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[00034] Figure 19 is a plot indicating the effect of OCA on mRNA expression of
PKG1 in the control and test groups on days 7 and 28.

[00035] Figure 20 is a plot indicating the effect of OCA on mRNA expression of
GCla3 in the control and test groups on days 7 and 28.

[00036] Figure 21 is a plot indicating the effect of OCA on mRNA expression of
PDES in the control and test groups on days 7 and 28.

[00037] Figure 22 is a graph depicting univariate analysis of survival in

untreated or treated rats over time (days).

SUMMARY-OFTHEAMNVENTIOMN

[00037al In one aspect of the present disclosure, there is provided a use of a

compound of formula A ora pharmaceutically acceptable salt thereof 1 the

manufacture of a medicament for treatine, reducing the risk of, nreventing, or

alleviating a pulmonarvy disease or condition in a subiect,

.
i

wherein:

R s hydrogen or unsubstituted C,-Cq alkyl:

Ry 1s hydrogen or u-hydroxyl
X is C(OYOH. CIOWNH(CH, ), SOsH. COINE(CH1CO-H. or OSOsH;

Ry 1s hydroxyl or hydrogen:

R 1s hydroxyl or hydrogen:

mis an integer 1, 2, or 3: and

nisanmteger 1.2, or3.

(6003701 In another aspeet of the present disclosure, there is provided a use of a

conmound of formula A or a pharmaceutically acceptable salt thereof in the

manufacture of a medicament for reducing or suppressing inflammation 1n the lung in g

subject
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(A,

or 2 pharmaceutically acceptable salt thereof, wherein:

R, is hvdrogen or unsubstituted C,-Cy alkyl;

Ry is hvdrogen or g-hydroxyl;
X 18 C(OYOH, CIOINH(CH»),SOH, CIOMINH(CH-),COoH, or OSO3H;
Ry is hvdroxyl or hydrogen:

R 1s hydroxyl or hvdrogen:

misl, 2. or3:and

nis- 1.2, or 3,

100037l In a turther aspect of the present disclosure, there is provided ause of a

compound of formula A or a pharmaceuticallv accentable salt thereof in the

manuiacture of a medicament for promoting lune repair in a subject,

(A,

or a pharmaceutically acceptable salt thereof, wherein:

R, 1s hvdrogen or unsubstituted Ci-Cq alkyl;

R, is hvdrogen or g-hydroxyl:
X 1s C(OYOH, CONH(CH) SO H, CIOINH(CH:),CO-H. or OSO3H:

Ry is hvdroxyl or hvdrogen:

Ry 1s hvdroxy! or hydrogen:;

mis 1.2 or3;and

nis [, 2 or3.
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[00038] The investionpresent disclosure relates to a method of treating, reducing

the risk of, preventing, or alleviating a symptom of a pulmonary disease or condition in
a subject, comprising administering to the subject a therapeutically effective amount of

a compound of formula A:

R

.11R4
H: R

R1

HO"

(A,
or a pharmaceutically acceptable salt thereof, wherein R; Rs, R4, Ry, and X are as
defined herein.

[00039] The srventionpresent disclosure also relates to use of a compound of

formula A or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for the treatment, reducing the risk of, prevention, or alleviation of a
symptom of a pulmonary disease or condition in a subject, wherein Ry, Ry, R4, Ry, and
X are as defined herein. ‘

[00040] The nvention-present disclosure also relates to a compound of formula

A or a pharmaceutically acceptable salt thereof, for the treatment, reducing the risk of,
prevention, or alleviation of a symptom of a pulmonary disease or condition in a
subject, wherein R; Ry, R4, Ry, and X are as defined herein.

[00041] The invention-present disclosure further relates to a method of reducing

or suppressing inflammation in the lung in a subject, comprising administering to the

subject a therapeﬁtically effective amount of a compound of formula A:
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HOY

(A) ]

or a pharmaceutically acceptable salt thereof, wherein Ry, Ry, Ry, Ry, and X are as
defined herein.

