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1 2
INHIBITORS OF MITOCHONDRIAL FISSION

1
RELATED APPLICATION Y @

This application claims the benefit of the filing date of 3
U.S. Application No. 62/826,247, filed on Mar. 29, 2019, the

.h——=——
FIELD

The invention relates to inhibitors of mitochondrial fis- where X is N or C;
sion and uses thereof. Y is O or S;
BACKGROUND 15 Z is a substituent that may be further substituted; and
nis 1-4,

Mitochondria exist in a dynamic network, continuously wherein a substituent comprises alkyl, alkenyl, alkynyl, aryl,

joining togeth termed mitochondrial fusion) and
joining together (a process termed mitochondrial fusiomyand - /)4 h G ik, Sicalkoxy)s. halo,

separating (termed mitochondrial fission). Fission and . . . .
fusion, along with mitochondrial motility, are noncanonical 20 alkoxyl, arrrgr}g,r ?Iflldffﬁ‘?fl}ldlnf" hy‘dI'OX}‘ll, thloe:‘ther, alkyl-
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In one embodiment, the compound of Formula 1 is
Drpitorla. In one embodiment, the compound of claim 1 is
present in an amount from 1 to 1000 mg.

In one aspect, the invention provides a method of reduc-
ing or inhibiting mitochondrial fission, comprising admin-
istering to a subject in need thereof a pharmaceutical com-
position comprising a compound of Formula (1). In one

10

15

agents relative to control, n=15-20 per group; *P<0.05 vs
Ctrl, **P<0.01 vs Ctrl.

FIG. 4A is a bar graph depicting GTPase activity of Drpl
in A549 cells vs. treatment, wherein a significant decrease is
shown for treatment with mdivi-1 (50 uM) (positive con-
trol), Dyngo4a (100 uM) (positive control), Drpitorl (2.0
uM) or Drpitorla (0.5 uM) for 6 hours, n=3 per group;
*#x4P<0.0001 vs Ctrl.

FIG. 4B is a bar graph depicting GTPase activity of
dynamin 1 in A549 cells vs. treatment, wherein a significant
decrease was seen for treatment with Dyngoda (100 uM)
(positive control), which was not seen for treatment with
mdivi-1 (25 uM), Drpitorl (1.0 uM) and Drpitorla (0.5 uM),
n=3 per group; ****P<0.0001 vs Ctrl, ns, not significant.

FIG. 5A is a bar graph depicting MFC versus treatment,
wherein a significantly reduction was seen for mdivi-1,
Drpitorl and Drpitorla treatment in cells transfected with
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5 6
FIG. 8D is a bar graph that shows mitochondrial volume bonyl, alkylthiocarbonyl, phosphate, phosphate ester, phos-
vs. treatment group, wherein mitochondrial volume was phonato, phosphinato, cyano, acylamino, imino, sulthydryl,
significantly increased by Drpitorla treatment. n=9-19 per alkylthio, arylthio, thiocarboxylate, dithiocarboxylate, sul-
group; *P<0.05. fate, sulfato, sulfamoyl, sulfonamide, nitro, nitrile, azido,

3 U, B A~ SISTRR Y

Lateag -

DESCRIPTION ester, or a combination thereof.
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sulthydryl, alkylthio, arylthio, thiocarboxylate, dithiocar-
boxylate, sulfate, sulfato, sulfamoyl, sulfonamide, nitro

El

o

8

The therapeutic compound may also be administered
ocularly, via inhalation, topically, intravaginally, as well as

. 1

ST

moieties, thioester, or a combination thereof. Table 1 shows
embodiments of Formula 1 including a variety of substitu-
ents.

