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[apbstract]

The present invention relates to a S1PR4-targeting
composition for preventing or treating non-alcoholic
steatohepatitis and, more particularly, to a
pharmaceutical compoéition and a health functicnal food
composition, both comprising a sphingolipid compound which
serves as a functional 1nhibitor against S1PR4, showing
prophylaxis and therapy of non-alccholic steatohepatitis.
The sphingelipid compound of the present invention 1S
expected to pe applied as a leading material effective for
the prevention Or treatment of non—-aicoholic
steatohepatitis (NASH} as 1t has the effect of reducing
the infiltration o©of inflammatory celils jJHxD hepatic
tissues and suppressing fibrosis and decreases a level of
liver injury (ALT), inflammation 1in hepatic tissues, the

expression of a fibresis-related gene.
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[DESCRIPTION]

[Invention Title]

S1PRA~TARGETING COMPOSITION FOR PREVENTING OR TREATING

NON-ALCOHOLIC STEATOHEPATITIS

[Technical Fieldl

The present invention relates to an S1PR4-targeting
composition for preventing or treating non-alcoholic

steatonepatitis, and more particu.arly to a pharmaceutical

composition and a nutraceutical (health functional food)
composition  for preventing or treating nonalcoholic
steatohepatitis c¢ontaining a sphingolipid compound which

acts as a ftunctional antagonist of S1PR4,

[Background Art]

Myriccin, 1isolated from Cordyceps fungi, has been
knewn for various pharmacological activities therecof for a
long time and has been found to be effective in preventing

the onset o¢f non-alcoholic fatty acid 1liver disease

(NAFLD) (Yang et al., Am. J. Physiol. Endocrinol. Metab.
2009; 19435851, Kurek et al._, Liver Int. 2014; 24106929,
rasumov et al., PLos One. 2015; 25993337). However,
experimentation on animals has shown that this substance
caused death from severe digestive disorders at 10 times a

normal dose due to the low safety margin thereof. For this
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reason, +the substance has not developed into a drug. In
addition, sphingolipid compounds containing myriocin have
been considered to have low development pétential as drugs
due to the low solubility thereof 1n water.

However, FTY720 (Fingolimod) developed from myriocin
derivatives has been approved to have an indication to
relapsing~remitting multiple sclerosis (RRMS), which 1s a

degeneralive neurological dilisease that often occurs in

western young people. Efforts to develop drugs based on
sphingolipids are ongolng. FTY720 is an oral drug, which
acts as a modulator of sphingosine 1l-phosphate (S1P)

receptors expressed 1in lymphocytes and various neuron

cells on tne 1immune system to reduce recycling and

migration of pathogenic lymphocytes to the central nervous
system.

Meanwnile, FTY720 acts non-selectively on subtypes of
S1P receptors (S1P1, S1P2, S1FP3, S1P4 and S1P5), resulting
in problems due to lymphocyte reduction (lymphopenia) in
plood or severe side effects centered 1in the cardiac
circulatory system such as bradycardia and arrhythmia. Thus,

there 1s a need for the development of a therapeutic agent

Therefore, as a result of extended efforts to develop
an independent compound selectively acting on the S1P

subtype receptor among sphingolipid compounds, the present
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inventors have found that the compound according toc the
present 1invention specifically binds to the S1P4 receptor
present 1n macrophages and thus acts as an functional

inhibitor (antagonist), thereby exerting effects of

0 preventing or treating non-alcoholic steatohepatitis (NASH).

Based on this finding, the present invention has been

completed.

[Disclosurel
10 [lechnical Problem]
Therefore, 1t 13 one object of the present invention
to provide a pharmaceutical composition for preventing or

treating nonalcoholic steatohepatitis.

R

It 1s another object of the present invention to

15 provide a functional health food for preventing or treating

nonalcoholic steatonepatitis.

[Technical Solution]
Therefore, the present invention has been made in

20 view of the above problems, and provides a pharmaceutical

composition for preventing or treating non-alcoholic
steatchepatitis (NASH) containing a compound represented
by the following formula 1, an optical isomer thereof or a

pharmaceutically acceptable salt thereof as an active

25 ingredient:
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(Formuia 1]

HO

wherein ?H
HO-I"?—
O

RZ2 1is hydrogen, or unsubstituted or substituted Ci-s

R’ 1s hydrogen or -
straight Or branched alky: carbonyi, wherein Lhe
substituted alkyl carbonyl is substituted with one or more
substituents selected from the group <consisting of
hydroxy, halogen, cyano, nitro and amino;

A 1s a five-membered ring hetercarylene containing
one or more heteroatoms selected from the group consisting
of N, O and S5;

B is C;.3: straight or branched alkylene;

C is a single pond or C¢-10 arvlene;

D 1s —H, or Ci-1s straight or branched alkyl; and

X 1s a single bond, C;-s aikylene, C,.5 alkenylene oOr

Cz-5 alkynylene., OH
t

Ho-ﬂ-
O

R¢ is hydrogen, or Ci-3 straight or branched alkyl

3
’

Preferably, R! 1s hydrogen or

carbonyl;

A 1s a five-membered ring hetercarylene containing

one or more heteroatoms selected from the group consisting
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of N, O and S;

B is Cj-9 straight or branched alkylene;

C is a single bond or Cs-1p arylene;
D is —H, or Cj-i12 straight or branched alkyl; and
X 1s a single bond, (Ci-3 alky.ene, (C;-3 alkenylene or

Co-3 alkynylene.

HO~P— |
More preferably, R! is hydrogen or 6 ;

?l-l
-
l

R 1s hydrogen or acetyl;

A is a five-membered ring heteroarylene containing
cne or meore heteroatoms selected from the group consisting
of N, O and S;

B 1s Cy-g alkylene;

C 18 a single bond or phenylene;

D 1is —-H, or Cs-ip0 straight or branched alkyl; and

X 15 a single bond, -CH:CH»-, -CH=CH- or -~-C=C-.

Preferred examples of the active ingredient
represented by Formula 1 according to the present

invention may include the following compounds:

(1) Z—amino-Z- (2-(3-decylisoxazol-5-yl)ethyl)propane-1, 3-
diol;
(2) 2-amino-2-(2~(l-decyl-1H-1,2,3-triazol-4-

yi)ethyl)propane-2, 3-diol;
(3) -amino-2-{(3-octylisoxazoi-5-yl)ethynyl)propane-1, 3-

d101;
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2Z—amino-2-(2-(3-octyilsoxazol-5-yl)ethyl)propane-1, 3-

Z—-amlno-2- {hydroxymethyl)-~4-(3~octylisoxazcl-5-

yl)butyl dihydrogen phosphate;

(6)

Z—amino-2-{ (3-decyiisoxazol-5-yl)ethynyl)propane-1, 3-

2-amino-4- (3-decylisoxazol-5-yi)-2-

(hydroxymethyl)butyl dihydrogen phosphate;

(8)

Z—amino-2-(2-{3-(4-hexylphenethyl)isoxazol-5-

yl)ethyl)propane-1, 3-diol;

(9) Z-amino—-2-( (3-dcdecylisoxazol-5-yl)ethynyl)propane-
1, 3-cio0l;
(10) 2—amino-2- (2-{3-dodecylisoxazol-5-yl)ethyl)prcpane-
1, 3-diol;
(11) Z—amino-4-{3-dodecylisoxazol-5-y1l)-2-

(hydroxymethyl)butyl dihydrogen phosphate;

(12)

2—-amino=-2-(2-{l-octyl-1H-1,2,3-triazol-4-

yvl)ethynyl)oropane-1, 3-diol;

(13)

Z—amlno-2-(2-{l-octyl-1H-1,2,3-triazol-4-

yl)ethyl)propane-1, 3-diol;

(14)

Z—-amino-2-((l-decyl-1H-1,2,3-triazol-4-

yl)ethynyl)propane-1, 3~diol;

(15)

Z—amino-2-(2-(1l-(4-hexylphenethyl)-1H-1,2,3-triazol-

d-yl)yethyl)propane-1,3-diol;

(16)

2-amino-2-(l-butyl-1H-1,2,3-triazol-4-yl)propane-1, 3-
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diol;

(17) 2-amino-2-(3~-dodecylisoxazol-5-y.l)propane-1,3-diocl;

