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INHIBITORS OF OXIDIZED LOW-DENSITY
LIPOPROTEIN RECEPTOR 1 AND
METHODS OF USE THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/248,386, filed Oct. 30, 2013, the

disclosure of which 1s hereby incorporated by reference 1n
its entirety.

FIELD OF THE INVENTION

[0002] The disclosure describes inhibitors of oxidized
low-density lipoprotein receptor 1 (LOX-1).

BACKGROUND OF THE INVENTION

[0003] Atherosclerosis continues to be a major health risk
in the US and other western countries. Unfortunately, cur-
rent treatments have limited effectiveness and often result in
severe side eflects. Additionally, no new targets for treat-
ment have been identified 1n the last 15 years. Conditions
leading to atherosclerosis such as diabetes, hypertension,
and dyslipidemia are associated with a global increase 1n
inflammatory signaling and generation of excessive reactive
oxygen species (ROS), leading to increased production of
oxidatively modified low-density lipoprotein (ox-LDL). The
increased production of ox-LDL plays a central, if not
obligatory, role 1n the atherogenic process. The lectin-like
oxidized low-density lipoprotein receptor-1 (LOX-1) 1s
expressed 1n endothelial cells and mediates most of the toxic
eflects of ox-LDL. Interaction of ox-LDL with LOX-1
activates LOX-1, and 1s the first key event leading to
endothelial dystunction, sub-cellular deposition of ox-LDL,
recruitment of monocytes, foam cell formation, and prolit-
eration of vascular smooth muscle cells. In addition to 1ts
role 1n atherosclerosis, the ox-LDL/LLOX-1 1interaction 1s
also associated with several other cardiovascular conditions,
including acute myocardial infarction, thrombosis, coronary

restenosis, coronary heart disease, and susceptibility to
diabetes. Therefore, there 1s a need for a LOX-1 inhibitor

capable of mnhibiting LOX-1 activity and LOX-1-mediated
ox-LDL uptake.

SUMMARY OF THE INVENTION

[0004] In one aspect, the present disclosure provides a
compound, the compound comprising Formula (I):

(D

R?
Rﬁ
RS ]El?LS Rl
(CH),
-~
X \N \
R9 ‘ R2
10
R o M“fl.::::_.“---.YZ
\
R3
[0005] wherein:
[0006] X 1s selected from the group consisting of oxy-

gen, sulfur, sulfoxide, sulfone, and nitrogen;

Apr. 27, 2023

[0007] Y, and Y, are independently selected from the
group consisting of carbon and nitrogen

[0008] R', R* R’,R* R° R’,R® R”and R'" are each
independently selected from the group consisting of

hydrogen, hydrocarbyl, substituted hydrocarbyl,

hydroxyl, aldehyde, haloformyl, hydroperoxyl, halo-
gen, amino, phosphor, sulthydryl, sulfino, sulfo, C,-C,
alkyl, cyano, and halogen, with the proviso that when
Y% is nitrogen, R* is absent and/or when Y, is nitrogen
R~ 15 absent;

[0009] R’ independently in each occurrence is selected
from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl, hydroxyl, aldehyde, halo-
formyl, hydroperoxyl, halogen, amino, phosphor, suli-
hydryl, sulfino, sulifo, C,-C, alkyl, cyano, and halogen;

and
[0010] n 1s an integer from 1 to 10.
[0011] In another aspect, the present disclosure provides a

compound, the compound comprising Formula (II):

(1)

RT
Rﬁ
R8 Rl
X
. /\(\T‘J \ .
R 10 R "

R+ Y

\
R3

[0012] whereln:
[0013] X 1s selected from the group consisting of oxy-

gen, sulfur, sulfoxide, sulfone, and nitrogen;
[0014] Y, and Y, are independently selected from the
group consisting of carbon and nitrogen
[0015] R' R* R’ R* R° R’, R® R” and R'* are each
independently selected from the group consisting of
hydrogen, hydrocarbyl, substituted hydrocarbyl,
hydroxvyl, aldehyde, haloformyl, hydroperoxyl, halo-
gen, amino, phosphor, sulthydryl, sulfino, sulfo, C,-C,
alkyl, and cyano, with the proviso that when Y, 1is
nitrogen, R* is absent and/or when Y, is nitrogen R” is
absent:;
[0016] R is selected from the group consisting of
hydrogen, hydrocarbyl, substituted hydrocarbyl,
hydroxyl, aldehyde, haloformyl, hydroperoxyl, halo-
gen, amino, phosphor, sulthydryl, sulfino, sulfo, C,-C
alkyl and cyano.
[0017] In still another aspect, the present disclosure pro-
vides a compound, the compound comprising Formula

(XX):

: (XX)
R I
R
/
R? N
)
RS N
Rﬁ
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[0018] whereln:
[0019] R°, R* R’ and R° are hydrogen; and
[0020] R' and R” are independently selected from the

group consisting of hydrocarbyl, substituted hydrocar-
byl, alkyl, substituted alkyl, alkenyl, substituted alk-
enyl, alkynyl, substituted alkynyl, aryl, substituted aryl,
aminoalkyl, substituted aminoalkyl, amidoalkyl and
substituted amidoalkyl.
[0021] In still yet another aspect, the present disclosure
provides a pharmaceutical composition, the composition
comprising a compound of the disclosure.
[0022] In a different aspect, the present disclosure pro-
vides a method of mhibiting oxidized low-density lipopro-
tein receptor 1 (LOX-1), the method comprising contacting,
LOX-1 with a compound of the disclosure.
[0023] In another different aspect, the present disclosure
provides a method of treating atherosclerosis, the method
comprising administering to a subject a pharmaceutical
composition comprising a compound of the disclosure.
[0024] In still another different aspect, the present disclo-
sure provides a method of treating myocardial 1njury 1niti-
ated during ischemia-repertusion, the method comprising
administering to a subject a pharmaceutical composition
comprising a compound of the disclosure.
[0025] In still yet another different aspect, the present
disclosure provides a method of treating a clinical condition
resulting from metabolic syndrome, the method comprising
administering to a subject a pharmaceutical composition
comprising a compound of the disclosure.
[0026] In other aspects, the present disclosure provides a
method of reducing buildup of atherosclerotic plaques 1n a
subject, the method comprising administering to the subject
a pharmaceutical composition comprising a compound of
the disclosure.
[0027] Other features and aspects of the disclosure are
described in more detail herein.

BRIEF DESCRIPTION OF THE FIGURES

[0028] The application file contains at least one photo-
graph executed 1n color. Copies of this patent application
publication with color photographs will be provided by the
Oflice upon request and payment of the necessary fee.
[0029] FIG. 1A, FIG. 1B and FIG. 1C depict the structure
of LOX-1 and 1ts interaction with ox-LDL. (FIG. 1A) A
cartoon showing the domain structure of LOX-1. LOX-1 1s
a trans-membrane protein with 273 residues comprising 4
domains. The first 36 residues form a cytoplasmic tail,
followed by a single transmembrane domain (21 residues),
and an extracellular region comprising two domains. The
first one (58-142) 1s predicted to be a coil, and the second
(143-273) 1s a C-type lectin-like domain (CTLD) respon-
sible for ox-LDL recognition and 1t exists as a disulfide-
linked homodimer'*">. (FIG. 1B) Left panel: A view of the
surface representation of the C-terminal domain exhibiting
the central tunnel. Right panel: A rotated view of the surface
showing ‘basic spine’, the linear arrangement of basic
residues. (FIG. 1C) A tflow chart showing steps mvolved in
virtual screening.

[0030] FIG. 2A, FIG. 2B and FIG. 2C depict the docking
of the 5 lead compounds and the thermal denaturation assay:
(FIG. 2A) The figure depicts the docking of the 5 lead
compounds in the binding pocket of LOX-1. LOX-1 1s
shown as a ribbon model with one monomer 1n magenta and
the other 1n blue. The compounds are shown as stick models
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in separate colors. (FIG. 2B) Hydrogen bonding interactions
of the compounds as they dock to LOX-1. (FIG. 2C) The
measured thermal shifts (in Celsius) are depicted for all five
molecules. The solutions contained LOX-1 protein at 4 uM
concentration. The ligand concentrations were 50 uM.

[0031] FIG. 3A, FIG. 3B, FIG. 3C and FIG. 3D depict the
inhibitory effect of the lead compounds on Dil-ox-LDL
uptake by HUVECs and CHO cells (measured by flow
cytometry) and the effect of the lead compounds on ox-LDL-
induced LOX-1 mRNA and protein expression. (FIG. 3A)
(Upper Panel) Flow cytometry measurements using
HUVECs 1n the presence of the five lead compounds (Mol-
1-Mol-5), each a at 200 nM concentration. (Lower Panel)
The percentage of internalized ox-LDL. Graphs show data
as mean (xSD); n=4. *P<0.01 or <0.05 vs. control. (FIG.
3B) IC50 value for Mol-5. IC30 value (1n nM) 1s based on
inhibition of Dil-ox-LDL uptake 1n CHO cells overexpress-
ing human LOX-1. Graphs show data as mean (xSD); n=5.
*P<0.01 or <0.05 vs. control. (FIG. 3C) Western blotting
assay showing LOX-1 protein expression mn HUVECs fol-
lowing incubation with 200 nM Mol-1 to Mol-5 for 30 min,
and subsequently exposure to 5 ug/mlL ox-LDL for 6 hours.
(F1G. 3D) The variation of LOX-1 mRNA expression levels
at different concentrations of the compounds following
exposure of HUVECs to 5 ug/mL ox-LDL. The concentra-
tions are indicated on the X-axis and the LOX-1 mRNA
levels are shown on the Y-axis. The plots for all the five

molecules are shown 1n separate colors. Graphs show data as
mean (xSD); n=3. *P<0.01 vs. control; #P<0.01 vs. ox-LDL

group.

[0032] FIG. 4A, FIG. 4B, FIG. 4C, FIG. 4D and FIG. 4E
depict the eflect of lead molecules on ox-LDL-1nduced the
activation of MAPKs in HUVECs, VCAM-1 expression and
monocyte adhesion onto HUVECs. (FIG. 4A) Western blot-
ting assay shows total ERK1/2 and phospho-ERK1/2
expression i HUVECs following exposure to 200 nM of
cach compound and to 5 ug/mL ox-LDL. (FIG. 4B) Western
blot analyses showing phospho-p38MAPK expression in
HUVECs following exposure to 200 nM of each compound
for 30 min, and subsequently exposed to 5 ng/mlL ox-LDL
for 6 hours. (FIG. 4C) Western blotting assay shows
VCAM-1 protein expression in HUVECs following mcuba-
tion with 200 nM Mol-1 to Mol5 for 30 min, and subse-
quently exposure to 5 ng/mL ox-LDL for 6 hours. (FIG. 4D)
The vanation of VCAM-1 mRNA expression levels with
different concentrations of the led compounds. The concen-
trations are indicated on the X-axis and the VCAM-1 mRNA
levels are shown on the Y-axis. The plots for all five
molecules are shown 1n separate colors. (FI1G. 4E) Exposure
HUVECs to 5 ug/mL ox-LDL for 6 hours could significantly
increase their adhesive ability to monocytes. Mol-1, Mol-4
and Mol-5 markedly inhibited ox-LDL-induced monocyte
adhesion onto the HUVECs. Graphs show data as mean
(£SD); n=3 (for Western blot and PCR assays) or n=20 (for
monocyte adhesion assay). *P<t0.01 vs. control; #P<0.01 or
<0.05 vs. ox-LDL group.

[0033] FIG. 5 depicts a graph showing the absence of
cytotoxicity (measured with a Pierce LDH cytotoxicity
assay kit (ThermoFlsher Scientific) after exposure of
HUVECs to compounds in three different concentrations

(20, 200 and 2000 nM) for 6.5 hours.

[0034] FIG. 6A depicts the 1C., for Mol-5. The x-axis
represents Mol-5 concentration (nM) and the y-axis repre-
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sents ox-LDL uptake by ECs. FIG. 6B depicts the ox-LDL
uptake with Mol-5 inhibition. The EC., value 1s 64 nm.

[0035] FIG. 7A depicts flow cytometry measurements
using human primary aortic endothelial cells in the presence
of 0, 5, 50 100, 250 and 500 nm of Formula XVI. FIG. 7B
depicts the percentage of mternalized ox-LDL. The x-axis
represents Formula XVI concentration (nM) and the y-axis
represents ox-LDL uptake by ECs. FIG. 7C depicts a plot
showing that Formula XVI reduced ox-LDL uptake in a dose
dependent manner, with an 1C., value of 26.74 nM.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0036] Compounds capable of mhibiting LOX-1 activity
and the interaction of ox-LDL with LOX-1 have been
discovered. Compounds of the present disclosure inhibit
LOX-1 activity and ox-LDL-mediated activation of LOX-1,
and are usetul for treating atherosclerosis without interfering
with global cholesterol metabolism, and treating a number
of cardiovascular diseases, such as myocardial infarction,
hypertension, and heart failure. Advantageously, compounds
of the disclosure may also be useful for decreasing suscep-
tibility to diabetes.

[0037] Accordingly, the present disclosure provides com-
pounds capable of inhibiting LOX-1 activity, a composition
comprising a compound of the disclosure, and a method of
using compounds capable of mmhibiting LOX-1 activity to
treat a condition.