In particular, two representative examples of Formula 1
that are analogs of ellipticine were identified as specific
Drpl GTPase inhibitors that are more potent than standard
Drpl inhibitor mdivi-1. These two analogs, Drpitorl and
Drpitorla (see Table 3), have utility through their inhibition
of Drpl and thereby reduction of mitochondrial fission.
Accordingly, compounds of Formula 1 have therapeutic
potential for treatment of cancer, pulmonary arterial hyper-

10

15

toneally, intraspinally, intrathecally, or intracerebrally). Dis-
persions can be prepared in glycerol, liquid polyethylene
glycols, and mixtures thereof and in oils. Under ordinary
conditions of storage and use, these preparations may con-
tain a preservative to prevent the growth of microorganisms.
Pharmaceutical compositions suitable for injectable use
include sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. In
all cases, the composition must be sterile and must be fluid
to the extent that easy syringability exists. It must be stable
under the conditions of manufacture and storage and must be

i — Tyt
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9 10
polyethylene glycols, sodium lauryl sulfate, and mixtures to achieve the desired therapeutic effect, e.g. to prevent the
thereof, or incorporated directly into the subject’s diet. In the spread of cancer and/or kill cancerous cells, to treatment

case of capsules, tablets and pills, the dosage form may also

‘1 b et dr— -

and/or mitigate pulmonary arterial hypertension, cardiopro-

! s 2202020202090 0000000

type may also be employed as fillers in soft and hard-filled 5 diseases, Parksinonism, Huntington’s Chorea, Alzheimer’s
8 S w0 fat B f) VTR

)
sugar as well as high molecular weight polyethylene glycols alcoholic fatty liver diseases, or alcohol-related liver dis-
and the like. The percentage of the therapeutic compound in ease. Actual dosage levels of active ingredients in the
. P . . A e o
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bovine serum albumin (Center for Drug Evaluation and Drpitorl and Drpitorla were tested in two distinct fisso-
1 i~ 1 . hm] 1 Lt 1 1 - 1. 1 1 ut 1° 1 11

‘_7..'_} 2

(2002) Estimating the safe starting dose in clinical trials for increased mitotic fission (cancer) and a cell injury model, in
therapeutics in adult healthy volunteers, U.S. Food and which fission causes cell injury through ROS production.
- By Admynieientian, Reassllr WA JF OThicerae b @ Neetwiio e el okeite-taades - favipe—nd ity
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man K, (Reagan-Shaw et al. FASEB J. 2008 March; 22(3):

sion is inhibited by molecular silencing (by siRNA) or
659-61). The HED for a dose of 0.05 mg/kg in a mouse is

pharmacological inhibition (by small compound mdivi-1) of
equal to 0.05 mg/kgx3/37=0.004 mg/kg in a human. 10 Drpl, which leads to cell cycle arrest and apoptosis. Mito-
Potential inhibitors were identified using in silico screen- chondrial fission is also critical to a pathologlc process,
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wherein no significant change was seen for treatment with ~ was extracted by Cell Lysis Buffer (9803, Cell Signaling
mdivi-1 (50 uM) or Drpitorla (0.5 pM). Technology) followed by sonication. A total of 800 pg of
Referring to FIG. 6A results are shown that 1nd1cate 5 Whole cell extract from each group was allowed to bind to
. s ) CL B0 e o P
-

after frest aharatories) at 4° ¢ for Shoues fallnsverlhy immnmpnare-

pt poith Jynitorl (N75 gMY poldrpitaclz (RS,

uM). Referring to FIG. 6B, results are shown that indicate cipitation with 50 uLL of protein A/G-agarose beads (sc-2003,
baseline apoptosis rate was significantly higher in A549 cells Santa Cruz Biotechnology) at 4° C. overnight.
treated with Drpitorl (1.0 uM) or Drpitorla (0.5 pM). 10 lmmunoprec1p1tat10n of dynamin 1: A549 cells were

[P 4468°

indicate decreased tumor size, lower tumour growth rate, Addgene) plasmid. Candidate compounds were added to
and reduction in tumour weight in the Drpitorla-treated cells 48 hours post transfection and cells were collected after

