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FIG. 1D

patients having cancer (e.g., melanoma, adenocarcinoma, lung, cervical, liver
or breast cancer) using biomarkers (e.g., PDE3A, SLFN12) that correlate with
drug sensitivity and consequently treating a stratified patient population with
an agent of the invention (e.g., DNMDP, zardaverine, and anagrelide).
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COMPOSITIONS AND METHODS FOR CANCER EXPRESSING PDE3A OR SLFN12

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.8, Provisional Application No. 62/204,875
filed August 13, 2015,

STATEMENT OF RIGHTS TO INVENTIONS MADE UNDER FEDERALLY SPONSORED
RESEARCH

This invention was made with support from the United States (US) Government under Grant

No. 3U54HG005032 awarded by the National Institutes of Health, The US Government has certain
rights in the invention,
BACKGROUND OF THE INVENTION

Cancer kills over 550,000 people in the United States and over 8 million people world-wide
each year. New agents, including small molecules, molecules that impact tissue-specific growth
requirements, and immunomntodulatory agents, have been shown to benefit a subset of patients whose
cancers have unique genomic mutations or other characteristics. Unfortunately, many cancer patients
are still left without effective therapeutic options.

One approach to identify new anti-cancer agents is phenotypic screening to discover novel
small molecules displaying strong selectivity between cancer cell lines, followed by chemogenomics
to identify the cell features associated with drug response, In the 1990s, Weinstein and colleagues
demonstrated that the cytotoxic profile of a compound can be used to identify cellular characteristics,
such as gene-expression profiles and DNA copy number that correlate with drug sensitivity, The
ability to identify the features of cancer cell lines that mediate their response to small molecules has
strongly increased in recent years with automated high-throughput chemosensitivity testing of large
panels of cell lines coupled with comprehensive genomic and phenotypic characterization of the cell
lines. Phenotypic observations of small-molecule sensitivity can be linked to expression patterns or
somatic alterations, as in the case of SLFN] expression in cancer cell lines sensitive to irinotecan
treatment, and an EWS-FLII rearrangement in cancer cell lines sensitive to PARP inhibitors,
respectively.

Methods of characterizing malignancies at a molecular level are useful for stratifying patients,
thereby quickly directing them to effective therapies. Improved methods for characterizing the

responsiveness of subjects having cancer are urgently required,

SUMMARY OF THE INVENTION

Date Regue/Date Received 2023-07-25
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As described below, the present invention features methods of identifying patients having a
cancer (e.g., melanoma, adenocarcinoma, lung, cervical, liver, endometrium, lung, hematopoetic /
lymphoid, ovarian, cervical, soft-tissue sarcoma, leiomyosarcoma, urinary tract, pancreas, thyroid,
kidney, glioblastoma, or breast cancer) that is sensitive to treatment with a phosphodiesterase 3A
(PDE3A) modulator (e.g., 6-(4-(diethylamino)-3-nitrophenyl)-5-methyl-4,5-dihydropyridazin-3(2H)-
one, zardaverine, and anagrelide) by detecting co-expression of PDE34 and Schlafen 12 (SLFN12)
polynucleotides or polypeptides in a cancer cell detived from such patients.

In one embodiment, the present invention provides a method of killing or reducing the
survival of a cancer cell selected as responsive to a phosphodiesterase 3A (PDE3 A) modulator. The
method includes the step of contacting the cell with a PDE3A modulator, where the cell was selected
as having an increase in PDE3A and/or Schlgfen 12 (SLFN12) polypeptide or polynucleotide relative
to a reference, thereby reducing the survival of the cancer cell. In another embodiment, the present
invention provides a method of reducing cancer cell proliferation in a subject pre-selected as having a
cancer that is responsive to a PDE3A modulator. The method comprises administering to the subject
a PDE3A modulator, wherein the subject is pre—selected by detecting an increase in PDE3A and/or
SLFN12 polypeptide or polynucleotide levels relative to a reference, thereby reducing cancer cell
proliferation in the subject. In one embodiment, the subject is pre-selected by detecting an increase in
PDE3A and/or SLFN12 polypeptide or polynucleotide levels. In some embodiments, the PDE3A
modulator is selected from the group consisting of 6-(4-(diethylamino)-3-nitrophenyl)-5-methyl-4,5-
dihydropyridazin-3(2H)-one (DNMDP), zardaverine, and anagrelide.

In another embodiment, the present invention provides a method of identifying a subject
having a cancer responsive to PDE3A modulation. The method includes the step of detecting an
increase in the level of a PDE3A and/or SLFN12 polypeptide or polynucleotide in a biological sample
of the subject relative to a reference, thereby identifying the subject as responsive to PDE3A
modulation. In one embodiment, an increase in the level of PDE3A and SFLN1 polypeptide or
polynucleotide is detected. ,

In some embodiments, the increase in the level of PDE3A and/or SLFN12 polypeptide is
detected by a method selected from the group consisting of immunoblotting, mass spectrometry, and
immunoprecipitation. In some other embodiments, the increase in the level of PDE3A4, and/or
SLFN12 polynucleotide is detected by a method selected from the group consisting of quantitative
PCR, Northern Blot, microarray, mass spectrometry, and in situ hybridization. In some embodiments,
the activity of PDE3A is reduced. The PDE3A modulator may be administered orally. The PDE3A
modulator may be administered by intravenous injection,

In some embodiments, the cancer cell is a melanoma, endometrium, lung, hematopoetic /
lymphoid, ovarian, cervical, soft-tissue sarcoma, leiomyosarcoma, urinary tract, pancreas, thyroid,

kidney, glioblastoma, or breast cancer. In some other embodiments, the cancer cell is not a B-cell
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proliferative type cancer. In some embodiments, the cancer cell is not multiple myeloma. In some
embodiments, the biological sample is a tissue sample.

In another aspect, the present invention provides a kit for identifying a subject having cancer
as responsive to PD3A modulation, the kit comprising a capture reagent that binds PDE3A and/or a
capture reagent that binds 8IL.FN12, Inone embodiment, the kit comprises a capture reagent that
binds PDE3A and a captare reagent that binds SLFN12.

In yet unother aspect, the present invention provides a kit for decreasing cancer cell

. proliferation in a subjeot pre-selected as responsive to a PDE3A modulator, the kit comprising

DNMDP, zardaverine, and/or anagrelide.

The invention provides methods for treating subjects having cancer identified as responsive to
treatment with a PDE3A modulator by detecting co~expression of PDE3A and/or Schlafen 12
(SLFN12) pelynucleotides or polypeptides in the cancer. Compositions and articles defined by the
invention were isolated or otherwise manufactured in connection with the examples provided below.
Other features and advantages of the invention will be apparent from the detailed description, and

from the claims.

Date Regue/Date Received 2023-01-20
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The present invention as claimed relates to:

- use of a phosphodicsicrase 3A (PDE3A) modulator for killing or reducing the survival
of a cancer cell selected as responsive to the PDE3A modulator, wherein the cell was selected as
having an increase in the level of a PDE3A and/or a Schlafen 12 (SLFN12) polypeptide or
polynucleotide relative to a non-responsive cancer cell or healthy control cell, and the PDE3A
modulator is selected from the group consisting of 6-(4-(diethylamino)-3-nitropheny 1)-5-
methy1-4,5-dihydropyridazin-3(2H)-one (DNMDP), zardaverine, anagrelide, and
pharmaceutically acceptable salts thereof;

- use of a PDE3A modulator for reducing cancer cell proliferation in a subject
pre-sclected as having a cancer that is responsive to the PDE3A modulator, wherein the subject
is pre-selected by detecting an increase in the level of PDE3A and/or SLFN12 polypeptide or
polynucleotide relative to a non-responsive cancer cell or healthy control cell, and the PDE3A
modulator is sclected from the group consisting of DNMDP, zardaverine, anagrelide, and
pharmaceutically acceptable salts thereof;

- a method of identifying a subject having a cancer cell responsive to a PDE3 A modulator
selected from the group consisting of DNMDP, zardaverine, anagrelide, and pharmaceutically
acceptable salts thereof, the method comprising detecting an increase in a PDE3A and/or
SLFN12 polypeptide or polynucleotide level in a biological sample of the subject relative to a
non-responsive cancer cell or healthy control cell, thereby identifying said subject as having a

cancer cell responsive to PDE3A modulation;

- a method of identifying a subject having a cancer cell that is resistant to a PDE3A
modulator selected from the group consisting of DNMDP, zardaverine, anagrelide, and
pharmaceutically acceptable salts thereof, the method comprising detecting a decrease in the
level of a SLFN12 polypeptide or polynucleotide level in a biological sample of the subject
relative to a responsive cancer cell or healthy control cell, thereby identifying said subject as
having a cancer cell resistant to PDE3A modulation;

- a kit for identifying a subject having cancer responsive to a PDE3A modulator selected
from the group consisting of DNMDP, zardaverine, anagrelide, and pharmaceutically acceptable
salts thercof, the kit comprising a first capture reagent that binds a PDE3 A polypeptide or
polynucleotide and a second capture reagent that binds SLFN12 polypeptide or polynucleotide;
- a kit for decreasing cancer cell proliferation in a subject responsive to a PDE3A

modulator selected from the group consisting of DNMDP, zardaverine, anagrelide,

3a

Date Regue/Date Received 2023-07-25
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and pharmaceutically acceptable salts thereof, the kit comprising (a) a first capture reagent that
binds a PDE3A polypeptide or polynucleotide; (b) a second capture reagent that binds SLFN12
polypeptide or polynucleotide; and (c) an effective amount of DNMDP, zardaverine, and/or

anagrelide, or a pharmaceutically acceptable salt thereof; and

- use of a PDE3A modulator in the manufacture of a medicament for the treatment of
cancer pre-selected as responsive to the PDE3A modulator, wherein the cancer is pre-selected by
detecting an increase in the level of PDE3A and/or SLFN12 polypeptide or polynucleotide
relative to a non-responsive cancer cell or healthy control cell, and the PDE3A modulator is
selected from the group consisting of DNMDP, zardaverine, anagrelide, and pharmaceutically
acceptable salts thereof.

Definitions

Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this invention belongs.
The following references provide one of skill with a general definition of many of the terms used
in this invention: Singleton et al., Dictionary of Microbiology and Molecular Biology (2nd ed.
1994); The Cambridge Dictionary of Science and Technology (Walker ed., 1988); The Glossary
of Genetics, 5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale & Marham,

The Harper Collins Dictionary of Biology (1991). As used herein, the following terms have the
meanings ascribed to them below, unless specified otherwise.

By “Anagrelide” (IUPAC Name 6,7-dichloro-1,5-dihydroimidazo (2,1-b)quinazolin-
2(3H)-onc) is meant a small molecule phosphodiesterase inhibitor having the following

structure:

By “Cilostamide” (IUPAC Name N-cyclohexyl-N-methyl-4-[(2-oxo0-1H-quinolin-6-

yhoxy Jbutanamide) is meant a small molecule inhibitor having the following structure:

3b

Date Regue/Date Received 2023-07-25
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By “Cilostazol” JUPAC Name 6-[4-(1-cyclohexyl-1H-tetrazol-5-y1)butoxy]-3,4-dihydro-
2(1 H)-quinolinone) is meant a small molecule inhibitor having the following structure:

6 J
N
m\/\/\}g"”
N —N

H

By “DNDMP” (JUPAC Name 6-(4-(diethylamino)-3-nitrophenyl)-5-methyl-4,5-
dihydropyridazin-3(2H)-one) is meant a small molecule inhibitor having the following structure:

/' NO,

By “Forskolin” (IUPAC Name (3R,4aR,55,65,6a5,108,10aR,10b5)-6,10,10b-Trihydroxy-
3,4a,7,7,10a-pentamethyl-1-oxo-3-vinyldodecahiydro-1 H-benzo[f]chromen-5-ylacetate) is meant a

small molecule inhibitor having the following structure:

o

( ) 0
>

RSB . ey S T, TP o038
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By “Levosimendan” (JUPAC Name (E)-2-cyano-1-methyl-3-(4-(4-methyl-6-0x0-1,4,5,6~
tetrahydropyridazin-3-yl)phenyguanidine) is meant a small molecule inhibitor having the following

structure:

K

N ~ °
NC CN ]
\Nlr
Sy
H .

5 By “Milrinone” (IUPAC Name 2-methyl-6-0xo0~1,6-dihydro-3,4'-bipyridine-5-carbonitrile) is
meant a small molecule inhibitor having the following structure:
[
NT
I zN

By “Papaverine” (IUPAC Name 1-(3 4-dimethoxybenzyl)-6,7-dimethoxyisoquinoline) is
meant a small molecule inhibitor having the following structure:

|
N, .= o
I
0!

10 o

By “Siguazodan” (IJUPAC Name (E)-2-cyano-1-methyl-3-(4-(4-methyl-6-ox0-1,4,5,6-

tetrahydropyridazin-3-yDphenyl)guanidine) is meant a small molecule inhibitor having the following

structure:
N 0
NI/
\IN
w
\n N
H »
15 By “Sildenafil” (UPAC Name 1-[4-ethoxy-3-(6,7-dihydro-1-methyl-7-oxo-3-propyl-1H-

pyrazolof4,3-dlpyrimidin-5~yl)phenylsulfonyl}-4-methylpiperazine) is meant a small molecule

inhibitor having the following structure:
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By “Trequinsin” (JUPAC Name 9,10-dimethoxy-3-methyl-2-(2,4,6-trimethylphenyl)imino-6,7-
dihydropyrimido[6,1-a]isoquinolin-4-one) is meant a small molecule inhibitor having the following
structure:

By “Vardenifil” (IUPAC Name 4-[2~ethoxyu5—(4—ethylpiperazin~i-yl)sulfbnyl~phenyl]—9-methyl»
7-propyl-3,5,6,8-tetrazabicyclo[4.3.0]nona-3,7,9-trien-2-one) is meant a small molecule inhibitor having

the following structure:

10
Q@ cn
o }s} HN/‘HAN

)
I/\N/\S/ N/N' 7

H:’CWN\) o)
]

CH

3
Hy
By “Zardaverine (IUPAC Name 3-[4-(Difluoromethoxy)-3-methoxypheny!)-1 H-pyridazin-6- '
one)” is meant a small molecule inhibitor having the following structure:

_N__©O

15 In some other embodiments, any one of the compounds Cilostamide, Cilostazol, DNDMP,

Levosimendan, Milrinone, Papaverine, Siguazodan, Sildenafil, Trequinsin, Vardenifil, and

6
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Zardaverine is a small molecule phosphodiesterase inhibitor. In another embodiment, forskolin may
be used in a method of the invention.

By “PDE3A polypeptide” is meant a protein or fragment thereof having at least 85% amino
acid sequence identity to the sequence provided at NCBI Ref No. NP_000912.3 that catalyzes the
hydrolysis of cyclic adenosine monophosphate (cAMP) and cyclic guanosine monophosphate
(cGMP). An exemplary human full-length PDE3A amino acid sequence is provided below:

MAVPGDAARVRDKPVHSGVSQAPTAGRDCHHRADPAS PRDECGCREGCWEDLVLOPLRSSRKLSSALCAGSLSFLLA
LLVRLVRGEVGECDLEQCKEAAAAEREEEAAPGAEGGVE PGPRECGAPGGGARLE PWLOQPSALLFSLLCAFFWMGLY L
LRAGVRLPLAVALLAACCGGEALVQIGLGVGEDHLLSLPAAGVVLS CLAAATWLVLRLRLGVIMIALTSAVRTVS
LISLERFKVAWRPYLAYLAGVLGILLARYVEQILPQSAEAAPREHLGSQLIAGTKED IPVFKRRRRSSSVVSAEM
SGCSSKSHRRTSLPCIPREQLMGHSEWDHKRGPRGSQSSGTSITVDIAVMGEAHGLITDLLADPSLPPNVCTSLR
AVSNLLSTQLTFQATHKPRVNPVISLSENYTCSDSEESSEKDKLAT PRRLRRSLPPELLRRVSSTWITTTSATGL
PTLEPAPVRRDRSTSIKLOBEAPSSSPDSWNNPVMMTLTRSRSFTSSYAISAANHVRAKKQSRPGALAKISPLESP
CE3PLRGTPABSLVSKISAVOFPESADTTARQSLGSHRALTYTQSAPDLSPQILTPPVICSBCGRPYSQGNPADE
PLERSGVATRTPSRTDDTAQVTEDYETNNNSDS SDIVONEDETECLREPLRKASACSTYAPETMMFLDKPILAPE
PLVMDNLDSIMEQLNTWNFPIFDLVENIGREKCGRILSQVSYRLFEDMGLFEAFKIPIREFMNYFHALETGYRDIP
YHNRIHATDVLHAVWYLTTQPI PGLSTVINDHGSTSDSDSDSGFTHGHMGY VESKTYNVTDDRYGCLEGNTI PALE
LMALYVAAAMHDYDHPGRTNAFLVATSAPQAVLYNDRSVLENHHAAAAWNLFMSRPEYNFLINLDHVEFKHFRFL
VIBATLATDLKKHFDFVAKFNGKVNDDVGIDWINENDRLLVCOMCIKLADINGPAKCKELHLOQWIDGIVNEFYEQ
GDEEASLGLPISPFMDRSAPQLANLOESFISHIVGPLOCNSYDSAGLMPGKWVEDEDESGDTDDPEEEEEEAPAPN
EEETCENNESPRKKTFRKRRKIYCQITOHLLONHRMWKKVIEEEQRLAGIENQSLDOTPOSHSSEQIQATKEEEEE
KGKPRGEEIPTQKPDQ (SEQ ID NO.: 3) .

Three PDE3A isoforms are known: PDE3A], PDE3A2, and PDE3A3. PDE3A]l comprises amino

acids 146-1141, PDE3A2 isoform 2 domprises amino acids 299-1141, and PDE3 A3 comprises amino
acids 483-1141 of the full-length PDE3A amino acid sequence.