I. Compounds

[0038] Compounds of the disclosure generally comprise
Formula (I):
(1)
R?
Rﬁ
RS ]El?LS Rl
(CH),
X7 Ny \
R9 ‘ R2
10
R o "’Yl::Yg
\R3
[0039] whereln:
[0040] X 1s selected from the group consisting of oxy-

gen, sultur, sulfoxide, sulfone, and nitrogen;

[0041] Y, and Y, are independently selected tfrom the
group consisting of carbon and nitrogen;

[0042] R' R* R’. R* R° R’,R® R” and R'” are each
independently selected from the group consisting of

hydrogen, hydrocarbyl, substituted hydrocarbyl,

hydroxyl, aldehyde, haloformyl, hydroperoxyl, halo-
gen, amino, phosphor, sulthydryl, sulfino, sulfo, C,-C,
alkyl, cyano, and halogen, with the proviso that when
Y, is nitrogen, R* is absent and/or when Y, is nitrogen
R- is absent;

[0043] R’ independently in each occurrence is selected
from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl, hydroxyl, aldehyde, halo-
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formyl, hydroperoxyl, halogen, amino, phosphor, suli-
hydryl, sulfino, sulio, C,-C, alkyl, cyano, and halogen;

and
[0044] n 15 an mteger from 1 to 10.
[0045] In some embodiments for compounds comprising

Formula (I), X 1s selected from the group consisting of
oxygen and sulfur. In some alternatives of the embodiments,
X 1s sulfur. In exemplary alternatives of the embodiments, X
1S oXygen.

[0046] In some embodiments for compounds comprising
Formula (I), nmay be 1, 2, 3,4, 5, 6,7, 8, 9 or 10. In some
alternatives of the embodiments, n 1s an integer from 1 to 6.
In preferred alternatives of the embodiments, n 1s 3.
[0047] For each of the foregoing embodiments for com-
pounds comprising Formula (1), R, R*, R®, R*, R°, R’, R®,
R” and R' may each be independently selected from the
group consisting of hydrogen, hydroxyl, aldehyde, halo-
formyl, hydroperoxyl, alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, aryl, substituted aryl, halogen,
amino, phosphor, sulthydryl, sulfino, sulfo, and cyano, and
R” independently in each occurrence is selected from the
group consisting of hydrogen, hydroxyl, aldehyde, halo-
formyl, hydroperoxyl, halogen, amino, phosphor, sulthy-
dryl, sulfino, sulfo, alkyl, and cyano.

[0048] In some alternatives of the embodiments, R' is
selected from the group consisting of alkyl, substituted
alkyl, amine, and aminoalkyl. In one embodiment, R' may
be selected from the group consisting of alkyl and substi-
tuted alkyl. In various iterations, R' may be lower alkyl,
which 1s defined herein as C,-C.. In another embodiment,
R' may be aminoalkyl. In yet another embodiment, R' may
be amine.

[0049] In other alternatives of the embodiments, R* is
selected from the group consisting of hydrogen and alkyl. In
various iterations, R* may be hydrogen. In other iterations,
R? may be lower alkyl, which is defined in this iteration as
C,-C..

[0050] In yet other alternatives of the embodiments, R> is
selected from the group consisting alkyl, halogen and cyano.
In various iterations, R® may be lower alkyl, which is defined
herein as C,-C,. In an embodiment, R® may be halogen. In
another embodiment, R® may be cyano.

[0051] In other alternatives of the embodiments, R* is
selected from the group consisting alkyl and halogen. In
various iterations, R* may be lower alkyl, which is defined
herein as C,-C,. In an embodiment, R* may be halogen.
[0052] In other alternatives of the embodiments, R®, R’,
R® R” and R'” are each independently selected from the
group consisting of hydrogen and halogen. In various itera-
tions, R® R’, R®, R” and R'” are each independently selected
from the group consisting of hydrogen and chlorine.
[0053] In some embodiments, R', R*, R® and R* are each
independently selected from the group consisting of hydro-
gen, alkyl, substituted alkyl, amine, aminoalkyl, halogen and
cyano; R> independently in each occurrence is selected from
the group consisting of hydrogen, hydroxyl, and alkyloxy;
and R®, R’, R®, R” and R'® are each independently selected
from the group consisting of hydrogen and halogen.

[0054] In some embodiments, R' is selected from the
group consisting of methyl, ethyl, propyl, amino, and
[ 1CH,NH,; R” is selected from the group consisting of
hydrogen, methyl, and ethyl; R> is selected from the group
consisting of methyl, ethyl, propyl, halogen and cyano; R*
1s selected from the group consisting of hydrogen, methyl,
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ethyl and halogen; R> independently in each occurrence is
selected from the group consisting of hydrogen and
hydroxyl; and R°, R’, R®*, R” and R'" are each independently
selected from the group consisting of hydrogen and chlorine.
[0055] In an aspect, the disclosure provides a compound
of Formula (I) wherein: X 1s selected from the group
consisting of oxygen and sulfur; Y, and Y, are indepen-
dently selected from the group consisting of carbon and
nitrogen; R' is selected from the group consisting of hydro-
gen, C,-C, alkyl, aminoalkyl, and amino; R” is selected from
the group consisting of hydrogen and C,-C, alkyl; R? is
selected from the group consisting of absent, hydrogen,
C,-C, alkyl, halogen and cyano; R* is selected from the
group consisting ot absent, hydrogen, C,-C, alkyl and halo-
gen; R> independently in each occurrence is selected from
the group consisting of hydrogen and hydroxyl; and R°, R’,
R®, R” and R'® are each independently selected from the
group consisting of hydrogen and halogen.

[0056] In another aspect, the disclosure provides a com-
pound of Formula (I) wherein: X 1s oxygen; Y, and Y, are
independently selected from the group consisting of carbon
and nitrogen; R' is selected from the group consisting of
hydrogen, C,-C, alkyl, aminoalkyl, and amino; R” is
selected from the group consisting of hydrogen and C,-C,
alkyl; R® is selected from the group consisting of absent,
hydrogen, C,-C, alkyl, halogen and cyano; R* is selected
from the group consisting of absent, hydrogen, C,-C, alkyl
and halogen; R> independently in each occurrence is
selected from the group consisting of hydrogen and
hydroxyl; and R®°, R’, R®, R” and R'" are each independently
selected from the group consisting of hydrogen and halogen.
[0057] In still another aspect, the disclosure provides a
compound of Formula (I) wherein: X 1s oxygen; Y, and Y,
are 1ndependently selected from the group consisting of
carbon and nitrogen; R' is selected from the group consist-
ing of hydrogen, methyl, ethyl, propyl, aminoalkyl, and
amino; R” is selected from the group consisting of hydrogen,
methyl and ethyl; R” is selected from the group consisting of
absent, hydrogen, methyl, ethyl, propyl, halogen and cyano;
R*is selected from the group consisting of absent, hydrogen,
methyl, ethyl and halogen; R> independently in each occur-
rence 1s selected from the group consisting of hydrogen and
hydroxyl; and R°, R’, R®, R” and R'® are each independently
selected from the group consisting of hydrogen and halogen.

[0058] In still yet another aspect, the disclosure provides
a compound of Formula (I) wherein: X 1s oxygen; Y, 1s
nitrogen and Y, is carbon; R’ is selected from the group
consisting of methyl, ethyl, propyl, aminoalkyl, and amino;
R” is selected from the group consisting of hydrogen, methyl
and ethyl; R’ is selected from the group consisting of
methyl, ethyl, propyl, halogen and cyano; R* is absent; R>
independently 1n each occurrence 1s selected from the group
consisting of hydrogen and hydroxyl; and R®, R’, R®, R” and
R' are each independently selected from the group consist-
ing of hydrogen and halogen.

[0059] In a different aspect, the disclosure provides a
compound of Formula (I) wherein: X 1s oxygen; Y, 1s carbon
and Y, is nitrogen; R' is hydrogen; R* is selected from the
group consisting of hydrogen and methyl; R’ is absent; R*
1s selected from the group consisting of hydrogen, methyl,
ethyl and halogen; R> independently in each occurrence is
selected from the group consisting of hydrogen and
hydroxyl; and R°, R’, R®, R” and R'® are each independently
selected from the group consisting of hydrogen and halogen.
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[0060] In some embodiments, compounds of the disclo-
sure comprise a compound of Formula (II):

(1)

R?
Rﬁ
R8 Rl
X
N
., /\(\ ‘ \ )
R 10 R> Y

R4/ YZ

\
R3

[0061] whereln:
[0062] X 1s selected from the group consisting of oxy-

gen, sulfur, sulfoxide, sulfone, and nitrogen;

[0063] Y, and Y, are independently selected from the
group consisting of carbon and nitrogen;
[0064] R', R* R’ R* R° R’.R® R” and R'’ are each
independently selected from the group consisting of
hydrogen, hydrocarbyl, substituted hydrocarbyl,
hydroxyl, aldehyde, haloformyl, hydroperoxyl, halo-
gen, amino, phosphor, sulthydryl, sulfino, sulfo, C,-C,
alkyl, and cyano, with the proviso that when Y, 1s
nitrogen, R* is absent and/or when Y, is nitrogen R” is
absent; and

[0065] R> is selected from the group consisting of
hydrogen, hydrocarbyl, substituted hydrocarbyl,
hydroxyl, aldehyde, haloformyl, hydroperoxyl, halo-
gen, amino, phosphor, sulthydryl, sulfino, sulfo, C,-C
alkyl, and cyano.
[0066] For each of the foregoing embodiments for com-
pounds comprising Formula (II), R' may be selected from
the group consisting of alkyl, substituted alkyl, amine, and
aminoalkyl. In one embodiment, R' is selected from the
group consisting of alkyl and substituted alkyl. In various
iterations, R' may be lower alkyl, which is defined herein as
C1-C6. In another embodiment, R' may be aminoalkyl. In
yet another embodiment, R' may be amine. In some embodi-
ments, R' is selected from the group consisting of methyl,
ethyl, propyl, amino, and {—}CH2NH2.
[0067] For each of the foregoing embodiments for com-
pounds comprising Formula (II), R* may be selected from
the group consisting ol hydrogen and alkyl. In various
iterations, R may be hydrogen. In other various iterations,
R* may be lower alkyl, which is defined in this iteration as
C,-C,. In some embodiments, R is selected from the group
consisting of hydrogen, methyl, and ethyl.

[0068] For each of the foregoing embodiments for com-
pounds comprising Formula (II), R’ may be selected from
the group consisting of hydroxyl, alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, halogen and cyano. In
some embodiments, R” is alkyl. In various iterations, R> may
be lower alkyl, which 1s defined herein as C,-C,. In some
embodiments, R” is selected from the group consisting of
methyl, ethyl, propyl, halogen and cyano.

[0069] For each of the foregoing embodiments for com-
pounds comprising Formula (II), R* may be selected from
the group consisting alkyl and halogen. In some embodi-
ments, R* may be lower alkyl, which is defined herein as
C,-C.. In an embodiment, R* may be halogen. In another
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embodiment, R* may be selected from the group consisting
of hydrogen, methyl, ethyl and halogen

[0070] For each of the foregoing embodiments for com-
pounds comprising Formula (II), R> is selected from the
group consisting of hydrogen and hydroxyl.

[0071] For each of the foregoing embodiments for com-
pounds comprising Formula (II), R°, R’, R®, R” and R'° are
cach independently selected from the group consisting of
hydrogen and halogen. In various iterations, R°, R’, and R’
may be hydrogen. In various iterations, R® and R'® may each
be independently selected from the group consisting of
hydrogen and halogen. In some embodiments, R°, R’, and
R” are hydrogen, and R® and R'® are each independently
selected from the group consisting of hydrogen and chlorine.

[0072] In an aspect, the disclosure provides a compound
of Formula (II) wheremn: X 1s selected from the group
consisting of oxygen and sulfur; Y, and Y, are indepen-
dently selected from the group consisting of carbon and
nitrogen; R' is selected from the group consisting of hydro-
gen, C,-C, alkyl, aminoalkyl, and amino; R* is selected from
the group consisting of hydrogen and C,-C, alkyl; R> is
selected from the group consisting of absent, hydrogen,
C,-C, alkyl, halogen and cyano; R* is selected from the
group consisting of absent, hydrogen, C,-C, alkyl and halo-
gen; R is selected from the group consisting of hydrogen
and hydroxyl; and R°, R/, R®, R” and R'” are each indepen-
dently selected from the group consisting of hydrogen and
halogen.

[0073] In another aspect, the disclosure provides a com-
pound of Formula (II) wherein: X 1s oxygen; Y, and Y, are
independently selected from the group consisting of carbon
and nitrogen; R" is selected from the group consisting of
hydrogen, C,-C, alkyl, aminoalkyl, and amino; R* is
selected from the group consisting of hydrogen and C,-C,
alkyl; R® is selected from the group consisting of absent,
hydrogen, C,-C, alkyl, halogen and cyano; R* is selected
from the group consisting of absent, hydrogen, C,-C, alkyl
and halogen; R> is selected from the group consisting of
hydrogen and hydroxyl; and R°, R’, R®*, R” and R"" are each
independently selected from the group consisting of hydro-
gen and halogen.

[0074] In still another aspect, the disclosure provides a
compound of Formula (II) wherein: X 1s oxygen; Y, and Y,
are 1ndependently selected from the group consisting of
carbon and nitrogen; R' is selected from the group consist-
ing of hydrogen, methyl, ethyl, propyl, aminoalkyl, and
amino; R” is selected from the group consisting of hydrogen,
methyl and ethyl; R” is selected from the group consisting of
absent, hydrogen, methyl, ethyl, propyl, halogen and cyano;
R*is selected from the group consisting of absent, hydrogen,
methyl, ethyl and halogen; R” is hydroxyl; and R°, R’, R®,
R” and R'° are each independently selected from the group
consisting of hydrogen and halogen.