1. L. e e

Referring to FIGS. 8A-D, results are shown that indicate 15 by Cell Lysis Buffer (9803, Cell Signaling Technology). A
prevention of RV ischemia-reperfusion (IR) injury by total of 500 pg of whole cell extract from each group was
Drpitorla. These results provide evidence of cardioprotec- immunoprecipitated with 10 uL. of HA-tag antibody (3724,
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(25200114, Gibco, Burlington, ON, Canada) and reseeded in median value between two groups as appropriate. One-way
a 48-well plate at a density of 200 live cells/mL. After 7-10 ANOVA was used to compare the means of three or more

days of culture, cells were fixed with 4% paraformaldehyde independent groups. Two-way ANOVA was used to compare
rnd than U BTt N K VAP IN IR PN PUN A VL <o VA NN W 0} | MO O R e PR o o o P
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pound having an amine instead of a methoxymethyl group the Drpitors, endogenous Drpl was first knocked down in
was synthesized (Drpltorla see FIG 2) FIG. 2 deplcts AS549 cells using siRNA and then restored by transfection

-1

r-aLm—"l

FIG. 2) Wlth s-Buli under standard conditions followed by mouse Drpl plasmld (K38A) in which lysme 38 is substi-

- 1o
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“(43-61% yie Id ). Compound 11T was further subjected to Drpltorl (1.0 uM) and Drpltorla (0.25 uM) significantly
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7C). Drpitorla did not reduce body weight, change tumor
density or result in liver or kidney toxicity during 22 days of
therapy (Table 8).

Example 8. Drpitorla Preserves RV Diastolic
Function in an RV-IR Model

20

ex vivo model. Test compound was added to the perfusate
prior to IR. A dose of 0.5 uM was used for Drpitorla.
Drpitorla-treated hearts, did not manifest the increase in
right ventricular end-diastolic pressure (RVEDP) that was
seen in control hearts after two periods of IR challenge
(FIGS. 8A and 8B). After IR, RV myocardium was collected

“i ﬂiégﬂ‘ii““i_i‘!:m‘“’i L YtE gpperand  Teo

ROS generation and calcium overload play important roles
. . L . ; e

ik

neannigl pleegline (vab

IR compared to control RV, reflecting less production of

i il 5 Cad o oo ar= doaf IO (Mgt o gdia

injury. In the right ventricle (RV), IR results in elevated
diastolic pressures, compatible with diastolic dysfunction.
Previous studies showed that inhibition of Drpl GTPase
activity using a small compound mdivi-1 or inhibition of the
interaction between Drpl and fisl, achieved using a com-
petitive inhibitor peptide of this interaction, P110 protected
IR-induced myocardial calcium overload and RV diastolic
dysfunction. Here, we investigated the cardioprotective
effect of Drpitorla on RV IR injury, using the Langendorff

inhibited Drpl-mediated mitochondrial fission of cardio-
myocytes during RV-IR compared to DMSO control, as
shown by the increased mean mitochondrial volume (FIG.
8D).

It will be understood by those skilled in the art that this
description is made with reference to certain embodiments
and that it is possible to make other embodiments employing
the principles of the invention which fall within its spirit and
scope.

TABLE 1

Identification of candidate compounds from in silico screening and predicted

binding affinity and structural formula of compounds of FIG. 1

Compound
Number if
assigned

Predicted
Binding

Structure Affinity

100

-11.9

A{

'NH
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TABLE 1-continued

Identification of candidate compounds from in silico screening and predicted

22

Compound Predicted
Number if Binding
assigned Structure Affinity
103 -11.3
104 -11.2
105 o @] -11
N
O =
0 /
N N\~
N\ 0

106
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Identification of candidate compounds from in silico screening and predicted

binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity
107 -10.9
108 -10.9
109 -10.8
110 -10.8
111 -10.8
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TABLE 1-continued

Identification of candidate compounds from in silico screening and predicted
binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity
112 O -10.8
N
HN —
0, 0
\7/
S
/
HN
\
¢}
113 -10.8
114 -10.8
115 -10.7
116 -10.6

26
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28

Identification of candidate compounds from in silico screening and predicted

binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
P i i;
TR T 7
118 -10.4
119 -10.4