By “PDE3A4 polynucleotide” is meant any nucleic acid molecule, including DNA and RNA,
encoding a PDE34 polypeptide or fragment thereof, An exemplary PDE34 nucleic acid sequence is
provided at NCBI Ref: NM_000921.4:

b gagggccact gggaattcayg tgsagaggoe accetatace atggcagtgc
ceggegacyge
61
cggegggecy
121

181

241

tgcacgagtc agggacaagce ccgtcecacayg tggggtgagt caagceccceca

tegggetgee
ctttectecy

ggactgeoac
gggagacctyg

categtygcgyg
gtgetgoage

accccogeate
cgetooggay

gtggetgetg
cgetgtgoge

geegogggac
ctetoggasa

301
361
421
481
541
601
661
721
781
841
901
961
1021
1081

gggctcecctg
tgacctggag
agaaggggge
cocetggety
cttgtaccete
ctgcaggggg
actcececgece
gctgaggety
ttecttagay
ggggatccte
aagggageat
gaggaggagy
ccateggagy
ggaccacaaa
cgecgteatg

toetttoetge
cagtgtaagg
gtettecogg
cagecctogyg
ctgogegecyg
gaagcegeteg
gcgggggatgg
ggegtoctca
aggtteaagy
ttggccaggt
ttggggtceea
cggtccaget
accetcectge
cgagggoeaa
ggcgaggece

tggegetget
aggceggcegge
ggectegggyg
cgetgetett
gggtgegect
tocagattgg
tgctcagetg
tgatcgoctt
tegectyggayg
acgtggaaca
agctgattge
cegtegtgte
cotgtatacce
gaggatcaca
acggecteat

ggtgaggctg
ggcggaggayg
aggtgetceoe
cagtetecty
geetetgget
getgggegte
cttggeoecgee
gactagogey
accttaccty
aatcttgeoeyg
tgggaccaayg
cgeccgagatg
gagggaacagyg
gtctteagga
tacagaccte

gtcogegggy
gaggaagcag
gggggcgyty
tgtgeettet
gtogegetge
ggggaggatc
gcgacatgge
gtecaggaceyg
gegtacetgy
cagteegegyg
gaagatatco
teeggetgea
ctcatggygge
accagtatta
ctyggcagace

aggtcggetg
cceocgggage
cgoggeteayg
tetggatggy
tggecgeetyg
acttactcte
tggtgctgag
tgtceecteat
ceggegtget
aggcggctoc
cggtgtttaa
gcagcaagte
attcagaatg
ctgtggacat
cttetottee
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1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681

accaaacgtyg
ccaggecatt
ttetgactot
gagtttgeot
cacaggtata
actgcaggaa
caccaaange
taaaaagcaa
ctcacctcte
tccagaatct
cactcagagt
ctgtggcaga
agocactegyg
caataacaac
agagecctctg
ggacaaacea
geagetaaat
tggccgtatt
ttttaaaatt
ggatattcct
tactacacay
ttcagattet
taatgtgaca
ggogetgtat
cctggttgea
tcatcacgea
taaccettgac
cactgacotyg
tgttggaata
gttggetgat
tattgtcaat
ccectteatyg
cattgtygggy
ggaagacage
ageaccaaat
aaggagaaaa
gaaagtcatt
cocteagtey
gaaaccaaga
ggctgtgttt
gacacaacac
attttgtgtyg
tttecacattyg
gtatataage
tacacactga
tatatagtgg
tgtggecttag
ttagtactga
ctgtgtgtgt
ggaatggttt
tttaagtaac
gttcactcty
aataaagggce
ggtattacat
agactgagga
ggatgtoact
cacctaagag
ggctigggaa
gtggtagaga
gagaatattt

tgeacatect
cacaagocca
gaagagaget
cctggettgt
cccaccttgg
geacctteat
agatecottta
agtogaccayg
caagggacte
gctgacacaa
gaeecagace
cocatatteco
acaccaagta
agtgacagca
aggaaagcat
attettygete
acttggaatt
cttagtcagg
ccaattaggg
tatcataaca
cotattacag
gacagtggat
gatgataaat
gragetgcag
actagtgctce
gotgetgeat
catgtggaat
aagaaacact
gattggacca
atcaatggte
gaattttatg
gategttetg
cetetgtgea
gatgagtcag
gaagaggaaa
atctactgcce
gaagaggage
cactotteag
ggegaggaga
cocaaacagat
tgtagaaatt
tatattttta
caacaccage
tceccacatayg
aggocacgat
tcactgtgat
caaggaaaca
gygatgaaag
gtgtgtgtgt
gagagggrge
tcagaatage
gagtgtettt
cttttgetga
tactgctaty
attttocagt
caactaagat
ctgaagtcag
attgtacttce
aagaaaagga
caacacaggy
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tgagageegt
gagtgaatce
ctgaaaaaga
tgagacgagt
agectgeace
cecagteetga
ctteateota
grgeootoge
ctgecageag
ctgeccaaaca
tatcccetca
aagggaatec
gaacagatga
gtgacattgt
cggcttgeag
coegaacetet
ttecaatttt
tatcttacag
aatttatgaa
gaatccatge
gectetcaac
ttacacatgy
acggatgtet
¢eatgoacga
cteaggeggt
ggaatctttt
ttaagcattt
ttgacttegt
atgaaaatga
cagetaaaty
aacagggtga
ctecteaget
actcoctatga
gagatactga
cotgtgaaaa
aaataactca
aacggttgge
aacagatcoa
taceaacoca
tgacttgtca
tgagatgggc
cagtgaggta
ttetaaggat
atacatgtaa
tgetggeteo
ataataaatc
gtgcaggaaa
ttecagagea
gtgtgtgtgt
ttgtgtgcar
tgtagecaaat
gggaggcage
tggagggcac
caccacttga
ctacttgect
Caaatoacca
gtettttaat
agegtgatag
aacagaaaaa
tttttgtgtt

gagcaactty
cgtcactteyg
caagettget
ttettecact
agtacggaga
ttecttggaat
tgctatttet
taaaatttca
actggteage
aagcctaggt
aatcctgact
tgetgatgay
cactgotceaa
acagaatgaa
cacctatgct
tgtcatggat
tgatttagty
actttttgaa
ttatttteat
cactgatgtt
tgtgattaat
acatatggga
gtetgggaat
ttatgatcat
gctatataac
catgtecegy
cegtttoctt
agccaaattt
tegtetacty
taaagaactc
tgaagaggcce
ggecaacctt
ttcagecagga
tgacccagaa
taatgaatot
gcacctetta
aggcatagaa
ggctatcaay
aaagocagac
aagactctet
aaatggctat
cattgttaaa
tttttaagga
aacatattceca
acaatttaght
ataaaggaaa
tgtaggttac
ttatttgaat
gtgtgtgtgt
gtgtgtgeart
gactgaatac
cattccaaat
Ltecaagggety
aggagctcta
aatgaatgta
tttaagagga
caggttagaa
cctgtgtett
tecactetggy
gacataggaa
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cteageacac
ctcagtgaaa
attccaaage
tggaccacca
gadcgcagea
aatccagtyga
geagcetaace
cetotttoat
aaaatttetg
tctecacaggg
ccacectgtta
ccectggaga
gttacetetyg
gatgaaacag
cctgagacca
aacctggact
gasaatatay
gacatgggeo
getttggaga
ttacatgctg
gatcatggtt
tatgtattet
atccetgect
ccaggaagga
gatcgttcag
ccagagtata
gteattgaag
aatggcaagy
gtttgtcaaa
catcttecagt
agccttggat
caggaatcect
ctaatgectyg
gaagaggagy
cecasaaaaga
Cagaaccaca
aatcaatcce
gaagaagaayg
cagtgacaat
tcaagocaga
tgcattttgg
aactttttge
gggaatatat
cacccatgea
aacatttata
ccaaatcaca
caactaagca
tctgatacat
gtgtgaaaga
atgtaaagag
atgtgaacaa
gcactectee
ggtyagaggy
tcacecagoet
taggaactgt
tggeattoett
ttctaaatga
cttaatttge
ttatatagca
aagectgatt

agoetcacett
actatacctyg
goctgagaag
ccaccteogge
ceagecatcaa
tgatgaceet
atgtaasagge
cgooctgote
cagtgeagtt
ccttaactta
tatgtageag
gaagtggggt
attatgaaac
agtgcetgag
tgatgtttet
caattatgga
gaagaaaaty
tetttgaage
ttggatatag
tttggtatet
caaccagtyga
caaaaacgta
tggagttgat
ctaatgettt
ttrttggagaa
acttettaat
caattttgge
taaatgatga
tgtgtataaa
ggacagatgg
tacccataag
tecatetctea
gaaaatgggt
aagaagoace
agactttcaa
agatgtggaa
tggaccagac
aagagaaagg
ggatagaatyg
acaacattta
gattecttege
tcaaagaage
atgtgtgtgt
cgeacacaca
ttaagatata
aaggagatgg
gettttgete
cetgecaaca
gagacagaayg
atttttgtgy
acagaaggaa
atttagctte
ccacgtgttt
caaacccgaa
ctatgagtat
tatacctaaa
tgcragagaa
tgcaaaatat
agagatgaag
cttggeaact
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4741
4801
4861
4921
4981
5041
5101
5167
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
61271
6181
6241
6301
6361
6427
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261

gttgtagttt
acgetgtttg
tggeegggga
tttgtttgtt
ctctatttaa
tgatagttat
ttttaaanaa
cattgtagtt
gacaaccaat
ttaaatgagg
tctgggtcca
teccatttott
cteattatot
tttetetgac
gatattgtac
taaggcaaay
tggaaaatygt
cagtatattt
ttttcecttagt
ccagtgaatt
cttotecatac
gegtecatot
ggcaggacag
aactagtggg
gtttgttttyg
catcttecatt
atasattget
gtttgtgact
agtagagnrtc
gottactteco
tttataggtyg
aaaagataat
tggatgecat
gtgttatttt
ttaaaatatt
ttgtcattta
cagggatata
caagaaagta
cagaacanat
tgttcatatt
ttaccecagat
ctetitgtit
tatcattata

(SEQ ID NO.: 4)

gtettteagy
ttggggtage
gattatagag
ttgttttggt
aaagttgata
cttgatgtaa
ggaaaaggga
cteotecaage
catctacctt
atgectgeaaa
tatctccocag
tccaacactyg
aaacaatott
gtagtagaaa
tcececeecttt
ataatacgac
asaaaggatc
ctgaattaac
tttacctgtyg
taactatttt
ceettgeate
ctaacataaa
ttggaagtce
goagettgge
ttttaaggta
ccagaactgt
attacageta
tteatacaca
toeoceenttt
tgtggtgcca
ccattaaact
tgtttagaaa
ggttetetgt
cageatgoeta
ggtttecotty
gataagacct
tctatattag
tttacttcet
otttoecgttyg
agatgtatgt
aactttecttt
aaatgatgga
aataaagtet
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ggtgaaggte
ttecatoegge
agattgtttg
ttgtttgttt
c¢teactttea
atatgaagat
aacattttta
ccagtaagag
ttctaattta
geatgttttt
atgaaaaact
tttgttatga
acertotaay
ggaatgttta
caaagcatta
aaaaaatata
aagtggatgc
accaggtett
tatctcocatg
tetttecettyg
taagtactta
tattaattaa
atcacagtot
tactatggty
caggaaataa
gttecageaat
gacgtceaatt
cecagtacat
tggtgacage
atgtatttgt
caggtottte
accataaaat
taaataasagt
ataasatgtoet
atazaagcac
ggtttggctc
tottecatetyg
aaaaatagaa
caatcecagt
agactgttaa
gaaggtaaaa
aaaatataaa
asagtttgaa

ccactgacas
agtctggecc
aagattgggt
atctacactt
atattttatt
ttttttgttt
taaagttata
aatgatgatt
aatgataatc
tcactagtaa
gttaaccaat
ttetteetty
taaaccttga
cattaaaaat
ttttacaata
catggtttca
agcotetaco
cattatttag
tttgcaaaaa
caattaaggg
gcaaagtcaa
acatagaget
attgacagtt
gaagt.ctcag
gaggaataat
cecaggeagat
gggataaata
ctecaaaggat
aatattatta
tgcaatttac
aaatgaaaga
caatggtagy
aagagaccay
ttecggerat
cacttttgot
tcaataaaag
atgaatgaay
ttocogatte
adaaacganay
tttgraattt
gectgtgecaaa
ttattttcta
attattaatt
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ceactgttgt
attgteagte
tattattgaa
gtttatgectyg
tcatattatt
ctgtagatag
ttttaatcac
catttgeatyg
tgatatagtt
cttttgctaa
accatatttt
agtacttata
ttgtgattte
acttttgttt
attcatggca
aggcaaatte
taaataatta
aacttactaa
ttactataag
gaaaaaagca
tattttececa
atgtttggayg
tecatcaaagce
capactgoct
agtggccaaa
tgatacattt
aagggatgaa
gcetaagggac
tgttcacata
tacattttta
gtttetagec
aaaagttgga
gtgtattcetg
atatctatcet
tttgttaget
atgaagacag
aaattttete
tgtotatttt
aaaaggaata
ceocatattt
aggcatgaga
agtaataaaa
taasaaaaaa

gotgttocace
atgcttotte
agtotttttt
tgagccaaac
atatatgtca
taaactottt
catttttata
gaggtcgatg
ttattgccag
ctgaatgaat
atagttggtg
tacagaccty
cagtttttat
ctcataaatg
ttttaaaaaa
tceaataagt
aaatatattt
attgttttca
tcagattttg
tttatcttat
ttttecaaat
tgagtggact
tgtatagtce
ggttttgttt
gcaattagaa
ttetttaaaa
gatccactaa
attttctygeo
taactccaga
tatgagccta
cacttaggga
actggttace
agtgtcatca
aaattaacct
gtaatatttt
tagectctgta
atattatgtt
ggttgaatac
tottacagac
cotgeotate
ctcaggccta
gtataaaaat
aaaaasaaa

By “Schlafen 12 (SLFN12) polypeptide” is meant a protein or fragment thereof having at
least 85% amino acid sequence identity to the sequence provided at NCBI Ref No. NP_060512,3 that

interacts with PDE3A when bound to anagrelide, zardaverine or DNMDP and related compounds. An

exemplary human SLFN12 amino acid sequence is provided below:

MNISVDLETNYAELVLDVGRVTLGENSRKKMKDCKLRKKONESVSRAMCALLNSGGEVIKAEIENEDYSYTRDGT
GLDLENSFENILLFVPEY LDFMONGNYFLIFVESWSLNTSGLRITTLSSNLYKRDITSAKVYNATAALEFLKDMK
KTRGRLYLRPELLARRPCVDIQEENNMKALAGVEFDRTELDRKEKLTFTESTHVEIKNFSTEKLLORIKETLPQY
VSAFANTDGGYLFIGLNEDKEI IGFKAEMSDLDDLEREIEKS IRKMPVHHFCMEKKK INY SCKFLGVYDKGSLCG
YVCALRVERFCCAVFAKEPDSWHVKDNRVMOLTRKEWIQFMVEAEPRKFSS8YBEVISQINTSLPAPHSWPLLEWQ
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RORHHCPGLSGRITYTPENLCRRKLFLOQHEGLRQLICEEMDSVRRKGSLIFSREWSVDLGLOENHRVLCDALL I SQD
SPPVLYTFHMVQDEEFKGYSTQTALTLKQKLAKIGEGY TEKVCVMTKIFYLESPEGMTSCQYDLRSQVINPESYYFT
RRKYLLRALFKALXRLKSLRDQF SFAENLYQIIGIDCFQKNDKKMFKSCRRLT (SEQ ID NO.: 5)

By “Schlafen 12 (SLFN12) polynucleotide” is meant any nucleic acid molecule, including
DNA and RNA, encoding a SLFN12 polypeptide or fragment thereof. An exemplary SLFNI2
nucleic acid sequence is provided at NCBI Ref: NM_018042.4:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
261
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1821
1981
2041
2101

tttgtaactt
ggctoctatt
tacttaaace
ccacectgtyg
ccttgetttg
cttoactggt
gcatagctge
ttctagatgt
aactgagaaa
gagggggagt
taggactaga
acttcatgea
ctggtetgeg
aagtcatgaa
gattgtattt
ataacatgaa
aattgaccett
tacaacgaat
gatatttgtt
gtygacctega
acttctgtat
aaggaagtct
ttgctaaaga
aggaatggat
tgatctotoa
aacggcagag
tttygcagaaa
actctgteag
aagagaacca
tatacacctt
taaccttaaa
caaagatott
aagtaattta
ttaaagcctt
accagataat
gaaggetcac

cactteagee
toatttacat
ccagaaaatt
gagtgcactt
tttgtgtgtt
aacatatttt
tgggaaaatyg
gugaagagbce
aaagcagaat
gatcaaggct
tttggaaaat

gaatggtaac

gattaccace
tgccactget
asgaccagaa
ggccttggcc
tactgaataoe
taaagagatt
cattggttta
tgacttagaa
ggagaagaag
ttgtggatat
gectgattee
coagttoaty
aataaatacg
acatcactgt
actgttctta
aaagggctea
caaagtccte
ccacatggta
geagaagety
ctacttgage
coectgaatee
aaagagactc
cggtatagat
ctgatggaaa

teccattgat
tgtgtgcaca
ctgaaaccgyg
tegttttcaa
tgtecagtte
ggcaagacaa
aacatcagtg
actettygag
gaaagtgtoet
gaaattgaga
tcttttagta
tactttetga
ttgagetoca
gecactggagt
ttgctggcaa
ggggtittrtt
acacatgttyg
cteccteaat
aatgaagata
agagaaatcg
aagataaatt
gtctgtgecac
tggcatygtga
gtggaggcty
teattaccty
ccagggctat
caacatgaag
ctgatettet
tgtgatgcete
caggatgagyg
geaaaaattyg
cctgaaggea
tactatttta
aagtctctga
tgertteaga
atggactggg

10

cgetttetge
ccaagtaacc
gctettgage
taaatctety
tttgtteasc
ccaggagaaa
ttgatttgga
agaacagtay
cacgagoetat
atgaagacta
acattctgtt
tttttgtgaa
atttgtacaa
tectcaaaga
agaggcccty
ttgatagaac
aaattaaaaa
atgtttctge
aagaaataat
aaaagtccat
attcatgcaa
tcagagtgga
aagataaccy
aaccaaaatt
ctecocacayg
caggaaggat
gacttaagea
ctaggagety
ttetgattto
agtttaaagg
gtggttacac
tgacaagetyg
caagaaggas
gagaccagtt
agaatgataa
ctactgagat

aaccattcag
agtgggaaaa
cgctatecte
cttttgttye
acgccaagaa
agaatttetyg
aacgaattat
gaaaaaaatyg
gtgtgetetyg
tagttataca
atttgttcct
gteatggage
aagagatata
catgaaaaay
tgttgatata
agaacttgat
ettotegaca
atttgcaaat
tggétttaaa
taggaagatyg
attccttgga
gcgcecttetge
tgtgatgeag
ttocagttea
ttggoctott
aacgtatact
attaatatgt
gtetgtggat
ccaggacagt
ctattctaca
taasaaaagty
ceagtatgat
atacttgety
ttcctttgea
aaagatgttt
attttteatt

actgatoteg
crtttagaggg
gggectgcte
tteattettt
cotggacact
cttggacact
gccgagttgg
aaggattgta
cteaattotyg
aaagatggaa
gagtacttag
ttgaacacct
acatctgcaa
actagaggga
caagaagaaa
cggaaagaaa
gaaaagttgt
actgatggaqg
gcagagatga
cetgtyeate
gtatatgata
tgtgcagtgt
ttgaccagga
tatgaagagy
ttggaatgge
ccagaaaacc
gaagaaatgy
ctgggettge
cotocagtee
caaactgcec
tgtgtcatga
ttaaggtege
aaagccecottt
gaaaatctat
aaatcttgte
atatatttga



10

15

20

25

30

35

WO 2017/027854

2161
2221
2281
2341
2401
24671
2521

taacattcte
tgtgatgttyg
tattgtttga
actetgtotg
cttrtattet
cttacaaaag

caaaactcat

CA 02995375 2018-02-09

taattoetgtg
gataattggg
gggatattag
tagttcotga
taatgacaac
attatcettyg
(SEQID NO.:

aaaatattic
ttttgtotat
gaaaattaat
ataaatttte
agtgaaaatc
atgaaactca
6)

tttgaaaact
ttteacttet
ttgttaactc
ttecatgett
teccageata
gaatttccac

PCT/US2016/046912

ttgcaagtta
coectaaataa
gtctgtgeac
gaactgggaa
tacctagaaa
agtgggaatyg

agcaacttaa
tottcacaga
agtattattt
aattgcaaca
acaattataa
aataagaagqg

In some aspects, the compound is an isomer, "Isomers” are different compounds that have the

same molecular formula. "Stereoisomers" are isomers that differ only in the way the atoms are

arranged in space. As used herein, the term "isomer" includes any and all geometric isomers and

stereoisomers, For example, "isomers" include geometric double bond cis- and trans-isomers, also

termed E- and Z-isomers; R~ and S-enantiomers; diastereomers, (d)-isomers and (I)-isomers, racemic

mixtures thereof; and other mixtures thereof, as falling within the scope of this invention.