[0075] In still yet another aspect, the disclosure provides
a compound of Formula (II) wherein: X 1s oxygen; Y, 1s
nitrogen and Y, is carbon; R' is selected from the group
consisting of methyl, ethyl, propyl, aminoalkyl, and amino;
R~ is selected from the group consisting of hydrogen, methyl
and ethyl; R’ is selected from the group consisting of
methyl, ethyl, propyl, halogen and cyano; R* is absent; R is
hydroxyl; and R®, R’, R®, R” and R'" are each independently
selected from the group consisting of hydrogen and halogen.
[0076] In a different aspect, the disclosure provides a
compound of Formula (II) wherein: X 1s oxygen; Y, 1s
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carbon and Y, is nitrogen; R' is hydrogen; R” is selected
from the group consisting of hydrogen and methyl; R> is
absent; R* is selected from the group consisting of hydrogen,
methyl, ethyl and halogen; R is hydroxyl; and R°, R’, R®,
R” and R'Y are each independently selected from the group
consisting of hydrogen and halogen.

[0077] In exemplary embodiments, compounds of the
present disclosure comprise a compound selected from the
group of compounds 1n Table A.

TABLE A

\

111
/
~ —~C
O N

OH Nam

CH;

IV
CH,CH;
C
/\[/\ N

/
N

—
OH N
CH,
v
CH,CH,CH,;
C/
OH N
CH,

\ VI
/NH2
s N _C

‘ N\

N VII
CH,NH,
N S

Z N /
OH N
CHs
\ VIII
CHs
9 /
aY €
OH Nam

CH,CH;
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TABLE A-continued

X
/CH3
F _C
O/\(\l\‘I \
OH N
CH,CH,CH;
R
‘ CHgCHg
\/\ /\(\ ...----"C
CH,CH;
AN
| Vs
Vs

O N
/\K\ ‘ \ o
OH N
CH;

CH2CH3

\ ____..-C
/\[/\ \27(3}12(3}13

CH,CH;

@

Cl

X1

XII

XIII

X1V

XV
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TABLE A-continued

XV]

XVIII

SN
Q\O/Y\N/B
SN

oo
0O N/B_
el

[0078] In some embodiments, compounds of the disclo-
sure comprise a compound of Formula (XX):

: (XX)
R I
R
/
R? N
)"
RS N
Rﬁ

[0079] whereln:

[0080] R',R* R’, R* R’ andRP° are each independently
selected from the group consisting of hydrogen, hydro-
carbyl, substituted hydrocarbyl, hydroxyl, aldehyde,
haloformyl, hydroperoxyl, halogen, amino, phosphor,
sulthydryl, sulfino, and sulfo.

[0081] In an aspect, the disclosure provides a compound
of Formula (XX) wherein: R>, R*, R> and R° are hydrogen
and R' and R* are independently selected from the group
consisting of hydrocarbyl, substituted hydrocarbyl, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, sub-
stituted alkynyl, aryl, substituted aryl, aminoalkyl, substi-
tuted aminoalkyl, amidoalkyl and substituted amidoalkyl.

[0082] In another aspect, the disclosure provides a com-
pound of Formula (XX) wherein: R, R*, R and R° are
hydrogen and R' and R* are independently selected from the
group consisting of alkyl, substituted alkyl, alkenyl, substi-
tuted alkenyl, alkynyl, substituted alkynyl, aryl, substituted
aryl, aminoalkyl, substituted aminoalkyl, amidoalkyl and
substituted amidoalkyl.
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[0083] In still another aspect, the disclosure provides a
compound of Formula (XX) wherein: R®, R*, R and R° are
hydrogen and R' and R” are independently selected from the
group consisting of alkyl, substituted alkyl, aminoalkyl,
substituted aminoalkyl, amidoalkyl and substituted amido-

alkyl.

[0084] In still yet another aspect, the disclosure provides
a compound of Formula (XX) wherein: R>, R*, R> and R°® are

hydrogen; R' is selected from the group consisting of alkyl
and substituted alkyl; and R* is selected from the group
consisting of alkyl, substituted alkyl, aminoalkyl, substituted
aminoalkyl, amidoalkyl and substituted amidoalkyl.

[0085] In a different aspect, the disclosure provides a
compound of Formula (XX) wherein: R°, R*, R> and R°® are
hydrogen; R' is selected from the group consisting of a
C,-C, alkyl and substituted C,-C,. alkyl; and R” is selected

from the group consisting of alkyl, substituted alkyl, ami-
noalkyl, substituted aminoalkyl, amidoalkyl and substituted

amidoalkyl.
[0086]

a compound of Formula (XX) wherein: R°, R*, R”> and R° are
hydrogen; R' is selected from the group consisting of a
C,-C, alkyl, —(CH,), OH, —(CH,), NH,, and a C,-C alkyl

terminally substituted with a heteroatom, wherein n 1s inde-

In another different aspect, the disclosure provides

pendently an integer from 1 to 6; and R” is selected from the
group consisting of alkyl, substituted alkyl, aminoalkyl,

substituted aminoalkyl, amidoalkyl and substituted amido-
alkyl.

[0087] In still another diflerent aspect, the disclosure pro-
vides a compound of Formula (XX) wherein: R, R*, R> and
R® are hydrogen; R' is selected from the group consisting of
a C,-C, alkyl, —(CH,), OH, —(CH,) NH,, and a C,-C,
alkyl terminally substituted with a heteroatom, wherein n 1s
independently an integer from 1 to 6; and R” is selected from
the group consisting of aminoalkyl, substituted aminoalkyl,

amidoalkyl and substituted amidoalkyl.

[0088] In still yet another different aspect, the disclosure
provides a compound of Formula (XX) wherein: R®, R, R>
and R® are hydrogen; R is selected from the group consist-
ing ot a C,-C, alkyl, —(CH,), OH, —(CH,) NH,, and a
C,-C. alkyl terminally substituted with a heteroatom; and R”
1s selected from the group consisting of —(CH,) NHCO

(CH,), OH, wherein n 1s independently an integer from 1 to
6.

[0089] In other aspects, the disclosure provides a com-
pound of Formula (XX) wherein: R, R*, R> and R® are

hydrogen; R' is selected from the group consisting of a
C,-C, alkyl; and R~ is selected from the group consisting of

aminoalkyl, substituted aminoalkyl, amidoalkyl and substi-
tuted amidoalkyl.

[0090] In still other aspects, the disclosure provides a
compound of Formula (XX) wherein: R, R*, R> and R° are

hydrogen; R' is selected from the group consisting of a

C,-C, alkyl; and R” is selected from the group consisting of
—(CH,) NHCO(CH,) OH, wherein n 1s independently an
integer from 1 to 6.
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[0091] In an exemplary embodiment, a compound of
Formula (XX) 1s:

(XXI)
CH;
OH.

[0092] In general, compounds of the disclosure bind the
lectin-like oxidized low-density lipoprotein (ox-LDL)
receptor-1 (LOX-1). The term “binding” as used herein
refers to an athmty between two molecules, for example, a
small molecule compound and a target protein such as
LOX-1. While not wishing to be bound by theory, com-
pounds of the disclosure may bind the LOX-1 binding site,
thereby blocking binding of ox-LDL to LOX-1, inhibiting
LOX-1-mediated uptake of ox-LDL, and combinations
thereof.

[0093] In some embodiments, binding aflinity of a com-
pound to LOX-1 may be determined using purified LOX-1
protein or a fragment therecol. Methods of determining
binding aflinity of a compound with a purified protein are
known 1n the art. Non-limiting examples of methods of
determining binding afhnity of a compound with a purified
protein may include surface plasmon resonance and thermal

shift assay. Purified LOX-1 may be produced by methods
known 1n the technical field of the instant disclosure, such as
recombinant technology, chemical synthesis, and cell cul-
ture, or by modified methods thereof.

[0094] In one alternative of the embodiments, binding of
a compound to LOX-1 1s determined using purified LOX-1
protein and surface plasmon resonance. In another alterna-
tive of the embodiment, the aflinity of binding of a com-
pound to LOX-1 1s measured using purified LOX-1 protein
and thermal shift assay. In general, a thermal shift assay 1s
a thermal-denaturation assay that measures the thermal
stability of a target protein and a subsequent increase in
protein melting temperature due to the binding of a ligand to
the protemn. In a preferred embodiment, interaction of a
compound with LOX-1 1s measured using purified LOX-1
protein and a thermal shift assay as described in the
Examples. Using this assay, a compound of the disclosure
may bind a purified LOX-1 protein and increase the melting
temperature of the LOX-1 protein by about 2, 3, 4, 5, 6, 7,
8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, or about
30° C. or more due to the binding of a ligand to the protein.
In some embodiments, a compound of the disclosure
increases the melting temperature of the LOX-1 protein by
about 2, 3, 4, 5, or about 6° C. In other embodiments, a
compound of the disclosure increases the melting tempera-
ture of the LOX-1 protein by about 5, 6, 7, 8, 9, or about 10°
C. In yet other embodiments, a compound of the disclosure
increases the melting temperature of the LOX-1 protein by
about 9, 10, 11, 12, 13, 14, or about 15° C. In other
embodiments, a compound of the disclosure increases the
melting temperature of the LOX-1 protein by about 15, 16,
17, 18, 19, 20, 25, or about 30° C. or more. In preferred
embodiments, a compound of the disclosure increases the
melting temperature of the LOX-1 protemn by about 9, 10,

11, 12, 13, or about 14° C.
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[0095] Binding of a compound of the present disclosure to
LOX-1 ihibits LOX-1 activity in a cell. Non-limiting
examples of LOX-1 activity 1n a cell that may be inhibited
by a compound of the present disclosure include binding and
uptake of ox-LDL into the cell and intracellular signaling of
LOX-1. As such, inhibition of LOX-1 activity by a com-
pound of the present disclosure may be determined by
contacting a cell expressing LOX-1 with a compound of the
present disclosure and monitoring LOX-1 activity. For
instance, a cell expressing LOX-1 may be contacted with a
compound of the present disclosure 1n vitro to determine
inhibition of LOX-1 activity.

[0096] Many cell types may be suitable for this assay. A
cell expressing LOX-1 may be a primary cell line derived
from a cell normally expressing LOX-1. Non-limiting
examples of a cell normally expressing LOX-1 may include
macrophages, endothelial cells, monocytes, platelets,
smooth muscle cells, cardiomyocytes, and brain cells. Meth-
ods of preparing a primary cell line utilize standard tech-
niques known to individuals skilled in the art. In some
embodiments, a cell expressing LOX-1 1s a macrophage. In
other embodiments, a cell expressing LOX-1 1s an endothe-
lial cell.

[0097] Alternatively, a cell expressing LOX-1 may be an
established cell line genetically modified to express LOX-1.
A cell line may be adherent or non-adherent, or a cell line
may be grown under conditions that encourage adherent,
non-adherent or organotypic growth using standard tech-
niques known to individuals skilled 1n the art. A cell line may
be contact inhibited or non-contact inhibited. Non-limiting,
examples of cell lines that may be genetically modified to
express LOX-1 include Chinese hamster ovary cells (CHO),
vero African green monkey kidney cells, mouse SVEC4
vascular endothelial cells, human umbilical vein endothelial
cells (HUVECs), and Hela cells. In some embodiments, a
cell expressing LOX-1 1s a transgenic CHO cell genetically
modified to express LOX-1.

[0098] In some embodiments, a compound of the present
disclosure inhibits binding and uptake of ox-LDL into a cell
expressing LOX-1. For instance, inhibition of binding and
uptake of ox-LDL 1nto a cell may be assayed by monitoring
uptake of a labeled ox-LDL into a cell expressing LOX-1 in
the presence or absence of a compound of the disclosure.
Non-limiting examples of suitable labels include fluorescent
labels, chemiluminescent labels, radioactive labels, colori-
metric labels, and resonance labels. Methods of labeling
peptides are well known 1n the art. In some embodiments,
inhibition of binding and uptake of ox-LDL into a cell 1s
assayed using a chemiluminescently-labeled ox-LDL. In
other embodiments, 1nhibition of binding and uptake of
ox-LDL 1nto a cell 1s assayed using a radioactively-labeled
ox-LDL. In yet other embodiments, inhibition of binding
and uptake of ox-LDL into a cell 1s assayed using a colo-
rimetricly-labeled ox-LDL. In other embodiments, inhibi-
tion of binding and uptake of ox-LDL 1nto a cell 1s assayed
using ox-LDL labeled with resonance labels. In preferred
embodiments, mnhibition of binding and uptake of ox-LDL
into a cell 1s assayed using a fluorescently-labeled ox-LDL
(Dil-ox-LDL). In exemplary embodiments, inhibition of
binding and uptake of ox-LDL 1nto a cell 1s assayed using a
fluorescently-labeled ox-LDL as described in the Examples.