(18) (B)-2-amino-2-(2-(3-decylisoxazol-5-yl)vinyl)propane-
1,3-dici;
(19) (E)-2-amino-2- (l-butyl-1H-1,2,3-triazol-4-yl)prcopane-
1,3-dicl;
(20) 2—amino-2-(2-(3-{(8-phenyloctyl)-1soxazol-o-

yvl)ethyl)propane-1, 3-diol;
(21) 2—-amino-2-{(2-(1-(8-phenyloctyl)~1H-1,2, 3-
triazolebutyl-4-yl)propane-1, 3-diol;
(22) N-(2-(1l-dodecyl-1H-1,2,3-triazol-4-y1)-1, 3-
dihydroxypropane-2Z2-yl)acetamide;
(23) N-(2-(3-dodecylisoxazol-5-yl)-1,3-dihydroxypropane—-2-
vl)acetamide;
(24) N-{4-(l-decyl-1H-1,2,3-triazol-4-yl)-1l-hydroxy-2-
(hydroxymethyl)butan-2-yl)acetamide;
(25) N-(4-(3~-decylisoxazol-b~yl)-i-hydroxy-2~
(hydroxymethyl)butan-2-vl)acetamide; and
(20) N-—{4- (1~ ({4d~hexylphenethyl)-1H-1,2,3-triazol-4-yl)-1-
hydroxy—2—(hydroxymethyl)butan“Z—yl)acetamide.

The chemical structures of the compounds (1) to (26)

are shown 1n Taple 1 below.

Table 1]
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More preferably, the active 1ngredient according to
the present 1inventicon 1s Z-amino-2-(2-{(l-decyl-1H-1,2,3-
triazol-4-yl)ethyl)propane-1,3~diol, which is a compound
represented by the following Formula 2. In the following
detalled description of the invention, the compound
represented by the fcocllowing Formula 2 is referred tc as
“"SLBT7367.

Formula 2]

10
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The compound represented by Formula 1 of the present
invention may be used 1n the form of a pharmaceutically
acceptable salt, and as the salt, an acid addition salt
formed by a pharmaceutically acceptable free acid 1is
useful. The acid addition salt 1s obtained from inorganic
acids such as hydrochloric acid, nitric acid, phosphoric
acid, sulfuric acid, hydrobromic acid, hydroiodic acid,
nitrous acid and phosphorous acid, non-toxic organic acids
such as aliphatic mono- and di-carboxylates, phenyl-
substituted alkanocates, hydroxy alkanocates and alkane
diocates, aromatic acids, aliphatic and aromatic sulfonic

acids, and organic acids such as acetic acid, benzoic

acid, citric acid, lactic acid, maleic acid, gluconic

acid, methanesulfonic acid, 4-toluenesulfeonic acid,
tartaric acid and fumaric acid. Examples of the
pharmaceuticaily nontoxic salt include sulfate,
pyrosulfate, pbisuifate, sulfite, pbisulfite, nitrate,

pnosphate, monchydrogen phosphate, dihydrogen phosphate,

metaphosphate, pyrophosphate chloride, bromide, iodide,

tluoride, acetate, proplonate, agecanoate, caprylate,
acryilate, formate, 1sobutyrate, caprate, heptancate,
propiolate, oxalate, malonate, succinate, superate,

11
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sebacate, fumarate, maleate, Dbutyne-1,4-diocate, hexane-

i,o-01o0ate, benzoate, chlorobenzoate, methyl benzoate,

dinitrobenzoate, hydroxybenzoate, methoxybenzoate,
phthalate, terephthalate, benzenesul fonate,
toluenesulfonate, chlorobenzene sulfonate, xylene
suifonate, phenylacetate, phenylpropionate,
ohenylbutyrate, citrate, lactate, B-hydroxybutyrate,

glycolate, malate, tartrate, methane sultfcnate, propane
sulfonate, naphthalene-1 sulfonate, naphthalene-2-
suifonate, mandelate and the like.

The acid addition salt according to the present
invention c¢an be prepared through a conventional method,
for example, by dissolving a deraivative of Formula 1 1n an
organic solvent such as methanol, ethanol, acetone,
metnylene chloride or acetonitrile, adding an organiC oOr
inorganic acid thereto and filtering and drying the
resulting precipitate, or distilling a sclvent and excess
ac:d under reduced pressure, drying and crystallizing the
resulting product in an organic solvent.

Also, a pharmaceutically acceptable metal salt can
e prepared using a pase. An alkalli metal or alkaline
earth metal salt 1s, for example, obtained by dissolving
the compound in an excess of an alkall metal hydroxide or
alkaline earth metal hydroxide solution, filtering the

insoluble compound salt, and evaporating and drying the

12
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filtrate. At this time, 1t 1s pharmaceutically suitable to
prepare a sodium, potassium or calcium salt as the metal
salt. Also, the corresponding salt 1s obtained by reacting
an alkall or alkaline earth metal salt with a suitable
silver salt (e.g., silver nitrate).

Furthermore, the present invention includes not only
the compound represented by Formula 1 and pharmaceutically
acceptaple salts thereof, out also solvates, optical
isomers, hydrates and the 1like that can be prepared
therefrom.

As used herein, the term “prevention” refers to any
action that inhibits or delays the onset of nonalcoholic
steatohepatitis o}V, adminlistering the pharmaceutical
composition of the present invention to a subject.

As used herein, the term “treatment” refers to any
action that ameliorates or positively affects symptoms of
nonalcoholic steatohepatitis by adminlstering the
pharmaceutical composition of the present invention to a
subiject.

The active 1ngredient 'of the present 1nvention
specifically birds to sphingosine l-phosphate receptor 4
(5S1PR4) and then removes the same 1in cells, thereby
innibiting the activity of S1PR4.

In addition, the active ingredient of the present

invention 1inhibits the activity of the inflammation-

13
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regulatory complex (inflammasome).

In addition, the active 1ingredient of the present
inventicn inhibits IL-f production 1n macrophages.

Specifically, as shown in FIG. 1, the compound of the
present 1nvention acts as a functional antagonist for this
receptor, based on the mechanism of specifically binding
to S1PR4 of macrophages and then inducing S1IPR4 intc cells
and removing the same, thereby inhibiting the activity of

NLRP3 inflammasome and preventing or treating nonalcoholic

[————

steatohepatitis (NASH).

The pharmaceutical composition of the present
invention may further include a pharmaceutically
acceptaple carrier. In the present invention, the term
"pnarmaceutically acceptable” means that a compound 1s
commonly used 1in the pharmaceutical field, while neither
lrritating an organism that administers the compound nor
inhibiting the biological activity or properties of the

administered compound.

In the present invention, the type of carrier is not
particularly limited and any carrier can be used as long
as 1t 1s commonly used in the art. Non-limiting examples
of the carrier incliude saline, sterile water, Ringer's
solution, buffered saline, albumin injection solutions,
iactose, dextrose, sucrose, sorbitol, mannitol, xylitol,

erythritol, maltitol, maltodextrin, giycerol, ethanol and

14
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the 11ke. These may be used alone o©r 1in combinations of

Lwo or more thereof.

Also, the pharmaceutical composition of the present
invention may be added with other pharmaceutically
acceptable additives such as exciplents, diluents,
antioxidants, buffers or bacteriostatic agents, and may be
optionally added with fillers, extenders, wetting agents,
disintegrants, dispersants, surfactants, binders Or
lubricants.

The  pharmaceutical composition of the present
nvention may be formulated into a variety of formulations
suitable for oral or parenteral administration. Non-
limiting examples of the formulation for oral
administration 1include troches, lozenges, tablets, aqueous
suspensions, olly suspensions, prepared powders, granules,
emuisions, hard capsules, soft capsules, SYrups or elixirs
and the like.

in order to formulate the pharmaceutical composition
tor oral administration, a pinder such as lactose,
saccharose, sorbitol, mannitol, starch, amylopectin,
cellulose or gelatin, an exciplient such as dicalcium
phosphate, a disintegrant such as corn starch or sweet
potato starch, or a lubricant such as magnesium stearate,
calcium stearate, sodium stearyl fumarate or polyethyliene

glycol wax may be used, and a sweetener, fragrance, syrup
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cr the like may be also used.