Geometric isomers can be represented by the symbol == which denotes a bond that can be a

single, double or triple bond as described herein. Provided herein are various geometric isomers and

mixtures thereof resulting from the arrangement of substituents around a carbon-carbon double bond

or arrangement of substituents around a carbocyclic ring. Substituents around a carbon-carbon double

bond are designated as being in the "Z" or "E" configuration wherein the terms "Z" and "E" are used

in accordance with IUPAC standards. Unless otherwise specified, structures depicting double bonds

encompass both the "E" and "Z" isomers.

Substituents around a carbon-carbon double bond alternatively can be referred to as "eis" or

“trans,” where "cis” represents substituents on the same side of the double bond and "trans" represents

substituents on opposite sides of the double bond. The arrangement of substituents around a

carbocyelic ring can also be designated as "cis” or "trans." The term "cis" represents substituents on

the same side of the plane of the ring, and the term "trans" represents substituents on opposite sides of

the plane of the ring. Mixtures of compounds wherein the substituents are disposed on both the same

and opposite sides of plane of the ring are designated "cis/trans.”

The term "enantiomers" refers to a pair of stereoisomers that are non-superimposable mirror

images of each other. An atom having an asymmetric set of substituents can give rise to an

enantiomer. A mixture of a pair of enantiomers in any proportion can be known as a "racemic”

mixture. The term "()" is used to designate a racemic mixture where appropriate. "Diastereoisomers"
an: Y

are stereoisomers that have at least two asymmetric atoms, but which are not mirror-images of each

other. The absolute stereochemistry is specified according to the Cahn-Ingold-Prelog R-S system.

When a compound is an enantiomer, the stereochemistry at each chiral carbon can be specified by

either R or S. Resolved compounds whose absolute configuration is unknown can be designated (+) or

(-) depending on the direction (dextro- or levorotatory) which they rotate plane polarized light at the
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wavelength of the sodium D line. Certain of the compounds described herein contain one or more
asymmetric centers and can thus give rise to enantiomers, diastereomers, and other stereoisomeric
forms that can be defined, in terms of absolute stereochemistry at each asymmetric atom, as (R)- or
(8)-. The present chemical entities, pharmaceutical compositions and methods are meant to include all
such possible isomers, including racemic mixtures, optically substantially pure forms and intermediate
mixtures.

Optically active (R)- and (S)-isomers can be prepared, for example, using chiral synthons or
chiral reagents, or resolved using conventional techniques. Enantiomers can be isolated from racemic
mixtures by any method known to those skilled in the art, including chiral high pressure liquid
chromatography (HPLC), the formation and crystallization of chiral salts, or prepared by asymmetric
syntheses.

Optical isomers can be obtained by resolution of the racemic mixtures according to
conventional processes, ¢.2., by formation of diastereoisomeric salts, by treatment with an optically
active acid or base, Examples of appropriate acids are tartaric, diacetyltartaric, dibenzoyltartaric,
ditoluoyltartaric, and camphorsulfonic acid. The separation of the mixture of diastereoisomers by
crystallization followed by liberation of the optically active bases from these salts affords separation
of the isomers. Another method involves synthesis of covalent diastereoisomeric molecules by
reacting disclosed compounds with an optically pure acid in an activated form or an optically pure
isocyanate. The synthesized diastereoisomers can be separated by conventional means such as
chromatography, distillation, crystallization or sublimation, and then hydrolyzed to deliver the
enantiomerically enriched compound, Optically active compounds can also be obtained by using
active starting materials. In some embodiments, these isomers can be in the form of a free acid, a free
base, an ester or a salt.

In certain embodiments, the compound of the invention can be a tautomer. As used herein, the
term "tautomer” is a type of isomer that includes two or more interconvertible compounds resulting
from at least one formal migration of a hydrogen atom and at least one change in valency (e.g., a
single bond to a double bond, a triple bond to a single bond, or vice versa). "Tautomerization"
includes prototropic or proton-shift tautomerization, which is considered a subset of acid-base
chemistry. "Prototropic tautomerization” or "proton-shift tautomerization" involves the migration of a
proton accompanied by changes in bond order. The exact ratio of the tautomers depends on several
factors, including temperature, solvent, and pH. Where tautomerization is possible (e.g., in solution), a
chemical equilibrium of tautomers can be reached. Tautomerizations (1.¢., the reaction providing a
tautomeric pair) can be catalyzed by acid or base, or can occur without the action or presence of an
external agent. Exemplary tautomerizations include, but are not limited to, keto-to-enol; amide-to-
imide; lactam-to-lactim; enamine-to-imine; and enamine-to-(a different) enamine tautomerizations. A

specific example of keto-enol tautomerization is the interconversion of pentane-2,4-dione and 4~
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hydroxypent-3-en-2-one tautomers. Another example of tautomerization is phenol-keto
tautomerization. A specific example of phenol-keto tautomerization is the interconversion of pyridin-
4-ol and pyridin-4(1H)-one tautomers,

All chiral, diastereomeric, racemic, and geometric isomeric forms of a structure are intended,
unless specific stereochemistry or isomeric form is specifically indicated. All processes used to
prepare compounds of the present invention and intermediates made therein are considered to be part
of the present invention. All tautomers of shown or described compounds are also considered to be
part of the present invention.

‘ By "agent" is meant any small molecule chemical compound, antibody, nucleic acid
molecule, or polypeptide, or fragments thereof.

By “ameliorate” is meant decrease, suppress, attenuate, diminish, arrest, or stabilize the
development or progression of a disease.

By "alteration" is meant a change (increase or decrease) in the expression levels or activity of
a gene or polypeptide as detected by standard art known methods such as those described herein. As
used herein, an alteration includes an about 10% change in expression levels, preferably an about 25%
change, more preferably an about40% change, and rnost preferably an about 50% or greater change in
expression levels, "

By "analog" is meant a molecule that is not identical, but has analogous functional or
structural features. For example, a polypeptide analog retains the biological activity of a
corresponding naturally-occurring polypeptide, while having certain biochemical modifications that
enhaxice the analog's function relative to a naturally occurring polypeptide. Such biochemical
modifications could increase the analog's protease resistance, membrane permeability, or half-life,
without altering, for example, ligand binding. An analog may include an unnatural amino acid.

In this disclosure, "comprises," "comprising,” "containing" and "having"” and the like can have
the meaning ascribed to them in U.S. Patent law and can mean " includes," "including,” and the like;
"consisting essentially of" or "consists essentially” likewise has the meaning ascribed in U.S. Patent
law and the term is open-ended, allowing for the presence of more than that which is recited so long
as basic or novel characteristics of that which is recited is not changed by the presence of more than
that which is recited, but excludes prior art embodiments.

“Detect” refers to identifying the presence, absence or amount of the analyte to be detected.
In particular embodiments, the analyte is a PDE3A or SLFN12 polypeptide.

By “disease” is meant any condition or disorder that damages or interferes with the normal
function of a cell, tissue, or organ. Examples of diseases include melanoma, adenocarcinoma, lung
cancer, cervical cancer, liver cancer and breast cancer.

By "effective amount" is meant the arnount of a compound described herein required to

ameliorate the symptoms of a disease relative to an untreated patient. The effective amount of active
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compound(s) used to practice the present invention for therapeutic treatment of a disease varies
depending upon the manner of administration, the age, body weight, and general health of the subjeé:t.
Ultimately, the attending physician or veterinarian will decide the appropriate amount and dosage
regimen. Such amount is referred to as an "effective” amount. In one embodiment, the compound is
DNMDP, zardaverine, or anagrelide,

The invention provides a number of targets that are useful for the development of highly
specific drugs to treat or a disorder characterized by the methods delineated herein. In addition, the
methods of the invention provide a facile means to identify therapies that are safe for use in subjects.
In addition, the methods of the invention provide a route for analyzing virtually any number of
compounds for effects on a disease described herein with high-volume throughput, high sensitivity,
and low complexity.

By “fragment” is meant a portion of a polypeptide or nucleic acid molecule. This portion
contains, preferably, at least about 10%, about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, or.about 90% of the entire length of the reference nucleic acid molecule or
polypeptide. A fragment may contain about 10, about 20, about 30, about 40, about 50, about 60,
about 70, about 80, about 90, about 100, about 200, about 300, about 400, about 500, about 600, about
700, about 800, about 900, or about 1000 nucleotides or amino acids.

"Hybridization" means hydrogen bonding, which may be Watson-Crick, Hoogsteen or
reversed Hoogsteen hydrogen bonding, between complementary nucleobases. For example, adenine
and thymine are complementary nucleobases that pair through the formation of hydrogen bonds.

By “marker” or “biomarker” is meant any protein or polynucleotide having an alteration in
expression level or activity (e.g., at the protein or mRNA level) that is associated with a disease or
disorder. In particular embodiments, a marker of the invention is PDE3A or SLFN12.

By “modulator” is meant any agent that binds to a polypeptide and alters a biological function
or activity of the polypeptide. A modulator includes, without limitation, agents that reduce or
eliminate a biological function or activity of a polypeptide (e.g., an “inhibitor”). For example, a
modulator may inhibit a catalytic activity of a polypeptide. A modulator includes, without limitation,
agents that increase or decrease binding of a polypeptide to another agent. For example, a modulator
may promote binding of a polypeptide to another polypeptide. In some embodiments, a modulator of
PDE3A polypeptide is DNMDP. In some other embodiments, the modulator of PDE3A polypeptide
is anagrelide or zardaverine.

By “reference” is meant a standard or control condition.

Nucleic acid molecules useful in the methods of the invention include any nucleic acid
molecule that encodes a polypeptide of the invention or a fragment thereof. Such nucleic acid
molecules need not be 100% identical with an endogenous nucleic acid sequence, but will typically

exhibit substantial identity. Polynucleotides having “substantial identity” to an endogenous sequence
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are typically capable of hybridizing with at least one strand of a double-stranded nucleic acid
molecule. Nucleic acid molecules useful in the methods of the invention include any nucleic acid
molecule that encodes a polypeptide of the invention or a fragment thereof. Such nucleic acid
molecules need not be 100% identical with an endogenous nucleic acid sequence, but will typically
exhibit substantial identity. Polynucleotides having “substantial identity” to an endogenous sequence
are typically capable of hybridizing with at least one strand of a double-stranded nucleic acid
molecule. By "hybridize" is meant pair to form a double-stranded molecule between complementary
polynucleotide sequences (e.g., a gene described herein), or portions thereof, under various conditions
of stringency. (See, e.g., Wahl, G. M. and S. L. Berger (1987) Methods Enzymol. 152:399; Kimmel;
A. R. (1987) Methods Enzymol. 152:507).

For example, stringent salt concentration will ordinarily be less than about 750 mM NaCl and
75 mM trisodium citrate, preferably less than about 500 mM NaCl and 50 mM trisodium citrate, and
more preferably less than about 250 mM NaCl and 25 mM trisodium citrate. Low stringency
hybridization can be obtained in the absence of organic solvent, e.g., formamide, while high
stringency hybridization can be obtained in the presence of at least about 35% formamide, and more
preferably at least about 50% formamide. Stringent temperature conditions will ordinarily include
temperatures of at least about 30° C, more preferably of at least about 37° C, and most preferably of at
least about 42° C. Varying additional parameters, such as hybridization time, the concentration of
detergent, e.g., sodium dodecyl sulfate (SDS), and the inclusion or exclusion of carrier DNA, are well
known to those skilled in the art. Various levels of stringency are accomplished by combining these
various conditions as needed. In a preferred: embodiment, hybridization will occur at 30° C in 750
mM NaCl, 75 mM trisodium citrate, and 1% SDS. In a more preferred embodiment, hybridization will
occur at 37° C in 500 mM NaCl, 50 mM trisodium citrate, 1% SDS, 35% formamide, and 100 pg/ml
denatured salmon sperm DNA. (ssDNA). In a most preferred embodiment, hybridization will occur at
42° C in 250 mM NaCl, 25 mM trisodium citrate, 1% SDS, 50% formamide, and 200 pug/m! ssDNA.
Useful variations on these conditions will be readily apparent to those skilled in the art.

For most applications, washing steps that follow hybridization will also vary in stringency.
Wash stringency conditions can be defined by salt concentration and by temperature. As above, wash
stringency can be increased by decreasing salt concentration or by increasing temperature, For
example, stringent salt concentration for the wash steps will preferably be less than about 30 mM
NaCl and 3 mM trisodium citrate, and most preferably less than about 15 mM NaCl and 1.5 mM
trisodium citrate. Stringent temperature conditions for the wash steps will ordinarily include a
temperature of at least about 25° C, more preferably of at least about 42° C, and even more preferably
of at least about 68° C. In a preferred embodiment, wash steps will occur at 25° C in 30 mM NaCl, 3
mM trisodium citrate, and 0.1% SDS. In a more preferred embodiment, wash steps will ocour at 42 C

in 15 mM NaCl, 1.5 mM trisodium citrate, and 0.1% SDS. In a more preferred embodiment, wash
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steps will occur at 68° C in 15 mM NaCl, '1 .5 mM trisodium citrate, and 0.1% SDS. Additional
variations on these conditions will be readily apparent to those skilled in the art. Hybridization
techniques are well known to those skilled in the art and are described, for example, in Benton and
Davis (Science 196:180, 1977); Grunstein and Hogness (Proc. Natl. Acad. Sci., USA 72:3961, 1975);
Ausubel et al. (Current Protocols in Molecular Biology, Wiley Interscience, New York, 2001); Berger.
and Kimmel (Guide to Molecular Cloning Techniques, 1987, Academic Press, New York); and
Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press,
New York,

By "substantially identical” is meant a polypeptide or nucleic acid molecule exhibiting at least
50% identity 1:6 a reference amino acid sequence (for example, any one of the amino acid sequences
described herein) or npcleic acid sequence (for example, any one of the nucleic acid sequences
described herein). Preferably, such a sequence is at least 60%, more preferably 80% or 85%, and
more preferably 90%, 95% or even 99% identical at the amino acid level or nucleic acid to the
sequence used for comparison,

Sequence identity is typically measured using sequence analysis software (for example,
Sequence Analysis Software Package of the Genetics Computer Group, University of Wisconsin
Biotechnology Center, 1710 University Avenue, Madison, Wis. 53705, BLAST, BESTFIT, GAP, or
PILEUP/PRETTYBOX programs). Such software matches identical or similar sequences by
assigning degrees of homology to various substitutions, deletions, and/or other modifications.
Conservative substitutions typically include substitutions within the following groups: glycine,
alanine; valine, isoleucine, leucine; aspartic acid, glutamic acid, asparagine, glutamine; serine,
threonine; lysine, arginine; and phenylalanine, tyrosine. In an exemplary approach to determining the
degree of identity, a BLAST program may be used, with a probability score between ¢ and &'®
indicating a closely related sequence.

By "subject” is meant a maminal, including, but not limited to, a human or non-human
mammal, such as a bovine, equine, canine, ovine, or feline.

Ranges provided herein are understood to be shorthand for all of the values within the range.
For example, arange of 1 to 50 is understood to include any number, combination of numbers, or sub-
range from the group consisting 1,2, 3,4, 5, 6,7, 8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,26,27,28,29,30,31, 32, 33, 34, 35, 36,37, 38, 39,40, 41,42, 43, 44, 45,46, 47, 48,
49, or 50. _

As used herein, the terms “treat,” treating,” “treatment,” and the like refer to reducing or
ameliorating a disorder and/or symptoms associated therewith, It will be appreciated that, although
not precluded, treating a disorder or condition does not require that the disorder, coﬁdition or

symptoms associated therewith be completely eliminated.

16




10

15

20

25

30

35

CA 02995375 2018-02-09

WO 2017/027854 PCT/US2016/046912

Unless speciﬁcallyA stated or obvious from context, as used herein, the term "or" is understood
to be inclusive. Unless specifically stated or obvious from context, as used herein, the terms "a®, "an",
and "the" are understood to be singular or plural.

Unless specifically stated or obvious from context, as used herein, the term “about” is
understood as within a range of normal tolerance in the art, for example within 2 standard deviations
of the mean. About can be understood as within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%,
0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise clear from context, all numetical values
provided herein are modified by the term about.

The recitation of a listing of chemical groups in any definition of a variable herein includes
definitions of that variable as any single group or combination of listed groups. The recitation of an
embodiment for a variable or aspect herein includes that embodiment as any single embodiment or in
combination with any other embodiments or portions thereof.