Using this assay, a compound of the present disclosure may
inhibit uptake of ox-LDL 1nto a cell expressing LOX-1 by
about 10, 15, 20, 235, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
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80, 85, 90, 95, or about 100% 1n the presence of 20 nM of
the compound. In one embodiment, a compound of the

present disclosure inhibits uptake of ox-LDL into a cell
expressing LOX-1 by about 10, 15, 20, 25, or about 30% 1n
the presence of 20 nM of the compound. In another embodi-
ment, a compound of the present disclosure inhibits uptake
of ox-LDL 1nto a cell expressing LOX-1 by about 30, 35, 40,
45, or about 50% 1n the presence of 20 nM of the compound.
In yet another embodiment, a compound of the present
disclosure 1nhibits uptake of ox-LDL 1nto a cell expressing
LOX-1 by about 50, 55, 60, 65, or about 70% 1n the presence
of 20 nM of the compound. In yet another embodiment, a
compound of the present disclosure inhibits uptake of ox-
LDL into a cell expressing LOX-1 by about 70, 75, 80, 85,
or about 90% 1n the presence of 20 nM of the compound. In
another embodiment, a compound of the present disclosure
inhibits uptake of ox-LDL 1nto a cell expressing LOX-1 by
about 85, 90, 95, or about 100% 1n the presence of 20 nM
of the compound. In a preferred embodiment, a compound
of the present disclosure ihibits uptake of ox-LDL into a
cell expressing LOX-1 by about 20, 25, 30, 35, or about 40%

in the presence of 20 nM of the compound.

[0099] In other embodiments, a compound of the present
disclosure 1nhibits itracellular signaling of LOX-1 1n a cell.
Non-limiting examples of intracellular signaling of LOX-1
in a cell include NF-kB activation, superoxide generation,
eNOS deficiency, increased monocyte adhesion to endothe-
lial cells, phosphorylation of p44/42 MAP kinase and p38
MAP kinase, and expression ol E-selectins, P-selectins,
NADPH oxidase, VCAM-1, ICAM-1, and LOX-1. In one
alternative of the embodiments, a compound of the present
disclosure 1mhibits NF-kB activation. In another alternative
of the embodiments, a compound of the present disclosure
inhibits superoxide generation. In yet another alternative of
the embodiments, a compound of the present disclosure
inhibits eNOS deficiency. In an additional alternative of the
embodiments, a compound of the present disclosure inhibits
increased monocyte adhesion to endothelial cells. In one
alternative of the embodiments, a compound of the present
disclosure inhibits phosphorylation of p44/42 MAP kinase.
In another alternative of the embodiments, a compound of
the present disclosure inhibits phosphorylation of p38 MAP
kinase. In yet another alternative of the embodiments, a
compound of the present disclosure nhibits expression of
E-selectins. In another alternative of the embodiments, a
compound of the present disclosure inhibits expression of
P-selectins. In an additional alternative of the embodiments,
a compound of the present disclosure imnhibits expression of
NADPH oxidase. In another alternative of the embodiments,
a compound of the present disclosure imnhibits expression of
VCAM-1. In vet another alternative of the embodiments, a
compound of the present disclosure inhibits expression of
ICAM-1. In an additional alternative of the embodiments, a

compound of the present disclosure inhibits expression of
LOX-1.

[0100] Titration curves measuring the ability of a com-
pound to mhibit LOX-1 activity may also be performed to
determine the IC.,. In some embodiments, the IC., of a
compound may be less than about 300, 250, 200, 150, 100,
50, 10, or about 1 nM.

[0101] A composition of the disclosure may be formulated
and administered to a subject by several different means as
described 1n Section II.
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II. Composition

[0102] In another aspect, the disclosure provides a com-
position comprising compounds of the disclosure. Com-
pounds may be as described 1n Section I above.

[0103] Compounds may be incorporated into pharmaceu-
tical compositions suitable for in vivo, in vitro, 1n situ, or e€x
vivo use. Such compositions typically comprise a compound
of the disclosure and a pharmaceutically acceptable carrier.
As used herein, the language “pharmaceutically acceptable
carrier” 1s mtended to include any and all solvents, disper-
sion media, coatings, antibacterial and antifungal agents,
1sotonic and absorption delaying agents, and the like, com-
patible with pharmaceutical administration. The use of such
media and agents for pharmaceutically active substances 1s
well known 1n the art. Except insofar as any conventional
media or agent 1s incompatible with a compound, use thereof
in the compositions 1s contemplated. Supplementary active
compounds may also be incorporated into the compositions.
[0104] A pharmaceutical composition of the disclosure
may be formulated to be compatible with 1ts intended route
of administration. Examples of routes of administration
include parenteral, e.g., intravenous, intradermal, subcuta-
neous, oral (e.g., inhalation), transdermal (topical), trans-
mucosal, and rectal administration. Formulation of pharma-
ceutical compositions 1s discussed 1n, for example, Hoover,
John E., Remington’s Pharmaceutical Sciences, Mack Pub-
lishing Co., Easton, Pa. (1975), and Liberman, H. A. and
Lachman, L., Eds., Pharmaceutical Dosage Forms, Marcel
Decker, New York, N.Y. (1980).

[0105] Solutions or suspensions used for parenteral, intra-
dermal, or subcutaneous application can include the follow-
ing components: a sterile diluent such as water for injection,
saline solution, fixed oils, polyethylene glycols, glycerine,
propylene glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens; antioxi-
dants such as ascorbic acid or sodium bisulfite; chelating
agents such as ethylenediaminetetraacetic acid; bufllers such
as acetates, citrates or phosphates, and agents for the adjust-
ment of tonicity such as sodium chloride or dextrose. The pH
may be adjusted with acids or bases, such as hydrochloric
acid or sodium hydroxide. Parenteral preparations may be
enclosed in ampoules, disposable syringes, or multiple dose
vials made of glass or plastic.

[0106] Pharmaceutical compositions suitable for inject-
able use may include sterile aqueous solutions (where water
soluble) or dispersions and sterile powders for the extem-
poraneous preparation of sterile mjectable solutions or dis-
persion. For intravenous administration, suitable carriers
include physiological saline, bacteriostatic water, Cremo-
phor EL (BASF; Parsippany, N.l.), or phosphate buflered
saline (PBS). In all cases, a composition may be sterile and
may be fluid to the extent that easy syringeability exists. A
composition may be stable under the conditions of manu-
facture and storage and may be preserved against the con-
taminating action of microorganisms such as bacteria and
fungi. The carrier may be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyetheylene glycol,
and the like), and suitable mixtures thereof. The proper
fluidity may be maintained, for example, by the use of a
coating such as lecithin, by the maintenance of the required
particle size in the case of dispersion, and by the use of
surfactants. Prevention of the action of microorganisms may
be achieved by various antibacterial and antifungal agents,
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for example, parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it may be preferable
to include 1sotonic agents, for example, sugars, polyalcohols
such as mannitol, sorbitol, or sodium chloride, in the com-
position. Prolonged absorption of the injectable composi-
tions may be brought about by including in the composition
an agent which delays absorption, for example, aluminum
monostearate and gelatin.

[0107] Sterile injectable solutions may be prepared by
incorporating the active compound 1n the required amount 1n
an appropriate solvent with one or a combination of ingre-
dients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incor-
porating the active compound into a sterile vehicle which
contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum
drying and freeze-drying, which yields a powder of the
active ingredient plus any additional desired ingredient from
a previously sterile-filtered solution thereof.

[0108] Oral compositions generally may include an 1nert
diluent or an edible carrier. Oral compositions may be
enclosed 1n gelatin capsules or compressed into tablets. For
the purpose of oral therapeutic admimstration, the active
compound may be incorporated with excipients and used 1n
the form of tablets, troches, or capsules. Oral compositions
may also be prepared using a flmd carrier for use as a
mouthwash, wherein the compound in the fluid carrier 1s
applied orally and swished and expectorated or swallowed.
Pharmaceutically compatible binding agents and/or adjuvant
materials may be included as part of the composition. The
tablets, pills, capsules, troches, and the like, may contain any
of the following ingredients, or compounds of a similar
nature: a binder such as microcrystalline cellulose, gum
tragacanth or gelatin; an excipient such as starch or lactose;
a disintegrating agent such as alginic acid, Primogel, or comn
starch; a lubricant such as magnesium stearate or Sterotes; a
glidant such as colloidal silicon dioxide; a sweetening agent
such as sucrose or saccharin; or a flavoring agent such as
peppermint, methyl salicylate, or orange flavoring. For
administration by inhalation, the compounds are delivered 1n
the form of an aerosol spray from a pressured container or

dispenser which contains a suitable propellant, e.g., a gas
such as carbon dioxide, or a nebulizer.

[0109] Systemic administration may also be by transmu-
cosal or transdermal means. For transmucosal or transder-
mal administration, penetrants appropriate to the barrier to
be permeated are used in the formulation. Such penetrants
are generally known in the art, and may include, for
example, for transmucosal administration, detergents, bile
salts, and fusidic acid derivatives. Transmucosal adminis-
tration may be accomplished through the use of nasal sprays
or suppositories. For transdermal admimistration, the active
compounds are formulated into ointments, salves, gels, or
creams as generally known 1n the art. Compounds may also
be prepared 1n the form of suppositories (e.g., with conven-
tional suppository bases such as cocoa butter and other
glycerides) or retention enemas for rectal delivery.

[0110] Compounds may be prepared with carriers that will
protect a compound against rapid elimination from the body,
such as a controlled release formulation, including implants
and microencapsulated delivery systems. Biodegradable,
biocompatible polymers may be used, such as ethylene vinyl
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acetate, polyanhydndes, polyglycolic acid, collagen, poly-
orthoesters, and polylactic acid. These may be prepared

according to methods known to those skilled in the art, for
example, as described in U.S. Pat. No. 4,522 ,811.

III. Method of Use

[0111] In an aspect, the disclosure provides a method of
inhibiting ox-LDL uptake 1n a cell. The method comprises
contacting L.OX-1 with a composition comprising a com-
pound of the disclosure. Inhibiting ox-LDL uptake 1s
described 1n more detail 1n Section I. The disclosure also
provides a method of reducing LOX-1 expression 1n a cell.
The method comprises contacting LOX-1 with a composi-
tion comprising a compound of the disclosure. A reduction
in LOX-1 expression may be measured by a reduction 1n
LOX-1 protein expression or LOX-1 nucleic acid expres-
sion. Methods of measuring protein and nucleic acid expres-
sion are well known 1n the art. Non-limiting examples
include immunoblots, tlow cytometry, immunohistochemis-
try, and various other epitope binding agent methods usetul
for evaluating protein expression, and PCR useful for evalu-
ating nucleic acid expression. LOX-1 expression 1s reduced
if the ratio of the level of expression of LOX-1 i the
presence of compound as compared with the expression
level of LOX-1 1n the absence of compound is less than 1.0.
For example, a ratio less than 1, 0.8, 0.6, 0.4, 0.2, 0.1, 0.05,
0.001 or less. In another embodiment, the reduction 1in
expression 1s measured using p-value. For instance, when
using p-value, LOX-1 expression 1s reduced when the
p-value of LOX-1 1n the presence of compound as compared
with the expression level of LOX-1 in the absence of
compound 1s less than 0.1, preferably less than 0.05, more

preferably less than 0.01, even more preferably less than
0.005, the most preferably less than 0.001.

[0112] In another aspect, the disclosure provides a method
of reducing the number of monocytes adhered to a cell. The
method comprises contacting LOX-1 with a composition
comprising a compound of the disclosure. A reduction 1n the
number of monocytes adhered to a cell may be due to a
reduction in VCAM-1 expression on the cell. A compound
of the disclosure reduces the expression of VCAM-1 on a
cell thereby reducing the number of monocytes adhered to
the cell. A reduction in the number of monocytes adhered to
a cell limits the number of monocytes available for trans-
formation into foam cells. A reduction 1n the number of foam
cells limits the buildup of an atherosclerotic plaque. The
concept of “reduction” as described above may also be
applied here. Accordingly, the disclosure also provides a
method of reducing buildup of atherosclerotic plaques. The
method comprising administering a composition comprising,
a compound of the disclosure to a subject.

[0113] In still another aspect, the disclosure provides a
method of mhibiting LOX-1 activity. A method of the
disclosure comprises contacting LOX-1 with a compound of
the disclosure to inhibit LOX-1. LOX-1 has specific athnity
and 1s the predominant scavenger receptor for ox-LDL. As
described above, mhibiting LOX-1 activity using a com-
pound of the disclosure inhibits uptake of ox-LDL into the
cell and tracellular signaling of LOX-1. Inhibition of
intracellular signaling may be measured by evaluating acti-
vation of ERK1/2, P38 MAPK, and/or other MAP kinases.
An 1nhibition of intracellular signaling of LOX-1 results in
inhibition of or reduced phosphorylation of ERK1/2, P38
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MAPK, and/or other MAP kinases. Additional indicators of
inhibition of mtracellular activity are described 1n Section I.

[0114] By mhibiting LOX-1 activity, a method of the
disclosure may be used to treat any clinical condition that
may result from LOX-1 activity and elevated levels of
ox-LDL. Non-limiting examples of a condition that may
result from LOX-1 activity or elevated levels of ox-LDL
include atherosclerosis, clinical conditions resulting from
metabolic syndrome, thrombocytopenia, diabetic nephropa-
thy, sepsis, osteoarthritis, rheumatoid arthritis, kidney dis-
case, myocardial injury mitiated during i1schemia-repertu-
sion, 1inflammatory  reactions after  percutaneous
transluminal coronary recanalization (PTCR) or percutane-
ous transluminal coronary angioplasty (PTCA), vascular
restenosis after PITCA and PTCR, thrombogenesis 1n blood
vessels, and increased susceptibility to diabetes. As used
herein, “treating a clinical condition” refers to preventing the
development of a clinical condition, preventing the progres-
sion of a clinical condition, and/or reducing the severity of
a clinical condition.

