 358, ISF, and 36C1, respectively.

[0039] Certain isotopically-labeled disclosed compounds (e.g., those labeled with *H and
1C) are useful in compound and/or substrate tissue distribution assays. Tritiated (i.e., *H) and
carbon-14 (i.e., *C) isotopes are particularly preferred for their ease of preparation and
detectability. Further, substitution with heavier isotopes such as deuterium (i.e., “H) may afford
certain therapeutic advantages resulting from greater metabolic stability (e.g., increased in vivo
half-life or reduced dosage requirements) and hence may be preferred in some circumstances.
Isotopically labeled compounds of the invention can generally be prepared by following
procedures analogous to those disclosed in the e.g., Examples herein by substituting an
isotopically labeled reagent for a non-isotopically labeled reagent.

[0040] The term “prodrug” refers to compounds that are transformed in vivo to yield a
disclosed compound or a pharmaceutically acceptable salt, hydrate or solvate of the compound.
The transformation may occur by various mechanisms, such as through hydrolysis in blood. For
example, if a compound of'the invention or a pharmaceutically acceptable salt, hydrate or solvate
of the compound contains a carboxylic acid functional group, a prodrug can comprise an ester
formed by the replacement of the hydrogen atom of the acid group with a group such as
(Ci-Cyglalkyl, (C,-Cjp)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having from 4 to 9 carbon
atoms, 1-methyl-1-(alkanoyloxy)-ethyl having from 5 to 10 carbon atoms,
alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-(alkoxycarbonyloxy)ethyl having
from 4 to 7 carbon atoms, 1-methyl-1-(alkoxycarbonyloxy)ethyl having from 5 to § carbon
atoms, N-(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms,
1-(N-(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl,
4-crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C;-C;)alkylamino(C,-Cs)alkyl (such as -
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dimethylaminoethyl), carbamoyl-(C;-C5)alkyl, N,N-di(C;-C;)alkylcarbamoyl-(C;-Cz)alkyl and
piperidino-, pyrrolidino- or morpholino(C,-Cs)alkyl.

[0041] Similarly, if a compound of the invention contains an alcohol functional group, a
prodrug can be formed by the replacement of the hydrogen atom of the alcohol group with a
group such as (Ci-Cg)alkanoyloxymethyl, 1-((C-Cs)alkanoyloxy)ethyl,
1-methyl-1-((Ci-Ce)alkanoyloxy)ethyl (Ci-Cs)alkoxycarbonyloxymethyl,
N-(C;-Ce)alkoxycarbonylaminomethyl, succinoyl, (C;-Cg)alkanoyl, a-amino(C;-Cs)alkanoyl,
arylacyl and a-aminoacyl, or a-aminoacyl-a-aminoacyl, where each ai-aminoacyl group is
independently selected from the naturally occurring L-amino acids, P(O)(OH),,
-P(O)(O(c1-Ce)alkyl), or glycosyl (the radical resulting from the removal of a hydroxyl group of
the hemiacetal form of a carbohydrate).

[0042] If a compound of the invention incorporates an amine functional group, a prodrug
can be formed by the replacement of a hydrogen atom in the amine group with a group such as
R-carbonyl, RO-carbonyl, NRR'-carbonyl where R and R’ are each independently (C;-Cio)alkyl,
(C3-Cr)cycloalkyl, benzyl, or R-carbonyl is a natural a-aminoacyl or natural a-aminoacyl-natural
a-aminoacyl, —C(OH)C(0O)OY' wherein Y'is H, (C1-Cs)alkyl or benzyl, -C(OY?)Y? wherein Y*
is (C-Cy) alkyl and Y?is (C1-Ce)alkyl, carboxy(C;-Ce)alkyl, amino(C;-Cy)alkyl or mono-N— or
di-N,N—(C;-Ce)alkylaminoalkyl, —C(Y"Y® wherein Y*is H or methyl and Y* is mono-N— or
di-N,N—(C;-Ce)alkylamino, morpholino, piperidin-1-yl or pyrrolidin-1-yl.

PPARmodulators

[0043] The disclosure provides, at least in part, compounds having PPAR modulating
activity, e.g., PPARY modulating activity. Such compounds, may, for example, be represented
by formulas depicted below. Also contemplated herein are compositions that include a
compound represented by the disclosed formulas and e.g., a pharmaceutically or cosmetically
acceptable carrier or expicient.

[0044] For example, in an embodiment, contemplated PPAR modulating compounds

(e.g. compounds having PPAR activity) may be represented by:

10
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AN
»
RsR{N 6))
and pharmaceutically acceptable salts, stercoisomers, prodrugs thereof, wherein:

R; and R, are each independently selected from the group consisting of H and C, ¢ alkyl;
or Ry and R, together with the nitrogen atom they are bonded to form an aromatic or aliphatic
ring with 5 or 6 atoms which may be optionally substituted;

Y and Z are each independently selected from the group consisting of H, OH, COOH,
-OR3, -CH(OR3)COOH; and

R3 is selected from the group consisting of H, phenyl, benzyl, vinyl, allyl, Ci¢ alkyl or
Ci.6 alkyl substituted by one, two , three or more halogens.

[0045] In an embodiment, Y may be H or COOH. For example, Y may be H and Z may
be CH(OR3)COOH, or Y may be COOH and Z maybe —OR3. In some embodiments, R3 may be
methyl, ethyl, n-propyl, or isopropyl.

[0046] In other embodiments, the NR R, moiety may be in the 4° position or may be in

the 3’ position. In certain embodiments, R; and R, are H.

[0047] Exemplary compounds also include those represented by formulas Ila or IIb or a

pharmaceutically acceptable salt, enantiomer or stereoisomer of:

Oy~ 6
R7 A

| L
RoR4N Rs (a)

Os-Re
O_R4
A
N Rs  (IIb)

wherein:
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R and R; are each independently selected from the group consisting of H and Ci.¢ alkyl;
or R and R; together, with the nitrogen atom they are bonded to, form an aromatic or aliphatic
ring with 5 or 6 atoms;

Re is selected from the group consisting of: -NHOH, OH, and —ORy;

Ro is Ci6 alkyl;

R4 is selected from H, phenyl, benzyl, vinyl, allyl, C,s alkyl or C,s alkyl substituted by
one or more halogens;

Rs and R;are each independently hydrogen or halo, or ;
or
[0048] R4 and Rs, or R4 and Re together, form a fused heterocyclic ring with 5 or 6
atoms, optionally substituted with halo or Ci alkyl; and A is a fused heterocyclic ring; or a
pharmaceutically acceptable salt thereof.

[0049] In certain embodiments, the NR;R, moiety of formula Ila may be in the 4°

position or may be in the 3’ position. In certain embodiments, R; and R are H.