[00042] The mvention-present disclosure also relates to use of a compound of

formula A or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for reducing or suppressing inflammation in the lung in a subject, wherein
Ri, Ry, Ry, Ry, and X are as defined herein.

[00043] The inventionpresent disclousre also relates to a compound of formula
A or a pharmaceutically acceptable salt thereof, for reducing or suppressing

inflammation in the lung in a subject, wherein R; Ry, R4, Ry, and X are as defined
herein,

[00044] The inveation-present disciosure further relates to a method of promoting
lung repair in a subject, comprising administering to the subject a therapeutically

effective amount of a compound of formula A:

(A),

or a pharmaceutically acceptable salt thereof, wherein R; Ry, R4, Ry, and X are as
defined herein.
[00045] The inventior-present disclosure also relates to use of a compound of

formula A or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for promoting lung repair in a subject, wherein Ry, Ry, Ry, Ry, and X are as
defined herein.

[00046] The sventien-present disclosure also relates to a compound of formula

A or a pharmaceutically acceptable salt thereof, for promoting lung repair in a subject,
wherein R, Ry, Re, Ry, and X are as defined herein.
[00047] The imventionpresent disclosure further relates to a pharmaceutical

composition comprising a compound of formula A or a pharmaceutically acceptable salt
thereof, and
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a pharmaceutically acceptable carrier or excipient for the for treating, reducing the risk
of, preventing, or alleviating a symptom of a pulmonary disease or condition, or for
reducing or suppressing inflammation in the lung, or for promoting lung repair in a
subject, wherein Ry, Ry, Ry, Ry, and X are as defined herein.

[00048] The invention-present disclosure further relates to a kit comprising a

compound of the invention for use in a method of treating, reducing the risk of,
preventing, or alleviating a symptom of a pulmonary disease or condition, or of
reducing or suppressing inflammation in the lung, or of promoting lung repair in a
subject, wherein Ry, Ry, Ry, Ry, and X are as defined herein.

[00049] Unless otherwise defined, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. In the case of conflict, the present specification,
including definitions, will control. In the specification, the singular forms also include
the plural unless the context clearly dictates otherwise. Although methods and
materials similar or equivalent to those described herein can be used in the practice or
testing of the present invention, suitable methods and materials are described below.
All pub‘ﬁcations, patent applications, patents, and other references mentioned herein are
incorporated by reference. The references cited herein are not admitted to be prior art
to the claimed invention. In addition, the materials, methods, and examples are
illustrative only and are not intended to be limiting.

[00050] Other features and advantages of the invention-present disclosure will be

apparent from the following detailed description and claims.

DETAILED DESCRIPTION OF THE INVENTION
[00051] The invention relates to a method of treating, reducing the risk of,
preventing, or alleviating a symptom of a pulmonary disease or condition, a method of
reducing or suppressing inflammation in the lung, and a method of promoting lung
repair by administering an FXR agonist to a subject in need thereof.
[00052] Specifically, the invention relates to a method of treating, reducing the
risk of, preventing, or alleviating a symptom of a pulmonary disease or condition,

comprising administering to a subject in need thereof a compound of formula A:
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CLammS

I. Use of a compound of formula A or a pharmaceutically acceptable salt thereof in the
manufacture of a medicament for treating, reducing the risk of, preventing, or alleviating a

pulmonary disease or condition in a subject,

Ry

(A),
wherein:
R, is hydrogen or unsubstituted C;-Cq alkyl;
R 1s hydrogen or a-hydroxyl;
X is C(O)YOH, C(O)NH(CH2)nSO3H, C(O)NH(CH,),CO,H, or OSOsH;
R4 1s hydroxyl or hydrogen;
Ry is hydroxyl or hydrogen,;
m is an integer 1, 2, or 3; and

n is an integer 1, 2, or 3.

2. The use of claim 1, wherein R; is unsubstituted C-Cg alkyl.
3. The use of claim 2, wherein R; is methyl, ethyl, or propyl.
4, The use of claim 3, wherein R, is ethyl.