[0115] In some embodiments, a method of the disclosure
may be used to treat increased susceptibility to diabetes. In
other embodiments, a method of the disclosure may be used
to treat thrombocytopenia. In yet other embodiments, a
method of the disclosure may be used to treat diabetic
nephropathy. In other embodiments, a method of the disclo-
sure may be used to treat sepsis. In additional embodiments,
a method of the disclosure may be used to treat osteoarthri-
t1s. In other embodiments, a method of the disclosure may be
used to treat rheumatoid arthritis. In even more embodi-
ments, a method of the disclosure may be used to treat
kidney disease. In additional embodiments, a method of the
disclosure may be used to treat inflammatory reactions after
percutaneous transluminal coronary recanalization (PTCR)
or percutaneous transluminal coronary angioplasty (PTCA).
In some embodiments, a method of the disclosure may be
used to treat vascular restenosis after PICA and PTCR. In
other embodiments, a method of the disclosure may be used
to treat thrombogenesis 1n blood vessels.

[0116] In some preferred embodiments, a method of the
disclosure may be used to treat myocardial 1injury mnitiated
during 1schemia-reperfusion. Myocardial I/R 1njury 1s asso-
ciated with thrombolysis, angioplasty, and coronary bypass
surgery. Injury to myocardium due to I/R includes cardiac
contractile dystunction, arrhythmias, and irreversible myo-
cyte damage, including both apoptotic and necrotic cell

death.

[0117] In other preferred embodiments, a method of the
disclosure may be used to treat atherosclerosis. In yet other
preferred embodiments, a method of the disclosure may be
used to treat clinical conditions resulting from metabolic
syndrome.

[0118] ‘Typically, a compound of the disclosure 1s formu-
lated for 1n vivo, 1n vitro, 1n situ, or ex vivo use as described
in Section II above. In some embodiments, a compound of
the disclosure 1s formulated for in vivo use, and adminis-
tered to a subject. The term “subject,” as used herein, refers
to an animal. The subject may be an embryo, a juvenile, or
an adult. Suitable animals include vertebrates such as mam-
mals, birds, reptiles, amphibians, and fish. Examples of
suitable mammals include, without limit, rodents, compan-
ion animals, livestock, and primates. Non-limiting examples
of rodents include mice, rats, hamsters, gerbils, and guinea
pigs. Suitable companion animals 1include, but are not lim-
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ited to, cats, dogs, rabbits, hedgehogs, and ferrets. Non-
limiting examples of livestock include horses, goats, sheep,
swine, cattle, llamas, and alpacas. Suitable primates include,
but are not limited to, humans, capuchin monkeys, chim-
panzees, lemurs, macaques, marmosets, tamarins, spider
monkeys, squirrel monkeys, and vervet monkeys. Non-
limiting examples of birds include chickens, turkeys, ducks,
and geese. An exemplary subject 1s a mouse. Another
exemplary subject 1s a human.

[0119] In other embodiments, a cell contacted by a com-
position of the disclosure 1s an 1n vitro cell line. Cell lines
may be as described i Section I above. In other embodi-
ments, a cell may be contacted by a composition of the
disclosure ex vivo or 1n situ in a tissue sample or organ
obtained from a subject. Non-limiting examples of suitable
tissues include connective tissue, muscle tissue, nervous
tissue, and epithelial tissue. Non-limiting examples of suit-
able organs include organs of the cardiovascular system,
digestive system, the endocrine system, the excretory sys-
tem, the immune system, the nervous system, the reproduc-
tive system, and the respiratory system. Tissue and organ
samples may be cultured 1n vitro or ex vivo. They may also
be biopsy samples or otherwise removed from a subject. In
certain embodiments, a tissue or organ sample may be
homogenized before contact with a composition of the
disclosure.

[0120] In certain aspects, a therapeutically eflective
amount of a composition of the disclosure may be admin-
istered to a subject. Administration 1s performed using
standard eflective techniques, including peripherally (1.e. not
by administration 1nto the central nervous system) or locally
to the central nervous system. Peripheral administration
includes but 1s not limited to oral, inhalation, intravenous,
intraperitoneal, intra-articular, subcutaneous, pulmonary,
transdermal, intramuscular, intranasal, buccal, sublingual, or
suppository administration. Local administration, including
directly into the central nervous system (CNS) includes but
1s not limited to via a lumbar, intraventricular or intraparen-
chymal catheter or using a surgically implanted controlled
release formulation. The route of administration may be
dictated by the disease or condition to be treated. It 1s within
the skill of one 1n the art, to determine the route of admin-
istration based on the disease or condition to be treated.

[0121] Pharmaceutical compositions for effective admin-
istration are deliberately designed to be appropniate for the
selected mode of administration, and pharmaceutically
acceptable excipients such as compatible dispersing agents,
buflers, surfactants, preservatives, solubilizing agents, 1s0-
tonicity agents, stabilizing agents and the like are used as
appropriate. Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton Pa., 16Ed ISBN: 0-912734-04-3,
latest edition, incorporated herein by reference 1n 1ts entirety,
provides a compendium of formulation techmiques as are
generally known to practitioners. It may be particularly
usetul to alter the solubility characteristics of the peptides
useful 1n this discovery, making them more lipophilic, for
example, by encapsulating them in liposomes or by blocking
polar groups.

[0122] Eflective peripheral systemic delivery by intrave-
nous or intraperitoneal or subcutaneous injection 1s a pre-
terred method of administration to a living patient. Suitable
vehicles for such 1njections are straightforward. In addition,
however, administration may also be eflected through the
mucosal membranes by means of nasal aerosols or supposi-
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tories. Suitable formulations for such modes of administra-
tion are well known and typically include surfactants that
facilitate cross-membrane transier. Such surfactants are
often derived from steroids or are cationic lipids, such as
N-[1-(2,3-dioleoyl)propyl]-N,N,N-trimethyl ammonium
chloride (DOTMA) or various compounds such as choles-
terol hemisuccinate, phosphatidyl glycerols and the like.

[0123] For therapeutic applications, a therapeutically
cllective amount of a composition of the disclosure 1is
administered to a subject. A “therapeutically eflective
amount” 1s an amount of the therapeutic composition sui-
ficient to produce a measurable response (e.g., a reduction 1n
symptoms, reduction 1n LOX-1, reduction 1n atherosclerotic
plaques, reduction 1n VCAM-1, reduction 1n activation of
MAP kinases, reduction in local presence of monocytes).
Actual dosage levels of active ingredients in a therapeutic
composition of the disclosure can be varied so as to admin-
ister an amount of the active compound(s) that 1s eflective to
achieve the desired therapeutic response for a particular
subject. "

The selected dosage level will depend upon a
variety of factors including the activity of the therapeutic
composition, formulation, the route of administration, com-
bination with other drugs or treatments, disease, and the
physical condition and prior medical history of the subject
being treated. In some embodiments, a minimal dose 1s
administered, and dose 1s escalated 1in the absence of dose-
limiting toxicity. Determination and adjustment of a thera-
peutically eflective dose, as well as evaluation of when and
how to make such adjustments, are known to those of
ordinary skill in the art of medicine.

[0124] The timing of administration of the treatment rela-
tive to the disease 1itself and duration of treatment will be
determined by the circumstances surrounding the case.
Treatment could begin in a hospital or clinic 1itself, or at a
later time after discharge from the hospital or after being
seen 1n an outpatient clinic.

[0125] Duration of treatment could range from a single
dose administered on a one-time basis to a life-long course
of therapeutic treatments. The duration of treatment can and
will vary depending on the subject and the disease or
disorder to be treated. For example, the duration of treatment
may be for 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, or
7 days. Or, the duration of treatment may be for 1 week, 2
weeks, 3 weeks, 4 weeks, 5 weeks or 6 weeks. Alternatively,
the duration of treatment may be for 1 month, 2 months, 3
months, 4 months, 5 months, 6 months, 7 months, 8 months,
9 months, 10 months, 11 months, 12 months. In still another
embodiment, the duration of treatment may be for 1 year, 2
years, 3 years, 4 years, 5 years, or greater than 5 years. It 1s
also contemplated that administration may be frequent for a
period of time and then administration may be spaced out for
a period of time. For example, duration of treatment may be
5 days, then no treatment for 9 days, then treatment for 5
days.

[0126] The frequency of dosing may be once, twice, three
times or more daily or once, twice, three times or more per
week or per month, or as needed as to effectively treat the
symptoms or disease. In certain embodiments, the frequency
of dosing may be once, twice or three times daily. For
example, a dose may be administered every 24 hours, every
12 hours, or every 8 hours. In other embodiments, the
frequency of dosing may be once, twice or three times
weekly. For example, a dose may be administered every 2
days, every 3 days or every 4 days. In a different embodi-
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ment, the frequency of dosing may be one, twice, three or
four times monthly. For example, a dose may be adminis-
tered every 1 week, every 2 weeks, every 3 weeks or every
4 weeks.

[0127] Although the foregoing methods appear the most
convenient and most appropriate and effective for adminis-
tration of a composition of the disclosure, by suitable
adaptation, other eflective techniques for administration,
such as intraventricular administration, transdermal admin-
istration and oral administration may be employed provided
proper formulation 1s utilized herein.

[0128] In addition, it may be desirable to employ con-
trolled release formulations using biodegradable films and
matrices, or osmotic mini-pumps, or delivery systems based
on dextran beads, alginate, or collagen.

[0129] Typical dosage levels can be determined and opti-
mized using standard clinical techniques and will be depen-
dent on the mode of administration.

[0130] In some embodiments, a method of protecting a
cell as described herein may comprise administering a
composition of the disclosure 1n combination with other
treatment options that may be useful for treating metabolic
syndrome or other conditions that may lead to endothelial
dysfunction and atherosclerosis.

Definitions

[0131] When introducing elements of the embodiments
described herein, the articles “a”, “an”, “the” and *“said’ are
intended to mean that there are one or more of the elements.
The terms “comprising”, “including” and “having” are
intended to be inclusive and mean that there may be addi-
tional elements other than the listed elements.

[0132] The term *“alkyl” as used herein describes groups
which are preferably lower alkyl containing from one to
eight carbon atoms in the principal chain and up to 20 carbon
atoms. They may be straight or branched chain or cyclic and
include methyl, ethyl, propyl, isopropyl, butyl, hexyl and the
like.

[0133] The term “alkenyl” as used herein describes groups
which are preferably lower alkenyl containing from two to
eight carbon atoms 1n the principal chain and up to 20 carbon
atoms. They may be straight or branched chain or cyclic and
include ethenyl, propenyl, 1sopropenyl, butenyl, 1sobutenyl,
hexenyl, and the like.

[0134] The term “alkoxide” or “alkoxy” as used herein 1s
the conjugate base of an alcohol. The alcohol may be straight
chain, branched, cyclic, and includes aryloxy compounds.
[0135] The term “alkynyl” as used herein describes groups
which are preferably lower alkynyl containing from two to
eight carbon atoms 1n the principal chain and up to 20 carbon
atoms. They may be straight or branched chain and include
cthynyl, propynyl, butynyl, 1sobutynyl, hexynyl, and the
like.

[0136] The term “aromatic” as used herein alone or as part
of another group denotes optionally substituted homo- or
heterocyclic conjugated planar ring or ring system compris-
ing delocalized electrons. These aromatic groups are prei-
erably monocyclic (e.g., furan or benzene), bicyclic, or
tricyclic groups contaiming from 5 to 14 atoms 1n the ring
portion. The term “aromatic” encompasses “aryl” groups

defined below.

[0137] The terms “aryl” or “Ar” as used herein alone or as
part of another group denote optionally substituted homo-
cyclic aromatic groups, preferably monocyclic or bicyclic
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groups containing from 6 to 10 carbons in the ring portion,
such as phenyl, biphenyl, naphthyl, substituted phenyl,
substituted biphenyl, or substituted naphthyl.

[0138] The terms “carbocyclo” or “carbocyclic” as used
herein alone or as part of another group denote optionally
substituted, aromatic or non-aromatic, homocyclic ring or
ring system 1n which all of the atoms 1n the ring are carbon,
with preferably 5 or 6 carbon atoms 1n each ring. Exemplary
substituents include one or more of the following groups:
hydrocarbyl, substituted hydrocarbyl, alkyl, alkoxy, acyl,
acyloxy, alkenyl, alkenoxy, aryl, aryloxy, amino, amido,
acetal, carbamyl, carbocyclo, cyano, ester, ether, halo, het-
erocyclo, hydroxyl, keto, ketal, phospho, nitro, and thio.
[0139] The terms “halogen” or “halo” as used herein alone
or as part ol another group refer to chlorine, bromine,
fluorine, and 10dine.

[0140] The term “heteroatom” refers to atoms other than
carbon and hydrogen.

[0141] The term “heteroaromatic’ as used herein alone or
as part of another group denotes optionally substituted
aromatic groups having at least one heteroatom in at least
one ring, and preferably 5 or 6 atoms in each ring. The
heteroaromatic group preferably has 1 or 2 oxygen atoms
and/or 1 to 4 nitrogen atoms 1n the ring, and 1s bonded to the
remainder of the molecule through a carbon. Exemplary
groups include furyl, benzofuryl, oxazolyl, 1soxazolyl, oxa-
diazolyl, benzoxazolyl, benzoxadiazolyl, pyrrolyl, pyra-
zolyl, imidazolyl, triazolyl, tetrazolyl, pyridyl, pyrimidyl,
pyrazinyl, pyridazinyl, indolyl, isoindolyl, indolizinyl, ben-
zimidazolyl, indazolyl, benzotriazolyl, tetrazolopyridazinyl,
carbazolyl, purinyl, quinolinyl, 1soquinolinyl, 1mida-
zopyridyl, and the like. Exemplary substituents include one
or more of the following groups: hydrocarbyl, substituted
hydrocarbyl, alkyl, alkoxy, acyl, acyloxy, alkenyl, alkenoxy,
aryl, aryloxy, amino, amido, acetal, carbamyl, carbocyclo,
cyano, ester, ether, halo, heterocyclo, hydroxyl, keto, ketal,
phospho, nitro, and thio.