Any compositions or methods provided herein can be combined with one or more of any of

the other compositions and methods provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1D show identification and characterization of 6-(4-(diethylamino)-3-
nitrophenyl)-5-methyl-4,5-dihydropyridazin-3(2H)-one (DNMDP), a potent and selective cancer cell
cytotoxic agent. Figure 1A is a scatterplot of 1924 compounds showing mean survival of TP53
mutant NCI-H1734 cells, which is a non-small cell lung cancer cell line, and TP53 wild-type A549
cells, another lung cancer cell line, after 48 hours of treatment at concentrations of 10 yM. DNMDP
is indicated with a large arrowhead. Other compounds that selectively killed NCI-H1734 cells are
indicated with a small arrow. Positive control staurosporine is indicated with a long arrow. Figure 1B
is a linear graph showing a panel of cell lines that was treated with the indicated concentrations of
DNMDP for 48 hours. Figure 1C is a linear graph showing the HeLa cell line that was treated with
indicated concentrations of the separated enantiomers of DNMDP for 48 hours. The (R)-enantiomer
had a 500-fold lower ECso compared to the (S)-enantiomer. Figure 1D is a structure of (R)-DNMDP,

Figuré 2 shows that DNMDP selectively killed NCI-H1734 and did not affect cell viability i;l
A549, NCI-H1734 and A549 cell lines were treated with indicated compounds and concentrations for
48 hours,

Figure 3 shows the synthesis scheme of (R)-6-(4-(diethylamino)-3-nitrophenyl)-5-methyl-4,5-
dihydropyridazin-3(2H)-one (R)-DNMDP) and analogues. Reaction conditions are as follows: (a)
Ac,0, (919%); (b) 90% HNO;, H,80,, (19%); (¢) NaOH, MeOH/H,0, (100%), then CH;CHO,
NaBH(OA ¢)s, (7%); (&) (BrCH,CH,),0, K,CO5, DMF, (46%); (¢) CH;CHO, NaBH;CN, MeOH,
(82%).
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Figures 4A-4C show super-critical fluid (SCF) chromatographs of 6-(4-(diethylamino)-3-
nitropheny!)-5-methyl-4,5-dihy dropyridazin-3(2H)-one (DNMDP) (top to bottom: ES8+, diode array,
ES- traces). Figure 4A are three chromatographs showing Peak 1 (CRO separation); Figure 4B are
three chromatographs showing Peak 2 (CRO separation); Figure 4C are three chromatographs
showing synthesized (R)-DNMDP (5:95 ratio peaks 1:2 by uv),

Figures 5A-5C show that Phosphodiesterase 34 (PDE3A) expression correlated with
sensitivity to 6~(4~(diethy1amin0)-3-nitrophenyl)-S-methy1-4,5-dihydropyridazin-B(ZH)-one
(DNMDP), but inhibition of PDE3A mediated cAMP hydrolysis did not correlate with eytotoxicity,
Figure 5A is a scatterplot showing correlation between DNMDP sensitivity and expression of 18,988
genes in 766 genomically characterized cell lines. Cell lines were treated for 72 hours with
concentrations ranging from 66,4 uM — 2 nM in 2-fold step dilutions. The Z-score for Pearson
correlation between PDE3 A expression and sensitivity to DNMDP is 8.5. Figure 5B isa séaiterplot
showing results from cell lines from panel A that were treated with 480 compounds. DNMDP
showed the best correlation between PDE34 expression and sensitivity, Figure 5C is a scatterplot
showing published PDE3 inhibitor ICs, values and ECs, values of HeLa cells treated with indicated
compounds up to 10 pM for 48 hours. DNMDP ICs4 concentration for PDE3A inhibition was
determined in Figure 7B. ’

Figures 6 A-6C show chemical structures of 6-(4-(diethylamino)-3-nitrophenyl)-5-methyl-4,5-
dihydropyridazin-3{2H)-one (DNMDP), siguazodan and levosimendan, respectively.

Figures 7A and 7B are graphs showing determination of Phosphodiesterase 3A (PDE3A) in
vitro 1Cse of 6-(4-(diethylamino)-3-nitrophenyl)-5-methyl-4,5-dihydropyridazin-3(2H)-one
(DINMDP). Figure 7A shows PDE3A in vifro inhibition with indicated concentrations of positive
control trequinsin (ICs curve was performed by Caliper). Figure 7B shows PDE3A in vitro inhibition
with indicated concentrations of DNMDP (IC 5 curve was performed by Caliper).

Figures 8A and 8B are graphs showing that induction of cAMP signaling did not phenocopy
eytotoxicity induced by 6-(4-(diethylamino)-3-nitrophenyl)-5-methyl-4,5-dihydropyridazin-3(2H)-one
(DNMDP). Forskolin: FSK. Figure 8A shows cAMP concentrations that were measured 1 hour after
treatment with indicated compounds and concentration in HeLa cells. Figure 8B shows viability of
HelL.a cells that were treated with indicated compounds and concentrations for 48 hours.

Figures 9A-9C show that non-lethal Phosphodiesterase 3 (PDE3) inhibitors rescued cell death
induced by 6-(4-(diethylamino)-3-nitrophenyl}-5-methyl-4,5-dihydropyridazin-3(2H)-one (DNMD?P)
by competing for the binding of PDE3A. Figure 9A is a scatterplot showing viability of HeLa cells
that were treated with 1600 bioactive compounds at a concentration of 20 pM in combination with 30
nM (EC70) of DNMDP for 48 hours. The viability was calculated as a percentage of the untreated
DMSO control. Figure 9B is a linear graph showing viability of HeLa cells that were treated with
DNMDP in combination with indicated concentrations of non-lethal PDE3 and pan-PDE inhibitors
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for 48 hours. Figure 9C shows a SDS-PAGE gel depicting the result of affinity purification
performed on 200 pg of HeLa cell lysate using 4 DNMDP linker-analogue tethered to a solid phase
with the same rescue characteristic as non-lethal PDE3 inhibitors. Indicated compounds were co-
incubated with the linker-analogue. The affinity purified fraction was run on an SDS-PAGE gel and
probed for PDE3A. )

Figures 10A and 10B show the structure and rescue phenotype of linker-compound tert-butyl
(R)-(2-(2~(2-(ethyl(4-(4-methyl-6-0x0-1,4,5,6-tetraliydropyridazin-3-yl)phenyl)amino)ethoxy)
ethoxy)ethyl)carbamate (DNMDP)-21.. Figure 10A shows the structure of DNMDP-2L. Figure 10B
is a graph showing the viability of HeL a cells that were treated with indicated compounds and
concentrations for 48 hours.

Figures 11 A-11C show that Phosphodiesterase 3A (PDE3A) was not essential in sensitive cell
lines, but was required for relaying the cytotoxic signal.‘ Figure 11A is a Western blot. HeL a cells
were infected with Cas9 and indicated guide RNAs (sgRNA) against PDE34. Western blots were
probed for PDBSA at indicated time points. Figure 11B is a bar graph showing percent rescue of
Hel.a cells that were infected with indicated sgRNAs for two weeks and treated with 1 pM of 6-(4-
(diethylamino)-3-nitrophenyl)-5-methyl-4,5-dihydropyridazin-3(2H)-one (DNMDP) for 48 hours.
Percent rescue was normalized to the Cas9-only control. Figure 11C is a plot showing viability of
cells infected with indicated sgRNAs and treated with various concentrations of 6-(4-(diethylamino)-
3-nitrophenyl)-5-methyl-4,5-dihydropyridazin-3(2H)-one (DNMDP).

Figures 12A and 12B are a Western blot and a graph showing that reduction of

- Phosphodiesterase 3A (PDE3A) protein level caused resistance to 6~(4-(diethylamino)-3-nitrophenyl)-

5-methyl4,5-dihydropyridazin-3(2H)-one (DNMDP). In Figure 12A Hel.a cells were treated with
scrambled control siRNA or a combination of four different siRNAs targeting PDE3A. Cells were
lysed at indicated time-points and immunoblotted for PDE3A and Actin. Figure 12B is a linear graph
showing viability of Hel.a cells that were treated with indicated concentrations of DNMDP analogue
3 for 48 hours.

Figures 13 A-13C show that Phosphodiesterase 3A (PDE3A) immunoprecipitation in the
presence of 6-(4-(diethylamino)-3-nitropheny!)-5-methyl-4,5-dihydropyridazin-3(2H)-one (DNMDP)
revealed novel SIRT7 and SLFN12 interaction. Figure 13A shows a schematic overview of the
affinity enrichment followed by quantitative proteomics of PDE3A performed in Hela cells, All cells
were treated for four hours prior to lysis with 10 pM of indicated compounds. The presence of all
compounds was maintained throughout the experiment including washing steps. Figure 13B isa
scatterplot showing log, ratios for proteins that were enriched in anti-PDE3A immuno precipitates in
the DMSO treated HeLa cells compared to anti-PDE3A immuno precipitates in the presence of
blocking peptide specific to the PDE3A antibody; each dot represents a protein, Figure 13Cisa
scatterplot showing Log, ratios of changes of proteins bound to PDE3A in the presence of DNMDP
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versus trequinsin, Each dot represents the average of two replicates per condition for an individual
protein. In all cases, the data plotted passed the Bland-Altman test with 95% confidence interval for
reproducibility.

Figures 14A-14C show results of replicate PDE3A -protein interaction studies using PDE3A
as bait under different conditions. Each scatterplot showed log; ratios of two replicates for proteins
that were entiched by PDE3A under different conditions over enrichment by PDE3A in the presence
of blocking peptide. Each dot represents the log, ratio for that particular protein, medium gray dots
correspond to a Benjamini-Hochberg adjusted p value <0.01, light gray dots represent proteins that
fall outside of the Blandt-Altman test for reproducibility within a 95% confidence interval. In Figure
14A protein enrichment was accomplished by immunoprecipitation using anti-PDE3A. In Figure 14B
protein enrichment was accomplished by immunoprecipitation using anti-PDE3A. in the presence of
DNMDP. In Figure 14C protein enrichment was accomplished by immunoprecipitation using anti-
PDE3A in the presence of trequinsin,

Figutes 15A-15E show that cell lines with dual expression of SLFNI12 and PDE3A were

significantly enriched for DNMDP -sensitive cell lines. Figure 15A is a scatterplot showing mRNA

robust multichip average (RMA) expression values for PDE3A4 and SLFN12 from the Cancer Cell
Line Encyclopedia (CCLE) database (a detailed genetic characterization of a large panel of human
cancer cell lines;) with sensitive cell lines indicated (Barretina et al., Nature 483, 603607, 2012). 21
sensitive cell lines were binned in three groups of 7 based on area under the curve (AUC) rank.
Figure 15B is a bar graph showing resulis of a Fisher’s exact test on DNMDP sensitivity of cell lines
with high expression of both SLFEN12 and PDE34 (RMA Log2 > 5) compared to other cell lines. The
top half of the bar on the right indicates melanoma cell lines. Figure 15C is a scatterplot showing
mRNA RPKM+1 expression values for PDE3A and SLFN12 from RNA sequencing data. Figure 15D
is a bar graph showing qPCR expression changes of SLFN/2 in HeLa cells transduced with
shSL.FN12 normalized to GAPDH. Figure 15E is a plot showing viability of HeLa cells transduced
with indicated shRNA reagents and treated with indicated concentrations of DNMDP for 72 hours,
Figures 16A and 16B are scatter plots showing that SLFNI2 expression was amongst the top
genes correlating with DNMDP sensitivity. Figure 16A shows the correlation between DNMDP
sensitivity and expression of 18,988 genes in 766 genomically characterized cell lines. Cell lines
were treated for 72 hours with concentrations ranging from 66.4 pM — 2 nM in 2-fold step dilutions.
Figure 16B is a scatterplot showing a correlation between DNMDP sensitivity and expression of
18,988 genes in 766 genomically characterized cell lines. Expression levels were corrected for
PDE3A expression as described earlier (Kim et al,, Genetica 131, 151-156, 2007). Cell lines were
treated for 72 hours with concentrations ranging from 66.4 uM — 2 nM in 2-fold step dilutions.
Figures 17A-7B show that DNMDP induces apoptosis in HeLa cells. Figure 17A is a plot
showing viability of HeLa cells treated for 48 hours with indicated concentrations of DNMDP.
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Caspase-Glo represents Caspase 3/7 activity indicating induction of apoptosis. CellTiter-Glo reflects
viability. Figure 17B is an immunoblot. Hel.a cells were treated for 36 hours with indicated
compounds and concentrations. HeLa cells were harvested and immunoblotted for PARP-cleavage
products, indicative of apoptosis.

Figure 18 is a scatterplot of PDE34 mRNA expression and sensitivity to DNMDP of 766
cancer cell lines.

Figure 19 is an immunoblot showing that DNMDP induces interaction between PDE3A and
SIRT7 and SLFN12 in Hel.a cells. Hela celis were transfected with indicated plasmids and treated
with indicated compounds with a final concentration of 10 uM for four hours. Endogenous PDE3 A
was immunoprecipitated and immunoblotted for V3 to identify novel interaction with S8IRT7 and
SLFN12 (upper two panels). Immﬁnoprecipitate input was immunoblotted for PDE3A and V5 (lower
two panels). V5-SLFN12 was undetectable in whole cell lysate.

Figure 20 is an immunoblot showing confirmation of mass spectrometric results herein using
affinity reagents. Figure 20 shows that DNMDP and (weakly) anagrelide, but not trequinsin, induced
PDE3A and SFLN12 complex formation.

Figure 21 is a set of tables showing that SLFN12 is lost in cells that have acquired resistance
to DNMDP,

Figure 22 is a plot showing sensitization of a DNMDP—msistant cell line by expression of
SLFN12 or expression of SFL.N12 and PDE3A.

Figure 23 is a scatter plot showing sensitivity of Leiomyosarcomas (LMS) to PDE3A
modulation based on SLFN12 expression level.

Table 1 shows sensitivity data of 766 cancer cell lines treated with DNMDP. Cell lines were
treated for 72 hours with concentrations ranging from 66.4 pM — 2 nM in 2-fold step dilutions.

. Table 2 shows results from panel of 19 phosphodiesterase inhibition reactions performed by
Caliper. DNMDP concentration was 100 nM.

Table 3 shows RPKM values of SLFN12 and PDE3A expression in multiple healthy tissue
types.

Table 4 showing Leiomyosarcoma sensitivity to DNMDP

Table 5 shows binding of DNMDP to PDE3A(677-1141).

Compositions and articles defined by the invention were isolated or otherwise manufactured
in connection with the examples provided below. Other features and ad vantages of the invention will

be apparent from the detailed description, and from the claims.

DETAILED DESCRIPTION
As described below, the present invention features improved methods of identifying patients

having cancer (e.g., melanoma, endometrium, lung, hematopoetic / lymphoid, ovarian, cervical, soft-
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tissue sarcoma, leiomyosarcoma, urinary tract, pancreas, thyroid, kidney, glioblastoma, or breast
cancer)) that is sensitive to treatment with a phosphodiesterase 3A (PDE3A) m odulator by detecting
co-expression of PDE3A and Schlafen 12 (SLFN12) polypeptides or polynucleotides in a cancer cell
derived from such patients. The invention is based at least in part on the discovery that sensitivity to
phosphodiesterase 3A modulators, such as 6-(4-(diethylamino)-3-nitrophenyl)-5-methyl-4,5-
dihydropyridazin-3(2H)-one, or DNMDP, in 766 cancer cell lines correlated with expression of the
phosphodiesterase 3A gene, PDE3A. Like DNMDP, a subset of PDE3A inhibitors kill selected
cancer cells while others do not; these cell-sparing PDE3A inhibitors instead block DNMDP induced
cytotoxicity. Furthermore, PDE3A depletion leads to DNMDP resistance. DNMDP binding to
PDE3A promotes an interaction between PDE3A and Sirtuin 7 (SIRT7) and Schlafen 12 (SLFN12),
suggesting a neomorphic activity, and SLFNI2 and PDE3A co-expression correlated with DNMDP
sensitivity, These results indicate that PDE3 A modulators are promising cancer therapeutic agents
and demonstrate the power of chemogenomics in small-molecule discovery and target-identification.
Accordingly, the invention provides methods of selecting a subject as having a cancer that
responds to a PDE3 A modulator, where the selection method involves detecting co-expression of
PDE34 and Schlafen 12 (SLFN12) polypeptides or polynucleotides, in a cancer cell derived from such

subjects,

PDE3A Modulator

The identification of PDE3 A modulators was made in connection with a phenotypic screen
designed to identify cytotoxic small molecules in a mutant 1p53 background. A chemogenomics
approach complements target-driven drug development programs, which consists of extensive in vitro
and in vivo target validation, and can also be referred to as reverse chemogenomics (Zheng et al., Curr
Issues Mol Biol 4, 33-43, 2002). Many U.S. Food and Drug Administration (FDA)-approved
targeted therapies have been developed this way, among them small-molecule kinase inhibitors that
target oncogenic somatic driver mutations (Moffat et al., Nat Rev Drug Discov 13, 588-602, 2014).
However, the discovery and development of targeted therapies is often hampered by limitations in
knowledge of the biological function of the target, its mechanism of action, and the available chemical
mattet to selectively inhibit the target.

Phenotypic screening can discover novel targets for cancer therapy whose specific molecular
mechanism is often elucidated by future studies (Swinney et al., Nat Rev Drug Discov 10, 507-519,
2011). Inrecent years, two classes of anti-cancer drugs found by unbiased phenotypic screening
efforts have been approved by the FDA. Lenalidomide and pomalidomide were found to be
modulators of an F3-ligase that alter the affinity of its target, leading to degradation of lineage
specific transcription factors (Krdnke et al., Science 343, 301-3035, 2014; Lu et al., Science 343, 305—
309, 2014), whereas romidepsin and vorinostat were later identified as histone deacetylase (HDAC)
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inhibitors (Moffat et al., Nat Rev Drug Discov 13, 588-602, 2014; Nakajima et al.,, Exp. Cell Res.
241, 126133, 1998, Marks et al., Nat Biotechnol 25, 84-90, 2007).

Tumor suppressor alterations are suitable targets for phenotypic screening as they are not
directly targetable with small molecules, although synthetic lethal approaches such as olaparib
treatment of BRCA1/BRCA2 mutant cancers have proven to be effective. According to current
knowledge, the 1p53 tumor suppressor gene is the most frequently mutated across human cancer, with
somatic mutations detected in 36% of 4742 cancers subjected to whole exome sequencing. Despite
many attempts, no compounds that selectively kill £p53 mutant cells have been identified.

A phenotypic screen developed to identify small molecules causing synthetic lethality in 1p53
mutant cancer cells enabled the serendipitous discovery of a class of cancer-selective cytotoxic agents
which act as modulators of phosphodiesterase 3A (PDE3A), as described herein below. Cyclic
nucleotide phosphodiesterases catalyze the hydrolysis of second messenger molecules cyclic
adenosine monophosphate (¢cAMP) and cyclic guanosine monophosphate (¢cGMP), and are important
in many physiological processes. Several phosphodiesterase inhibitors have been approved for
clinical treatment, including PDE3 inhibitors milrinone, cilostazol, and levosimendan for
cardiovascular indications and inhibition of platelet coagulation, as well as the PDES3 inhibitor
anagrelide for thrombocythemia. PDES inhibitors, e.g. vardenafil, are used for smooth muscle
disorders including erectile dysfunction and pulmonary arterial hypertension, and the PDE4 inhibitor
roflumilast reduces exacerbations from chronic obstructive pulmonary disease (COPD).