120 ( -10.1
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Identification of candidate compounds from in silico screening and predicted

binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity
121 -10.1
122 -10
123 -9.9
124 -9.8
125 O -9.8
H
N
=
e}
e}
126 I O -9.8
N
—
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TABLE 1-continued

Identification of candidate compounds from in silico screening and predicted

binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity
127 -9.7
128 -9.7
129 -9.7
130 -9.7
131 -9.7

32
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TABLE 1-continued

Identification of candidate compounds from in silico screening and predicted

binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity
132 -9.6

133 -9.6
134 -9.6
135 -9.5
136 -9.5
137 -9.5

34
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TABLE 1-continued

binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity
138 -9.5
139 -9.5
140 -9.5
141 -9.5
142 -9.4
143 -9.4
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TABLE 1-continued

Identification of candidate compounds from in silico screening and predicted

B il LTI R (i ey e

156 H O -8.8
N
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42

Identification of candidate compounds from in silico screening and predicted

binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity
157 I (0] -8.8
N
—

158 o (6] -8.8
N,

@]
159 -8.8
160 -8.8
161 | -8.8

O
o f
N
_
3\

@]

162 -8.8
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TABLE 1-continued

Identification of candidate compounds from in silico screening and predicted
binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity

163 -8.7

44
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TABLE 1-continued

binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity
170 -8.6
171 -8.5
172 -8.5
173 -8.4
174 -8.3
175 -8.3
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TABLE 1-continued

Identification of candidate compounds from in silico screening and predicted
binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity
176 \ -8.2
O
¢
N
D /N)
N\ N
O

179 \O -7.9
b
920,

180 \O -7.8
b
920y
~T0
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TABLE 1-continued

Identification of candidate compounds from in silico screening and predicted

P e 0 i W Y 0 iy D L

Compound Predicted
Number if Binding

o e — ‘ .

1
O Br
\N N)‘\©
A

2 0
Sy
0
>€\ N ™~
0
0
3
0
N
N N
0
4
0
0
N\
N X
Y
N
0
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TABLE 1-continued

binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity
6 O,
\7/
S
/
N
¢}
7 ¢}
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Tdentificatino of candidate crronaunds fear insilien sereauine andnradicted

binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity
11

12
“Drpitorl”

13

14




US 11,229,629 B2

55 56
TABLE 1-continued

Identification of candidate compounds from in silico screening and predicted

binding affinity and structural formula of compounds of FIG. 1

Compound Predicted
Number if Binding
assigned Structure Affinity

) L

16

17
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TABLE 3

Predicted binding energies of compound Drpitorl, Drpitorla and mdivi-1 to Dipl
and Dynamin 1 and structural formulae of Dyngo4a

Drpl  Dynamin 1

Compound Structure (4H1V)  (5D3Q)
Drpitorl THg -8.4 -7.8
O
0 (
N
7]
N P
e}
Drpitorla (€] -9.1 -8.3
N
7]
N P
¢}
mdivi-1 H -7.2 -84
S N
a Y
N
e}
Cl
O
H3C/
Dyngo4a

OH
OH
O
N
N x
H
OH
OH

58
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SK-MES-1
SK-LU-1
MCF7

SW 900

0.3186 = 0.02578 0.2291 = 0.02596 *P < 0.05
0.4654 = 0.04816 0.3367 = 0.03623 *P < 0.05
0.8706 = 0.1287  0.5479 = 0.05737 *P < 0.05
0.4836 = 0.05773 0.3345 = 0.03090 *P < 0.05 10

Ctrl, control; MFC, mitochondrial fragmentation count.
A dose of 0.1-0.5 pM of Drpitorla was used.