5. The use of claim 1, wherein R, is selected from methyl, ethyl and propyl; R4 is OH; R; 1s
H; and R, 1s H.

6. The use of claim 1, wherein the compound is selected from
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0SO;H

2
0803'Et3NH+
1o Ho: Y
— (3), and — 4),

or a pharmaceutically acceptable salt thereof.

7. The use of claim 1, wherein the compound is

HO"

or a pharmaceutically acceptable salt thereof.

8. The use of claim 1, wherein the compound 1s

or a pharmaceutically acceptable salt thereof.

9. The use of claim 1, wherein the compound is a pharmaceutically acceptable salt.

10. The use of claim 9, wherein the salt is sodium salt or a triethylammonium salt.
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11.  The use of claim 1, wherein the pulmonary disease or condition is selected from
obstructive pulmonary disease (COPD), emphysema, asthma, idiopathic pulmonary fibrosis,
pneumonia, tuberculosis, cystic fibrosis, bronchitis, pulmonary hypertension (e.g., Idiopathic
Pulmonary Arterial Hypertension (IPAH) (also known as Primary Pulmonary Hypertension
(PPH)) and Secondary Pulmonary Hypertension (SPH)), interstitial lung disease, and lung

cancer.

12. The use of claim 11, wherein the pulmonary disease or condition is selected from COPD,

emphysema, asthma, cystic fibrosis, and pulmonary hypertension.

13, The use of claim 12, wherein the pulmonary disease or condition is pulmonary

hypertension.
14.  The use of claim 13, wherein the pulmonary hypertension is IPAH or SPH.

15.  The use of claim 1, wherein the pulmonary disease or condition is caused by
inflammation, autoimmune disease, scleroderma, rheumatoid arthritis, Acute Lung Injury (ALI),
Acute Respiratory Distress Syndrome (ARDS), birth defect of the heart, blood clot in the lungs
(pulmonary embolism), congestive heart failure, heart valve disease, HIV infection, extended
periods of low oxygen levels in the blood, medication, substance of abuse, or obstructive sleep

apnea.

16. The use of claim 15, wherein the pulmonary disease or condition is caused by

inflammation.
17.  The use of claim 1, wherein the subject is 2 human.

18. The use of claim 1, wherein the compound is to be administered systemically, orally,

intravenously, intramuscularly, intraperitoneally, or by inhalation.
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19.  Use of a compound of formula A or a pharmaceutically acceptable salt thereof in the

manufacture of a medicament for reducing or suppressing inflammation in the lung in a subject

(A),
or a pharmaceutically acceptable salt thereof, wherein:
R;is hydrogen or unsubstituted C;-Cg alkyl;
R, is hydrogen or a-hydroxyl;
X is C(O)OH, C(O)NH(CH2)mSO3H, C(O)NH(CH,),CO:H, or OSO;3H;
Ry 1s hydroxy! or hydrogen;
R7 is hydroxyl or hydrogen;
mis 1, 2, or 3; and
nis 1,2, or3.
20.  Use of a compound of formula A or a pharmaceutically acceptable salt thereof in the

manufacture of a medicament for promoting lung repair in a subject,

(A),
or a pharmaceutically acceptable salt thereof, wherein:
R, is hydrogen or unsubstituted C;-Cg alkyl;
Ry 1s hydrogen or a-hydroxyl;
X is C{(OYOH, C(O)NH(CH,),,SO3H, C(O)NH(CH2),CO,H, or OSO3H;
R4 1s hydroxyl or hydrogen;
R 1s hydroxyl or hydrogen;
mis 1,2, or3;and

nis 1, 2, or 3.
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CLAIMS

A method of treating, reducing the risk of, preventing, or alleviating a

pulmonary disease or condition in a subject, comprising administering to the subjegt a

therapeutically effective amount of a compound of formula A:

R 2 . X

.1lR4

HO R,

Py

(A),

or a pharmaceutically acceptable salt thereof, wherein:

b2

5.