Furthermore, 1n the <case of a capsule, & liquid
carrier such as fatty o1l may be additionally used 1in
addition to the above-mentioned substances.

Non-limiting examples of the parenteral formulation
include 1njection solutions, suppositories, powders for
respiratory 1nhalation, spray aerosols, ointments, powders
for application, oils, creams and the like.

in order to formulate the pharmaceutical composition
for parenteral administration, a sterile aqueous solution,
a non-agueous solvent, a suspension, an emulsion, a
freeze-dried preparation, an external preparation and the
iike may be used. The non-agqueous solvent and the
suspension may be propylene glycol, polyethylene glycol,
vegetable o1ls such as olive o0il, injectable esters such
as ethyloleate or the like.

turther, more specifically, when the pharmaceutical
composition of the present invention is formulated into an
1njection solution, the compositicon of the present
lnvention 1s mixed in water with a stabilizer or buffer to
prepare a solution or suspension, which 1s then formulated
for ampoule oOr vial unit administration. In addition, when
the pharmaceutical composition of the present invention is

formulated intc an aerosol, & propellant or the like may

be combined with an additive so as to disperse the water-

16
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In addition, when the pharmaceutlical composition of
the present 1nvention 1s formulated into an ointment,
cream or the 1like, an animal o1il, vegetable o0il, wax,
paraffin, starch, tragacanth, cellulose derivatives,

polyethylene glycol, silicone, bentonite, silica, talc,

zinc oxide or the like may be used as a carrier.

A pharmaceutically effective amount (effective
dosage) of the pharmaceutical composition of the present
invention may vary depending on the formulation method,
administration method, administration time and/or
administration route c¢f the pharmaceutical composition or
the 1ike, and may vary depending on varicus factors
inciuding the type and extent of thé response to be

achleved by administering the pharmaceutical composition,

the type, age, body weight, general state of health, state

the subject, to which the composition i1s administered, and
the 1ngredients of drug compositions simultaneously or
sequentially administered to the subject, as well as
various similar factors well known in the pharmaceutical
field, and those skilled in the art can easily determine
and  prescribe a dosage effective for the desired

treatment.

I'ne dosage of the pharmaceutical composition of the

17
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present 1nvention to obtain more preferable effects 1is
preferably C.1 mg/kg to 1,000 mg/kg, more preferably 10
mg/kg to 500 mg/kg per day. The pharmaceutical composition
ol the present 1invention may be administered once a day,
or may be adminlstered several times in respective
portions. Therefore, the dosage does not limit the scope
of the present invention in any aspect.

The aaminlistration route and administration method of
the pharmaceutical composition of the present invention
may be 1ndependent of each other and are not particularly
limited, and any administration route or method may be
used, as long as the pharmaceutical composition can be
delivered Lo the desired site. The pharmaceutical
composition may be administered by oral or parenteral
administration.

The method for parenteral administration includes,
for example, intravenous administration, intraperitoneal
administration, intramuscular administration, transdermal
administration, subcutaneous administration or the like.
The composition may be applied, sprayed or inhaled to the

disease site, but the present invention is not limited

The  present invention also provides a health

functional food composition for preventing or ameliorating

non—alcoholic steatochepatitis (NASH) containing the

18
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compound represented by Formuia 1, an optical 1somer

thereof or a pharmaceutically acceptable salt thereof as

an active ingredient.

prepared 1nto any one tformulation selected from the group
consisting of a tablet, granule, powder, c&ipsule, liguid
solution and pill. The food composition according to the
present 1inventicn may be formulated into a powder, liguid,
tablet, soft capsule, granule, tea bkag, instant tea or

L.
-
F

arink containing the compound represented by Formula 1 as
an active ingredient. The content of the active ingredient
may be appropriately determined depending on the purpose
of use (prevention o¢or amelioratiocn). In general, the
amount of the active i1ngredient contained in the food
composition may be added in an amount of 0.1 to %0% by
weignt of the total food welght. However, 1n the case of
prolonged administration for health and hygiene or health
maintenance, the amount may be below the range of content
defined above. In addition, the food composition according
to the present invention mavy also contain other
pharmaceutical compositicons or natural products that do
not 1impalr the main effect of the present invention in

addition to the active 1ngredient described above and

preferably have an effect synergistic with the main

effect.

19
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The food compesition formulated in the form described
above may be added to food as 1t 1s ©or may be used 1n
compination with other food or food 1ngredients, and may
be appropriately used according to conventional methods.
Examples of the food 1include drinks, meat, sausages,
bread, biscults, rice cakes, chocolate, candies, snacks,
confectionery, pizza, ramen, other noodles, gums, dairy

products 1i1ncluding 1ce creams, various soups, beverages,

alcoholic beverages and vitamin complexes, dalry products

and dalry-processed products, and 1include all functional

foods 1n the conventional sense.

a drink, 1t contains the active 1ingredient of the present
invention as an essentlal 1ngredglient 1n a predetermined
ratio. There are no particular limitations as to other
1ngredients used to prepare the drink, and various
tlavoring agents or natural carbohydrates may be contained
as additional components, like common beverages. EBExamples
ci such natural carbohydrates include conventional sugars
lnciuding monosaccharides such as glucose and fructose,
disaccharides such as maltose and sucrose and
polysaccharides such as dextrin and cyclodextrin, and
sugar alconcls such as xylitcl, sorbitol and erythritol.
In addition to the substances described above, a flavoring

agent such as a natural flavoring agent or a synthetic

20
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tlavoring agent may be used. The proportion of the natural
carbohydrate 1s generally about 1 to 20 g, preferably
about 5 to 12 g with respect to 100 ml of the composition
of the present invention.

Also, the food composition of the present invention
may contain a variety of nutrients, vitamins, minerals
(electrolytes), flavoring agents such as synthetic
flavoring agents and natural flavoring agents, colorings
and enhancers (such as cheese or chocolate), pectic acid
and salts thereof, alginic acid and 1ts salts, organic
acirds, protective colloidal thickeners, pH adjusters,
stabilizers, preservatives, glycerin, alcohols,
carbonation agents used for carbonated drinks, and the

like. In additicn, the focd composition of the present

invention may contain flesh for producing natural fruit
julces, fruit Julce beverages and vegetable beverages.
These  components can be used 1ndependently or 1n
complnation. The proportion of such additives 1is not
critical, but is generally determined within the range of
about 0.1 to about 20 parts by weight with respect to 100
parts py weight of the active ingredient of the present
inventiocn.

The present invention alsc prcvides a pharmaceutical
composition for preventing or treating nonalcoholic

steatohepatitis containing a functional antagonist of

21
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S1PR4 as an active 1ngredient.

The present invention also provides a health
functional food composition for preventing or ameliorating
non-alcoholic steatohepatitilis containing a  functional
antagonist of S1PR4 as an active 1ngredient.

In one embodiment of the present invention, the
‘nhibition of S1PR4 expression through S1PR4 shRNA as well
as the sphingelipid compound according to the present

invention provides the effect of reducing 1IL-10 production

in macrophages and the effects of preventing the onset of

 NASH and treating NASH. Therefore, Lhe functional

antagonist for S1PR4 according to the present i1invention
may be not only a compound that acts &s a functional
antagonist against S1PRA4 including the sphingolipid
compound according tc the present invention, but also the
antibody against S1PR4 that inhibits tThe activity of S1PR4
protein, and antlisense nucleotides, aptamers, siRNAs,
shRNAs, miRNAs and RNAi1 for mRNA of S1PR4 that inhibits
S1PR4 expression. In the present 1nvention, the antibody
against S1PR4 may be a monoclonal antibody or a polyclonal
antipody.

The present 1invention also provides a method for

preventing or treating nonalcoholic steatohepatitis (NASH)

including administering to a subject a composition

containing the compound represented by Formula 1, an
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optical 1somer thereof, or a pharmaceutically acceptable
salt thereof as an active i1ngredient.

The present 1nvention also provides the use of
composition containing the compound represented by Formula
l, an bptical isomer trnereof, or a pharmaceutically
acceptaple salt thereof as an active 1ingredient for

preventlng or treating nonalcoholic steatohepatitis

[Advantageous effects]

The sphingolipid compound of the present invention

has effects of reducing deposition of 1lipids 1in liver

N -

tissue, reducing 1infiltration of inflammatory cells and
inhibiting fibrosis, and is also expected to be applicable
as & Jleading substance effective for the prevention or
Crcatment of non-alcoholic steatohepatitis (NASH) by
reducing liver function (ALT) levels, lLiver Llssue

infiammation and expression of fibrosis-related genes.