[0050] Ro, in some embodiments, may be methyl, ethyl, n-propyl, or isopropyl.
[0051] In some embodiments a compound can be represented by
Oy Re 0
Ho
ol /11
Rio
H2N p or o R10

wherein pis 1 or 2, Rg is OH or —ORy, wherein R9 is defined above, and Ry,
independently for each occurrence, is selected from the group consisting of H, halo, or Cy alkyl,
¢.g. methyl or ethyl.

[0052] Exemplary compounds contemplated herein include:
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o
OH o i HO ~
o
° HO ~

= (I, e (U, ), e V),

S

\O
o]
o O
OH
OH OH

N, (VD), N (VII), and NM. - (IX), or a pharmaceutically
acceptable salt thereof.
[0053] In some embodiments, contemplated compounds include: 4-amino-N-hydroxy-2-
methoxybenzamide (compound 13); 6-methoxy quinoline-5-carboxylic acid (compound 36); 6-

methoxy-1,2,3,4-tetrahydroquinoline-5-carboxylic acid (compound 37); 5-

diisopropylaminosalicylic acid (compound 38).

[0054] Other exemplary compounds include those represented by:
OsNH-OH 0Oy~ NH-OH
EAN EAN
NH,
(compound 13): NH ; (compound 14): ;
O« NH-OH
0 H
O
NH,
(compound 26): ; (compound 17): HzN
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0«~NH-OH
o
y Hz
NH, m
(compound 31): ; (compound 28): . ° )
[0055] Compounds contemplated herein include racemic mixtures, and enantiomers of

compounds, for example: ()-2-hydroxy-3-(3’-aminophenyl) propionic acid (compound 20); (£)-
2-methoxy-2-(4’-aminophenyl) acetic acid (compound 23); (£)-2-ethoxy-2-(3’-aminophenyl)
acetic acid (compound 32); (+)-2-ethoxy-2-(4’-aminophenyl) acetic acid (compound 33); (£)-2-
methoxy-3-(4’-aminophenyl) propionic acid (compound 34) “+£34” (racemic form); (£)-2-
ethoxy-3-(4’-aminophenyl) propionic acid (compound 39); (+)-2-cthoxy-3-(3’-aminophenyl)
propionic acid (compound 40).

[0056] For example, the compounds used in the methods of the present invention can be
enantiomers of the following racemic mixtures: (R,S)-2-hydroxy-2-(3-aminophenyl)acetic acid
(compound 10); (R,S)-2-hydroxy-2-(4-aminophenyl)acetic acid (compound 11); (R,S)-2-
hydroxy-3-(4’-aminophenyl)propionic acid (compound 21); (R,S)-2-methoxy-2-(3’-
aminophenyl)acetic acid (compound 22); (R,S)-2-methoxy-3-(3’-aminophenyl)propionic acid
(compound 35); (R,S)-2-methoxy-3-(4-aminophenyl)propionic acid(compound 34), as well as
enantiomers, ¢.g.: (+) 2-S-methoxy-3-(4-aminophenyl)propionic acid(compound 34); (-) 2-R-
methoxy-3-(4-aminophenyl)propionic acid(compound 34).

[0057] Other racemic type mixtures of compounds contemplated include: e.g. (%)-2-
hydroxy-2-(3’-aminophenyl)acetic acid (compound 10); (+)-2-hydroxy-2-(4’-aminophenyl)acetic
acid (compound 11); (+)-2-hydroxy-3-(4’-aminophenyl)propionic acid (compound 21) and (£)-2-
methoxy-2-(3’-aminophenyl)acetic acid (compound 22).

[0058] Further compounds contemplated for use in the disclosed methods: 5-
aminosalicylo-hydroxamic acid (compound 5); 3-dimethylaminosalicylic acid (compound 6); 2-
methoxy-4-aminobenzoic acid (compound 7); 2-methoxy-5-aminobenzoic acid (compound 8); 5-
methylaminosalicylic acid (compound 9); 4-methylaminosalicylic acid (compound 12); 4-
acetylaminosalicylic acid (compound 16); 2-cthoxy-4-aminobenzoic acid (compound 18); 2-
ethoxy-5-aminobenzoic acid (compound 19); 4-dimethylaminosalicylic acid (compound 24); 2-

ethoxy-4-aminobenzoylhydroxamic acid (compound 25); 6-hydroxyquinoline-5-carboxylic acid
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(compound 27); 2-(2-propyl)oxy-4-aminobenzoic acid (compound 30); 4-(1-
piperazinyl)salicylic acid (compound 41); (R,S) 5-oxa-quinoline-6-carboxylic acid (compound
15); 6-methoxy quinoline-5-carboxylic acid (compound 36); 6-methoxy-1,2,3.4-
tetrahydroquinoline-5-carboxylic acid (compound 37); 5-diisopropylaminosalicylic acid
(compound 38); and 4-diisopropylaminosalicylic acid (compound 42).
[0059] Methods for making contemplated compounds may be found for example in
WO02007/010516 and W0O2007/010514, each hereby incorporated by reference in their entirety.
[0060] Also provided herein are compounds represented by:

0]

Ry o
o Rs

X

~

N
/
Ro

/

O

Ri
r

wherein X is Ci-Csalkylene, optionally substituted with one, two or three substituents
selected from halogen or hydroxyl;

R is selected from the group consisting of C;-Cgalkyl, C3-Cecycloalkyl, C,-Cealkenyl,
and C,-Cgalkynyl;

R, is selected from the group consisting of hydrogen and C;-Csalkyl;

Rs is independently selected, for each occurrence from the group consisting of hydrogen,
Cy-Cealkoxy, Ci-Cealkyl, cyano, Cs-Cecycloalkyl, halogen, hydroxyl, and nitro;

R4 is selected from the group consisting of hydrogen and C;-Cealkyl;

Rsis C-Cealkyl,

or pharmaceutically acceptable salts or N-oxides thereof.
[0061] In one embodiment, R; can be C;-Cgalkyl, such as methyl. In one embodiment,
R> can be hydrogen. In another embodiment, R3 can be selected from the group consisting of
hydrogen, C;-Csalkyl, halogen, and hydroxyl. In a further embodiment, Rs can be hydrogen. In

one embodiment, R4 and Rs can each be C,-Csalkyl. In another embodiment, R4 may be
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hydrogen and Rs may be methyl. In one embodiment, X may be (CH»), whereinn is 1 or 2, such
as 1.

[0062] In another embodiment, -NR,-COR; can be in the meta position relative to X as
shown in formula III".

0]

R4 O
\O)‘\( \R5
X
@\ i
|
R

2
mr
[0063] In another embodiment, -NR2-COR| can be in the para position relative to X as

shown in formula IV’.

N R
RS \”/
o}

IV’
[0064] The disclosure provides, at least in part, compounds represented by formula IT’, as
depicted below. Also contemplated herein are compositions that include a compound

represented by formula IT and e.g., a pharmaceutically acceptable carrier.