[0142] The terms “heterocyclo” or “heterocyclic” as used
herein alone or as part of another group denote optionally
substituted, fully saturated or unsaturated, monocyclic or
bicyclic, aromatic or non-aromatic groups having at least
one heteroatom 1n at least one ring, and preferably 5 or 6
atoms 1n each ring. The heterocyclo group preferably has 1
or 2 oxygen atoms and/or 1 to 4 nitrogen atoms in the ring,
and 1s bonded to the remainder of the molecule through a
carbon or heteroatom. Exemplary heterocyclo groups
include heteroaromatics as described above. Exemplary
substituents include one or more of the following groups:
hydrocarbyl, substituted hydrocarbyl, alkyl, alkoxy, acyl,
acyloxy, alkenyl, alkenoxy, aryl, aryloxy, amino, amido,
acetal, carbamyl, carbocyclo, cyano, ester, ether, halo, het-
erocyclo, hydroxyl, keto, ketal, phospho, nitro, and thio.

[0143] The terms “hydrocarbon” and “hydrocarbyl” as
used herein describe organic compounds or radicals consist-
ing exclusively of the elements carbon and hydrogen. These
moieties include alkyl, alkenyl, alkynyl, and aryl moieties.
These moieties also include alkyl, alkenyl, alkynyl, and aryl
moieties substituted with other aliphatic or cyclic hydrocar-
bon groups, such as alkaryl, alkenaryl and alkynaryl. Unless
otherwise indicated, these moieties preferably comprise 1 to
20 carbon atoms.

[0144] The “substituted hydrocarbyl” moieties described
herein are hydrocarbyl moieties which are substituted with
at least one atom other than carbon, including moieties 1n
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which a carbon chain atom 1s substituted, or replaced, with
a heteroatom such as nitrogen, oxygen, silicon, phospho-
rous, boron, or a halogen atom, and moieties 1n which the
carbon chain comprises additional substituents. These sub-
stituents 1nclude alkyl, alkoxy, acyl, acyloxy, alkenyl, alk-
enoxy, aryl, aryloxy, amino, amido, acetal, carbamyl, car-
bocyclo, cyano, ester, ether, halo, heterocyclo, hydroxyl,
keto, ketal, phospho, nitro, and thio.

[0145] As various changes could be made in the above
compounds, products and methods without departing from
the scope of the invention, 1t i1s intended that all matter
contained in the above description and 1n the examples given
below, shall be terpreted as illustrative and not 1n a
limiting sense.

EXAMPLES

[0146] The following examples are included to demon-
strate preferred embodiments of the disclosure. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples that follow represent techniques
discovered by the inventors to function well 1n the practice
of the disclosure, and thus can be considered to constitute
preferred modes for 1ts practice. However, those of skill in
the art should, i light of the present disclosure, appreciate
that many changes can be made 1n the specific embodiments
which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the disclosure.

Introduction for Examples 1-8

[0147] The oxidized low-density lipoprotein receptor 1
(LOX-1) 1s a 32 kDa lectin-like receptor with specific
aflinity to oxidized LDL (ox-LDL). It 1s predominant in
endothelial cells and 1s one of the major scavenger receptors
in macrophages. Flevated ox-LDL 1s a primary component
of metabolic syndrome responsible for endothelial dystunc-
tion and 1nitiation and progression of atherosclerosis via its
interaction with LOX-1. The LOX-1 mediated downstream
events are manifold and include a) internalization of ox-
L.DL; b) endothelial dysfunction; ¢) formation of foam cells;
and d) stimulation of smooth muscle cell proliferation and
angiogenesis. Critical mmvolvement of ox-LDL in the devel-
opment of atherosclerosis has been shown by the inventors
in a number of in vivo studies utilizing various animal
models and approaches including immunization against 0x-
LDL, removal of ox-LDL from the blood stream by liver-
specific overexpression ol LOX-1, and deletion of LOX-1.

[0148] Thus, LOX-1 has been proven to be a primary
tactor for the development of atherosclerosis. Accumulated
data from the inventors and others clearly support the notion
that targeting LOX-1 or LOX-1 mediated signaling 1s an
attractive direction for the development of anti-atherogenic
therapies. Moreover, LOX-1 based therapy may have much
broader application beyond atherosclerosis and atheroscle-
rosis-based cardiovascular conditions. Perturbation of lipid
metabolism and ox-LDL has been shown to be implicated in
higher susceptibility to diabetes. Preliminary data from the
inventors also indicate that LOX-1 1s one of the determi-
nants of the extent of myocardial injury following acute
myocardial infarction.

[0149] The Examples below describe the identification
and development of small molecule imnhibitors of LOX-1 for
inhibition of LOX-1 activity and ox-LDL uptake by vascular
cells. Small molecules confer several potential advantages
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including ease of manufacturmgj possibility of oral admin-
istration and, in comparison to antibodies, more eflicient
tissue penetration.

Example 1. Identification of Small Molecule
Inhibitors of LOX-1 Based on LOX-1
Crystallography Data

[0150] LOX-1 1s a transmembrane protein comprising
four domains and the C-terminal domain 1s responsible for
0x-LDL recognition'”'*. The crystal structure analysis of
the C-terminal of human LOX-1 (FIG. 1A, FIG. 1B) sug-
gests that 1t exists as homodimer with a central hydrophobic
tunnel that extends through the entire molecule'*">.

[0151] The structure of LOX-1 and 1ts 1nteractions with
ox-LDL have been extensively studied. A model of ox-PL
(phospholipid)/LOX-1 1nteractions predicts that the ali-
phatic chain at the sn-1 position of the phospholipid mol-
ecule anchors 1n the tunnel of the LOX-1 protein, whereas
other structural components such as sn-2 carboxylic acid
group and 1ts distance to the positively charged trimethyl-
ammonium group determine the strength of the binding.

[0152] In this ;xample virtual, structure-based drug
design (SBDD) screening techniques using a library con-
taining a very large number of compounds were used to
identify small molecules that are likely to bind to the LOX-1
binding site and that have the potential to block LOX-1/0x-
LDL mteraction (FIG. 1C).

[0153] In short, the protein is first prepared for docking
analysis. The coordinates of the high resolution crystal
structure of LOX-1 were obtained from the Research Col-
laboratory for Structural Bioinformatics (RCSB) Protein
Data Bank (PDB code 1YPQ). Hydrogen atoms were added
and the positions optimized, and certain side chain orienta-
tions were also optimized. Partial charge and Lennard-Jones
parameters from the TRIPOSE force field were applied.

[0154] Virtual screening 1s basically a search for comple-
mentarity of the ligands with the binding site of the protein.
These searches were carried out 1n multiple steps. Initially a
cavity analysis on LOX-1 was performed to locate the
binding site. The main cavity obtained from this calculation
was 1n agreement with the ligand binding observed in the
crystal structure and with the conclusions of the modeling
studies of LOX-1 with oxidized phospholipid. The second
step was to define a few hydrogen bond donors and accep-
tors 1n the cavity and perform a search to identity small
molecules with complementary hydrogen bonding partners
and with a molecular volume that fit into the binding cavity.
This step served as the imitial filter, which reduced the
number of molecules to a smaller set of about 3,000 from the
initial set of 19 million compounds 1n the compound librar-

ies (FIG. 10C).

[0155] These calculations assigned probability scores for
good binding for each of these molecules. Initially, 20
molecules with the top scores were picked for further
analysis. A number of the computer-selected molecules
contained peptide bonds and consequently could be
degraded by proteases 1n the body. Therefore, most mol-
ecules with peptide bonds were discarded from the list, but
a few with very high scores were retained. Despite the
chances of degradation, these molecules can provide
insights when the crystal structures of the complexes are
analyzed. The final list comprised of 11 compounds, five of
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which were used for biological studies (Table 1). FIG. 2A
and FIG. 2B show simulated binding interactions in the

tunnel of LOX-1 structure.

TABLE 1

[.ead Compounds.

Nota- Vendor
ticm Structure Information
M-:::l 1 O Molport
/\)l\ Riga,
N N/\/\O/\ [.atvia
O\©
Mol-2 Enamine,
Monmouth
Jct., NJ
CH;
< CHs
/\,—-"’" CHj
\/HN
Mol-3 Cl Cl Mcule Inc.,
U Palo Altﬂ,
N CA
O/\_/\Nf / CH;
OH \
H;C
Mol-4 CH; OH Mecule Inc.,
Palo Alto,
Qj / CA
\ N>_/7 NH
TN
Mol-3 Mcule Inc.,
/ Palo Alto,
‘ N O CA
g 3
\ O/\/\N

Example 2. Effect of Lead Compounds on Thermal
Stability of LOX-1 Protein

[0156] As the next step, a protein assay was performed to
assess the interaction of the lead compounds with LOX-1
protein for an additional confirmation of the binding to
LOX1. The extracellular domain of LOX-1 was expressed
and the protein was purified. Using the purified protein, a
thermal shift assay was performed. The technique involves
measuring thermal denaturation temperatures of the protein
in the presence and absence of inhibitors. A larger shiit in
thermal denaturation 1s indicative of a tight binding of the
ligand to the protein.

[0157] In short, the thermal shift assay was performed
using a real-time PCR detection system with the fluorescent

14
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dye sypro orange to monitor protein unfolding. Fluorescence
increases upon protein unfolding because sypro orange has
higher quantum 1n lower dielectric medium and low quan-
tum 1n higher dielectric medium. During the thermal shift
assay a protein exposes the hydrophobic region which
corresponds to a lower dielectric environment. The thermal
shift assay instrument contains accurate temperature control
devices and a CCD detector for simultancous imaging of
fluorescence changes 1n the microplate. The typical reaction
volume of a thermal shiit assay 1s 20 ul, which includes the
protein solution, the test compound solution, and the sypro
orange. The temperature in the real-time PCR machine
during the thermal shift assay was ramped 0.5° C./minute till

100° C.

[0158] The five lead compounds were tested for their
cllect on the thermal stability of LOX-1 protemn. Of five
molecules tested Mol-5 and Mol-4 showed significant shifts
(4° and 10° shiits, respectively) (FIG. 2C).

Example 3. Efl

ect of Lead Compounds on Ox-LDL
Uptake by HUVECs

[0159] For further characterization, human endothelial
cells and fluorescently-labeled Dil-ox-LDL were used for
measuring 1nitiation of atherogenic process based on inter-
action of vascular wall with ox-LDL. Ox-LDL uptake by
human umbilical vein endothelial cells (HUVECs) was
measured after exposure to 200 nM of each compound using
flow cytometry. As shown in FIG. 3A, Mol-5 and Mol-4
significantly and potently inlibited ox-LDL uptake (P<O.
05), and Mol-1 also displayed a moderate inhibitory eflect.
Mol-2 and Mol-3 had no significant eflect on ox-LDL uptake
(P>0.05). Overall, Mol-5 exhibited the maximum inhibitory
ellect on ox-LDL uptake by HUVECs (FIG. 3A). The dose
response to modulation of ox-LDL uptake by Mol-5 (0, 20,
200 and 2000 nM) was also measured in CHO cells over-
expressing human LOX-1. As shown i FIG. 3B, Mol-5
reduced ox-LDL uptake in a dose dependent manner, with
IC., value ~200 nM. A second dose response curve was

conducted to narrow 1n on the ettect of lower concentrations

of Mol-5 on ox-LDL uptake (FIG. 6A). Using this informa-
tion the EC., was estimated to be 64 nm (FIG. 6B). Notably,
no cytotoxicity aiter exposure of HUVECs to the com-
pounds at three diflerent concentrations (20, 200 and 2000
nM) was observed (FIG. §).

Example 4. Effect of the Lead Molecules on
LOX-1 Expression in HUVECs

[0160] Internalization of ox-LDL wvia binding to LOX-1
activates endothelial cells and upregulates the expression of
LOX-17. In this study, it was tested if the lead molecules
would 1inhibit LOX-1 expression. Accordingly, LOX-1 pro-
tein expression mm HUVECs was measured by Western
blotting. As shown in FIG. 3C, ox-LDL (5 ug/ml), as

expected, markedly increased LOX-1 protein expression
(P<<0.01). Addition of Mol-1, Mol-4 and Mol-5, each at 200

nM concentration significantly reduced ox-LDL-induced
LLOX-1 protein expression (P<0.05).

[0161] LOX-1 mRNA levels n HUVECs treated with

ox-LDL in the absence or presence of the lead molecules at

varying concentrations was also measured. As shown in
FIG. 3D, exposure to ox-LDL (5 ug/ml for 6 h) significantly

increased LOX-1 mRNA expression (P<<0.05), and Mol-1,
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Mo-4 and Mol-5 each significantly reduced ox-LDL-1n-
duced LOX-1 mRNA upregulation (P<0.03).