[Brief Description of the Drawingsl

The above and other objects, features and other
aavantages of the present invention will be more clearly
uncerstood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

F1G. 1 1s a schematic diagram showing a mechanism for
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vny

treating nonalcoholic steatohepatitis of a compound

FIG. 2 shows the result 1dentifying the inhibitory
effect of the sphingoliplid compound SLB736 according to
the present invention on the activity of NLRP3
inflammation-regulating complex;

FIG. 32 shows the result 1dentifying the 1inhipitory

effect of the SLB736 compound according tc the 1nvention

n.

on S1PR4 expression 1n a mouse liver tissue model;

FIG. 4 shows the result identifying the inhibitory

effect of the SLB736¢ compound according to the present

inventicon on S1PR4 expression in a mouse macrophage model;

FIG. 5> shows the resu.it identifying that the SLB7306
compound o©f the present invention 1s not recycled to the
cell mempbrane after being introduced into the cells;

#1G. © shows the result idenfifying the 1nhibitory

eftfect of reducing IL-3 production of S1PR4 shRNA in mouse

.

macrophages;

FIG. | shows the result of microscopic examination
for identifying the effect of SLB736 on the prevention of
steatoslis and lobular inflammation in 1liver tissue of a
NASH-1nduced mouse model;

FIG. 8 shows the result of microscopic examination

for identifying the effect of SLB736 on the prevention of

fibrosis 1in liver tissue of a NASH-induced mouse model:
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FIG. 9 shows the result o©f evaluation on the bﬂﬁﬂi
prevention effect of SLB736 1n liver tissue of the NASH-
induced mouse model based on the CRN scoring system;

¥IG. 10 shows the result identifying the expression

5 inhibition effects of inflammatory and fibrosis markers in
iiver tissue of the mouse model;

FIG. 11 shows the result identifying the therapeutic

effect of SLB736 1n liver tissue of the mouse model (A -

treatment o©of steatosis and lobular inflammation; B -
10 Ctreatment of fibrosis); and
FiG. 12 shows the result identifying that lymphorenia

aoes not appear in blood after administration of SLB736,

compared to atter administration of FTY720.

15 [Best mode]

Hereinafter, the present invention will be described
1n more detail with reference to the following examples.
However, 1t will be cbvious to those skilled in the art that
these examples are provided only for illustration of the

20 present 1nvention and should not be construed as limiting

Che scope ¢f the present invention.

Example 1. Selection of sphingolipid candidates
Flfteen types of sphingolipid compounds structurally

25 similar to myriccin and FTY720 (fingolimod), among about 600
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types of sphingolipid compounds held by a sphingelipid
material Dbank, were obtained 1in order to develop lead
canaidates for the develiopment of nonalcoholic
steatohepatitis (NASH) drugs.

The result of measurement of agonistic activity cof S1P
receptors (sphingosine l-phosphate receptors) using the GPCR
activity measurement method of DiscoveRX Corp. showed that
Z—amino-2-(2-(l-decyl)-1H-1,2,3-triazol-4-yl)ethyl)propane-

1,3-diol (hereinafter referred to as “SLB736”) has an

HO .
"
]
}
HO el E\\V’/ d mﬁ“’*’{ﬁ \N i e - R - e 7N " I
NH et
s N>~

Example 2. Inhibitor

regulating comBlex

It i1s well known that the treatment of macrophages

activity of NLRP3 inflammation-

with lipopolysaccharide (LPS) results in activation of
inflammation-regulating complex (inflammasome), thereby
increasing IL-1@ production (Mariathasan et al., Nat. Rev.
Immunol. 2007; 17186029) . In oraer to determine the
innipbitory effect of the activity of inflammation-

regulating complex (NLRP3 inflammasome), which is a
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representative inflammation-reqgulating protein, the IL-18
oroduction of candidate substances upon the treatment of
macrophages with LPS was measured and evaluated.

First, 12 hours after treatment of Raw cells (mouse
macrophage lines) with LPS (100 ng/mi, Sigma-Aldrich), the
concentration of IL-138 in the medium was found to be
markedly increased.

The macrophages were treated with myriocin 1in
different concentrations as a control group and were then
treated with the same concentration of LPS for 24 hours.
As a result, 1t was found that 10 uM of myriocin
eftectively reduced IL~1f production. Based on this,
experiments were conducted to determine the effect of

sphingolipid candidates on the inhibition of IL-1R.

The result of Creatment with the known sphingolipid
derivative drug, FTY720, showed that FTY720 exhibits an
inhipitory effect of IL-1p production similar to 10 uM
myriocin at a concentration of 0.1 uM, which is a much
lower concentration than myriccin. On the other hand, when

treating with SLB736, the compound represented by Formula

Z according to the present invention, at 0.1 uM or 1.0 uM
and then with LPS, it was found that the inhibitory effect
of 1L-1P production was excellent at each concentration to

a significant extent to FTY720 (FIG. 2).
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Example 3: Identification of effects of SLB736 on

inhibition of expression of S1PR4 in tissue and cells

In order to determine whether or not SLB/36, the
compound of the present invention, acts as a functional
antagonist of S1PR4, changes 1n S1PR4 protein expression
were observed after administration of candidate substances
to nonalcoholic steatohepatitis (NASH) model mice and
macropnages thereorf.

It 1s well known that the administration of a
methionine choline-deficient diet (MCDD) to mice results
in non-alcoholic steatohepatitis. The mice (C578BL/ 6N,
Orient Blo, Inc., Korea) used 1n The experiments were

divided 1nto three groups, and MCDD alore, 1 mg/xg of MCDD

and FTY720, and 1 mg/kg of MCDD and SLR736 were

administered to each group for 6 weeks. Then, changes in
the expression of SI1PR4 protein in 1liver tissue o¢of mice

were measured through Western blotting. As a result, it

was found that the expression of S1PR4 was significantly
increased 1n the mice administered with MCDD alone
compared to the contreol (con) mice not administered with
MCDD, and the amount of S1PR4 protein was decreased in the
mice administered with FTY720 or SLB736 in combination
with MCDD (FIG. 3).

In addition, Raw cells, which are mouse macrophage

lines, were treated with a FTY720 or SLB736 substance, and
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were then treated with LPS, and S1PR4 expression was then

measured. As a result, the expression o©of S1PR4 was
significantly increased 1in cells treated only with LPS,
compared to the control group (con) without any treatment,
whereas treatment with FTY720 or SLB736 in combination
with LPS was found to significantly reduce the expression

ievel of S1PR4 (FIG. 4).

This result demonstrates that the SLB736 compound of
the present 1nventlion functions to reduce the expression

lever of S1PR4 protein.

Example 4. Identification of activity as functional

antagonist of S1PR4

Cell lines overexpressing S1PR4-EGFP were used to

1identify whether or not SLB736 and FTY720 actually

internalzze S1PR4 into cells and thereby act as functional
antagonists.

Specifically, the cell 1lines overexpressing S1PR4-
EGEFP were 1ncubated 1n a cover g¢lass allowing for
microscopic observation and were then treated with a
vehicle (dimethyl sulfoxide hydrochloric acid, 100 nM),
SLP {100 nM; agonist, positive control group), FTY720 (100
nM) and SLB736 (1 uM). 30 minutes and 2 hours after
Creatment with each material, the cell 1lines were fixed

with a fixing soluticn and observed with a fluorescence
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microscope. At this time, the cells were cultured after

treatment with 3 prcteln synthesis lnhibitor

v

(cycloheximide) 1in order to 1nhibit the synthesis ¢f new
receptors, were flrst observed with a flucrescence
microscope 30 minutes after each material treatment, and
were then washed. Then, the cells were further cultured
for 1 hour 30 minutes and were secondarily observed, and
cell images were obtained.

The results are shown in FIG. 5. It could be seen
that S1PR4 was 1internalized 1n the medium treated with S1P,

FTY /720 and SLB736 after cell culture for 30 minutes, and

1n S1P (agonist)-treated cells after cell culture for 2
nours, GS1PR4 was recycled tc the cell membrane, whereas

FTY /20 ang SLB736 were not recycliad Lhereto. This

indicates that SLB736 according to the present invention

acts as a functional antagonist of S1PR4, like FTY720.