Phosphodiesterase inhibitors act by direct inhibition of their targets or by allosteric
modulation; for example, structural analysis of PDE4 has led to the design of PDE4D and PDE4B
allosteric modulators (Burgin et al., Nat Biotechnol 28, 6370, 2010; Gurney et al., Neurotherapeutics
12, 4956, 2015). The data provided herein below indicates that the cancer cytotoxic
phosphodiesterase modulator DNMDP likely acts through a similar allosteric mechanism.,

Accordingly, the invention provides methods for identifying subjects that have a malignancy
that is likely to respond to PDE3A modulator treatment baseﬂ on the level of PDE34 and SLFN12
expression in a subject biological sample comprising a cancer cell. In some embodiments, the
PDE3A modulator is DNMDP. In some other embodiments, the PDE3A modulator is anagrelide or

zardaverine.

Compound Forms and Salts

The compounds of the present invention include the compounds themselves, as well as their
salts and their prodrugs, if applicable. A salt, for example, can be formed between an anion and a
positively charged substituent (.g., amino) on a compound described herein. Suitable anions include
chloride, bromide, iodide, sulfate, nitrate, phosphate, citrate, methanesulfonate, trifluoroacetate, and

acetate. Likewise, a salt can also be formed between a cation and a negatively charged substituent

23

S




10

15

20

25

30

35

84193280

{e.g., carboxylate) on a compound described herein. Suitable cations include sodium ion, potassium
ion, magnesium jon, calcium ion, and an ammonium cation such as tetramethylammonium ion.
Examples of prodrugs include Cy¢ alkyl esters of carboxylic acid groups, which, upon administration
1o a subject, are capable of providing active compounds,

Pharmaceutically acceptable salts of the compounds of the present diselosure include those
derived from pharmaceutically acceptable inorganic and organic acids and bases. Asused herein, the
term “pharmaceutically acceptable salt” refers to a salt formed by the addition of a pharmaceutically
acceptable acid or base to a compound disclosed herein. As used herein, the phrase “pharmaceutically
acceptable” refers to a substance that is acceptable for use in pharmaceutical applications from a
toxicological perspective and does not adversely interact with the active ingredient.

Examples of suitable acid salts include ace;tata, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate, camphorate, camphorsulfonate, digluconate,
dodecylsulfate, ethanesulfonate, formate, furnarate, glucoheptanoate, glycolate, hemisulfate,
heptanoate, hexanoate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate,
maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, palmoate, pectinate,
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, salicylate, succinate, sulfate,
tartrate, thiocyanate, tosylate and undecanoate. Other acids, such as oxalic, while not in themselves
pharmaceutically acceptable, may be employed in the preparation of salts useful as intermediates in
obtaining the compounds of the present invention and their pharmacentically acceptable acid addition
salts. Salts derived from appropriate bases include alkali metal (e.g., sodium), alkaline earth metal
(e.g., magnesium), ammonium and N-(alkyl)," salts, The present invention also envisions the
quaternization of any basic nitrogen-containing groups of the compounds disclosed herein, Water or
oil-soluble or dispersible products may be obtained by such quaternization. Salt forms of the
compounds of any of the formulae herein can be amino acid salts of carboxyl groups (e.g., L~arginine,
-lysine, -histidine salts).

Lists of suitable salts are found in Remington's Pharmaceutical Sciences, 17th ed,, Mack
Publishing Company, Easton, Pa., 1985, p. 1418; Journal of Pharmaceutical Science, 66, 2 (1977);
and "Pharmaceutical Salts: Properties, Selection, and Use A Handbook; Wermuth, C. G. and Stahl, P.
H. (eds.) Verlag Helvetica Chimica Acta, Zurich, 2002 [ISBN 3-906390-26-8].

The neutral forms of the compounds may be regenerated by contacting the salt with a base or
acid and isolating the parent compound in the conventional manner. The parent form of the compound
differs from the various salt forms in certain physical properties, such as solubility in polar solvents,
but otherwise the salts are equivalent to the parent form of the compound for the purposes of the
present itvention.

In addition to salt forms, the present invention provides compounds which are in a prodrug
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form, Prodrugs of the compounds described herein are those compounds that undergo chemical
changes under physiological conditions to provide the compounds of the present invention.
Additionally, prodrugs can be converted to the compounds of the present invention by chemical or
biochemical methods in an ex vivo environment. For example, prodrugs can be slowly converted to
the compounds of the present invention when placed in a transdermal patch reservoir with a suitable
enzjme or chemical reagent. Prodrugs are often useful because, in some situations, they may be easier
to administer than the parent drug; They may, for instance, be more bioavailable by oral
administration than the parent drug. The prodrug may also have improved solubility in
pharmacological compositions over the parent drug. A wide variety of prodrug derivatives are known
in the art, such as those that rely on hydrolytic cleavage or oxidative activation of the prodrug. An
example, without limitation, of a prodrug would be a compound of the present invention which is
administered as an ester (the "prodrug™), but then is metabolically hydrolyzed to the carboxylic acid,
the active entity. Additional examples include peptidyl derivatives of a compound of the jaresent
invention.

The present invention also includes various hydrate and solvate forms of the compounds.

The compounds of the present invention may also contain unnatural proportions of atomic
isotopes at one or more of the atoms that constitute such compounds. For example, the compounds
may be radiolabeled with radioactive isotopes, such as for example tritium CH), iodine-125 ("*’I) or
carbon-14 (**C). All isotopic variations of the compounds of the present invention, whether

radioactive or not, are intended to be encompassed within the scope of the present invention.

Diagnostics

The present invention features diagnostic assays for the characterization of cancer. In one
embodiment, levels of PDE34 and/or Schlafen 12 (SLENI12) polynucleotides or polypeptides are
measured in a subject sample and ﬁsed as an indicator of cancer that is responsive to treatment with a
PDE3A modulator. Levels of PDE3A4 and/or Schlafén 12 polynucleotides may be measured by
standard methods, such as quantitative PCR, Northern Blot, microarray, mass spectrometry, and in
situ hybridization, Standard methods may be used to measure levels of PDE3A and/or Schlafen 12,
polypeptides in a biological sample derived from a tumor. Such methods include immunoassay,
ELISA, western blotting using an antibody that binds PDE3A and/or Schlafen 12 and
radioimmunoassay. Elevated levels of PDE3A and Schlafen 12 polynucleotides or polypeptides
telative to a reference are considered a positive indicator of cancer that is responsive to treatment with
a PDE3A modulator.

Types of biological samples
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In characterizing the responsiveness of a malignancy in a subject to PDE3A modulator
treatment, the level of PDE3A and/or SLFN12 expression is measured in different types of biologic
samples. In one embodiment, the biologic sample is a tumor sample.

PDE3A and/or SLFN12 expression is higher in a sample obtained from a subject that is
responsive to PDE3 A modulator treatment than the level of expression in a non-responsive subject.
In another embodiment, PDE3A and/or SLFN12 is at least about 5, 10, 20, or 30-fold higher in a
subject with a malignancy than in a healthy control. Fold change values are determined using any
method known in the art. In one embodiment, change is determined by calculating the difference in
expression of PDE3 A and/or SLFN12 in a cancer cell vs the level present in a non-responsive cancer

cell or the level present in a corresponding healthy control cell.

Selection of a treatment method

As reported herein below, subjects suffering from a malignancy may be tested for PDE3A
and/or SLFN12 expression in the course of selecting a treatment method. Patients characterized as
having increased PDE3A and/or SLFN12 relative to a reference level are identified as responsive to

PDE3A modulator treatment.

Kits

The invention provides kits for characterizing the responsiveness or resistance of a subject to
PDE3A modulator treatment.

Also provided herein are kits that can include a therapeutic composition containing an
effective amount of a PDE3A modulator in, e.g., unit dosage form.

In one embodiment, a diagnostic kit of the invention provides a reagent for measuring relative
expression of PDE3A and SLFN12. Such reagents include capture molecules (e.g., antibodies that

" recognize PDE3A and SLFN12 polypeptides or nucleic acid probes that hybridize with PDE3A and

SLFN12 polynucleotides).

In some embodiments, the kit comprises a sterile container which includes a therapeutic or
diagnostic composition; such containers can be boxes, ampoules, bottles, vials, tubes, bags, pouches,
blister-packs, or other suitable container forms known in the art. Such containers can be made of
plastic, glass, laminated paper, metal foil, or other materials suitable for holding medicaments.

In one embodiment, a kit of the invention comprises reagents for measuring PDE3A and/or
SLFN12 levels. If desired, the kit further comprises instructions for measuring PDE3 A and/or
SLFN12 and/or instructions for administering the PDE3A modulator to a subject having a
malignancy, e.g., a malignancy selected as responsive to PDE3A modulator treatment. In particular
embodiments, the instructions include at least one of the following: description of the therapeutic

agent; dosage schedule and administration for treatment or prevention of malignancy or symptoms
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thereof; precautions; warnings; indications; counter-indications; over dosage information; adverse
reactions; animal pharmacology; clinical studies; and/or references. The instructions may be printed
directly on the container (when present), or as a label applied to the container, or as a separate sheet,
pamphlet, card, or folder supplied in or with the container.

The practice of the present invention employs, unless otherwise indicated, conventional
techniques of molecular biology (including recombinant techniques), microbiology, cell biology,
biochemistry and immunology, which are well within the purview of the skilled artisan., Such
techniques are explained fully in the literature, such as, “Molecular Cloning: A Laboratory Manual”,
second edition (Sambrook, 1989); “Oligonucleotide Synthesis” (Gait, 1984); “Animal Cell Culture”
(Freshney, 1987); “Methods in Enzymology” “Handbook of Experimental Immunology” (Weir,
1996); “Gene Transfer Vectors for Mammalian Cells” (Miller and Calos, 1987); “Current Protocols in
Molecular Biology” (Ausubel, 1987); “PCR: The Polymerase Chain Reaction”, (Mullis, 1994); '
“Current Protocols in Immunology” (Coligan, 1991). These techniques are applicable to the
production of the polynucleotides and polypeptides of the invention, and, as such, may be considered
in making and practicing the invention. Particularly useful techniques for particular embodiments
will be discussed in the sections that follow.

The following examples are put forth so as to provide those of ordinary skill in the art with a
complete disclosure and description of how to make and use the assay, screening, and therapeutic

methods of the invention, and are not intended to limit the scope of the invention.
EXAMPLES

Example 1. Identification of a cell-selective cytotoxic small molecule

To identify anti-cancer compounds with cell-selective cytotoxic activity, an unbiased
chemical
screen was petformed in two lung adenocarcinoma cell lines, A549 and NCI-H1734, both of which
harbor oncogenic KR4S mutations and truncating STKI1 mutations, and which were TP53 wild type
and mutant (R273L), respectively. 1,924 compounds were screened from the Molecular Libraries
$mall-Molecule Repository validation set in the A549 and NCI-H1734 cell lines at a single
concentration of 10 pM in 384-well format in duplicate. As a proxy for cellular viability, ATP

content was measured after 48 hours of compound treatment.

Three compounds showed a selective reduction in cell viability for the NCI-H1734 cell line
compared to the A549 cell line, with an approximately 50% reduction in the NCI-H1734 cell line, ‘
which is > 4 median absolute deviations from the median in the negative direction, compared to a
minimal change of < 1 median absolute deviations from the median in the A549 cell line (Figure 1A).

Retesting the three compounds in a dose-response analysis validated that one compound, 6-(4-
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(diethylamino)-3-nitrophenyl)-5-methyl-4,5-dihydropyridazin-3(2 H)-one, or DNMDP, was
specifically toxic to the NCI-H1734 cell line (Figure 2).

Testing of additional cell lines with DNMDP showed clear cell-selective cytotoxicity, with an
ECs between 10 and 100 nM for two additional lung adenocarcinoma cell lines, NCI-H1563 and
NCI-H2122, and for Hel.a cervical carcinoma cells, but an ECs, greater than 1 pM for A549, MCF7,
and PC3 cells (Figure 1B; Figure 1C). Caspase activity was detected by a caspase-sensitive luciferase
assay and by poly ADP ribose polymerase (PARP) cleavage in HeLa cells upon DNMDP treatment,
indicating that sensitive cells undergo apoptosis after DNMDP exposure (Figures 17A-17B), To
characterize cellular sensitivity to DNMDP further, 766 genomically characterized cancer cell lines
were screened for DMNDP sensitivity at concentrations ranging from 66.4 pM to 2 nM in 2-fold
dilution steps for 72 hours. From these cell lines, 22 cell lines were categorized as sensitive with a
robust Z-score lower than -4, which represented multiple lineages including multiple melanoma cell
lines, amongst others (Table 1),

Next, the DNMDP enantiomers were separated by chiral super-critical fluid (SCF)
chromatography. One enantiomer was 500-fold more potent in Hel.a cells than the other (Figures 1C
and D). The (R)-enantiomer was synthesized from commercially available starting materials (Figure
3). This synthesized enantiomer had similar activity to the more potent separated material and was
identical by chiral 8CF chromatography, confirming stereochemistry of the active enantiomer
(Figures 4A-4C). Two (R)-des-nitro analogues of DNMDP were synthesized, both of which tested
similarly to (R)-DNMDP (Figure 3). Figures 4A-4C show super-critical fluid (SCF) chromatographs
of 6-(4-(diethylamino)-3-nitrophenyl)-5-methyl-4,5-dihydropyridazin-3(2H)-one (DNMDP) (top to
bottom: ES+, diode array, ES- traces). Figure 4A shows Peak 1 (CRO separation); Figure 4B shows
Peak 2 (CRO separation); and Figure 4C shows synthesized (R)-DNMDP (5:95 ratio peaks 1:2 by

uv).

Table 1: Sensitivity data of 766 cancer cell lines treated with DNMDP

Linea DNMDP
Cell line ge AUC Robust Z-score
Cov318 : OVARY 0.095838 -6.863450362
IGR37 SKIN 0.41146 -6.532158389
JHUEMI ENDOMETRIUM 0.53468 -6.402820773
HAEMATOPOIETIC AND
HEL LYMPHOID TISSUE 0.57955 -6.355723071
CORLS51 LUNG 0.59436 -6.340177786
HAEMATOPOLETIC AND
HEL9217 LYMPHOID TISSUE 0.75005 -6.176758102
NCIH1563 LUNG 1.0887 -5.821294837
SKMEL3 SKIN 1.2215 -5.681901594
NCIH2122 LUNG 1.3105 -5.58848293
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UPPER AERODIGESTIVE
TRACT

LUNG
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7.3182
7.3199

7.32
73288
7.3416

7.3508
73514
7.364
7.375

7.3753

7.376
7.4062
7.4091
7.4298
7.4555
7.4593
74952
7.5084

7.5146
7.5183

7.5234
7.5494

7.5755

7.5915
7.6032
7.6122
7.6165
7.6228
7.6273
7.6319

7.646

7.6648
7.7264
7.7386
7.7589

7.7977

7.8035
7.8185
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< 071748683
0.719271232
0.719376196
0.728613098
0.742048591

0.751705352
0.752335141
0.765560705
0.777106832

0.777421726

0.778156479
0.809855846
0.812899825
0.834627537
0.8616034838
0.865592151
0.903274511
0.917129863

092363768
0.927521377

0.932874582
0.960165427

0.987561238

1.004355605
1.016636485
1.026083316
1.030596802

1.037209584

1.041933
1.04676138

1.061561416

1.081294796
1.145953108
1.158758812
1.180066665

1.220793004

1.226880962
1.242625681
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BFTC909 . KIDNEY 7.9189 1.348010331
HAEMATOPOIETIC AND

Jvms LYMPHOID TISSUE 7.961 1392200508
HAEMATOPOIETIC AND

MHHCALL4 LYMPHOID TISSUE 8.031 1.465675862
HAEMATOPOIETIC AND

JURLMK1 LYMPHOID TISSUE 8.1126 1.551327131
HAEMATOPOIETIC AND

KE37 LYMPHOID TISSUE 8.1163 1.555210829

S117 SOFT TISSUE 8.2668 . 1L713182839
HAEMATOPOIETIC AND

KMS21BM LYMPHOID TISSUE 83309 1.780465271

KyM1 SOFT TISSUE 8.4417 1.896766259

CORIL9S LUNG 8.5762 2.037943903

MHHNBI11 AUTONOMIC GANGLIA - 8.8255 2299621128

MDAMB361 BREAST 9.2909 2.788127266
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Example 2. Identification of PDE3A as a putative targét of DNMDP

Given the potent cell-selective growth inhibition by 6-(4-(diethylamino)-3-nitrophenyl)-5-
methyl-4,5-dihydropyridazin-3(2H)-one (DNMDP), its mechanism of action was examined in more
detail. To determine the molecular target of DNMDP, chemogenomic analysis was performed of the
766 tested cell lines, previously characterized for mutations, copy number, and gene expression
features as part of the Cancer Cell Line Encyclopedia (CCLE, Barretina et al., 2012), to look for
correlation between these genomic features and DNMDP sensitivity. Analysis of Pearson correlations
between DNMDP sensitivity and expression of individual genes across the cell line set showed a
strong correlation with expression of the PDE34 gene, encoding phosphodiesterase 3A (Figure SA).
The correlation between DNMDP sensitivity and PDE3A4 expression is not perfect (Figure 18), and it
is possible that some errors are introduced due to the high-throughput nature of the cell line sensitivity
characterization, as manual validation for all 766 cel] lines was not logistically feasible. Mutation and
copy number features, in contrast, did not correlate with DNMDP sensitivity. Conversely, of 480
compounds tested, DNMDP sensitivity was the closest correlate of PDE3A expression (Figure 5B),
indicating that cancer cell lines with high PDE34 expression were more distinctly sensitive to
DNMDP than to any other tested compound. In contrast to the motivation of the initial screen, there
was no correlation between P53 mutation, or other measures of p53 function, and DNMDP
sensitivity,

Given these results and the clear structural similarity of DNMDP to known PDE3 inhibitors,
e.g., levosimendan and siguazodan (Figures 6A-6C), biochemical analysis of DNMDP against 19
phosphodiesterases representing 11 PDE super families was performed. At a concentration of 100
nM, DNMDP specifically inhibited both PDE3 A and PDE3B, weakly inhibited PDE10, and had little
or no detectable effect on other phosphodiesterases (Table 2).
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Because of the cellular correlation between PDE34 expression and DNMDP sensitivity, the
in vitro inhibition of PDE3 A and PDE3B by DNMDP, and the structural similarity of DNMDP to

* known PDE3 inhibitors, it was analyzed whether all PDE3 inhibitors would exhibit a similar cytotoxic

profile to DNMDP. Surprisingly, there was almost no correlation between ICs, for in vitro enzymatic
PDE3A inhibition and HeLa cell cytotoxicity across a series of tested compounds (Figure 5C and
Figure 7A and 7B). Indeed, the potent PDE3 inhibitor trequinsin (PDE3 IC; = 0.25 nM, Ruppert et

"al., Life Sci. 31, 2037-2043, 1982) did not affect HeLa cell viability in any detectable way. Despite

their differential effects on HeL.a cell viability, the non-cytotoxic PDE3 inhibitor trequinsin and the
potent cytotoxic compound DNMDP had similar effects on intracellular cAMP levels in forskolin-
treated HeLa cells (Figures 8A and 8B). This result indicates that inhibition of the cAMP and cGMP
hydrolysis functions of PDE3A was not sufficient for the cytotoxic activity of DNMDP.
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Table 2: Results of phosphodiesterase inhibition reactions
PDE % inh. #1 % inh. #2 % inhibition