HO O
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wherein R, is selected from the group consisting of Ci-Csalkyl, C3-Cscycloalkyl, C,-
Cealkenyl, and C,-Cesalkynyl;

R, is selected from the group consisting of hydrogen and C;-Cealkyl;

R3 is independently selected, for each occurrence from the group consisting of hydrogen,
Ci-Cesalkoxy, Ci-Csalkyl, cyano, C3-Cscycloalkyl, halogen, hydroxyl, and nitro;

Rs is hydrogen or Ci-Cealkyl;
or pharmaceutically acceptable salts or N-oxides thereof.
[0065] Compounds of Formula II” are also contemplated as shown below, as well as
compositions that include a compound represented by formula II’ and e.g., a pharmaceutically

acceptable carrier. Contemplated compounds can include:

wherein R, is selected from the group consisting of Ci-Csalkyl, C3-Cscycloalkyl, C,-
Cealkenyl, and C,-Cesalkynyl;

Rs is independently selected, for each occurrence from the group consisting of hydrogen,
Ci-Cesalkoxy, Ci-Csalkyl, cyano, C3-Cscycloalkyl, halogen, hydroxyl, and nitro;

R4 is selected from the group consisting of hydrogen and C;-Csalkyl;

Rs is hydrogen or C;-Cgalkyl; and

A is a fused five or six membered heterocycle;

or pharmaceutically acceptable salts or N-oxides thereof.

[0066] In one embodiment, Ry can be C-Cealkyl, such as methyl. In another
embodiment, R; and Rj can each be C;-Cealkyl, such as methyl. In one embodiment, R, can be
hydrogen.

[0067] In some embodiments, a compound can be represented by
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o I
0
L R
J T
© o/k\Rs
Re N P or Rg

vr VII’

whereinpis 1 or2;

R is selected from the group consisting of C;-Cgalkyl, C3-Cecycloalkyl, C,-Cealkenyl,
and C»-Cgalkynyl;

R4 and Rg are each independently selected from the group consisting of hydrogen and C;-
Cealkyl;
or pharmaceutically acceptable salts or N-oxides thereof.
[0068] Contemplated compounds, and pharmaceutical compositions, comprising at least
one compound, may be selected from the group consisting of: N-acetyl-(R)-(-)-3-(4-
aminophenyl)-2-methoxypropionic acid (Compound A) , N-acetyl-(S)-(-)-3-(4-aminophenyl)-2-
methoxypropionic acid (Compound B), racemic N-acetyl-(S)-(-)-3-(4-aminophenyl)-2-

methoxypropionic acid (compound AB);

Me~_
O
O
H O
HO Me HO
HO OH
OH
IS G S G ¢
o) Me, Me 0 Me, Me . Me ,
Me
/\O ~
O NH-OH
o) O\Me
OH H O NH-OH
H O\M
e
x J0 oy il
o Me 0 Me Me Mew N ,
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NH-OH H Ox_-NH-OH
~ 53 Y
o
Me)J\H , Meiu ) Mej\H
' o]
Me
)
\([)]/ \E:foj\/FMe
Me

2

4-acetamino-N-hydroxy-2-methoxybenzamide; 1-acetyl-6-methoxy-1,2,3,4-tetrahydroquinoline-
5-carboxylic acid, 5-acetamido-2hydroxybenzoic acid (e.g., acetalyated 5-aminosalicyclic acid)
or pharmaceutically acceptable salts or N-oxides thereof.

[0069] Also provided herein are other PPAR modulator or agonists including 5-amino
salicyclic acid (mesalamine), sulfasalazine, pioglitazone, rosiglitazone, pomegranate flower
extract, non-steroidal anti inflammatories including ibuprofen, and ¥-baptigenin.

[0070] The present disclosure also provides pharmaceutical compositions comprising
compounds as disclosed herein formulated together with one or more pharmaceutically or
cosmetically acceptable carriers. These formulations include those suitable for oral, rectal,
topical, buccal and parenteral (e.g., subcutancous, intramuscular, intradermal, or intravenous)
administration, or for topical use, ¢.g. as a cosmetic product. Although the most suitable form of
administration in any given case will depend on the degree and severity of the condition being

treated and on the nature of the particular compound being used.

Therapeutic Applications

[0071] The disclosure is directed at least in part to treating or ameliorating lactose
intolerance using a PPAR modulator, e.g., a PPARy modulator, such as a disclosed compound.
For example, methods of treating diarrhea, abdominal pain and/or bloating after lactose ingestion
is provided, wherein a disclosed compound (or ¢.g., a composition that includes a disclosed
compound) is administered to a subject in need thereof, e.g. orally administered. .

[0072] For example, provided herein is a method for ameliorating lactose intolerance in a

patient ingesting a composition that includes lactose, comprising administering a PPAR agonist,
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¢.g.,a PPARq, PPARS, and/or a PPARY agonist before, substantially simulatenously with, or
after said ingestion.

[0073] Also contemplated herein are compositions used for reducing lactose intolerance,
¢.g. a disclosed composition may form part of, or is used for making, a low lactose content milk
or milk product, comprising a PPAR modulator. Such compositions may be part of a whey, a
milk or a cheese.

[0074] The compounds of the invention may be administered to subjects (animals and/or
humans) in need of such treatment in dosages that will provide optimal pharmaceutical efficacy.
It will be appreciated that the dose required for use in any particular application will vary from
patient to patient, not only with the particular compound or composition selected, but also with
the route of administration, the nature of the condition being treated, the age and condition of the
patient, concurrent medication or special diets then being followed by the patient, and other
factors which those skilled in the art will recognize, with the appropriate dosage ultimately being
at the discretion of the attendant physician. For treating clinical conditions and diseases noted
above, the compound of this invention may be administered orally, topically, parenterally, by
inhalation spray or rectally in dosage unit formulations containing conventional non-toxic
pharmaceutically acceptable carriers, adjuvants and vehicles. The term parenteral as used herein
includes subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion
techniques.

[0075] Generally, a therapeutically effective amount of active component will be in the
range of from about 0.1 mg/kg to about 100 mg/kg, optionally from about 1 mg/kg to about 100
mg/kg, optionally from about 1 mg/kg to 10 mg/kg. The amount administered will depend on
variables such as the type and extent of disease or indication to be treated, the overall health
status of the particular patient, the relative biological efficacy of the compounds, formulation of
compounds, the presence and types of excipients in the formulation, and the route of
administration. The initial dosage administered may be increased beyond the upper level in
order to rapidly achieve the desired blood-level or tissue level, or the initial dosage may be
smaller than the optimum and the daily dosage may be progressively increased during the course
of treatment depending on the particular situation. Human dosage can be optimized, e.g., in a
conventional Phase I dose escalation study designed to run from 0.5 mg/kg to 20 mg/kg. Dosing

frequency can vary, depending on factors such as route of administration, dosage amount and the
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disease condition being treated. Exemplary dosing frequencies are once per day, once per week
and once every two weeks.