Example 5. Identification of inhibition of IL-1°F

production by S1PR4 shRNA

In addition, after infecting Raw cells, the
macrophage line, with S1PR4 shRNA lentivirus, viable cells
capable of i1nhibiting S1PR4 expression were selected. When
treating the selected cells with LPS, changes in IL-1R
production were measured and were compared with control

groups (Vec, Vec + LPS) not infected with shRNA lentivirus.



15

CA 03058124 2015-09-26

As a result, 1t could be seen from FIG. © that the
L-13 concentration was significantly reduced 1n  the
macrophage l1ine 1nfected with S1PR4 shRNA lentivirus

(shS1PR4 + LPS) compared to the control group (Vec + LPS).

Example 6. Identification of effects of SLB736 on

Erevention of NASH onset and treatment of NASH

In order to 1dentify the effect of the SLB73¢

ﬁ

compound on the prevention of onset o©of non-alccholic

steatohepatitis (NASH), an animal model administered with
MCDD for 6 weeks was used.

Generally Kknown characteristic microscopic findings
of NASH 1nclude steatosis, ballocning degeneration of
hepatocytes, lobular inflammation, perisinuscidal fibrosis
and the l1ike. In 2005, the NASH clinical research netwoerk
(CRN} designed a detailed grading sysiem for lesions
corresponding to nonalcoholic steatohepatitis and thus
proposed the nonalcoholic fatty liver disease activity
score (NAS), which 1is widély used in various research due
to the excellent reproducibility thereof. Accordingly, the
present 1nventors have scored the grade of steatosis,
iocation of steatosis, lobular inflammaticn and the extent
of fibrosis, from the results of liver tissue observation
of animal models, based on the CRN classification system.

Based on this, the effect c¢f SLB736, which is the target
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compound 1in the present 1nvention, on the prevention or
progression of non-alcoholic steatohepatitis caused by
MCDD was evaluated.

Specifically, eight-week-cld mice (C57BL6/N, Orient
Bio Inc., Korea) were divided into two groups, the control
group was fed only with MCDD for 6 weeks to induce the

onset of NASH, and the experimental group was fed with

SLB736 1in a dose of 1 mg/kg/day for six weeks 1in
combination with MCDD, 1liver tissue was ccllected from
each mouse and was c¢bserved with a microscope, and the
degree of steatosis, lobular inflammation and fibrosis was
ocbserved. The result showed that the degree of steatosis
and lobular 1nflammation {see black triangle in FIG. 7)

were significantly reduced 1n mice administered in

combination with SLB736, and the degree of fibrosis was

also significantly reduced 1in the SLB736 administraticn
group.

In order to determine this guantitatively, evaluaticn
was conducted according to the NAS system of the CRN. The
result showed that, as shown in FIG. 9, the degree of
steatosis, lobuiar inflammation and the degree of fibrosis
were all significantly alleviated compared to the control
group.

In addition, the expression levels of TGF-B, TNF-o

and MCP-1 were measured in order to identify the effects
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of the SLB736 compound on the expression of inflammatory

markers and fibrosis markers in liver tilssue. Specifically,
RNA was extracted from liver tissue of the animal model
and mRNA was measured using Q-PCR. The result showed that
the expression of all of 7TGF~p, TNEF-a and MCP-1 was
reduced to a significant level in mice administered with

SLB736 (FIG. 10).

This shows that the compound SLB736 of the present
invention 1S eftective in preventing nonalcoholic
steatohepatitis (NASH).

A NASH-1induced animal model cbtained by administering
MCDD to 8-week—-old mice (C57BL6/N, Orient Bio Inc., Korea)

for 4 weeks was used 1n order to identify the effect of

the SLB/736 compound on the treatment o©f non-alcoholic

(NASH). Specifically, the NASH-1nduced

{5}

steatohepatliti
model mice were divided into two groups, the control group

was further fed with MCDD for 4 weeks, the experimental

group was fed with SLB736 at a dose of 5 mg/kg/day for 4
weeks 1n combination with MCDD, and liver tissue was
collected from each mouse and observed with a microscope
to determine the degree of steatosis, lobular inflammation
and fibros:is.

The result showed that the control group that had

peen continuously fed with MCDD was found to have

steatosis, lobular 1inflammation and fibrosis 1in 1liver
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Cissues due to the administration of MCDD, indicating the
onset of NASH. ©On the other hand, the mice administered
with SLB/736, 1n combination with a general diet, exhibited
a considerable reduction in the degree of steatosis and
lobular 1inflammation (FFIG. 11), and the SLB736
administration group also exhibilted a considerable

reduction 1in the degree of fibrosis (FIG. 11).

Example 7. Comparison of Lymphopenia in blood between

administration of SLB736 and FTY720

FTY720, whilch acts as a functional antagonist c¢f S1PR,

nas been reported to cause the serious side effect,

lymphopenia in the blood. Therefore, when the SLB736 of
the present 1invention was administered, changes  of
leukocytes and lymphocytes in the blood were measured to
determine the possibility of side effects. On the day of
autopsy, blood was collected from the posterior vein using
a syringe and whole blood was refrigerated in an EDTA-2K

CBC Dbottle. The leukocytes and lymphocytes 1in the whole

blood were measured using an automated analyzer.

As shown in FIG. 12, the result showed that the mice
aaministered with 8.LB736 had no reduction of lymphocytes

and leukecytes 1in blood, which means that administration

cf FTY720 causes no side effects.
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[Claimsl
[Cilaim 1]

A pharmaceutical composition for preventing oOr
treating non-alcoholic steatohepatitls (NASH) comprising a
compound represented by the following formula 1, an
optical 1somer thereof or a pharmaceutically acceptable
sa.t thereof as an actilive 1ingredlent:

' Formula 1]

HO
e
RZ
wherein ?H
HO—P—
R' is hydrogen or 6 :

R- 1s hydrogen, or unsubstituted or substituted Ci-s
straight or branched alkyl carbonyl, wherein the
substituted alkyl carbonyl 1s substituted with one or more
substituents selected from the group consisting of
hydroxy, halogen, c¢cyano, nitro and amino;

A is a five-membered ring heteroarylene containing

one or more heteroatoms selected from the group consisting

of N, O and S;

B 1is Ci-11 straight or branched alkylene;
C 138 a single pbond cor Cs-19 arylene;

D 1s —H, or Ci-15 straight or branched alkyl; and
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X 1s a single bond, Ci-5 alkylene, C,.5 alkenylene or

Ceeny alkynvylene,

[Claim 2]

The pharmaceutical composition according to claim 1,

wherein OH
j
| uo-g~|
R' 1s hydrogen or o

R¢ 1s hydrogen, or Ci-3 straight or branched alkyl
carponyl;

A 13 a five-membered ring heteroarylene containing
one or more hetercatoms selected from the group consisting
of N, O and S;

B 1s Ci.e straight or branched alkylene;

C 1s a single pbond or Cs-1p arylene;

D 1s —H, or Cj3-1» straight or branched alkyl; and

X 1s a single bond, Ci-3 alkylene, Cz;.3 alkenylene or

Cz-3 alkynylene.