Example 5. Effect of the Lead Molecules on the
Activation of MAP Kinases in HUVECs

[0162] To assess downstream eflects of each candidate
molecule, ox-LDL induced expression and activation of
ERK1/2 and P38MAPK was measured in HUVECs 1n the
absence or presence ol each candidate molecule (200 nM).
As shown 1n FIG. 4A and FIG. 4B, Mol-1, MolL-4 and Mol-5
cach significantly inhibited ox-LDL-induced activation of
ERK1/2 and P38 MAPK (P<0.01 or <0.05). Of note, Mol-5
exhibited the maximum inhibition of activation of MAP
kinases, and Mol-2 and Mol-3 had no significant effect on
ox-LDL-induced activation of MAPKs. Importantly,
unphosphorylated MAPKs were not aflected by any of the
candidate molecules.

Example 6. Effect of the Lead Molecules on
VCAM-1 Expression in HUVECs

[0163] It 1s known that the activation of LOX-1 by ox-
LDL 1n endothelial cells stimulates the expression of leu-
kocyte adhesion molecules®®. In this study, VCAM-1
expression 1n HUVECs 1n the presence of 5 ng/ml ox-LDL
was measured. As shown 1n FIG. 4C, exposure to ox-LDL
substantially enhanced VCAM-1 protein expression, which
was significantly reduced by Mol-1, MoL-4 and Mol-5 (each
in 200 nM concentratlon) (P<IO 01 vs. 0x-LDL alone).
VCAM-1 mRNA expression mn HUVECs exposed to 3
ug/mL ox-LDL for 6 hrs was also measured. As shown 1n
FIG. 4D, ox-LDL increased VCAM-1 mRNA expression
(P<<0.05), and Mol-4 and Mol-5 sigmificantly reduced ox-
LDL-mediated VCAM-1 mRNA upregulation (P<<0.05).

Example 7. Effect of the Lead Molecules on
Adhesion of Monocytes to HUVECs

[0164] The ox-LDL-1nduced expression of adhesion mol-
ecules, such as VCAM-1, facilitates the adhesion of inflam-
matory cells, such as monocytes. In this study, ox-LDL
treatment resulted 1n a dramatic increase in adhesion of
monocytes to HUVECs, and Mol-1, Mol-4 and Mol-5 each
at 200 nM concentration decreased the number of mono-
cytes adherent to HUVECs (FIG. 4E; P<<0.01 or <0.03).

Example 8. Liver Microsomal Stability

[0165] Metabolic stability or clearance 1s recognized as
one of the main determinants of drug concentration 1n blood.
The metabolic stability of Mol-5 was tested using liver
microsomes form mice and humans to obtain stability rank-
ing and intrinsic clearance. Table 2 presents the half-life and
intrinsic clearance values. Mol-5 displays reasonable stabil-
ity 1n human liver microsomes, but low stability 1n mouse.

TABLE 2

Half-1ife (t;») and intrinsic clearance values
(CL.. .) of liver microsomal stability experiment.

Species Compound t;» (min) CL,,, (ul/min/mg protein)

Human Verapamuil 10.9 £ 0.3 1274 = 3.9
Mol-5 553+ 2.2 25.1 £ 1.0
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TABLE 2-continued

Half-life (t,,,) and intrinsic clearance values
(CL....) of liver microsomal stability experiment.

Species Compound t;» (min) CL,,, (u/min/mg protein)

Mouse Verapamil 34 £0.1 407.8 £ 6.4
Mol-5 1.7 + 0.1 836.3 + 40.8

Discussion for the Examples 1-8

[0166] The interaction of ox-LDL with LOX-1 on
endothelial cells has several consequences, such as mitiation
of inflammation which is an early event in atherogenesis”""
29. Ox-LDL binding to the cell surface receptor LOX-1 leads
to the internalization of ox-LDL. The presence of ox-LDL in
the subendothelial space promotes transformation of mono-
cytes to macrophages and macrophages into foam cells, and
subsequently mitiates buildup of atherosclerotic plaque. The
endothelial cells express LOX-1 several-fold more than
other scavenger receptors™". Therefore, it has been proposed
that LOX-1 inhibition may be useful in the treatment of
conditions associated with LOX-1 over-expression’.

[0167] As described above, 5 potential inhibitors of
LOX-1 have been 1dentified by virtual screeming, and the
activity of these 5 compounds has been evaluated using
various assays. The differential scanning fluorimetry dis-
played significant thermal shift with Mol-5 and Mol-4 while
it did not show measurable shifts with Mol-1, Mol-2 and
Mol-3. Interestingly the cell-based assays show moderate
activity of Mol-1, albeit lower than that of Mol-4 and Mol-5.

Thus Mol-1 showed functional activity without inducing
thermal shift. Although ligand binding generally enhances
thermal stability, there are exceptions to this concept and
sometimes binding can take place without change 1n thermal
stability”'. It is possible that Mol-1 binds to LOX-1 protein
and alters activity without causing a significant shift in
thermal stability.

[0168] The imnhibitory effect of the lead compounds on the
uptake of ox-LDL by HUVECs was quantified. Mol-5
showed the most potency as it reduced the uptake of ox-LDL
by 80%, and Mol-4 was somewhat less potent as 1t reduced
the uptake of ox-LDL by 65% (FIG. 3A), both at 200 nM
concentration. Mol-1 reduced the uptake of ox-LDL by
about 35%. Mol-2 and Mol-3 had no significant effect on
ox-LDL uptake. Of note, Mol-5 also inhibited the uptake of
ox-LDL by CHO cells transfected with human LOX-1 with
an ZCSD value of 200 nM (FIG 3B). Thus, the eflicacy of
Mol-5 1n HUVECs as well as in CHO cells was confirmed.

[0169] Ox-LDL mteraction with LOX-1 stimulates the
expression of LOX-1 1n endothelial cells. Indeed, the expo-
sure of HUVECs to ox-LDL 1n the present study resulted 1n
~60% 1ncrease i LOX-1 mRNA consistent with previous
observations”. Inhibition of LOX-1 transcription by the lead
compounds was assessed 1n three different concentrations
(20, 200 and 2000 nM). It was observed that both Mol-4 and
Mol-5 reduced LOX-1 transcription at 200 nM concentra-
tion by 47% and 70%., respectively, reflecting the potency of
these compounds. Mol-1, Mol-2 and Mol-3 had no signifi-
cant effect on LOX-1 transcription.

[0170] The interaction of ox-LDL with LOX-1 1n endothe-
lial cells results 1n several down-stream eflects, such as

phosphorylation of MAPKs (including P38 and ERK1/2).
P38 MAPK activation 1s thought to be pro-inflammatory,
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whereas ERK1/2 activation 1s related to cell proliferation,
although this functional differentiation of function 1s not
absolute. In the present study, ox-LLDL had a dramatic effect
on the phosphorylation of both P38 and ERK1/2 compo-
nents of MAPK. As shown 1n FIG. 4A and FIG. 4B, Mol-5
reduced the level of phospho-P38 MAPK by 75%, Mol-4
and Mol-1 by around 60%. Mol-5 and Mol-4 also potently
reduced ERK1/2 phosphorylation, and Mol-1 reduced
ERK1/2 phosphorylation moderately,, whereas Mol-2 and
Mol-3 had no significant eflect. Of note, ox-LDL did not
allect the levels of unphosphorylated ERK1/2 or P38
MAPK. The lead compounds also did not affect the levels of

unphosphorylated ERK1/2 or P38 MAPK.

[0171] Cell based assays revealed that the interaction of
ox-LDL with LOX-1 leads to intense expression of
VCAM-1 at both mRNA and protein levels. Consistent with
previous data on ox-LDL internalization and intracellular
signaling, Mol-4 and Mol-5 significantly inhibited the
expression of VCAM-1 at both mRNA and protein levels.
Treatment of HUVECs with ox-LDL 1increased the expres-
sion of VCAM-1 several-fold, and the lead molecules sig-
nificantly reduced ox-LDL-1nduced expression of VCAM-1
(both m RNA and protein). As expected, VCAM-1 upregu-
lation was associated with intense monocyte adhesion to
HUVECs, and Mol-5, Mol-4 and Mol-1 each reduced mono-
cyte adhesmn 51gn1ﬁcantly (by 35%, 30% and 25%, respec-
tively) (FIG. 4E).

[0172] Since these molecules could potentially be used
climcally, we estimated their cytotoxicity, and observed
almost no toxicity until at least 2000 nM concentration.

[0173] A number of new medications under development
are biologics. Anti-h.OX-1 antibody has also been devel-
oped>* and it may prove to be effective in the treatment of
atherosclerosis and related disorders. However, immunoge-
nicity remains a limitation of antibody therapy>>. Chemical
inhibitors of LOX-1 may be equally eflective as biologics
without major side-efiects.

[0174] As mentioned earlier, several laboratories have
attempted to generate LOX-1 inhibitors focusing mainly on
substrate mimics or natural products. Falconi et al'’ used
modified phospholipids that bind to the tunnel 1n the LOX-1
molecule, and observed that their compounds prevented the
uptake ox-LDL, but only at high concentrations. Sawamura
and coworkers>" identified inhibitors from food extracts and
found that procyamidins inhibited ox-LDL uptake in CHO
cells expressing LOX-1; these compounds also prevented
the uptake of ox-LDL, but only at high concentrations.
Yoshiizumi et al'® reported on the inhibitory properties of
sulfatid derivatives on scavenger receptors and observed that
2.,4-bis(octadecanoylamino) benzenesulionic acid prevented
LDL from binding to macrophages. Using cell-based bind-
ing assays and molecular docking simulations, Biocca et al*"
recently showed that statins bind the hydrophobic tunnel and
can inhibit ox-LDL binding to LOX-1, again in high con-
centrations. Similarly, aspirin also been reported to reduce
ox-LDL mediated LOX-1 expression”". However, these
studies do not show any direct interaction of aspirin with the
LOX-1 receptor.

[0175] In summary, LOX-1 1s a promising novel target of
therapy of atherosclerosis and related disorders. Through
virtual screeming techmque, several potential inhibitors of
[LOX-1 have been i1dentified, and two of these Mol-4 and
Mol-5, were found to bind strongly with the LOX-1 protein.
Cell based assays indicate that these molecules inhibit the
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uptake of ox-LDL and reduce downstream eflects like
MAPK activation. Interestingly, these compounds were
found to significantly reduce the expression of adhesion
molecules on endothelial cells and subsequent monocyte
adhesion. We will be evaluating the pharmacokinetics (ab-
sorption, distribution, metabolism, and excretion) of these
agents 1n near future.

Methods for Examples 1-8

[0176] Virtual screening to identily potential small-mol-
ecule 1inhibitors: In order to locate LOX-1 inhibitors, we
screened two subsets of the of the ZINC data base” . The
compounds 1n this data base obey the Lipinski rule, a rule of
thumb for a compound to be orally active as a drug™>>. We
carried out the search on two subsets namely, ‘clean leads’
and ‘clean drug-like’ that contain chemical data on 5,735,
035 and 13,195,609 small molecules respectively. The nota-
tion “clean” indicates that the compounds 1n the subset do
not contain aldehydes, thiols, or Michael acceptor sites.
These compounds are prone to have toxicity issues°. The
virtual screenming procedures were carried out using the
software package SYBYL**. In preparation for the docking
calculations, the geometry of the protein molecule (PDB
code 1YPQ) was optimized using energy minimization
techniques after the addition of hydrogen atoms. The ZINC
datasets were reformatted to Sybyl Line Notation (SLN)
compatible with the software package SYBYL. The next
step was the assignment of the binding pocket and 1t was
done using the SitelD module in SYBYL, which identifies
potential binding sites within the protein molecule’’. The
largest cavity obtained from this calculation was 1n agree-
ment with the ligand binding site observed in the crystal
structure 12 and also with the conclusions of the modeling
studies of LOX-1 with oxidized phospholipid16.

[0177] Following the binding site identification, a MOL-
CAD surface was generated to incorporate all amino acids
present on the binding surface within 5 A. Additionally we
identified a few potential hydrogen bond donors and accep-
tors in the active site as a part ol the pharmacophore
preparation. We performed the virtual screening using
UNITY search module in SYBYL to identity molecules that
could have the potential hydrogen bonding interactions and
are capable to fit inside the MOLCAD surface generated 1n
the binding pocket. This step served as a filter to generate a
small subset of molecules that has potential to bind to
LOX-1.

[0178] Scoring functions and the estimating the probabil-
ity of binding: The molecules belonging to the subset were
docked to the binding site of LOX-1 using Suflex Dock-
Gemox module SYBYL using default parameters. This
procedure generates a protocol which 1s an 1dealized repre-
sentation of the binding site that simulates the binding
environment experienced by the ligand. The use of protomol
expedites the docking process™". The docking analysis lists
the C-Scores (consolidated scores) for the each molecule
which 1s a measure of the goodness of fit. The C-Score
function combines the binding score obtamned from five
different scoring algorithms namely, FlexX(Total Score),
G_Score, PMF Score, D Score and ChemScore. These
scores account for various interactions such as hydrogen
bonding, electrostatic and hydrophobic interactions, entropy
and solvation. C-Score 5 means that the binding score
obtained from all five different scoring algorithms are above
threshold and the ligand molecule has favorable interactions
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in the binding pocket”®. While C score is a good indicator of
binding, 1t 1s not a measure of the activity of the molecule.
It should be pointed out that although all the molecules that
we tested have a C score of 5, they do not have similar

interactions at the binding pocket and each molecule has 1ts
unique mode of binding (FIG. 2B).