TABLE 5

Inhibition of cell proliferation in cancer cell lines by Drpitors

Cell Cell Cell Cell
nroliferation . proliferation nraliferatign nwmliferation P valne
Cell line (Ctrl) (mdivi-1) (Drpitorl) (Drpitorla) (Ctrl vs Drpitorla)
A549 82.95 + 0.8354  32.43 = 1.481 21.83 = 1.906 46 + 0.8505  ****p < (0.0001
SK-MES-1 4523 = 0.8373 2497 = 3.38 N/A 5.523 £0.3613  #¥H*¥p < (.0001
SK-LU-1 71.2 = 1.015 29.5 £ 1.652 N/A 5.04 £0.5525  *#E*p < (0.,0001
SW 900 82.6 = 0.5568 50.1 = 0.7211 N/A 28.37 £0.3712  #¥*p < (.0001
MCF7 68.23 = 1.037 8.217 = 1.256 N/A 3437 £0.2325  #RR¥P < (.0001

A dosage of 0.5 uM of Drpitorla was used.

Colony number Colony number  Colony number P value
Cell line (Ctrl) (mdivi-1) (Drpitorla) (Ctrl vs Drpitorla)
A549 30.83.14 799.. S+ 03416 ] 3.+ 02736 HEERED < () ANN1
SK-MES-1 10.17 = 0.8333 5.5 £ 0.5627 00 wHRREP < 0,0001
SK-LU-1 4.333 = 0.8433 2.5 £0.4282 0.6667 = 0.3333 **+P < 0.001
MCF7 10.17 £ 0.7923 7.167 = 0.7491 00 wHRREP < 0,0001
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TABLE 8

Drpitorla does not cause liver and kidney toxicity

Parameter Ctrl Drpitorla P value
Albumin (g/L) 40.33 = 9.387 26.75 £ 0.9465 ns
2 o roan a4 ar A nane .

Cholesterol (mmol/L) 8.04 + 2.873 4.188 = 0.3317 ns
BUN (mmol/L) 8.833 + 0.2963  6.225 = 1.186 ns
BUN, blood urea nitrogen; ns, not significant. 10

A dose of 10 mg/kg of Drpitorla was used.

TABLE 9

Drpitorla inhibits mitochondrial fragmentation of PAH PASMC cell lines

MFC MFC MFC P value
Cell line (Ctrl) (mdivi-1) (Drpitorla) (Ctrl vs Drpitorla)
P1 0.2041 = 0.01529 0.1394 = 0.01072 0.1339 = 0.01669 *P < 0.05
P3 0.3364 = 0.02963 0.2667 = 0.02021 0.2061 = 0.01332 4P < (0.001
P7 0.3233 = 0.04189 0.2354 = 0.022 0.2095 = 0.02134 *P < 0.05

PAH, pulmonary arterial hypertension; PASMC, pulmonary artery smooth muscle cells; MFC, mitochondrial
Ao QU Ot

- o — -

TABLE 10

Drpitorla inhibits cell proliferation of PAH PASMC cell lines

Cell Cell Cell
proliferation proliferation proliferation P value
Cell line (Ctrl) (mdivi-1) (Drpitorla) (Ctrl vs Drpitorla)
. ~ ———— {a= { == o e I T
— ¢ P
~ P3,. 092 00529203567 + 004377 0 7167 + 0 05608 ns ) l
P7 17.4 = 0.8185 7.78 £ 0.1882 9.68 = 0.563 AP < 0,001

ns, not significant.
A dosage of 1.0 uM of Drpitorla was used.

TABLE 11

Drpitorla inhibits cell proliferation of brain tumor cell lines

Cell Cell Cell
proliferation proliferation proliferation P value
Cell line (Ctrl) (mdivi-1) (Drpitorla) (Ctrl vs Drpitorla)
Daoy cells 1 = 0.003803 0.8464 = 0.008105  0.7078 = 0.005519 4P < (0.001

(Medulloblastoma
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-continued

<400> SEQUENCE: 1

cccuagcugu aaucacuaaa cuuga 25
<210> SEQ ID NO 2

<211> LENGTH: 27

<212> TYPE: RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

: I

2. The method of claim 1, wherein the mitochondrial