[c1aim 3}

The pharmaceutical composition acccecrding to claim 1,

wherein
ﬁNi
HO—P—
R! 1s hydrogen or (”) '

R’ is hydrogen or acetyl;

A 1s a five-membered ring hetercarylene containing
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of N, O ard S;

B 1is C;-g alkylene;
C 1s a single bond or phenvylene;
D 1s —H, or Cs-10 straight or branched alkyi; and

X 1s a single bond, -CH;CH;-, -CH=CH- or -C=C-,

[Claim 4]

The pharmaceutical composition according to claim 1,
wnerein the compound represented by Formula 1 comprises
any one selected from the group consisting of the
foillowing compounds:

(1) Z—amino-2-{2-(3-decylisoxazol-5-yl)ethyl)prcpane-1, 3-
diol;

(2) Z-amino-2-(2-(l-decyl-1H-1,2,3-triazol—-4-
vi)ethyl)oropane-1, 3-diol;

(3) Z-amino-2-({3-octylisoxazol-5-yl)ethynyl)propane-1, 3-
diol;

(4 ) 2-amino-Z-(2-{3-octylisoxazol-5-yl)ethyl)propane-1, 3-
diol;

(5) 2—-amino-2- {(hydroxymethyl)-4-(3-octylisoxazol~5-
yl)butyl dihydrogen phosphate;

(©) Z-amino-2-{(3-decylisoxazol-5-yl)ethynyl)propane-1, 3-

(7) 2-amino-4-(3-decylisoxazol-5-yl)-2-
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(hydroxymethyl)butyl dihydrogen phosphate;
(8) 2—-amino-2-(2-(3-{(4~hexylphenethyl)isoxazol-5-

yl)ethyl)propane-1,3-c10l;

(9) 2-aminc-2-( (3-dodecylisoxazol-5-yl)ethynyl)propane-
1, 3-di1ol;
(10) 2—amino=-2-(2-(3-dodecylisoxazol-5-vyl)ethyl)propane-
1,3-di1ol;
(171) 2—-amino—-4- {3-dodecylisoxazol-5-yl) -2~

(hydroxymethyl)butyl dihydrogen phcsphate;

(12) Z—-amino-2-(2-{(l-octyl-1H-1,2,3-triazol-4-
vi)ethynyl)propane-1,3-di10ol;

(13) Z-amino-2~(Z-(il-octyl-1H-1,2,3-triazol-4-
yl)ethyl)propane~1, 3—-diol;

(14) Z—amino-2-((l-decyl-1H-1,2,3-triazol-4-
vi)ethynyl)propane~1, 3—-diol;

(15) 2—amino~2-(2-{1l-(4-hexylphenethyl)-1H-1,2,3-triazol-
d-yvi)lethyl)propane-~1, 3~diocl;

(lo) Z2-amino-2-(l-butyl-1H-1,2,3-triazol-4-yvl)propane-1, 3-
diol;

(17) Z2-amino-2-(3-dodecylisoxazol-5-yl)propane-1,3-diol;

(18) (B) -2-eam1ino-2-(2-(3-decylisoxazol-5-yl)vinyl)propane-

1, 3~diol;
(19) (BE)-2-amino-2-(l-butyl-1H-1,2,3-triazol-4-yl)propvane-
1,3-diol;
(20 2-amino-2-(2-(3-(8-phenyloctyl)~isoxazol-5-
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yvl)ethyl)propane-1, 3~-diol;

(21) Z-amino-2-(2-(1-(8-phenyloctyl)-1H-1,2, 3-
triazolebutyl-4-yl)propane-1, 3-diol;

(22) N-(Z-(l-dodecyl-1H-1,2,3-triazol-4-y1)-1, 3-
dihydroxypropan—2-yl)acetémide;

(23) N*(2-(3*dodecylisoxazol—5-yl)wl,BMdihydroxypropan—Z“
yvl)acetamide;

(24) N—(4—(1~decyl~1H~l,2,3mtriazol~4"yl)—l—hydroxy~2~
(nydroxymethyl)butan-2-yl)acetamide;

(25) N-(4-(3-decylisoxazol-5-yl)-1-hydroxy-2-
(hydroxymethyl)butan-2-yl)acetamide; and

(26) Nw(4~(1~(4whexylphenethyl}lewl,Z,3~triazolw4wyl)—l-

hydroxy~2—(hydroxymethyl)butan—Z—yl)acetamide.

[Claim 5]

T'he pharmaceutical composition according to claim 1,
wherein the compound represented by Formula 1 is a

compound represented by the following Formula 2:

' Formula 2]

HO
HO /”\!1‘\’_/*"“\ 7{‘:&; -N%N - ) P e g \'/.m‘ ,,,,, Pr oy -
NH .
Z N=N
[Claim 6]
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The pharmaceutical composition according to claim 1,
wherein the active 1ngredient inhibits activity of
sphingosine 1-phosphate receptor 4 (S1PR4) by specifically

binding to the S1PR4 and then removing the S1PR4.

[claim 7]

The pharmaceutical composition according to claim 1,
wherein the active ingredient 1nhibits activity of an
inflammation-regulating complex (inflammasome) in

macropnages.

[Claim 8]

The pharmaceutical composition according to ciaim 7,
wnerein the active 1ngredient 1nhibits IL-8 production in

macrophages.

[Claim 9]

A health functional food composition for preventing

or treating non—-alcoholic steatohepatitis (NASH)

comprising a compound representec by the fol_owing formula

-

i, an optical 1somer thereof or a pharmaceutically

acceptable salt thereof as an active ingredient:

HO
O A.__C.
R X" B ¢ D
NH
r2”
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wherein HO—P—

o 3

X' 18 hydrogen or

9

R 1s hydrogen, or unsubstituted or substituted Ci-s
straight or branched alkyl carbonyl, wherein the
substituted alkyl carbonyl 1s substituted with one c¢r more
substituents seiected from the group <consisting of
nydroxy, halogen, cyano, nitro and amino;

A 1s a five-membered ring hetercarylene containing

one or more heterocatoms selected from the group consisting

of N, O and 8§;

B 1s Ci-11 straight or branched alkylene;

[ —

C 1s a single bond or Cs-10 arylene;
D 1s —H, or Ci-15 straight or branched alkyl; and
X 1s a single bond, Ci.s alkylene, Ci-s alkenylene cr

Cr-s alkynylene,

{Claim 101l

The health functional food composition according to

cialm 9, wherein OH
- HO~P— |
R' 1s hydrogen or o -

R* 1is hydrecgen, or Ci-3 straight or branched alkyl
carbonvyl;

A 1s a five-membered ring heteroarylene containing

41
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of N, O and §S;
B 1s Ci-9 straight or branched alkylene;
C 18 a single bond or Cen.}_o arylene;
D 1s —H, or Cs-12z straight or branched alkyl; and
X 18 a single bonc, Ci;-3 alkylene, Cz;-3 alkenylene or

Cy-3 alkynylene.

[Claim 11]
The health functional foocd compesition according to

claim 9, wherein

9"1
HO—P-—
R! 1s hydrogen or 3 ;

R¢ 1s hydrogen or acetyl;
A 1s a five-membered ring heteroarylene containing
one Oor more heteroatoms selected from the group consisting

of N, O and §;

B 1s Cz-8 alkylene;
C 15 a sing.e bond or phenylene;
D 1s —H, or Cs-1¢0 straight or pranched alkyl; and

X 18 a single bond, -CH;CH,-, -CH=CH- or -C=C-.

[Claim 12]
The health functional food composition according to

claim 9, wherein the compound represented by Formula 1
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any one selected from the group consisting of

tne following compounds:

(1) J—amino-2-{(2-(3-decylisoxazol-5-yl)ethyl)propane-1, 3-

2—amino-2-(2-{(l-decyl-1H-1,2,3-triazcl-4-

yl)ethyl)propane-1,3-diol;

(3) Z-amino-2-({3-octylisoxazol-5-yl)ethynyl)propane-1, 3-
diol;
(4) Z—amino-2-{Z2—-{3-octylisoxazol-5-yl)ethyl)propane-1, 3-
di1ol;
(D) Z—amino-2- {(hydroxymethyl)-4-(3-octylisoxazol-5-

yl)butyl dihydrogen phosphate;

(&) Z-amino-2-((3-decylisoxazol-5-yl)ethynyl)propane-1, 3-

dirol;

/)

Z—amino-4-(3-decylisoxazol-5-yl)-2-

(hydroxymethyl)butyl dihydrogen phosphate;

(8)

Z—amino-2-{2-{3-(4-hexylphenethyl)isoxazol-5-

vl)ethyl)propane-1, 3-diol:

(9) 2-amino-2-( (3-dodecylisoxazol-5-yl)ethynyl)propane-
1, 3-diol;
(10) c-amino-2-(2-(3-dodecylisoxazol-5-yl)ethyl)propane-
1,3-dicl;
(11) Z—amino-4- (3-dodecylisoxazol-5-yl)-2-

(hydroxymethyl)butyl dihydrogen phosphate;

Z-amino-2-(2-{(l-octyl-1H-1,2,3-triazol-4-

43



10

19

20

O
{n

CA 03058124 2015-09-26

vijethynyl)propane-1,3-diol;