PDE1AI 3 7 5
PDEIB -5 0 2
PDEIC 2 9 5
PDE2A 6 10 8
PDE3A 95 95 95
PDE3B 98 97 97

PDE4AIA 14 18 16
PDE4B1 21 20 21
PDEACI 10 14 12
PDE4D3 14 16 15
PDE4D7 19 20 20
PDESAL 16 16 16

PDE7A 24 20 22
PDE7B 5 1 8
PDESA1 10 12 1
PDE9A2 0 5 2
PDEI0ALI 61 65 63
PDE10A2 67 70 68
PDE11A 14 18 16

Example 3. Target validation of PDE3A
The complex relationship between phosphodiesterase 3A (PDE3A) inhibition and cell killing,

in which 6-(4-(diethylamino)-3-nitrophenyl)-5-methyl-4,5-dihydropyridazin-3(2H)-one (DNMDP)
and some PDE3 inhibitors kill HeLa and other DNMDP-gensitive cells, whereas others PDE3
inhibitors do not affect cell viability, indicated several possible interpretations including: 1) the
cytotoxic activity might be PDE3-independent and due to action on a different protein though
soreening 234 kinases found no kinase inhibition by 10 pM DNMDP; 2) cytotoxic and non-cytotoxic
PDE3 inhibitors might bind to different sites within the protein and exert distinct activities; or 3) the
cytotoxic and non-cytotoxic PDE3 inhibitors might bind to the PDE3 active sites but have different
effects on the conformation and activity of the protein. This third possibility might be unexpected,

but allostetic modulators of PDE4 have been shown to bind the PDE4 active site and interact with
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upstream (UCR2), and downstream (CR3) regulatory domains and thereby stabilize specific inactive
conformations (Burgin et al., Nat Biotechnol 28, 63-70, 2010). Most importantly, ?DI:M competitive
inhibitors and PDE4 allosteric modulators with similar ICses for cAMP hydrolysis in vitro had
different cellular activities and safety profiles in animal studies (Burgin et al., Nat Biotechnol 28, 63—
70,2010). To evaluate whether PDE inhibitors or other small molecules compete with DNMDP, the
PHARMAKON 1600 collection of 1600 bioactive compounds (PHARMAKON 1600 is a unique
collection of 1600 known drugs from US and International Pharmacopeia) was screened to identify
compounds that were able to rescue cell death induced by DNMDP. HelLa cells were co-treated with
30 nM DNMDP (the EC4 concentration) and 20 pM of each bioactive compound. Cell viability after
48-hour treatment was assessed by ATP consumption as described earlier. The five most potent
compounds that rescued cell death induced by DNMDP were all PDE inhibitors, and the three most

potent compounds, levosimendan, milrinone, and cilostazol, were all selective PDE3 inhibitors

(Figure 9A).

In follow-up experiments, it was confirmed that cilostamide, levosimendan, milrinone, and
several other non-cytotoxic selective PDE3 inhibitors were able to rescue DNMDP cytotoxicity in a
dose-dependent manner (Figure 9B). The most potent DNMDP competitor was trequinsin, with an
“RCsq” (the concentration at which it achieved 50% rescue) of < 1 nM; in contrast, PDES inhibitors
such as sildenafil and vardenafil, as well as the pan-PDE inhibitors idubulast and dipyridamole, were
not effective competitors up to 10 uM concentrations in this assay (Figure 9B). This indicated that
non-gytotoxic PDE3 inhibitors and DNMDP compete for binding to the same molecular target that is
mediating the cytotoxic phenotype.

To identify the molecular target of DNMDP, an affinity purification was performed using an
(R)-des-nitro-DNMDP golid-phase tethered linker analogue (Figure 10A) incubated with HeLa cell
lysate. This linker analogue had the same DNMDP cytotoxicity rescue phenotype as non-cytotoxic
PDES3 inhibitors described above (Figure 10B), indicating that it too bound to the same molecular
target. It was competed for the molecular target by adding either an excess of trequinsin or separate
enantiomers of DNMDP, where only the (R)-enantiomer was cytotoxic. Immunoblotting for PDE3A
of the affinity purified material showed that PDE3A indeed binds to the linker analogue. Binding of
PDE3A to the linker analogue was blocked by both trequinsin and (R)-DNMDP, but not by the non-
cytotoxic enantiomer (8)-DNMDP (Figure 9C). Thus both trequinsin and (R)-DNMDP prevented the
binding of PDE3A to the tethered DNMDP analogue, and it was concluded that both molecules bind
PDE3A directly.

Based on the observations that DNMDP-sensitive cells expressed high levels of PDE3A4, and
that DNMDP competed with non-cytotoxic inhibitors for PDE3A binding, it was hypothesized that
DNMDP mediated its cytotoxic phenotype through the interaction with PDE3A and that PDE3A
abundance was a direct cellular determinant of DNMDP sensitivity. To validate this hypothesis, the
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effect of reducing levels of PDE3 A on the response to DNMDP was tested. A clustered regularly
interspaced short palindromic (CRISPR)-associated CAS9 enzyme that was targeted with three guide
RNAs (sgRINA) targeting three different sites in the PDE34 locus led to complete loss of PDE3A
expression (Cong et al., Science 339, 819-823, 2013) sgRNA2 and sgRNA3 almost completely
reduced PDE3 A protein levels, whereas sgRNAT had a moderate effect on PDE3A expression (Figure
11A). Importantly, both sgRNA2 and sgRNA3 led to significant rescue of toxicity by an active
cytotoxic DNMDP analog, 3 (Figures 11A and 11B and Figures SA-5C). Both sgRNA2 and sgRNA3
led to significant rescue of toxicity by DNMDP (Figure 11C). Changes in proliferation rate or
morphology in HeLa cells with reduced PDE3A expression were not observed, indicating that PDE3A
was not required for cell survival, In an independent approach using an siRNA smart-pool containing
four different siRNAs targeting PDE34, PDE3A expression was reduced in Hel.a cell line with a
maximum efficiency of 70% between 24 and 72 hours after transfection. HeLa cells treated with
siPDE3A had a higher ECs to a DNMDP analog compared to the control siRNA condition (Figures
12A and 12B). Without being bound by theory it was concluded that DNMDP cytotoxicity requires
PDE3A, and that DNMDP likely modulates the function of PDE3A.

Example 4. Determining the mechanism of action of DNMDP

The dependence of 6-(4-(diethylamino)-3-nitropheny!)-5-methyl-4,5-dihydropyridazin-3(2H)-
one (DNMDP) cytotoxicity on phosphodiesterase 3A (PDE3A) protein abundance indicated a
possible mechanism similar to that recently observed for lenalidomide, which acts by a neomorphic or
hypermorphic mechanism by stabilizing an interaction between cereblon and IKAROS Family Zinc
Finger 1 (IKZF1) and IKZF3 (Krinke et al., Science 343, 301-305, 2014; Lu et al., Science 343, 305—
309, 2014). In addition, PDE4 allosteric modulators, but not competitive inhibitors, have been shown
to bind and stabilize a “closed” protein conformation that has independently been shown to uniquely
bind the PDE4-pariner protein DISC1 (Millar et al., Science 310, 11871191, 2005). The protein
complexes in which PDE3A resides were characterized under normal conditions, and it was examined -
how these complexes change when PDE3A is bound to DNMDP or the non-cytotoxic PDE3 inhibitor
trequinsin. PDE3A and interacting proteins from Hela cells were immunoprecipitated in the presence
of DNMDP and trequinsin followed by labeling with isobaric stable isotope tags for relative
abundance and quantitation by mass spectrometry (iTRAQ/MS, Figure 13A). PDE3A
immunoprecipitates from HeLa cells were enriched for multiple protein phosphatase subunits
including protein phosphatase 2 subunits (PPP2CA, PPP2R1A, PPP2R1B, PPP2R2A, PPP2R2D),
caleineurin (PPP3R1, PPP3CA, Beca et al., Circ, Res, 112, 289-297, 2013), 14-3-3 (YWHAB,
YWHAQ, YWHAG, YWHAZ, Pozuelo Rubio et al., Biochem. J. 392, 163172, 2005), and tubulin
(TUBAILC, TUBAI1B) family members (Figure 13B and Figure 14A). In addition, it was found that
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PDE3A and PDE3B reside in the same protein complex, which has been previously reported
(Malovannaya et al,, Cell 145, 787799, 2011).

Binding of DNMDP alteréd the composition of interacting proteins that were co-
immunoprecipitated with PDE3A. Proteins that were specifically enriched in PDE3A
immunoprecipitates after treatment with DNMDP included Sirtuin 7 (SIRT7) and Schlafen 12
(SLFN12) (Figure 13C and Figure 14B). These proteins specifically interacted with PDE3A in the
presence of DNMDP, and were not observed in the trequinsin treated control, whereas a known
PDE3B interactor, abhydrolase domain-containing protein 15 (ABHD15, Chavez et al,, Biochem,
Biophys. Res. Commun. 342, 12181222, 2006}, was enriched in the immunoprecipitate from
trequinsin-treated cells (Figure 13C and Figure 14C). The interaction promoted by DNMDP between
PDE3A and both SIRT7 and SLFN12 was validated with affinity reagents. Immunoprecipitation of |
endogenous PDE3A in HelLa cells treated with DNMDP, but not DMSO or trequinsin, enhanced
complex formation of ectopically expressed V5-tagged SIRT7 and SLFN12 with PDE3A, as
evidenced by coimmunoprecipitation (Figure 19). Figure 20 further shows that DNMDP and
(weakly) anagrelide, but not trequinsin, induced PDE3 A and SFLN12 complex formation.

Similar to PDE3A, overexpression of SLFN12 appears to have a cytotoxic effect in DNMDP
sensitive cell lines, contributing to the difficulty of detecting SLFN12 in whole cell lysates.

The enhanced interaction of PDE3A with SIRT7 and SLFN12 indicated the possibility that
one or more of these interacting proteins might contribute to DNMDP sensitivity. SIR77 mRNA
expression was relatively constant among all cells tested, but the co-expression of SLFNI2 and
PDE34 mRNA showed a strong cotrelation with DNMDP sensitivity; aimost all DNMDP-sensitive
cell lines expressed high levels of SLFNI2 (Figure 15A-15C). Importantly, almost half of sensitive
cell lines expressing high levels of SLFNI12 and PDE3A4 were found to be melanoma cell lines (Figure
15B). SLFNIZ2 expression alone was also one of the top genes correlating with sensitivity to
DNMDP, corroborating the hypothesis that SLFN12 could be functionally invelved in DNMDP-
induced cytotoxicity (Figure 16A). Moreover, when correcting for PDE3A4 expression, SLENI2
expression was the top correlating gene with DNMDP sensitivity (Figure 16B). To assess whether
SLFNI12 is required for the cytotoxic phenotype of DMNDP, we reduced SLFNI2 mRNA expression
by 60% by knockdown with two shRNA s in Hel.a cells (Figure 15D). Similar to reduction in PDE3A
expression, reduction of SL.FN12 expression did not result in cytotoxicity, and in fact decreased
sensitivity to DNMDP (Figure 15E). These results show that SLFN12, like PDE3A, is required for
the cytotoxic phenotype of DMNDP, Characterization of normal expression of SLFNI2 and PDE3A
by the GTEX consortium (Pierson, E. et al. PLoS Comput. Biol. 11, e1004220 (2015)) shows low
expression of SLFN] 2 in normal tissues, while high co-expression of both PDE34 and SLFN12 is
rarely observed (Table 3). This could suggest that on-target toxicity of DNMDP and related

nt'sc)nnpcmmdaa may be potentially limited.
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SLFNI2 (RPKM) PDE34 (RPKM)
Mean sD Mean SD n
Adipose - Subcutaneous 2.14 0.70 128
Adip"s(ec;n‘ngﬁ 243 - 1.03 31
Adrenal Gland [ 3,0 0.34 " 0.21 52
Artery - Aorta 2.10 82
Artery - Coronary 1.80 0.80 44
Artery - Tibial 1.09 0.49 137
Bladder 1.38 0.57 1.33 0.40 11
Brain - Amygdala 0.37 0.23 0.96 0.34 26
Brain - Amz:fz;‘:i&gzg‘g 0.28 0.16 0.77 045 | 22
Brain - Caudate (basal 0.40 0.23 1.27 037 | 36
ganglia)
Brain Hgf;:‘;;gfg 0.1 0.07 2.73 149 | 29
Brain ~ Cerebellum 0.19 0.10 2.40 0.98 31
Brain - Cortex 0.25 0.12 0.56 0.59 25
Brain - Frontal Cortex (BA9) 0.26 0.15 0.54 0.33 28
Brain - Hippocampus 0.39 0.31 0.82 0.38 28
Brain - Hypothalamus 0.46 0.29 0.93, 0.48 30
Brain - Nucleus accumbens | - 5 0.16 111 041 | 32
(basal ganglia)
Brain - Putamen (basal 0.29 0.18 0.91 033 | 24
ganglia)
Brain ~ Spinal cord (cerviff.)l 0.50 0.32 0.65 0.55 19
Brain - Substantia nigra 0.62 0.50 0.82 0.47 27
Breast - Mammary Tissue 66

Cells - EBV-transformed
lymphocytes

0.74

Cells - Transformed
fibroblasts

Colon - Sigmoid

Colon - Transverse

Esophagus -
Gastroesophageal Junction
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Esophagns - Mucosa 1.01 045 0.82 1.32 106
Esophagus - Muscularis 1.29 0.35 99
Fallopian Tube 2.32 0.86 )
Heart - Atrial Appendage 1.05 0.38 38
Heart - Left Ventricle 0.81 0.38 95
Kidney - Cortex 1.21 1.07 1.40 0.84 8
Liver 0.29 0.16 0.49 0.28 34
Lung 2.83 1.12 2.78 1.48 133
Minor Salivary Gland | - 1.75 0.61 0.62 0.44 5
" Muscle - Skeletal 0.25 0.18 0.84 0.42 157
Nerve - Tibial 2.82 0.87 : 114
Ovary 1.92 0.57 2.17 1.13 35
Pancreas 0.52 0.27 2.65 0.86 65
Pituitary 047 0.23 22
Prostate 141 0.57
Skin - Not f’;fpf:}f\fg’;‘)‘ 0.76 0.37
Skin - Sun Exposed (L‘*l‘;’g 0.63 0.31 1.00 0.69 126
Small Intestine - Terminal 1.61 0.72 17
Tleum _
Spleen [ __ 1.18 0.46 34
Stomach | 1.10 81
Testis 0.49 0.43 0.20 60
Thyroid [~ 10 2.59 134 | 120
Uterus 1.99 B 7 0.56 32
Vagina 1.39 1.39 2.49 2.49 34
Whole Blood 1.40 1.10 0.06 0.05 191

Figure 21 shows that SLFN12 is lost in cells that have acquired resistance to DNMDP, Cell
lines initially sensitive to DNMDP were made resistant by persistent exposure to DNMDP and

subsequently analyzed by RNA-seq. One gene was dc)wnregulated in both HeLa and H2122: SLFN

12. Accordingly, a reduction in levels of SLFN 12 indicates that cells have become resistant to

DNMDP and other PDE3 A modulators.
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Figure 22 shows sensitization of a DNMDP-resistant cell line by expression of SLFN12 or
expression of SFLN12 and PDE3A. Expression of SLFN12 was sufficient to confer DNMDP
sensitivity to A549 cells. Adding PDE3A expression led to further sensitization.

Leiomyosarcomas are malignant smooth muscle tumors. Patient tumor samples from
leiomyosarcomas were analyzed for PDE3A and SLFN12 expression to characterize sensitivity of
leiomyosarcomas (LMS) to DNMDP. L eiomyosarcomas are thought to be sensitive to DNMDP due
to prevalence among high purity TCGA samples expressing elevated levels of PDE3A and SLFN12
(Figure 23, Table 4). P value for association of biomarker expression with leiomyosarcoma lineage:
0.0001.

Table 4. Leiomyosarcomas Characterization

Marker Marker Expression
Expression Indicates DNMDP
Indicates not sensitive
DNMDP
sensitive

LMS 17 31

Not LMS 38 1516

Differential scanning fluorimetry (DSF) was used to demonstrate binding of DNMDP to
purified PDE3A catalytic domain, PDE3A(677-1141). Inthis experiment, 5 uM hsPDE3A(640-1141)
was incubated in the absence or presence of 100 uM compounds, as indicated in Table 5. Binding
buffer: 20 mM Hepes pH 7.4, 100 uM TCEP, 1 mM MgCl,, 150 mM NaCl.

Table 5. Binding of DNMDP to PDE3A(677-1141)

Tw (°C) AT, (CC)
PDE3 Agr7.1141 52.4£0.0
PDE3 As77.1141 + DNMDP 58.4+0.0 6.0
PDE3 Agyr.1141 + Anagrelide 56.6+0.0 4.2
PDE3 Ag77.1141 + Trequinsin’ 66.2+0.0 14.2

Using chemogenomics, a class of compounds was discovered, exemplified by DNMDP, that
targeted a novel cancer dependency by small-molecule modulation of PDE3A. These compounds

bound PDE3A in a mutually exclusive manner with non-¢ytotoxic PDE3 inhibitors and exerted a
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neomorphic or hypermorphic effect on the function of PDE3A, leading to a change in its protein-
protein interactions. One unique protein-interaction partner, SLFN12, was highly expressed in
DNMDP-sensitive cell lines, indicating a functional role in the pathway through which the cytotoxic
signal was relayed. As aresult, DNMDP was both selective and potent across a large panel of cancer
cell lines.

Here, a novel cytotoxic compound was identified with great selectivity and low-nM potency
against cancer cell lines across multiple lineages. Using gene-expression correlates for
chemogenomics, PDE3A was identified as the putative target of this small molecule, DNMDP.,
Interestingly, loss of PDE3 A expression resulted in resistance to DNMDP. Moreover, PDE3A
immunoprecipitation followed by isobaric stable isotope tags for relative abundance and quantitation
by mass spectrometry (iTRAQ/MS) identified SLFN12 and SIRT7 as novel protein-protein
interaction partners of PDE3A upon DNMDP binding, possibly due to allosteric modulaﬁon of the
function of PDE3A. Importantly, SLFNI2 expression was the top correlating gene with DNMDP
sensitivity when corrected for PDE3A expression. Single gene or multi-gene expression correlations
have shown to help elucidate the mechanism of action and relevant signaling pathways of small
molecules. A novel biochemical target for cancer treatment was identified that is unlikely to have
been found by target identification approaches such as loss-of-function screens or genomic analysis.