[0076] Contemplated formulations or compositions comprise a disclosed compound and
typically may also include a pharmaceutically acceptable carrier or expicient.

[0077] Contemplated compositions may be administered by various means, depending on
their intended use, as is well known in the art. For example, if compositions of the present
invention are to be administered orally, they may be formulated as tablets, capsules, granules,
powders or syrups. Alternatively, formulations of the present invention may be administered
parenterally as injections (intravenous, intramuscular or subcutaneous), drop infusion
preparations or enemas or suppositories. For application by the ophthalmic mucous membrane
route, compositions of the present invention may be formulated as eyedrops or eye ointments.
These formulations may be prepared by conventional means, and, if desired, the compositions
may be mixed with any conventional additive, such as an excipient, a binder, a disintegrating
agent, a lubricant, a corrigent, a solubilizing agent, a suspension aid, an emulsifying agent or a
coating agent.

[0078] In formulations of the subject invention, wetting agents, emulsifiers and
lubricants, such as sodium lauryl sulfate and magnesium stearate, as well as coloring agents,
release agents, coating agents, sweetening, flavoring and perfuming agents, preservatives and
antioxidants may be present in the formulated agents.

[0079] Subject compositions may be suitable for oral, nasal, topical (including buccal
and sublingual), rectal, vaginal, acrosol and/or parenteral administration. The formulations may
conveniently be presented in unit dosage form and may be prepared by any methods well known
in the art of pharmacy. The amount of composition that may be combined with a carrier material
to produce a single dose vary depending upon the subject being treated, and the particular mode
of administration.

[0080] Formulations suitable for oral administration may be in the form of capsules,
cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia or tragacanth),
powders, granules, or as a solution or a suspension in an aqueous or non-aqueous liquid, or as an
oil-in-water or water-in-oil liquid emulsion, or as an elixir or syrup, or as pastilles (using an inert

base, such as gelatin and glycerin, or sucrose and acacia), each containing a predetermined
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amount of a subject composition thereof as an active ingredient. Compositions of the present
invention may also be administered as a bolus, electuary, or paste.

[0081] In solid dosage forms for oral administration (capsules, tablets, pills, film-coated
tablets, sugar-coated tablets, powders, granules and the like), the subject composition is mixed
with one or more pharmaceutically acceptable carriers, such as sodium citrate or dicalcium
phosphate, and/or any of the following: (1) fillers or extenders, such as starches, lactose, sucrose,
glucose, mannitol, and/or silicic acid; (2) binders, such as, for example, carboxymethylcellulose,
alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3) humectants, such as glycerol;
(4) disintegrating agents, such as agar-agar, calcium carbonate, potato or tapioca starch, alginic
acid, certain silicates, and sodium carbonate; (5) solution retarding agents, such as paraffin; (6)
absorption accelerators, such as quaternary ammonium compounds; (7) wetting agents, such as,
for example, acetyl alcohol and glycerol monostearate; (8) absorbents, such as kaolin and
bentonite clay; (9) lubricants, such a talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof; and (10) coloring agents. In
the case of capsules, tablets and pills, the compositions may also comprise buffering agents.
Solid compositions of a similar type may also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugars, as well as high molecular weight
polyethylene glycols and the like..

[0082] Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the subject
composition, the liquid dosage forms may contain inert diluents commonly used in the art, such
as, for example, water or other solvents, solubilizing agents and emulsifiers, such as ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, oils (in particular, cottonseed, groundnut, corn, germ,
olive, castor and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols and fatty
acid esters of sorbitan, cyclodextrins and mixtures thereof.

[0083] Suspensions, in addition to the subject composition, may contain suspending
agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan
esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,

and mixtures thereof.
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[0084] Throughout the description, where compositions are described as having,
including, or comprising specific components, it is contemplated that compositions also consist
essentially of, or consist of, the recited components. Similarly, where processes are described as
having, including, or comprising specific process steps, the processes also consist essentially of,
or consist of, the recited processing steps. Except where indicated otherwise, the order of steps
or order for performing certain actions are immaterial so long as the invention remains operable.
Moreover, unless otherwise noted, two or more steps or actions may be conducted

simultancously.

EXAMPLES

[0085] The compounds disclosed herein can be prepared in a number of ways well

known to one skilled in the art of organic synthesis. .

Example A Materials and Methods

Cell culture
[0086] Caco-2 colonic adenocarcinoma cell lines were used. Caco-2 cells grew in
Dulbecco’s modified Eagle’s medium (DMEM, Invitrogen, Cergy-Pontoise, France)
supplemented with 20% foetal calf serum (FCS, Dutscher, Brumath, France), 1% penicillin-
streptomycin (5 ml/1) (Invitrogen) and 1% non-essential amino acids (5 ml/l) (Invitrogen).
All cell lines were cultured as confluent monolayers at 37°C in a controlled, 5% CO; atmosphere.
Each week, the confluent monolayer were trypsinized (Invitrogen) and then replated after a 1:10
dilution. For the stimulation experiments, cells were placed in 6-well plates at a density of 1x10°
cells per well. Serum deprivation was used 16 hours prior to stimulation in order to synchronize
the cells.

Treatment of the cells

[0087] The cells were treated with Compound 34 (1 mM and 30mM), 5-ASA (30 mM),
or pioglitazone (1 uM). When necessary, the vehicle DMSO (Sigma) is used as control (Ctrl).
After 24 hrs of stimulation, the wells were rinsed three times with sterile PBS at 4°C. The cells
were then lysed with lysis buffer (RA 1, Macherey-Nagel) containing 1% B-mercaptoethanol.

The plates were frozen at -80°C for subsequent RNA extraction. A time course experiment

23



WO 2013/156413 PCT/EP2013/057729

consisting of stimulation of Caco-2 cells by compound 34, ImM during 6hrs and 12 hrs was also
done in order to compare gene expression according treatment duration.

RNA extraction
[0088] Total RNA were extracted with a Nucleospin RNA kit (Macherey-Nagel, Hoerdt,
France). After RNAse inactivation, the total RNA was cleaned of trace genomic DNA viaa
DNAse treatment and eluted in RNAse-free, DEPC-free water. The purity of the RNA will be
evaluated by UV spectroscopy on a Nanodrop system from 220 to 350 nm. Before microarray
experiment, RNAs were also profiled on an Agilent 2100 bioanalyzer. One ug of total RNA were

used in the microarray analysis (minimum concentration: 50 ng/ul).