(13) 2—-aminc-2-(2-(l-octyl-1H-1,2,3-triazol-4-
vi)ethyl)propane-1,3-diol;

(14) 2-amino-2-((l-decyl-1H~-1,2,3-triazol-4-
v1,ethynyl)propane-1, 3-diol;

(15) Z—amino~-2-(Z-(1-(4-hexylphenethyl)-1H-1,2,3-triazol-

j~-yl)ethyl)propane—-1,3-diol;

(l6) Z-amino-2-(l-butyl-1H-1,2,3-triazol-4-v1l)propane-1, 2-
diol;
(17) Z=-amino-2-(3-dodecylisoxazol-5-yl)propane-1,3-diol;

(18) (E)-2-amino-2-(2-(3-decylisoxazol=-5-yl)vinyl)propane-

1,3-diol;

(19) (E)-2-amino-2-(l-butyl-1H-1,2,3-triazol-4~-yl)propane-

1,3-diol;

(20) Z-amino-2-(2-(3-(8-phenyloctyl)~-isoxazol-5-
yl)ethyl)propane-l;3-diol;

(21) Z—amino-2-(2~(1-(8-phenyloctyl)-1H-1,2, 3~
triazoleputyl-4-vl)propane-1, 3~diol;

(22) N-(2-(l-dodecyi-1H-1,2,3-triazol-4-y1l)-1, 3-
dihydroxypropan-2-vyl)acetamide;

(23) N-{Z-(3-dodecylisoxazol~-5-yl)-1,3-dihydroxyprcpan-2-
v.)acetamide;

(24) N-{(4-(l-decyl-1H-1,2,3-triazol-4-yl)-1-hydroxy-2-

(hydroxymethyli)butan-2-yl)acetamide;

{25) N-(4-(3-decylisoxazol-5-yl)-1-hydroxy-2-
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(nhydroxymethyl)butan~2-yl)acetamide; and
(20) N-(4~{1-(4-hexylphenethyl)~-1H-1,2,3-triazol-4-yl)-1-

hydroxy—-<Z2- (hydroxymethyli)butan-2-yl)acetamide.

[Claim 13]

The health functional food composition according to

claim 9, wherein the compound represented by Formula 1 1s

a compound represented by the following Formula Z:

 Formula 2]

HO..
H O \..w,-'*""‘g\\M,/ﬂ.\\ . ,’(";ﬁ:%\N . “w - \,f"” \/”lm’ \w/-* v
NH, N\
N —

[Claim 14]

The health functiocnal food composition according to
claim 9, wherein the active ingredient inhibits activity
of sphingosine l-phosphate receptor 4 (S1PR4) by

specifically binding to the S1PR4 and then removing the

[Claim 15]
T'he health functioral food composition according to
claim 9, wherein the active ingredient inhibits activity

of an 1nflammation-requlating complex (inflammasome) 1in

racrophacges.
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[Cla.im H 6]

The health functional food composition according Lo

claim 15, wherein the active ingredient i1nhibits IL-§

production 1n macrophages.

[ci1aim 17]

A pharmaceutical composition for preventing oOr
treating nonalcoholic steatohepatitis Comprising a

functional antagonist of S1PR4 as an active ingredient.

[Claim 18]

The pharmaceutical composition according to claim 17,
wherein the functional antagonist of S1PR4 1inhibits
activity of S1PR4 by specifically binding to the S1PR4 and

then removing the S1PR4.

[Claim 19]

The pharmaceutical compositior according to claim 17,
wherein the functional antagonist of S1PR4 1inhibits
activity cf an inflammation-requlating complex

(inflammasome) 1n macrophages.

[Claim 20])

The pharmaceutical composition according to claim 19,
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wherein the functional antagonist of S1PR4 inhibits IL-(

producticon 1n macrophages.

[ciaim 21]

A health functional food composition for preventing
or treating nonaicohclic steatohepatitis comprising a

functional antagonist of S1PR4 as an active ingredient.

[Ciaim 22]

A method for preventing or treating nonalcoholic
steatohepatitis (NASH) comprising administering to a
supbject a pharmaceutical composition comprising a compound

represented by the following Fermula 1, an optical isomer

thereof, or a pharmaceutically acceptable salt thereof as
an active ingredient:

| Formula 1]

HO
«'A\ c\
X" B° D
NH
Rz
wherein ?H
Rl is hydrogen or HO“"g‘"l ;

~

R 1s hydrogen, or unsubstituted or substituted Ci-s
straight or branched alkyl carpbonyl, wherelin the

substituted alkyl carbonyl is substituted with one or more
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substituents selected from the group <consisting of

hvdroxy, halogen, cyano, nitrc and amino;

A 1s a f[ive-membered ring heteroarylene containing
cne or more hetercatoms selected Irom the group consisting

of N, O and 5;

B 1s Ci-11 stralght or branched alkylene;

C 1s a single bond or Cs-10 arvlene;

D 1s —H, or Ci-15 stralght or branched alkyl; and

Ly

X 1s a single bond, Ci s alkylene, Cz.y alkenylene or

Cr-y alkynylene.

[Claim 23]

The method according to claim 22, wherein

?H
u | | HO-—-P—
Rl i1is hydrogen or C") l:

R4 1is hydrogen, or Ci-3 straight or branched alkyl
carponyl;
A 1s a filve-membered ring heterocaryvlene containing

one or more heterocatoms selected from the group consisting

of N, O and S;

| —

B 1s Cy-¢ straight or branched alkylene;

C 18 a single bond or Ce¢-19 arylene;

D 18 —H, or Cj3-12 straight or branched alkyl; and

X 1s a single bond, Ci-3 alkylene, C2-3 alkenylene or

Cer-3 alkynylene.
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[Claim 24]

The method according to claim 22, whereln

OH

; HO—P—
Rl is hydrogen or 5 L

R< 1s hydrogen or acetyl;

A 1is a five-membered ring heterocary.ene containing
one or more heterocatoms selected from the group consisting
cof N, O and G&;

B 1s Cr-g alkylene;

C 1s a single pbond or phenylene;

D 1s —-EKE, or Cs-10 straight or branched alkyl,; and

X 1s a single bond, -CH;CHz;-, -CH=CH- cr -C=C-.

[Claim 25]

The method according to claim 22, wherein the
compound represented by Formula 1 comprises any one
selected from the group consisting of the following
compounds:

(1) Z—amino-2~- (Z2-{3-decyliscxazol~-5-yl)ethyl)propane-1, 3-
diol;

(2) Z-amino-2-(2~{l-decyl-1H-1,2,3-tri1azol-4-
yil)ethyl)propane-1,3-diol;

(3) Z—amino-2-({(3-octylisoxazol-5-yl)ethynyl)propane-1, 3-

Adiol;
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Z—amino-Z-(2-{3-octylisoxazol-5-yl)ethyl)propane-1, 3~

z—amino-2- (hydroxymethyl)-4-(3-octylisoxazol-5-

yl)butyl dihydrogen phosphate;

(6)

diol;

(7)

2~amino-2—((3—decylisoxazolm5-yl)ethynyl)propane—l,3—

Z-amino-4- {3-decylisoxazol-5-yl)-2-

(nydroxymethyl)butyl dihydrogen phosphate;

(8)

Z-amino-2-(2- (3~ (4-hexylphenethyl)isoxazol-5-

yl)ethyl)propane-1, 3-diol;

(9} 2wami30w2~((3wdodecylisoxazol—5—yl)ethynyl)prOpane~
1, 3-diol;
(10) 2—amino—2—(2~(B-dodecylisoxazol—S-yl)ethyl)propane~
1,3-diol;
(11) Z—amino-4-(3-dodecyliscxazol-5-yl)-2-

(hydroxymethyl)butyl dihydrogen phosphate;

(12)

Z-amino-2-(2-(l-octyl~-1H~1,2,3~triazol-4-

yl)ethynyl)propane-1, 3-diol;:

(13)

(14)

2=amino-2-(2-{l-occtyl-1H-1,2, 3~triazol-4-

2mamino-2-((l—decyl~1H~1,2,3—triazolm4-

vl)ethynyl)propvane-1, 3-diol;

(15)

ZWamino~2~(2~(l-(4—hexylphenethyl)-1H~1,2,3~triazol-

4~yl)ethyvl)propane-1, 3-diol;