PDE3A belongs to the superfamily of phosphodiesterases and together with PDE3B forms the
PDE3 family. The PDE3 family has dual substrate affinity and hydrolyses both cAMP and cGMP.
Expression of PDE34 is highest in the cardiovascular system, platelets, kidney, and oocytes (Ahmad
et al., Horm Metab Res 44, 776--785,2012). The clinical PDE3 inhibiter cilostazol has been
developed fo treat intermittent claudication, as PDE3A inhibition in platelets impairs activation and
platelet coagulation (Bedenis et al., Cochrane Database Syst Rev 10, CD003748, 2014), Other PDE3
inhibitors, such as milrinone, amrinone, and levosimendan, are indicated to treat congestive heart
failure, where the combination of vasodilation and elevated cardiac cAMP levels increases cardiac
contractility (Movsesian et al., Curr Opin Pharmacol 11, 707--713, 2011), None of these clinical
inhibitors were able to replicate the cytotoxic phenotype of DNMDP, indicating that cyclic nucleotide
hydrolysis was not sufficient to induce cell death in DNMDP-sensitive cell lines.

Interestingly however, other PDE3 inhibitors such as zardaverine, anagrelide, and quazinone
have been reported previously to have cell cytotoxic characteristics in a select number of cancer cell
lines (Sun et al., PLoS ONE 9, €90627, 2014; Fryknis et al., ] Biomol Screen 11, 457468, 2006). In
concordance with the present findings, other PDE3 and PDE4 inhibitors were found not to replicate
the cytotoxic phenotype of zardaverine where retinoblastoma protein retinoblastoma 1 (RB1)
expression was reported to separate zardaverine sensitive cell lines from non-sensitive cell lines (Sun
et al., PLoS ONE 9, 90627, 2014), This finding was in contrast to the present data where a

correlation between cytotoxic activities of DNMDP and copy-number or mRMNA expression of RB/
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was not identified. Another PDE3 inhibitor, anagrelide, uniquely inhibited megakaryocyte
differentiation, resulting in apoptosis. Other PDE3 inhibitors tested did not have this activity (Wang
et al., Br. J. Pharmacol. 146, 324332, 2005; Espasandin, Y. et al., J. Thromb. Haemost. n/a-n/a,
2015, doi:10.1111/jth.12850). It was hypothesized that the reported effects of zardaverine on cell
viability and anagrelide on megakaryocyte differentiation are mediated through the same PDE3A
modulation as described in this study.

Multiple PDE3 inhibitors were competitive inhibitors and have been shown to occupy the
catalytic binding site of cAMP and ¢cGMP (Card et al,, Structure 12, 2233-2247, 2004; Zhan et al.,
Mol. Pharmacol. 62, 514—520, 2002). In addition, zardaverine has been co-crystatized in a complex
with PDE4D, where it occupies the cAMP-binding site, and has been modeled to bind PDE3B in a
similar manner (Lee et al., FEBS Lett, 530, 5358, 2002). Given the structural similarity of DNMDP
to zardaverine and that DNMDP inhibited both PDE3 A and PDE3B, it was hypothesized that the
binding mode of DNMDP is very similar to that of zardaverine. This indicated that in addition to
acting as a cAMP/cGMP-competitive inhibitor, DNMDP allosterically induces a conformation that is
responsible for its cytotoxic phenotype. Allosteric modulation of phosphodiesterases has been
described previously for PDE4, where small molecules bound in the active site and simultaneously
interacted with regulatory domains that came across the PDE4 active site. As a result, allosteric
modulators stabilized a protein conformation that has been shown to differentially bind different
PDE4 partner proteins (Burgin et al., Nat Biotechnol 28, 63-70, 2010).

The study of proteins associated with PDE3A might illuminate both its normal function and
the V\;ay in which PDE3A modulators such as DNMDP kill cancer cells. PDE3A interacted with
protein phosphatase 2 subunits, which are implicated in oncogenic viral transformation and are
mutated in human cancers (Nagao et al,, Int. Symp. Princess Takamatsu Cancer Res. Fund 20, 177
184, 1989; Imielinski et al., Cell 150, 1107-1120, 2012; Lawrence et al., Nature 499, 214-218, 2013),
indicating a role for PDE3 A in cancer cell signaling. Even though these interactions were not induced
by DNMDP binding, the importance of the protein phosphatases in cancer biology would warrant
further research.

The enhanced interaction between PDE3A and SLFN12, facilitated by DNMDP binding to
PDE3A, and the correlation between sensitivity to DNMDP with SLFN12 expression strongly
indicated that it is necessary to understand the functional impact of the PDE3A-SLFN]12 interaction.
However, little is known at this time about the functional role of SLFN12 in human physiology and
cancer biology. SLFN12 is part of the schlafen gene family that diverges largely between hurnans and
rodents. The large difference is due to rapid gene evolution and positive selection (Bustos et al., Gene
447,1-11,2009). Therefore, SLFNI12 has no murine orthologue, preventing the study of SLFN12ina
well-understood model organism. The single publication on SLFN12 showed modulation of prostate
cancer cell lines aﬁer‘ ectopic expression of SLFN12 (Kovalenko et al., J. Surg. Res. 190, 177-184,
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2014). Additional studies into the function of SLFN12 and its interaction with PDE3A could

elucidate the mechanism of DNMDP cytotoxicity. Two observations indicated that DNMDP acted as
a ncomorph or hypermorph on PDE3A function: 1y DNMDP-sensitive cancer cell lines did not
depend on PDE3A expression for survival, but rather PDE3A knock-down led to DNMDP resistance;
and 2) DNMDP indu ced or enhanced protein-protein interactions upon binding to PDE3A.
Lenalidomide was an example of a small molecule that acted as a neomorph or hypermorph rather
than as an enzymatic inhibitor. Lenalidomide modulated a specific protein-protein interaction
between the cereblon ubiquitin ligase and Ikaros transcription factors, which were then subsequently
targeted for degradation (Kronke et al., Science 343, 301-305, 2014; Lu et al., Science 343, 305-309,
2014). By analogy, DNMDP might directly stabilize a PDE3A-SLFN12 interaction, or DNMDP
could allosterically stabilize a PDE3 conformation that binds SLFN12. Either of these mechanisms
could result in a neo- or hypermorphic phenotype. Further characterization of the neomorphic
phenotype induced by DNMDP might facilitate synthesis of small molecules that will not inhibit
cyclic nucleotide hydrolysis by PDE3A. Toxicity profiles of such small molecules should differ from
PDES3 inhibitors prescribed for cardiovascular indications.

This study has uncovered a previously unknown role for PDE3A in cancer maintenance, in
which its function can be modified by a subset of PDE3 inhibitors, resulting in toxicity to a subset of
cancer cell lines. These data indicated that DNMDP and its analogs had a hyper- or neomorphic
effect on PDE3A, leading to cellular toxicity, which was corroborated by cells becoming less
sensitive to DNMDP with decreasing levels of cellular PDE3A. These observations are comparable
with other reports of allosteric modulation of phosphodiesterases (Burgin et al., Nat Biotechnol 28,
63--70, 2010), indicating that DNMDP and analogues may have similar effects on PDE3A. The exact
mechanism of cell-selective cytotoxicity remains unknown for now; however, further studies into the
novel interactions with SLFN12, and perhaps SIRT7, might be informative.

In summary, the study herein used differential cytotoxicity screening to discover a cancer cell
cytotoxic small molecule, DNMDP. Profiling of DNMDP in 766 genomically-characterized cancer
cell lines revealed stereospecific nanomolar efficacy in about 3% of cell lines tested. A search for
genomic features that indicated sensitivity revealed that elevated PDE3A expression strongly
correlated with DNMDP response. DNMDP inhibited PDE3A and PDE3B, with little or no activity
towards other PDEs. However, unexpectedly, most other PDE3A inhibitors tested did not phenocopy
DNMDP, including the potent and selective PDE3A inhibitor, trequinsin. Co-treatment of DNMDP-
sensitive cells with trequinsin competed away the cancer cell cytotoxic activity of DNMDP, and
knockout of PDE3A rescued the otherwise sensitive cells from DNMDP-induced cytotoxieity, leading
us to hypothesize that PDE3A is required for cancer cell killing by DNMDP, which induces a
neomorphic alteration of PDE3A. Mass spectrometric analysis of PDE3A immunoprecipitates alone
or in the presence of DNMDP or trequinsin revealed differential binding of SLFN12 and SIRT7 only
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in the presence of DNMDP. Similar to PDE3A, SLFN 12 expression levels were elevated in
DNMDP-sensitive cell lines, and knock down of SLFN12 with shRNA decreased sensitivity of cells
to DNMDP, indicating that DNMDP-induced complex formation of PDE3A with SLFN12 is critical
to the cancer cell cytotoxic phenotype. Results herein therefore implicate PDE3A modulators as
candidate cancer therapeutic agents and demonstrate the power of chemogenomics in small molecule
discovery. .

The experiments above were performed with the following methods and materials.

Compound library screening in NCI-H1 734 and A549 cell lines

1500 NCI-H1734 or 1000 A549 ceils’were plated in a 384-well plate in 40 pl of RPMI
supplemented with 10% Fetal Bovine Serum and 1% Pen/Strep. 24 hours after plating, a compound-
library of 1924 small molecules was added at a concentration of 10 pM. Staurosporine was used a
positive control for cytotoxicity at a concentration of 10 pM, and DMSO was used a negative control
at a concentration of 1%. All compounds were incubated for 48 hours with indicated small
molecules. After 48 hours, 384-well plates were removed from the incubator and allowed t6 cool to
room temperature for 20 minutes. Cell viability was assessed by adding 40 ul of 2 25%
CELLTITERGLO® (Promega) in PBS with a THERMO COMBI™ or multichannel-pipette and
incubated for 10 minutes. The luminescence signal was read using a Perkin-Elmer EnVision,

Viability percentage was calculated by normalizing to DMSO controls.

Compound sensitivity testing in cell lines

1000 HeLa (DMEM), 1000 A549 (RPMI), 500 MCF-7 (DMEM), 4000 PC3 (F12-K), 1000
NCI-H2122 (RPMI) or 1500 NCI-H1563 (RPMI) cells were plated in a 384-well plate in 40 pl of
corresponding growth media supplemented with 10% Fetal Bovine Serum. 24 hours after plating,
indicated compounds were added at indicated concentrations and incubated for 48 hours. Cell

viability was assessed as described in Compound library screening in NCI-H1734 and A549 cell lines.

Caspase activity in HeLa cells

1000 HelLa cells were plated in 384-well plate in 40 pl of corresponding growth media
supplemented with 10% Fetal Bovine Serum. 24 hours after plating, indicated compounds were added
at indicated concentrations and incubated for 48 hours. Caspase-Glo from Promega was added '
according to the manufacturers recommendations and luminescence was determined as described in
Compound library screening in NCI-H1734 and 4549 cell lines.
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Large-scale cell-line viability measurements

The sensitivity of 777 cancer cell lines (CCLs) was measured drawn from 23 different
lineages to DNMDP. Each cell line was plated in its preferred media in white opaque 1536-plates at a
density of 500 cells/well. After incubating overnight, DNMDP was added by acoustic transfer at 16
concentrations ranging from 66.4 pM — 2 nM in 2-fold steps in duplicate (Labcyte Echo 555, Labeyte
Inc., Sunnyvale, CA). After 72 hours treatment, cellular ATP levels were measured as a surrogate for
viability (CELLTITERGLO®, Promega Corporation, Madison, WI) according to manufacturer’s
protocols using a ViewLux Microplate Imager (PerkinElmer, Waltham, MA) and normalized to
background (media-only) and vehicle {DMSQ)-treated control wells.

Concentration response curves were fit using nonlinear fits to 2- or 3-parameter sigmoid
functions through all 16 concentrations with the low-concentration asymptote set to the DMSO-
normalized value, and an optimal 8-point dose curve spanning the range of comp ound-sensitivity was
identified. The area under the 8-point dose curve (AUC) was computed by numeric integration as a
metric for sensitivity for further analysis. Similar sensitivity measurements hdve been obtained for a
collection of 480 other compounds, enabling analyses that identify cell lines responding uniquely to
DNMDP (see Broad Institute Cancer Therapeutics Response Portal, a dataset to identify
comprehensively relationships between genetic and lineage features of human cancer cell lines and

small-molecule sensitivities for complete list of compounds).

Correlation of sensitivity measurements with basal gene expression

Gene-centric robust multichip average (RMA)-normalized basal mRNA. gene expression data
measured on the Affymetrix GeneChip Human Genome U133 Plus 2.0 Array were downloaded from
the Cancer Cell Line Encyclopedia (CCLE, a detailed genetic characterization of a large panel of
human cancer cell lines; Barretina et al., Nature 483, 603-607, 2012). Pearson correlation
coefficients were calculated between gene expression (18,988 transcripts) and areas under the curve
(AUCs) across 760 overlapping CCLs, For comparisons across small molecules exposed to differing

numbers of CCLs, correlation coefficients were transformed using Fisher’s transformati on,

Chemistry Experimental Methods
General details

All reactions were carried out under nitrogen (N2} atmosphere. All reagents and solvents
were purchased from commercial vendors and used as received. Nuclear magnetic resonance (NMR)
spectra were recorded on a Bruker (300 or 400 MHz 'H, 75 or 101 MHz 3C) spectrometer. Proton
and carbon chemical shifts are reported in ppm (8) referenced to the NMR solvent. Data are reported
as follows: chemical shifts, multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet, m
= multiplet; coupling constant(s) in Hz). Flash chromatography was performed using 40-60 pm Silica
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Gel (60 A mesh) on a Teledyne Isco Combiflash Rf. Tandem Liquid Chromatography/Mass
Spectrometry (LC/MS) was performed on a Waters 2795 separations module and 3100 mass detector
with a Waters Symmetry C18 column (3.5 pm, 4.6 X 100 mm) with a gradient of 0-100% CH3CN in
water over 2.5 min with constant 0.1% formic acid. Analytical thin layer chromatography (TLC) was
performed on EM Reagent 0.25 mm silica gel 60-F plates. Elemental analysis was performed by
Robertson Microlit Laboratories, Ledgewood NJ.

Synthesis of (R)-DNMDP

H H
N',N o NI,N
[ /?J\
H,N N
2 A H B
H H
N»"N o N,N 0
I I
D B
H,N N
NO, p _J no, (r)-DNMDP

In 5 mL of acetic anhydride, 2.00 g (9.84 mmol) of (R)-6-(4-aminophenyl)-5-methyl-4,5-
dihydropyridazin-3(2H)-ene (A, Toromnto Research Chemicals) was stirred 1 hour before addition of
30 mL water, filtration, rinsing the solids with water and drying to yield 2.20 g of product B (91%).
"H NMR (300 MHz, DMS O-dg) & 1092 (s, 1H), 10.13 (s, 1H), 7.74 (4, J = 8.9, 2H), 7.65 (d, /= 8.8,
2H), 3.41 —3.33 (m, 1H), 2.68 (dd, J= 6.8, 16.8, 1H), 2.23 (d, J= 16.7, 1H), 2.08 (s, 3H), 1.07 (d, J =
7.3, 3H). PC NMR (75 MHz, DMSO-ds) & 168.50, 166.27, 152.25, 140.27, 129.24, 126.24, 118.70,
33.47,26.91, 24,02, 15.87. HPLC: R, 0.72 min, purity > 95%. MS: 246 (M + 1).

To 3.09 g of B (15.3 mmol) dissolved in 30 mL of sulfuric acid and cooled in an ice bath was
added 0.72 mL of 90% nitric acid (15 mmol) in 8 mL sulfuric acid via an addition funnel over 10
minutes. After stirring 1 hour the mixture was poured onto ice. The yellow solid was filtered off and
the water was rinsed several times with EtOAc before drying and combining with the yellow solid.
Chromatography with 40-60% EtOAc in hexane yielded 1.12 g (25%) of product as a yellow solid
which was recrystallized from EtOAc. '"H NMR (300 MHz, DMSO-dg) 8 11.13 (s, 1H), 10.41 (s, 1H),
8.25 (d, J= 1.8, 1H), 8.07 (dd, J= 1.8, 8.6, 1H), 7.71 (d, J= 8.6, 1H), 3.55 —3.40 (m, 1H), 2.74 (dd, /
=6.9, 16.8, 1H), 2.27 (d, J = 16.8, 1H), 2.09 (s, 3H), 1.08 (d, J=7.2, 3H). >C NMR (75 MHz,
DMSO-d6) 8 168.57, 166.31, 150.37, 142.19, 131.69, 131.32, 130.60, 125.07, 121.70, 33.30, 26.81,
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23.44,15.64. TLC: Rf0.25 (1:1 EtOAc:hexane). HPLC: R 0.87 min, purity > 95%. MS: 291 (M +
1). HRMS Exact Mass (M + 1): 291.1088. Found: 291.1091

To 58 mg of C (0.20 mmol) dissolved in 10 mlL. of MeOH was added a solution of 48 mg
NaOH (1.2 mmol) in 0.5 mL water. After 1 hour the reaction was concentrated, water was added and
rinsed with EtOAc, the EtOAc was dried and concentrated to give 48 mg (93%) of product D, 'H
NMR (300 MHz, DMSO-d6) § 10.92 (s, 1H), 8.28 (d, J=2.0, 1H), 7.87 (dd, J= 2.1, 9.0, 1H), 7.76 (s,
2H), 7.06 (d, J=9.0, 1H), 3.33 (s, 1H), 2.67 (dd, /= 6.8, 16.8, 1H), 2.22 (d, J= 16.6, 1H), 1.06 (d, J
= 7.3, 3H). *C NMR (75 MHz, DMSO-ds) § 166.25, 151.12, 146,69, 132.72, 129.80, 122,57, 122.19,
119.80, 33.43,26.70, 15.77. MS: 249 (M +1).

To 35 mg of amine D (0.14 mmol) dissolved in 0.5 mL Dimethylformamide (OMF) was
added 70 mg of acetaldehyde (1.6 mmol) and 170 mg of NaBH(OAc); (0.80 mmol) and 10 ul., (0.2
mmol) of HOAc. After stirring 3 hours, water and EtOAc were added, the EtOAc separated, dried,
concentrated and chromatographed with 30-50% EtOAc in hexane to isolate 3 mg of the (R)-DNMDP
(7%). The synthesized material was identical to purchased racemic material by TLC, HPLC and 'H
NMR. 'HNMR (300 MHz, CDCl;) § 8.58 (s, 1H), 8.04 (d, J= 2.3, 1H), 7.84 (dd, J= 2.3, 9.0, 1H),
711 (d, J=9.0, 1H), 3.30-3.36 (1, 1H), 3.26 (¢, J= 7.1, 4H), 2.71 (dd, /= 6.8, 16.9, 1H), 2.48 (d, J
=17.0, 1H), 1.25 (d, J= 7.4, 3H), 1.16 (1, /= 7.1, 6H). TLC: Rf0.25 (1:1 EtOAc:hexane). HPLC:
R; 1.27 min, purity > 95%. MS: 305 (M + 1). Exact Mass (M + 1): 305.1608 Found: 305.1616. °C
NMR (75 MHz, CDCl;, purchased material) 8 166.28, 152.02, 145.24, 141.21, 129.77, 124.94,
123.94, 121.00, 46.10, 33.80, 27.81, 16.24, 12.56.