Microarrays
[0089] Dual-colour gene expression microarrays were used compare the cRNA from the
samples (cells treated with DMSO (Ctrl) vs. cells treated with an agonist (Ago)). Briefly, the
RNA from the samples is first reverse-transcribed into cDNA (Affinity-Script RT, Agilent),
which is then used as the substrate for the synthesis and amplification of cRNA by T7 RNA
polymerase in the presence of cyanine 3-CTP for the Ctrl sample (green fluorescence) and
cyanine 5-CTP for the Ago sample (red fluorescence). The two labelled cRNAs were then mixed
and hybridized on the same array (G4851A Agilent 8x44K), which is then scanned (with an
Agilent G2505B scanner). The fluorescence was visualised after laser excitation and the relative
intensities of the two fluorophores will be expressed as a ratio, in order to yield the over- or
under-expression status of each gene (using GeneSpring software (Agilent)). This analysis was
performed for each agonist. The transcriptomic profiles obtained for each agonist were then
compared. Expression of genes of interest was quantified by quantitative PCR, in order to
confirm the microarray results.
Quantitative PCR
[0090] Transcripts of genes were estimated by quantitative PCR (qPCR) in order to
confirm microarrays results. 1 ug of total RNA was reverse-transcripted into cDNA using the
High Capacity cDNA Achive kit (Applied biosystems). qPCR was performed using an ABI
PRISM 7000 sequence detection system (Applied Biosystem). Primer pairs for each transcript
were chosen with qPrimer depot software. Quantification of qPCR signals was performed using

ACt relative quantification method using GAPDH as a reference gene. The values were
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represented in terms of relative quantity of mRNA level variation or fold increase compared to
control conditions.

Generation of PPARy knock down cells

[0091] PPARy knock down IECs were obtained using the pSUPER .retro system
(OligoEngine). Forward and reverse target sequences corresponding to nucleotides 105-123 of
the human PPARg mRNA (5-GCCCTTCACTACTGTTGAC-3') were cloned into the
Bglll/Xhol restriction sites of the pSUPERretro vector (pRS) giving the ShPPAR construct. A
negative control pRS plasmid containing the sequence 5’-ACGCTGAGTACTTCGAAAT-3’
targeted against the luciferase gene was also generated (ShLuc construct). Both constructions
were transfected in Caco-2 cells using Nucleofector technology from Amaxa Biosystems,
according to the manufacturer’s protocol. Stably transfected clones were selected 24h post-
transfection with complete culture medium supplemented with puromycin (Sug/ml). The
silencing of PPARg expression was checked by quantitative RT-PCR and western-blot analysis.
Once established, ShPPAR and ShLuc cell lines were maintained in complete medium
supplemented with 2.5ug/ml puromycin.

Example 1 Microarray

[0092] In order to evaluate the feasibility of transcriptomic analysis of intestinal
epithelial cells stimulated with the PPAR agonist compound 34, the gene expression profile of
Caco-2 cells only stimulated with compound 34 at the concentration of 1mM was compared. Cell
stimulations were done with 4 replicates and a total of 44 000 genes were screened. 52 genes
showed a significant different expression in the compound 34, 1mM condition in comparison
with controls (p<0.05)(Table 1). 49 genes were up-regulated in the compound 34, ImM
condition in comparison with controls (one gene (LCT 1) with a fold change superior of 5, four
genes with a fold change between 3 and 5, and 13 genes with a fold change between 2 and 3
(Tablel). Three genes were down-regulated in the compound 34, ImM condition in comparison

with controls (MYB, OXA13 and ANKRD1).

[0093]
Gene Regulati
Symbol Description Fold change on
LCT Homo sapiens lactase 5,2924175 | up
DMBT1 Homo sapiens deleted in malignant brain tumors 1, transcript variant 2 3,8939168 | up
KRT20 Homo sapiens keratin 20 3,1442842 | up
AADAC Homo sapiens arylacetamide deacetylase (esterase) 3,0116935 | up
MBL2 Homo sapiens mannose-binding lectin 2 2,8058631 | up
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GPA33 Homo sapiens glycoprotein A33 2,662811 | up
SLC38A4 Homo sapiens solute carrier family 38, member 4, transcript variant 1 2,6554945 | up
C110rf86 Homo sapiens chromosome 11 open reading frame 86 2,583426 | up
SGK2 Homo sapiens serum/glucocorticoid regulated kinase 2, transcript variant 1 2,5728035 | up
MMP19 Homo sapiens matrix metallopeptidase 19, transcript variant 1 2,481643 | up
OSTalpha Homo sapiens organic solute transporter alpha 2,4348273 | up
LZTS1 Homo sapiens leucine zipper, putative tumor suppressor 1 2,3766112 | up
Homo sapiens 3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2, franscript
HMGCS2 variant 1 2,231923 | up
PLIN2 Homo sapiens perilipin 2 2,2110133 | up
CREB3L3 Homo sapiens cAMP responsive element binding protein 3-like 3 2,1615057 | up
Homo sapiens solute carrier family 23 (nucleobase transporters), member 3
SLC23A3 transcript variant 1 1,9120694 | up
ACSL5 Homo sapiens acyl-CoA synthetase long-chain family member 5 1,8756381 | up
HIGD1A Homo sapiens HIG1 hypoxia inducible domain family, member 1A 1,8233925 | up
MUC17 Homo sapiens mucin 17, cell surface associated 1,79823 | up
AGPAT2 Homo sapiens 1-acylglycerol-3-phosphate O-acyltransferase 2 1,7209687 | up
FABP1 Homo sapiens fatty acid binding protein 1, liver 1,7156018 | up
AQP12A Homo sapiens aquaporin 12A 1,7124082 | up
DNAH12 Homo sapiens dynein, axonemal, heavy chain 12 1,7119135 | up
COL16A1 Homo sapiens collagen, type XVI, alpha 1 1,7069026 | up
SLC25A42 Homo sapiens solute carrier family 25, member 42 1,697567 | up
AQP12B Homo-sapiens aquaporin-12B 1,6971904 | up
ITIH3 Homo sapiens inter-alpha (globulin) inhibitor H3 1,6908818 | up
EMP1 Homo sapiens epithelial membrane protein 1 1,6551878 | up
CAPS Homo sapiens calcyphosine, transcript variant 1 1,645898 | up
Homo sapiens acyl-CoA synthetase medium-chain family member 3 transcript
ACSM3 variant 2 1,6409295 | up
SLC46A1 Homo sapiens solute carrier family 46, member 1 1,6296347 | up
ABCG2 Homo sapiens ATP-binding cassette, sub-family G, member 2 1,6244398 | up
Homo sapiens v-myb myeloblastosis viral oncogene homolog (avian) transcript
MYB variant 2 1,6136038 | down
COL12A1 Homo sapiens collagen, type XlI, alpha 1, transcript variant long 1,5990913 | up
CYP2B6 Homo sapiens cytochrome P450, family 2, subfamily B, polypeptide 6 1,5909243 | up
MMP19 Homo sapiens matrix metallopeptidase 19 transcript variant 1 1,5854398 | up
CREB3L3 Homo sapiens cAMP responsive element binding protein 3-like 3 1,578399 | up
ANKRD1 Homo sapiens ankyrin repeat domain 1 1,5722646 | down
ZNF575 Homo sapiens zinc finger protein 575 1,5662627 | up
Homo sapiens solute carrier family 25 (carnitine/acylcarnitine translocase),
SLC25A20 member 20 1,563665 | up
Homo sapiens UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-
GALNT2 acetylgalactosaminyltransferase 2 1,5570259 | up
RHOU Homo sapiens ras homolog gene family, member U 1,5535966 | up
SLC46A1 Homo sapiens solute carrier family 46, member 1 1,5489862 | up
PPARGC1B Peroxisome proliferator-activated receptor gamma coactivator 1-beta 1,5455792 | up
CHST3 Homo sapiens carbohydrate (chondroitin 6) sulfotransferase 3 1,5176716 | up
HOXA13 Homo sapiens homeobox A13 1,5115318 | down
Homo sapiens HIG1 hypoxia inducible domain family, member 1A, transcript
HIGD1A variant 3 1,5103043 | up
Homo sapiens acyl-CoA synthetase long-chain family member 4, franscript
ACSL4 variant 1 1,5066991 | up
LUM Homo sapiens lumican 1,5007194 | up
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[0094] Table 1. Comparison of transcriptomic profiles in epithelial cells treated by