R;1s hydrogen or unsubstituted C;-Cq¢ alkyl;

R 18 hydrogen or &-hydroxyl;

X is C(O)OH, C(OYNH(CH,),,SO:H, C(O)NHA(CH),CO-H, or OSO5H;
R4 is hydroxyl or hydrogen;

Ry 1s hydroxyl or hydrogen;

m is an integer 1, 2, or 3; and

nis an integer 1, 2, or 3.

The method of claim 1, wherein R; is unsubstituted C;-Cs alkyl.
The rﬁethod of claim 2/ wherein R, is methyl, ethyl, or propyl.
The method of claim 3, wherein Ry is éthyi.

The method of claim 1, wherein R; is selected from methyl, ethyl and propyl;

Rs1s OH; R7isH; and Ry is H.

Thé method of claim 1, wherein the compound is selected from
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08O EtsNH*

HOY
(3), and (4),
or a pharmaceutically acceptable salt thereof.
5 7. The method of claim 1, wherein the compoun
COOH
HO
or a pharmaceutically acceptable salt
10
9. The mephod of claim I, wherein the compound is a pharmaceutically acceptable
salt.
15
10. e method of claim 9, wherein the salt is sodium salt or a triethylammonium
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11.  The method of claim I, wherein the pulmonary disease or condition is selectgd
from obstructive pulmonary disease (COPD), emphysema, asthma, idiopéthic
pulmonary fibrosis, pneumonia, tuberculosis, cystic fibrosis, bronchitis, pulmogary
hypertension (e.g., Idiopathic Pulmonary Arterial Hypertension (IPAH) (als¢’known as
Primary Pulmonary Hypertension (PPH)) and Secondary Pulmonary Hypeftension

(SPH)), interstitial lung disease, and lung cancer.

12. The method of claim 11, wherein the pulmonary disease or/condition is selected
from COPD, emphysema, asthma, cystic fibrosis, and pulmonary hypertension.
13. The method of claim 12, wherein the pulmonary digease or condition is

pulmonary hypertension.
14, The method of claim 13, wherein the pulmofary hypertension is IPAH or SPH.

15.  The method of claim 1, wherein the pufmonary disease or condition is caused
by inflammation, autoimmune disease, sclepdderma, rheumatoid arthritis, Acute Lung
Injury (ALI), Acute Respiratory Distress Syndrome (ARDS), birth defect of the heart,
blood clot in the lungs (pulmonary empfolism), congestive heart failure, heart valve
disease, HIV infection, extended pegiods of low oxygen levels in the blood, medication,

substance of abuse, or obstructive/sleep apnea.

16.  The method of claim/1S, wherein the pulmonary disease or condition is caused
by inflammation.
17. The method of claim 1, wherein the subject is a human.

18.  The method of claim 1, wherein the compound is administered systemically,
orally, intravghously, intramuscularly, intraperitoneally, or by inhalation.

19, method of reducing or suppressing inflammation in the lung in a subject,

compyising administering to the subject in need thereof a therapeutically effective

amgunt of a compound of formula A:
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(A),
or a pharmaceutically acceptable salt thereof, wherein:
Ry is hydrogen or unsubstituted C,-Cs alkyl;
R»1s hydrogen or o-hydroxyl;
5 X is C(O)OH, C(O)NH(CH2)mSO3H, C(ONH(CH»,CO-H, or OSOsH;
R4 18 hydroxyl or hydrogen;
R7 is hydroxyl or hydrogen;
mis 1, 2, or3; and
nis 1,2, or3.
10

20. A method of promoting lung repair ig a subject, comprising administering to the

(A),
or a pharmaceutically acgéptable salt thereof, wherein:
15 Ry 1s hydrogen 6r unsubstituted C,-Cs alkyl;
R, is hydrog¢n or a-hydroxyl;
X is C(OYOH, C(O)NH(CH2)mSOsH, C(O)NH(CH2),CO,H, or OSO3H;
R4 is hylroxyl or hydrogen;
R; is/aydroxyl or hydrogen;
20 mAds 1,2, or3; and

is 1,2, or 3.
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