[0179] Protein Expression and Purification: The C-termi-
nal domain of LOX-1 was expressed by using the protocols
reported earlier'?. As this domain contains several disulfide
bridges, 1t was co-expressed with Dsb(C, a Chaperone dis-
ulfide 1somerase. The genes were custom synthesized by
Genscript (Piscataway, N.J.) using gene map described 1n

Park el al**. It encodes for 147 amino acids for the LOX-1
fragment (residues 136-273) and 236 amino acids for DsbC.
The gene was incorporated mto a pET13b vectors by Gen-
script. The vectors were then transformed 1into Dh5a cells for
amplification and BL21 (DE3) E. coli (Novagen) cells for
expression. The proteins were expressed by adding 0.4 mM
1sopropyl [-D-thiogalactoside in E. coli cells grown 1n LB
medium containing kanamycin, tetracycline, and carbenicil-
lin at 23° C., with 250 rpm agitation, for 20 h. The protein
was purified using a nickel-nmitrilotriacetic acid column ((Q1a-
gen, Valencia, Calif.). And then, the protein samples were
concentrated to 10 mg/ml.

[0180] Thermal Shift Assay: LOX-1 protemn was 1ncu-
bated with fluorescent dye Sypro Orange (Invitrogen/Life
Technologies, Grand Island, N.Y.) and the thermal unfolding
of the LOX-1 protein was monitored by measuring the
fluorescence using Bio-Rad Real Time PCR machine. We
measured the melting temperatures 1 the absence and
presence of the inhibitors 4 tM of LOX-1 protein was
incubated with Sypro Orange and heated 1n stepwise incre-
ments of 0.5° C. per min from 25-99° C. The wavelength for
excitation was set to 490 and emission was set to 575 nm for
Sypro Orange. Fluorescence was measured after every min-
ute for each 0.5° C. increase.

[0181] Culture of human umbilical vein endothelial cells
(HUVECs): The primary HUVECs were purchased from
ATCC (Manassas, Va.) and cultured in vascular cell basal
medium with supplements (including 10 mL fetal bovine

serum, 10 mM L-glutamine, 0.5 tg hydrocortisone hemisuc-
cinate, 25 tg ascorbic acid, 2.5 ng rthVEGF, 2.5 ng rhEGF,
2.5 ng rh FGF, 7.5 ng rhiGF-1 and 0.3735 units heparin

sulfate). Cells from passages 3 and 4 were used 1n this study.

[0182] Dil-ox-LDL uptake measurement: HUVECs were
plated mto 6-well plates and cultured until the cells reached
70% contluence. The cells were exposed to 5 tg/mlL Dil-ox-
LDL for 30 min after treatment with 200 nM of each of 5
molecules for 30 min, and then washed with PBS for 3
times. After washing, the cells were digested with trypsin
and washed with PBS, and suspended 1n 400 tL. PBS, and
analyzed with a flow-cytometer (Becton Dickinson, Moun-
tain View, Calif.). For further confirm the inhibitory efiects
of Mol-5 on Dil-ox-LDL uptake, we also measured Dil-ox-
LDL uptake by CHO cells after exposure to 0, 20, 200 and
200 nM Mol-5 for 30 min. The CHO cells were stably
transfected with human LOX-1 cDNA.

[0183] Western blotting: HUVECs were plated into 6-well

cell culture plates. When the cells were reached 70% con-
fluence, they were treated with 200 nM of each of 5
molecules for 30 min, and subsequently exposed to 5 tg/mL
ox-LDL for 6 h. After washing with PBS for 2 times, the
cells were treated with Cell Lysis Buller (Promega, Madi-
son, Wis.) with protease Inhibitor and phosphatase Inhibitor

Apr. 27, 2023

(S1igma-Aldrich, St. Louis, Mo.). The protein concentrations
were measured by Bradiord protein assay. Proteins (20 tg)
were separated by electrophoresis 1 12% precast SDS-
PAGE gels, and were transierred onto Nitrocellulose Blot-
ting Membrane (GE Healthcare Life Science, Piscataway,
N.I.). The membranes were then incubated with LOX-1,
VCAM-1 (Abcam, Cambridge, Mass.), ERK1/2, phospho-
ERK1/2, phospho-p38MAPK (Cell Signaling Technology,
Inc., Danvers, Mass.), or 13-actin (Santa Cruz Biotechnol-
ogy, Inc., Dallas, Tex.) primary antibodies (1:1000-1:2000)
in blocking solution at 4° C. overnight. Following wash with
TBS-1 for 3 times, the blots were incubated with HRP-
conjugated secondary antibodies (1:10000) 1n blocking solu-
tion for 1 hour at room temperature. After 3 washes with
PBS, the blots were treated with Western Blotting Luminol
Reagents (Santa Cruz Biotechnology) for 3 min and then
exposed to Blue Basic Autorad Film (GeneMate, Kaysville,
Utah). The protein bands were scanned by a Gel DocTM XR
System (B1o-Rad, Hercules, Calif.), and the density of each
band was quantified by Image J software. The relative
expression of target proteins was calculated with compari-
son to 13-actin bands.

[0184] Real-time polymerase chain reaction (gq-PCR):
HUVECs were plated into 12-well plates, and treated with
0, 20, 200 and 2000 nM of each of 5 molecules for 5 for 30
min, and subsequently exposed to Stg/mL ox-LDL for 6 h at
377° C. Total RNA was 1solated from the treated HUVECs by
using a RNeasy Mini-Kit (Invitrogen/Life Technologies)
according to the manufacturer’s instructions. Prior to using,
RINA was treated with DNase I and diluted to100 ng/tL.. 100
ng RNA was applied to synthesize cDNA with SuperScript
III 1st Strand DNA Synthesis Kit. gPCR was performed
using the Applied Biosystems Fast 7500 HT real-time PCR
system with a 20 tL reaction volume including 10 tL GoTaq
qPCR Master Mix (Promega, Madison, Wis.), 100 ng of
cDNA and 0.3 tM primers. Data was analyzed by using
MX3000P software. Relative mRNA expression was quan-
tified using the comparative threshold cycle (Ct) method.
The sequences of primers used for PCR reaction have been
described previously™"

[0185] Monocyte adhesion assay: Human monocytes were
isolated from blood from the heathy donors and cultured 1n
DMEM supplemented with 10% FBS. HUVECs were plated
into 6-well plates. When the cells reached 70-80% conflu-
ence, they were treated with 200 nM of each of 5 molecules
for 30 min, and subsequently exposed to 5 tg/mL ox-LDL for
6 h. After washing with PBS, the medium was replaced, and
then monocytes (5x105) were added to each well (4 wells/
group) onto HUVECs. Thirty minutes later, the medium
containing monocytes were aspired and the unattached
monocytes were carefully washed out with PBS. Five fields
of each well were randomly captured under a microscope.
The number of adherent monocyte was counted and aver-
aged.

[0186] Cytotoxicity assay: HUVECs (1x10°/well) were
plated into 96-well plates and cultured overnight. The
medium was replaced after an overnight culture, and the
cells were subsequently incubated with 20, 200 and 2000
nM of each candidate molecules (Mol-1, Mol-2, Mol-3,
Mol-4, and Mol-5 diluted in ultrapure Water) for 6.5 h. As
control, cells were incubated with the same aliquots of
ultrapure water. Cytotoxicity was tested using a Pierce LDH
Cytotoxicity Assay Kit (Invitrogen/Life Technologies) as
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per manufacturer’s instructions. The LDH cytotoxicity was
measured by absorbance of A490 minus A680.

[0187] Statistical analysis: Statistical analysis was per-
formed with SPSS 16.0 software. Data are presented as
means and standard deviation (SD). Univariate comparisons
of means were evaluated using one-way ANOVA with
Tukey’s post-hoc adjustment for multiple comparisons. A P
value <0.05 was considered significant.

Example 9. Chemical Modifications of Mol-3

[0188] Several chemical modifications of this compound
were considered which could enhance the therapeutic prop-
erties ol Mol-5, also known as 1-(3,5-dimethyl-1H-pyrazol-
1-y1)-3-phenoxypropan-2-ol (DPP), such as aflinity and bio-
availability. Four sites on the molecule were selected for
alterations. They are designated as R', R*, R’ and R* as
depicted 1n Formula (II).

(1)

R?
Rﬁ
R8 Rl
X/\(\
N
Rg RS ‘ \ R2
R0 Y
o v 1-‘“::-Y2
\
R3
0189] In silico analvses indicated that modified versions
y

of DPP comprising the groups listed 1n Table 3 may bind
well to LOX-1. These compounds may be synthesized and
tested.
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24. A pharmaceutical composition comprising an effective
amount of a compound selected from:
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or a pharmaceutically acceptable salt thereof, and a phar-
maceutically acceptable carrier.

25-32. (canceled)
33. A method of treating a disorder in a subject 1n need

thereof, the method comprising administering to the subject
a compound having a structure represented by a formula:

RT’
Rﬁ
RS I‘{S Rl
C
X%Hﬁ\

AN \ R2
R \ ”

R N i=y,

R* \

£

herein n 1s an nteger from 1 to 10;

herein X 1s selected from oxygen, sulfur, sulfoxide,
sulfone, and NH;

wherein each of R', R*, R?, R*, R°, R/, R® R”, and R'°
1s independently selected from hydrogen, hydrocarbyl,
substituted hydrocarbyl, hydroxyl, aldehyde, halo-
formyl, hydroperoxyl, alkyl, alkenyl, alkynyl, aryl,
halogen, amino, aminoalkyl, phosphoro, sulthydryl,
sulfino, sulfo, and cyano, provided that when Y1 1s
nitrogen, then R* is absent and/or that when R, is
nitrogen, then R’ is absent; and

£

wherein each occurrence of R” is independently selected
from hydrogen, hydrocarbyl, substituted hydrocarbyl,
hydroxyl, aldehyde, haloformyl, hydroperoxyl, halo-
gen, amino, phosphor, sulthydryl, sulfino, sulfo, C1-C6
alkyl, and cyano, or a pharmaceutically acceptable salt
thereof, wherein the disorder i1s selected from athero-
sclerosis, diabetes, hypertension, and dyslipidemia.

34-39. (canceled)
40. The method of claim 33, wherein the disorder is

atherosclerosis.
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41. The method of claim 33, wherein n 1s an integer from
1 to 6;

wherein X 1s selected from oxygen and sulfur;

wherein each of R, R%, R?, R*, R®, R/, R®, R”, and R'”
1s independently selected from hydrogen and halogen;
and

wherein each occurrence of R” is independently selected
from hydrogen, hydroxyl, and alkyloxyl.

42. The method of claim 33, wherein the compound has
a structure represented by a formula:

R?
RS R®
R]
RY X/\I/\I{ N R2
R 10 R> N
R3

wherein R' is selected from hydrogen, hydroxyl, alde-
hyde, haloformyl, hydroperoxyl, alkyl, alkenyl, alky-
nyl, aryl, halogen, aminoalkyl, amino, phosphoro, suli-
hydryl, sulfino, sulfo, and cyano;

wherein R* is selected from hydrogen, hydroxyl, alde-
hyde, haloformyl, hydroperoxyl, alkyl, alkenyl, alky-
nyl, unsubstituted aryl, halogen, aminoalkyl, amino,
phosphoro, sulthydryl, sulfino, sulfo, and cyano;

wherein R’ is selected from hydrogen, hydroxyl, alde-
hyde, haloformyl, hydroperoxyl, alkyl, alkenyl, alky-
nyl, aryl, halogen, aminoalkyl, amino, phosphoro, suli-
hydryl, sulfino, sulfo, and cyano;

wherein R> is hydroxyl; and

wherein each of R®°, R’, R®, R”, and R'" is independently
selected from hydrogen, hydroxyl, aldehyde, halo-
formyl, hydroperoxyl, alkyl, alkenyl, alkynyl, arvl,
halogen, phosphor, sulthydryl, sulfino, sulfo, and
cyano.

43. The method of claim 42, wherein X 1s oxygen.

44. The method of claim 42, wherein R is selected from
hydrogen, amino, and C1-C5 alkyl.

45. The method of claim 42, wherein R* is selected from
hydrogen and C1-C35 alkyl.

46. The method of claim 42, wherein R° is selected from
hydrogen, C1-C35 alkyl, cyano, and halogen.

47. The method of claim 42, wherein the compound 1s
selected from:

R

B
\/\
O/\(\Nl\\I \

CH3,
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48. The method of claim 42, wherein the compound 1s:
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23
-continued -continued
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\/\O /\’/\I\\I \ O/\[/\N/B:

OH  N= OH ){“N
I
H,C .
or a pharmaceutically acceptable salt thereof.
/\ CH p . y p - . . .
‘ 3 50. A pharmaceutical composition comprising an effective
amount of a compound having a structure represented by a
\/\0 I‘{ N\ CH, formula:
OH N
CHx }RI
H3C N
‘/\ 3 | e />—+\ 0
T~ HN
7N & 4<ﬁ—
% }{ AN \—OH,
OH N CH;,
H,C
N CH,;
‘ wherein each n 1s independently 1, 2, 3, or 4; and
F

\/\O/\(\}{ N\ wherein R' is a C1-C4 alky],

OH N or a pharmaceutically acceptable salt thereof, and a phar-
maceutically acceptable carrier.

51. The pharmaceutical composition of claim 50, wherein
CH, the compound 1s:

\
/

CH;
OH —_
CN,
‘/\ NI, ‘ N
v
\/\O 1\\1 \ P~ -
OH N
O
CHs,
H>N OH
R ’ ’
\/\O /\/\T \
OH N
CH;., and or a pharmaceutically acceptable salt thereof.
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