compound 34 ImM versus control. Results are expressed in fold.

Confirmation by gPCR

[0095] We used quantitative PCR to confirm microarrays results. We quantified by
quantitative PCR the expression of the 15 most up regulated genes evaluated by microarrays
(SGK2 alpha, SGK2 beta, GPA33, CKT 20, LCT1, AADAC, DMBTI1, ACSLS5, MMP19,
SLC28A4, AQP12, MBL2, OSTalpha, HMGCo0AS2, LZTSI1) in Cacao?2 cells cultured in the
same condition. Data obtained by quantitative PCR and presented in the Figures 1a-b confirmed
parray results for the 12/15 up regulated genes except for AQP12, OST o and LZTS1.

[0096] Genes variations were evaluated with a second and independent experiment in
stimulated Caco-2 cells. The same stimulation protocol was used (compound 34 1mM vs control)
and gene expressions were studied using qRT-PCR. We confirmed the up-regulation of all the
selected genes induced by compound 34 (including AQP12, OSTa and LZTS1 which are
weakly expressed but upregulated by compound 34) except for GPA33 (Figure 2A and 2B).
[0097] Interestingly, in this experiment, PPARY mRNA expression was not modified
following compound 34 treatment supporting that compound 34 mediated upregulated target
genes was mainly due to the modulation of PPARY activity by compound 34, rather than an
increased of the receptor expression.

Correlation between gene expression expressed in fold in microarrays and gPCR

[0098] To evaluate more definitively the reproducibility of our microarray data, we
evaluated the correlation between quantitative PCR evaluation and microarray analysis. We
confirmed a significant strong correlation between microarrays (stimulation 1) and qPCR

(stimulation 2) results expressed in Fold Change (r=0.754, p=0.0046) (Figure 3).

Example 2 Lactase gene as a (PPAR) target gene

[0099] Among the new 15 new target genes of compound 34 expressed by epithelial
cells, the gene encoding for lactase was one with the strongest induction (fold change 5.29). This
induction was confirmed in the second stimulation suggesting that the lactase gene is one of the

most PPARg- sensitive genes in our analysis (figure 2a). Due to the functional consequences of
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lactase gene abnormalities in lactose deficiency, a common disorder found in 20% of European
population, we decided to deeper characterize this result. Inadequate lactase-phlorizin hydrolase
(LPH) activity is responsible of lactose intolerance/malabsorption leading to diarrhea, abdominal
pain or bloating after lactose ingestion.

[00100] Figure 4 shows the results of lactase transcript expression in different experiments
of Caco-2 cells stimulated with various agonists of PPAR. Each experiment has been done at
least twice. The lactase gene expression was first confirmed to be stimulated by compound 34 at
two different concentrations (1mM, fold increase 4.78, p=0.0002; 30mM, fold increase 7.9,
p=0.0006) (Fig 4A). Time course experiment showed that 6 hours of stimulation by compound
34 1mM is enough to significantly increase Lactase mRNA expression (p<0.05) and that the
maximum expression is reached at 12 hours of treatment (p<0.0001) (Figure 4A). Similarly to
compound 34, SASA 30mM and pioglitazone 1uM, significantly increased similarly lactase
mRNA expression (figure 4B)(respectively 12.69 fold increase, p=0.0006, 11.76 fold increase,
p=0.0006). Fenofibrate, a PPARa agonist, induced weakly and without significancy the lactase
gene expression in Caco-2 cells (Figure 4C). In Caco2 ShPPAR cell line, a cell line stably
expressing a short hairpin anti-sense RNA against PPAR leading to a specific 70% down
expression of PPARg expression, and lactase mRNA expression is significantly reduced by 63%
(p=0.0012) compared to ShLuc control cells (Figure 4D). Altogether, these data demonstrated
that the human lactase gene is inducible by PPAR agonists in Caco-2 cells and that Lactase gene
could be a new PPAR target gene in intestinal epithelial cells.

Presence of PPRE sequences at 3000 bp upstream the LCT gene

[60101] PPARYy is able to bind DNA as a heterodimer with another nuclear receptor RXR.
The heterodimer PPARY-RXR recognizes short dimeric palindromic sequences (consensus
AGGTCA or TGACCT) spaced by one or two nucleotides giving the DR1 (direct repeat 1) or
DR2 (direct repeat 2) thereby defining the PPARYy response element (PPRE). To better evaluate
the potential regulation of the LCT gene by PPAR, we investigated the potential presence of
PPRE sequences upstream the LCT gene. Bioinformatics tools were used to find PPRE in the
human Lactase gene. Three different programs were used: NUBIScan, PPRE Search and
Matlnspector Figure 5 represents the result of the in silico analysis of the 3000 bases pair
upstream of the transcription start point of the human Lactase gene. Only direct repeats that were

predicted by at least two different programs are indicated. This analysis revealed that the 3000 bp

28



WO 2013/156413 PCT/EP2013/057729

upstream of the transcription start site contain several PPRE which could be used by PPAR to
regulate Lactase expression.

[00102] Transcriptomic analysis of intestinal epithelial cells has been found to be
stimulated by compound 34 1mM using microarray showing a significant modification of 52
genes. These results were confirmed using quantitative RT-PCR in different and independent
experiments. Among these 52 genes, we focused of interest on the gene encoding for lactase and
confirmed upregulated LCT gene expression by 5.29. 5-ASA and pioglitazone are also able to
enhance LCT gene expression in Caco?2 cells, the spontancous level of LCT gene expression is
significantly reduced by 70% in PPARY deficient epithelial cells compared to control epithelial
cells, SASA and pioglitazone kept their upregulatory effects on LCT gene expression in PPAR
semi deficient epithelial cells, suggesting that impaired expression of LCT gene may be restored
by PPAR agonists. Altogether, these data demonstrate that PPAR may be a new modulator of
LCT gene expression and suggest that PPAR agonist and particularly a new class of PPARg
agonist targeting the gut may be a new strategy to treat patients with lactase deficiency.