(lo

)
/

2—amino—2~(l~butyl~1H*1,2,3~triazol—4—yl)propane—l,3—
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diol;
(17) 2Z2—amino-2—-(3-dodecylisoxazol-5-vyl)propane-1,3-diol;

(18) (F)—2—-amino-2-(Z2-(3-decylisoxazol-5-yl)vinyl)propane-

1,3-diol;

(19) (E)-2-amino-2-(1l-butyl-1H-1,2,3-triazol~4-yl)propane-
1,3-diol;

(20) | 2—amino-2-(2-(3-(B-phenyloctyl)-1soxazol-5-

yl)ethyl)propane-1, 3-diol;

(271) Z—amino-2-(2-(1-(8-phenyloctyl)-1H-1, 2, 3~
triazolebutyl-4-yl)propane-1, 3-diol;

(27 ) N-(2-(l-dodecyl-1H-1,2,3-triazol-4-y1l)-1, 3-
dihydroxypropan-2-vyl)acetamide;

(23) N-{Z2-(3-dodecylisoxazol-5-yl)-1, 3~dihydroxypropan-2-
vli)acetamide;

(24) N-(4-{l-decyl-1H-1,2,3-triazol-4-yl)~-1-hydroxy-2-
(hydroxymethyl)butan—2-yl)acetamide;

(25) N-(4-(3-decylisoxazol~5-yl)-1l~-hydroxy-2-
(hydroxymethy.)butan-2-yl)acetamide; and

(20) N-(4-(l-{4-hexylphenethyl)-1H-1,2,3-triazol-4-yl)}=-1-

hydroxy-2- {hydroxymethyl)butan~-2-yl)acetamide.

[Claim 26]

The method according to claim 22, wherein the
compound represented by Formula 1 iS a compound

represented by the following Formula 2:
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'Formulae 2]

HO _

] o
HO o o o . ”~ e e AN -~ #"’\
‘\-t .’“/ r\ *’ \\’ " .,v" "\*‘ \ . / s‘ ,\, " */ !\-‘./ \‘
& L ]

[C1aim 27]

I3

3 composition COmMPrising a compound

Use o

i

represented by the following Formula 1, an optical isomer
tnereof or a pharmaceutically acceptable salt thereof as
an active ingredient for preventing o} treating
nonalcoholic steatohepatitis (NASH):

| Formula 1.

HO
1""0
R
_NH
RZ
wherein ?H
HO—P—
R 15 hydrogen or { ;
O

R- 1is hydrogen, or unsubstituted or substituted Ci-s

straight or branched alkyl carbonyl, wherein The

substituted alkyl carbonyl 1is substituted with one or more
substituents selected from the group consisting of
nhydroxy, haiogen, cyano, nitro and amino;

A 1s a five-membered ring hetercarylene containing

one cr more hetercatoms selected from the group consisting

27



CA 03058124 2015-09-26

of N, O and &;

B i1is Cj-11 straight or branched alkylene;

C 1s a single bond or (Cs-10 arylene;

D is —H, or Ci-1s5 straight or branched alkyl; and

X 1s a single bond, Ci-s alkylene, (-5 alkenylene or

Cy-5 alkynylene.

[Claim 28]

T'he use according to claim 2/, wherein

?H
| HO—P— |
R! is hydrcgen or o
R« 1is hydrogen, or Ci-3 straight or branched alkyl
carbonyl;
A 1s a five-membered ring heterocarylene containing

one or more hetercatoms selected from the group consisting

of N, O and S;

B 1s Ci-9 straight or branched alkylene;

C 15 a single bond or Cs-10 arylene;

D 18 —H, or Cj3.12 straight or branched alkyl; and

X 18 a single bond, Ci-z alkylene, C;-3 alkenylene or

Cr-z alkynylene.

[Claim 29)

The use according to claim 27, wherein

(N
(A
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9”1

R} 18 hydrogen or HO—-P—1|’
|

O

R? 1s hydrogen or acetyl;

A 1s

a five-membered ring heterocaryiene containing

one or more hetercatoms selected from the group consisting

of N, O and S;

B 1s
C 1s
D 1s

X 18

[Claim 30]

Cz-y alkylenes;
a single bond or phenvlene;
—H, or Ce-10 straight or branched alkyl;, and

a single bond, -CH;CH;-, -CH=CH- or -C=C-.

The use according to claim 27, wherein the compound

represented by Formula 1 comprises any one selected from

the group consisting of the followling compounds:

(1) 2—amlino-2-(Z-(3-decylisoxazol-5-yl)ethyl)propane-1, 3~
di1o.Ll;
(2) s—amino—-2-(2-(l-decyl-1H-1,2,3-triazol-4-

yi)ethyi)propane—-1, 3-diol;

(3) 2-amino-2-({3-octylisoxazol-5-yl)ethynyl)propane-1, 3~
drol;
(4 ) Z—amino-2-(2-(3-octylisoxazol-5-yl)ethyl)propane-1, 3-
di1o0l,
(9) 2—amino-2- (hydroxymethyl)-4-(3-octylisoxazol-5-

yl)Ybutyl dihydrogen phosphate;
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(©) Z-amino-2-{(3-decylisoxazcl-5-yl)ethynyl)propane-1, 3-
diol;
(7) 2-amino-4-{3-decylisoxazol-5-yl1)-2-

(hydroxymethyl)butyl dihydrogen phosphate;
(8) Z—amino—-2-(2-(3-(4-hexylphenethyl)isoxazol-5-

yi)ethyl)propane-1, 3-diol;

(9) Z~amino-2-~((3-dodecylisoxazol~-5-yl)ethynyl)propane-
1, 3-diol;
(10) Z—amino-2- (2- (3-dodecylisoxazol-5-yl)ethyl)propane-
1,3-diocl;
(11) 2~amino-4- (3-dodecylisoxazol-5-yl)-2-

(hydroxymethyl)butyl dihydrogen phosphate;

(12) Z—amino-2-(2-(1-octyl-1H-1,2,3-triazol-4-
yl)ethynyl}propane—l,3~diol;

(13) Z-amino-2-(Z2~(l-octyl-1H-1,2,3~-triazol-4-
yil)ethyl)propane-1, 3-diol;

(14) 2-amino-2-{{l-decyl~-1H-1,2,3~-triazol-4-
yl)ethynyl)propane-1, 3-diol;

(15) Z-amino-2-(2-{1-{(4-hexylphenethyl)-1H-1,2,3-triazol~-
4-yl)ethyl)propane-1,3-diol;

(16) Z-amino-2-(l-butyl-1H-1,2,3-triazol-4-yl)propane-1, 3-
di1ol;

(17) 2-amino-2-(3-dodecylisoxazocl-5-yl)propane-1, 3-diol;
(18) (K)mZ—amino~2~(24{3~decylisoxazol~5~yl}vinyl)propane~

1,3-diol;
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({19) (B)=-2-amino-2-{l-butyl-1H-1,2,3-triazol-4-yl)propane-
1,3-diol;

(20C) 2-amino-2-(2-(3-(8-phenyloctyl)-1s0oxazol-5-
vi)ethyl)propane-1, 3-diol;

(21) 2-amino-2-(2-(1-(8-phenyloctyl)-1H-1,2, 3~
triazolebutvl-4-yl)propane-1, 3-diol;

(22) N—(2-{l-dodecyl~-1H-1,2,3-triazol-4~-yl)-1, 3~
dihydroxypropan-2-yl)acetamide;

(23) N-(2-{3~-dodecylisoxazol-5-yl)-1,3-dihydroxypropan-2-
yl)yacetamide;

(24 ) N-(4-(l-decyl-1H-1,2,3-triazol-4-yl)-1l-hydroxy-2-
(hydroxymethyl)butan-2-vyl)acetamide;

(25) N-(4~(3-decylisoxazol-5~yl}-1l-hydroxy-2-
(hydroxymethyl)butan-2-yl})acetamide; and

(26) N-(d-(l-({4-hexylphenethyl)-1H~-1,2,3-triazol-4-yl1)-1-

nydroxy-<Z- (hydroxymethyl)butan-2-yl)acetamide.

[claim 31]

The use according to claim 27, wherein the compound
represented by Formula 1 is a compound represented by the
followling Formula 2:

‘Formula 2]
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[Fig. 8]
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