Example 3 Reporter gene assay and chromatin immunoprecipitation experiments

[00103] The 3000bp of the lactase gene promoter in the pGL4-Luc reporter vector was
cloned. This construction (and the control empty vector) is transiently transfected in Caco-2
cells. The cells are then treated with various PPAR agonists and the luciferase activity is
measured in order to evaluate the regulation of lactase promoter activity by PPAR modulators.
The identification and localization of the PPAR response element(s) is achieved by successive
deletions of the promoter region cloned in the pGL4-Luc reporter vector. The physical binding of
PPARg on the promoter of the Lactase gene is studied by ChIP experiments in Caco-2 cells

stimulated or not with PPAR agonists.

Example 4- PPARY agonists ability to modulate (to increase) lactase activity

[00104] Both stimulation of Caco-2 cells and ex-vivo stimulation of small pieces of mice
intestine are used to test whether PPARY agonists are able to increase lactase activity. The lactase
activity (disaccharidase activity) is assessed with o-nitrophenyl-f3-D galactoside (ONPG) as a
substrate. Upon hydrolysis of the B-galactosidic bond, ONPG yields galactose and o-nitrophenol,

a yellow compound which can be detected by spectrophotometric methods (absorption max =
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450 nm). Alternatively, the expression level of lactase gene in the intestine of mice is evaluated

which will receive compound 34 or 5-ASA per os.

References

[00105] All publications and patents mentioned herein, including those items listed below,
are hereby incorporated by reference in their entirety as if each individual publication or patent
was specifically and individually incorporated by reference. In case of conflict, the present

application, including any definitions herein, will control.

Equivalents

[00106] While specific embodiments of the subject invention have been discussed, the
above specification is illustrative and not restrictive. Many variations of the invention will
become apparent to those skilled in the art upon review of this specification. The full scope of
the invention should be determined by reference to the claims, along with their full scope of
equivalents, and the specification, along with such variations.

[00107] Unless otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification and claims are to be understood as
being modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in this specification and attached claims are
approximations that may vary depending upon the desired properties sought to be obtained by

the present invention.
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WHAT IS CLAIMED IS:

1. A method for treating and/or ameliorating lactose intolerance or lactase deficiency in a patient

in need thereof, comprising administering a PPAR agonist compound to said patient.

2. A method for stimulating lactase gene expression in a patient in need thereof, comprising

administering a PPARY agonist to said patient.

3. A method for treating diarrhea, abdominal pain and/or bloating after lactose ingestion in a

patient in need thereof, comprising administering a PPAR agonist.

4. A method for ameliorating lactose intolerance in a patient ingesting a composition that
includes lactose, comprising administering a PPAR agonist before, substantially simulatenously

with, or after said ingestion.

5. The method of any one of claims 1-4, wherein the PPAR agonist is represented by Formula I:

Y- z
»
/

R2R1 N (I)

and pharmaceutically acceptable salts, stereoisomers, and/or prodrugs thereof, wherein:

R; and R,, are each independently selected from the group consisting of H and C, alkyl;
or R; and R; together with the nitrogen atom they are bonded to form an aromatic or aliphatic
ring with 5 or 6 atoms which may be optionally substituted;

Y and Z are each independently selected from the group consisting of H, OH, COOH,
-OR3;, -CH(OR3)COOH; and

R3 is selected from the group consisting of H, phenyl, benzyl, vinyl, allyl, C; alkyl or

Ci alkyl substituted by one, two , three or more halogens.

6. The method of any one of claims 1-4, , wherein the PPAR agonist is selected from the group
consisting of’ (£)-2-hydroxy-3-(3’-aminophenyl) propionic acid; (£)-2-methoxy-2-(4’-
aminophenyl) acetic acid; (+)-2-ethoxy-2-(3’-aminophenyl) acetic acid; ()-2-ethoxy-2-(4’-
aminophenyl) acetic acid; (£)-2-methoxy-3-(4’-aminophenyl) propionic acid; (+)-2-cthoxy-3-(4’-
aminophenyl) propionic acid; (+)-2-ethoxy-3-(3’-aminophenyl) propionic acid, (R,S)-2-

methoxy-3-(4-aminophenyl)propionic acid, 5-aminosalicylo-hydroxamic acid (compound 5); 3-
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dimethylaminosalicylic acid; 2-methoxy-4-aminobenzoic acid; 2-methoxy-5-amino
5-methylaminosalicylic acid; 4-methylaminosalicylic acid; 4-acetylaminosalicylic acid; 2-
ethoxy-4-aminobenzoic acid; 2-ethoxy-5-aminobenzoic acid; 4-dimethylaminosalicylic acid; 2-
ethoxy-4-aminobenzoylhydroxamic acid; 6-hydroxyquinoline-5-carboxylic acid; 2-(2-
propyl)oxy-4-aminobenzoic acid; 4-(1-piperazinyl)salicylic acid; (R,S) 5-oxa-quinoline-6-
carboxylic acid; 6-methoxy quinoline-5-carboxylic acid; 6-methoxy-1,2,3,4-tetrahydroquinoline-
5-carboxylic acid; 5-diisopropylaminosalicylic acid; and 4-diisopropylaminosalicylic acid or

pharmaceutically acceptable salts thereof.

7. The method of any one of claims 1-6, wherein the PPAR agonist is (-) 2-R-methoxy-3-(4-

aminophenyl)propionic acid.

8. The method of any one of claims 1-4, wherein the PPAR agonist is a compound represented

by Formula I':

N
R/
2 Ri T

wherein X is C;-Csalkylene, optionally substituted with one, two or three substituents

selected from halogen or hydroxyl;

R, is selected from the group consisting of Ci-Csalkyl, Cs-Cecycloalkyl, Co-Cesalkenyl,
and C,-Cgalkynyl;

R, is selected from the group consisting of hydrogen and C;-Cealkyl;

R; is independently selected, for each occurrence from the group consisting of hydrogen,

C,-Csalkoxy, C;-Cealkyl, cyano, Cs-Cecycloalkyl, halogen, hydroxyl, and nitro;

R, is selected from the group consisting of hydrogen and C;-Cealkyl;
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Rs is hydrogen C;-Cgalkyl; or pharmaceutically acceptable salts or N-oxides

thereof; and an excipient.

9. The method of claim &, wherein the compound is N-acetyl(R)-(-)3-4-(4-

aminophenyl)-2-methoxypropionic acid.

10.  The method of any one of claims 1-4, wherein the PPAR agonist is selected
from the group consisting of mesalamine, sulfasalazine, pioglitzaone and
rosiglitazone.

11. A food product comprising a dairy component and an PPAR agonist.

12.  The food product of claim 11, wherein the dairy component is whey, milk,

cheese or cream.

13.  Use of a PPAR agonist compound in the treatment of lactose intolerance or

lactase deficiency.

14.  Use of a PPAR vy agonist in a method of stimulating lactase gene expression.

15.  Use of a PPAR agonist in a method of treatment of diarrhoea, abdominal pain

and/or bloating after lactose ingestion.

MCG24101
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Figure 2
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FIGURE 3
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FIGURE 5

CTAATTTATTTTACTTCTGTGTCCTAAGGGTAATTTCTCAGGATTGTTTTCAAATTGCTTTTTTAGGG GAAATAGGTCAT
TTGCTATATTACAAGCAATCCCCAMATTTTATGGTCTTCCAGGAAALGTTATTACCGTTTATGATACTAACAGTTCCTGA
GACTTAGCTATGATCAGTATGTTCATGAGGTGGAGCAGTTCCTGTGTT GLAGCTTTTAACAACAGATGGCATTCATTAAA
TCACAARGTATETTAAAGGTCACAAAAGCAARAT AACTGTCTGAG GETAAGGLCCACGTEGLACAGTCTAATACCCATGA
GTACTCAACTTGCCTTGATGTCTGAGCTTTCCAGTGCAATGTGAATTTGAGCAGCCAGAAATCTATTAGTAGAAAGCAAG
ACAGATTAATATAGGTTAAAACAATGATTTAAATATGTTTCTCCCAATAATTATCTCTITCCCTGGAATCAACTTGTATG
AAACCTTETCAAAATGTACTCCACAAGTATET ACAATT AAGTATTTTAAAAATALAATG GCAAACATT AAAAAC AAGAGTG
AATACTCAAGTAGATTTGTCATGGGATTTITATAAGAAGACTGGTATCAGGTAAT GTATCTTTAAAGACTAGGLCTGLTCT
GTGACGTAGTAACCATTTTTTATTCCTTTACTITCCTAATAGCCTTGCTTTCACTTAAGAAAAA AMAAGGCTAGGCACG
GTGGCTCACGCCTETAATCCCAGCACTTTGLLAGGCCAAGET GAGTAGATCACCTEAGG TCAGGAGT TCAAGACAAGCCT
GECCAACGTEEAGAARACCTETCTCTACTAAAAGTACAAAAAT T AGCCAGGCATG TG GTGGGCACCTGTAATCCCAGCT
ACTCAGGAGETTGAGGCAGGAGAATTGCTTGAACCCAAGAGETGLAAGTTGLAGT GAGCTGAGATCAT GCCACTGCCCTC
CAGCTTGGEECEECAACAACAACAACAAAAAAMG ATTCCCAGGCTTCACCCTCTACAGTCTAT GEAAAGTCATGGGAGTCT
ATTAAAAANAAACAG ACACTAT AAACCAAATT ALAAGAT GELAAAATTTTTCTATCACGTTITAATAT GTGATATCCAAA
CTCCCATTAAGAATTTTTATATCAGTAATAAGATAAAACTCAGAAG AAAAATGCCCAATT AACAAGAAGAGCTTCACCTC
TTAAATAATCAGAAASAAGAAAAGCACAT AMATATTTACGTCAAAGTATCAAAAAT GTAAAAGTTTTATAATAGGCATTAGC
AAGGCAGACGGATACAGGLACACATCTAACTCTATGTAGGATTTAACTTGGAAG ACAATTTGCATTTCAATCAATC AAAA
ACCATTTITTITITIGAGATGATCTCCCTGTGTTGCCCAGACTGGLCTCAAGCTCCTORELTTGAGCAGTCCTACAGTCT
GAGCCTCCAAAMGTACTGECAAAACAGGCGTGATTGACCATGLCCAGCCTGTATATAAGGATATTCATTTGCAGCATTGT
TTGCAACACAAAAATGTAALACCAACCOGT GTTTAATATGCAAGATGTTAATTTATGGTACATTCTTGLTGT GG AAAGCT
ATGCATCTGTTAGAGGTGGGETCTATATGTTCTGATACAG GCAGAACTCTAAGAGCTATTAAGT GAAGAAAALGGCTGALAA
TACATATGGCATAATTCCATATATGT TAAATTGTTCTATATTT TARATGTTATACACGTTTCCATTTGTATTITACGTAAT
AATAATGATCCCTGAGCTGTACTGTTGTATACAT GCTACAAGAAAGACCCATTTAATCCCCACAGCCTATGATGAATTAT
CCACATTCTACAGGTGACAAAATAGAGGCACAAAGTTAAGT AATTTTTGTCAGGT GAGATTTAAACCCAGGCATTCTGALC
TCCTGTATAACCATTAAGATATGCAGAG AAAGAAAACT G GALAGATACATATTGCTGAAGAT ACTTATTATAGGAAGAGG
AGGGGELEEAGEETGAAGGAATTTGCAAGTTTTTCATAGATGTTTCCATATTGTITGAATCTCTTACARARATATGTTCAGTA
TATTITTAAAGAGAAAATT TG GG GLAAAAT ACTTATTITTGTATTATGTAAACARATTTTAAAATAATGT GTGGCT GEGT
GCGCTGGCTCACACCTGTAATCCCAACACTTTAGGAGGLTGAGGLAAGAGGATTGLTTGAGBCCCAGGAGTTCAAGACCAG
CCTEEETEACATEECAAAACTCCATCTCTACTAAAAAT ACALAAALATT AGCCAGTCGTGGT GGCGCACACCTATGETCEC
ACCTACCCAGGATGLTGAGATGGGAGGATCACTTGAGCLLAGGEAAGTCAAGGCTGCAGGAAGCTGTGATCGCACCACTGL
ACTCCCACCTOOGCAACAGAGT GAGACCCOETCACCAAAAAACAAARAAALC AAAAAAAATTGGTAATCGTTTTCTICAG
ACATTTTCCEEETTCCTCTGCT TAACT T GTATAGGAAGT CTGAGGTTTTTIGTGTTGGTCTITACCTTITIITITITITIT

TTTT T T TAAGATGGAGTCTCATTCTGTTGLCCAGGLTGGAGTGLAGTGECATGATCTTGGCTCCTGCAACCTCCGCCTCC
TEGEGETTCAAGTGATTCTCCTGCCTCAGCCTCCTGAGTAGCLGGGACTACAGGCGLATGCCACGATGCCTGGCTAATTITT
TETATTTTTAGTAGAGATGLEGGTTTCACCATGTTAGLTAGGACGGTCTCGATCTCCTGACCTCOTGATCCGLCCACCTCG
GCCTCCCAAAGTGCTGGAATTACAGGTETGAGCCACCACGLCCGELCCTGATCTTTACATITITAAATATTGCATTAGTG
AACCGTGTACTGATTTTGTGATCATAGATAACCCAGT LAAMTATTAAGTCTTAATTATCACTTAGTATTTTACAACCTCA

GTTGCAGTTATAANGTAAGGGTTCCACATACCTCCTAACA gt tectogaana
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