The optical purity of (R)-DNMDP was determined using chiral SCF chromatography and
comparison to commercially available racemic material: Column: ChiralPak AS-H, 250 x 4.6 mm,
5um, Mobile Phase Modifier: 100% Methanol, Gradient: 5 to 50% Methanol over 10 minutes, Flow
Rate: 4 mL/min, Back Pressure: 100 bar, Column Temperature: 40 C. UV detection was from 200~
400 nm. Retention times of separated isomers: 5.36, 6.64 minutes; retention time of (R)-DNMDP,

6.60 minutes, 1:19 ratio of enantiomers detected.

H

NIMN 0

2. To 200 mg (0.98 mumol) of A dissolved in 5 mL of MeOH was added 87 mg of
acetaldehyde (2.0 mmol), 113 ul. of HOAc (2.0 mmol ) and 124 mg (2.0 mmol) of NaBH;CN and the
reaction was stirred overnight at room temperature. The next day the same quantity of reagents were

added and the reaction stirred another 24 hours. The mixture was concentrated and partitioned
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between CH,Cl, and water, the CH,Cl, was separated, dried, and concentrated before chromatography
with 20-40% EtOAc in hexane isolated 210 mg of product as a white solid (82%). "H NMR (300
MHz, CDCL) 6 8.95 (s, 1H), 7.64 (d, J= 8.7, 2H), 6.66 (d, J = 8.7, 2H), 3.37 (dd, J= 9.6, 16.4, 5H),
2.67(dd, J= 6.5, 16.8, 1H), 2.43 (d, J= 16.8, 1H), 1.41 — 1.02 (m, 10H). PC NMR (75 MHz, CDCl;)

5 8166.82,154.55, 148.79, 127.32, 120.81, 111.08, 44,32, 33,92, 27.74, 16.37, 12.50. TLC: Rf0.25
(1:1 EtOAc:hexane). HPLC: R, 1.05 min, purity > 95%. MS: 260 (M + 1). HRMS Exact Mass (M +
1): 260.1757. Found: 260.1764

(N
o 3
10
3. To 200 mg (0.984 mmol) of A dissolved in 1 mL of Dimethylformamide (DMF} was
added 250 pL (2.00 mmol) of bis (2-bromoethyl) ether and 400 mg of K2CO3 and the mixture was
stirred overnight at 60 °C. The next day another 250 pL of bis (2-bromoethyl) ether and 170 mg of
K2CO3 were added. Afier 3 hours, EtQOAc and water were added, the water was rinsed with FtOAc,
15  the combined EtOAc washes were dried and concentrated. Chromatography with 0-4% MeOH in
| CH2CI2 yielded 125 mg of product (46%). "H NMR (300 MHz, CDCls) 8 8.61 (s, 1H), 7.68 (d, J=
8.8, 2H), 6.92 (d, J = 8.8, 2H), 3.99 — 3,76 (m, 4H), 3.44 — 3,31 (m, 1H), 3,29 —3.22 (m, 4H), 2.70
(dd, ¥=46.7, 16.8, 1H), 2.46 (d, J = 16.7, 1H), 1.24 (d, J= 7.3, 3H). >C NMR (75 MHz, CDCl;) §
166.64, 154,05, 152,18, 127.10, 125,33, 114.73, 66.69, 48.33, 33.93, 27.94, 16.36. TLC: R:0.1 (1:50
20 MeOHM:CH,Cly). HPLC: R, 1.05 min, purity > 95%. M$: 274 (M + 1). HRMS; caled, 274.1556 (M
+1); found 274.1552. Anal. Calcd. for C;sH9N3;O,: C, 65.91; H, 7.01; N, 15.37; Found. 65.81, H,
6.66, N, 15.26,
o

NH

h,"

XOTH\/\O/\/O\/\N

o )

25 DNMDP-2L. To 130 mg of A (0.64 mmol) dissolved in 0.4 mL of Dimethylformamide
(DMF) was added 100 mg of tert-butyl 2-(2-(2-bromoethoxy)ethoxy)-ethylcarbamate (Toronto
Research Chemical, 0.32 mmol) and 90 mg of K,;CO’ (64 mmol) and the mixture was stirred at 60 °C

overnight. After cooling, water was added and rinsed several times with EtOAc. The combined
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EtOAc layers were dried, concentrated, and chromatographed with 50-70% EtOAc to yield 81 mg of
product (58%). 'H NMR (300 MHz, CDCl5) 3 9.06 (s, 1H), 7.59 (d, J= 8.8 Hz, 2H), 6.62 (d, /= 8.8
Hz, 2H), 5.15 (s, 1H), 4.53 (s, 1H), 3.72 (1, ] = 5.2 Hz, 2H), 3.65 (s, 4H), 3.55 (t, ] = 5.2 Hz, 2H), 3.32
(m, 5H), 2.67 (dd, Y = 16.8, 6.7 Hz, 1H), 2.42 (d, Y = 16.4 Hz, 1H), 1.44 (s, 9H), 1.22 (d, J = 7.4 Hz,
3H). CNMR (75 MHz, CDCl;) 8 166.83, 155.99, 154.45, 149.64, 127,33, 123.24, 112.58, 79.28,
70.30, 70.26, 70.22, 69.45, 43.14, 40.39, 33.96, 28.43, 27.89, 16.40; HPLC: R,2.50 min (7.5 min
run), purity > 95%. MS: 435 (M + 1). This product (0.19 mmol) was dissolved in 1 mL MeOH and
to the solation was added acetaldehyde (50 uL, 0.89 mmol ), 10 uL. HOA¢ (0.2 mmol) and 12 mg
NaBH;CN (0.19 mmol). Afier 1 hour, NaHCO;(aq) and CH,Cl; were added, the CH,Cl, was
separated and the water washed twice with CH,Cl;. The combined CH,Cl, was dried, concentrated,
and chromatography with 60-70% EtOAc in hexane yielded 71 mg of product as a clear oil (82%). 'H
NMR (400 MHz, CDCl3) § 8.91 (s, 1H), 7.63 (d, = 8.9 Hz, 2H), 6.69 (d, J = 8.9 Hz, 2H), 5.07 (s,
1H), 3.65 (t, J = 6.0 Hz, 2H), 3.61 (5, 4H), 3.55 (dt, J = 9.9, 5.5 Hz, 4H), 3.46 (g, J = 7.0 Hz, 2H), 3.38
- 3.22 (m, 3H), 2.67 (dd, J = 16.8, 6.7 Hz, 1H), 2.43 (d, J= 16.7 Hz, 1H), 1.45 (s, 10H), 1.23 (d, J =
7.3 Hz, 3H), 1.18 (t, J = 7.0 Hz, 3H). *C NMR (101 MHz, CDClL) 8 166.84, 155.96, 154.46, 148.89,
127.35,121.38, 111.28, 79.22, 70.68, 70.27, 70.24, 68.74, 49.95, 45.49, 40.32, 33,97, 2843, 27.80,
16.43, 12.14. R, 2.99 min (7.5 min run), purity > 95%. MS: 463 (M + 1),

Attachment to resin

To a solution of 18 mg of DNMDP-2L (0.04 mmol) in 0.8 mL of CH,Cl, was added 0.2 mL
of trifluoroacetic acid (TFA) and the solution was stirred 2 h before concentration and dissolution in
0.5 mL DMSO. To this was added 10 ul. of Et;N (0.07 mmol) and 12 mg of N,N ~disuccinimidyl
carbonate (DSC) (0.05 mmol) and the solution was stirred overnight. LC analysis indicated the
reaction was :tiot complete, another 25 mg of N,N’-disuccinimidyl carbonate (0.1 mmol) was added.
LC analysis after 2 hours showed ca. 5:1 ratio of DSC product:amine. A 1 mL sample of Affi-Gel
102 resin was rinsed five times with DMSO with a centrifuge, then suspended in 0.5 mL DMSO. To
the resin was added 30 uL of the DSC product solution and 25 ul. Et3N and the mixture was swirled.
After 2 days, LC analysis of tht: DMSO solution showed complete disappearance of the DCS adduct;
the underivatized atnine was still present. The DMSO was removed by centrifuge and decanted and
the resin was rinsed several times with DMSO and stored in PBS buffer.

Bioactives screen to rescue DNMDP induced cytotoxicity
1000 HeLa cells were plated in a 384-well plate in 40 pl of DMEM supplemented with 10%
Fetal Bovine Serum and 1% Pen/Strep. 24 hours after plating, a compound-library of 1600 bioactive

molecules (Pharmacon) was added at a concentration of 20 pM. In parallel to bioactive compound
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incubation, DNMDP was added to a final concentration of 30 nM and incubated for 48 hours. Cell

viability was assessed as described in Compound library screening in NCI-H1734 and A549 cell lines.

Linker-affinity purification of molecular target of DNMDP and immunoblotting

HeLa cells were washed with ice-cold PBS before lysed with NP-40 lysis buffer (150 mM
NaCl, 10% glycerol, 50 mM Tris-Cl pH 8.0, 50 mM MgCl,, 1% NP-40) supplemented with EDTA-
free protease inhibitors (Roche) and phosphatase inhibitor mixtures I and II (Calbiochem). Cell
lysates were incubated on ice for at least 2 minutes and subsequently centrifuged for 10 minutes at 4°
C at 15,700 x g after which the supernatant was quantified using BCA protein assay kit (Pierce). 200
ug total HeLa cell lysate was incubated with 3 pl Affi-Gel 102 resin (BioRad) coupled to affinity
linker DNMDP-2L in a total volume of 400 pl for four hours. Prior to incubation, indicated
compounds were added to affinity purifications at a final concentration of 10 pM. Samples were
washed three times with lysis buffer containing corresponding compound concentrations of 10 uM.
Proteins bound to Affi-Gel 102 resin were reduced, denatured, and separated using Tris-Glycine gels
(Novex) and transferred to nitrocellulose membranes using the iBlot transfer system (Novex).
Membranes were incubated overnight at 4° C with primary antibodies against PDE3A (1:1000,
Bethyl). Incubation with secondary antibodies (1:20,000, LI-COR Biosciences) for two hours at room
temperature and subsequent detection (Odyssey Imaging System, LI-COR Biosciences) were

performed according to manufacturer’s recommendations.

PARP-cleavage immunoblotting

HeLa cells were treated with indicated concentration of DNMDP and staurosporine for 36
hours. HeLa cells were lysed and processed as described in Linker-affinity purification of molecular
target of DNMDP and immunoblotting. Membranes were incubated with an antibody against PARP
(1:1000, Cell Signaling #9532) and actin and subsequently imaged as described in Linker-affinity
purification of molecular target of DNMDP and 'immunoblottz‘ng.

Targeting PDE3A locus using CRISPR

CRISPR target sites were identified using the MIT CRISPR Design Tool (online MIT
CRISPR design portal). For cloning of sgRNAs, forward and reverse oligos were annealed,
phosphorylated and ligated into BsmBI-digested pXPR_BRDOOi. Oligo sequences are as follows:

| sgRNA Forward oligo Reverse oligo
PDE3A_sgl | CACCGTTTTCACTGAGCGAAGTGA | AAACTCACTTCGCTCAGTGAAAAC
(SEQIDNO.: 7) (SEQ IDNO.: 8)
PDE3A sg2 | CACCGAGACAAGCTTGCTATTCCAA | AAACTTGGAATAGCAAGCTTGTCTC
(SEQIDNO.: 9) (SEQ ID NO.: 10)
PDE3A_sg3 | CACCGGCACTCTGAGTGTAAGTTA | AAACTAACTTACACTCAGAGTGCC
(SEQ IDNO.: 11) (SEQ ID NO.: 12)
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To produce lentivirus, 293 T cells were co-transfected with pXPR_BRDO01, psPAX2 and pMD2.G

using calcium phosphate. Infected HeLa cells were selected with 2ug/mt of puromycin.

Reduction of PDE3A expression using siRNA

HeLa cells were plated in 96-well plates and transfected after 24 hours with PDE3 A and Non-
Targeting siRNA smartpools (On Target Plus, Thermo Scientific) according to the manufacturers
recommendations, Hel.a cell lysate was obtained 24 hours and 72 hours after transfection and
immunoblotted for PDE3A and Actin (1:20,000, Cell Signaling) as described in Linker-affinity

purification of molecular target of DNMDP and immunoblotting. HeLa cells were treated for 48

hours with indicated concentrations of Compound 3. Cell viability was assessed as described in

Compound library screening in NCI-H1734 and A549 cell lines.

Measuring cellular cAMP concentrations in HeLa cells

3000 HeLa cells were plated in 96-well plates. 24 hours after plating, Hela cells were
incubated for one hour with indicated compounds at indicated concentrations. cAMP levels were
determined with the CAMP-GLO™ assay (Promega) according to the manufacturers
recommendations. Cellular concentrations of cAMP were determined by normalizing to a standard

curve generated according to the manufacturers recornmendations.

Extended Proteomics Methods for PDE3A-protein interaction studies
Immunoprecipitation of PDE3A in HeLa cells

A HeLa cells were treated for four hours prior to lysis with 10 pM of indicated compounds:
DMSO, DNMDP and trequinsin. HeLa cells were lysed with ModRipa lysis buffer (1%NP-40: 50
mM Tris-HCI, pH 7.8, 150 mM NacCl, 0.1% sodium deoxycholate, 1 mM EDTA) supplemented with
protease and phosphatase inhibitors as described in Linker-affinity purification of molecular target of
DNMDP and immunoblotting, and indicated compounds as described above to a final concentration of
10 pM. 13 mg of HeLa total cell lysate was incubated with 0.5% PDE3A antibody (Bethyl) and
incubated overnight. Blocking peptide (Bethyl) against the PDE3A antibody was added
simultaneously with the PDE3A antibody in the corresponding condition. Total cell lysate and
antibody mixture was then incubated with 10 ul Protein A Plus Agarose (Fisher Scientific) for 30
minutes at 4° C, Protein A Plus Agarose was then washed two times with lysis buffer containing
indicated compounds at a concentration of 10 uM. Finally, Protein A Plus Agarose was washed once

with lysis buffer containing no NP-40 and indicated compounds at a concentration of 10 1M,
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On-bead digest

The beads from immunopurification were washed once with IP lysis buffer, then three times
with PBS, the three different lysates of each replicate were resuspended in 90 ul. digestion buffer (2M
Urea, 50 mM Tris HCI), 2 ug of sequencing grade trypsin added, 1 hour shaking at 700 rpm. The
supernatant was removed and placed in a fresh tube. The beads were then washed twice with 50 ul,
digestion buffer and combined with the supernatant. The combined supernatants were reduced{2 ul.
500 mM DTT, 30 minutes, room temperature), alkylated (4 uL. 500 mM IAA, 45 minutes, dark) and a
longer overnight digestion performed: 2 ug (4 ul.) trypsin, shake overnight. The samples were then
quenched with 20 uL. 10% folic acid (FA) and desalted on 10 mg SEP-PAK® columns.

iTRAQ labeling of peptides and strong cation exchange (scx) fractionation

Desalted peptides were labeled with isobaric tags for relative and absolute quantification
(iTRAQ)- reagents according to the manufacturer’s instructions (AB Sciex, Foster City, CA). Peptides
were dissolved in 30 pl of 0.5 M TEAB pH 8.5 solution and labeling reagent was added in 70 ul of
ethanol. After 1 hour incubation the reaction was stopped with 50 mM Tris/HCI pH 7.5.
Differentially labeled peptides were mixed and subsequently desalted on 10 mg SEP-PAK® columns.

iTRAQ labeling

114 115 116 117
Repl ' Blocking peptide | No addition DNMDP trequinsin
Rep2 Blocking peptide | No addition - | DNMDP trequinsin

S8CX fractionation of the differentially labelled and combined peptides was done as described in
Rappsilber et al. (Rappsilber et al., Nat Protoc 2, 1896-1906, 2007), with 6 pH steps (buffers- all
contain 25% acetonitrile) as below:

1: ammonium acetate 50 mM pH 4.5,

2: ammonium acetate 50 mM pH 5.5,

3: ammonium acetate 50 mM pH 6.5,

4: ammonium bicarbonate 50 mM pH 8,

5: ammonium hydroxide 0.1% pH 9,

6: ammonium hydroxide 0.1% pH 11.
Empore SCX disk used to make stop-and-go-extraction-tips (StageTips) as described in the paper.
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MS analysis

Reconstituted peptides were separated on an online nanoflow EASY-NLC™ 1000 UHPLC
system (Thermo Figsher Scientific) and analyzed on a benchtop Orbitrap Q EXACTIVE™ mass
spectrometer (Thermo Fisher Scientific). The peptide samples were injected onto a capillary column
(PICOFRIT® with 10 pm tip opening/ 75 pm diameter, New Objective, PF360-75-10-N-5) packed in-
house with 20 cm C18 silica material (1.9 pm REPROSIL-PUR® C18-AQ medium, Dr. Maisch
GmbH, 1119.aq). The UHPLC setup was connected with a custom-fit microadapting tee (360 um,

. IDEX Health & Science, UH-753), and capillary columns were heated to 50 °C in column heater

sleeves (Phoenix-ST) to reduce backpressure during UHPLC separation. Injected peptides were
separated at a flow rate of 200 nL/min with a linear 80 min gradient from 100% solvent A (3%
acetonitrile, 0,1% formic acid) to 30% solvent B (90% acetonitrile, 0.1% formic acid), followed by a
linear 6 min gradient from 30% solvent B to 90% selvent B. Each sample was run for 120 minutes,
including sample loading and column equilibration times. The Q EXACTIVE™ instrument was
operated in the data-dependent mode acquiring high-energy collisional dissociation (HCD) MS/MS
scans (R=17,500) after each MS1 scan (R=70,000) on the 12 top most abundant ions using an MS1
ion target of 3x 106 ions and an MS2 target of 5%104 ions. The maximum jon time utilized for the
MS/MS scans was 120 ms; the HCD-normalized collision energy was set to 27; the dynamic

exclusion time was set to 20s, and the peptide match and isotope exclusion functions were enabled.

Quantification and identification of peptides and proteins

All mass spectra were processed using the Spectrum Mill software package v4.1 beta (Agilent
Technologies) which includes modules developed by Applicants for isobaric tags for relative and
absolute quantification iTRAQ)-based quantification. Precursor ion quantification was done using
extracted ion chromatograms (XIC’s) for each precursor ion. The peak area for the XIC of each
precursor ion subjected to MS/MS was calculated automatically by the Spectrum Mill software in the
intervening high-resolution MS$1 scans of the liquid chromatography (LC)-MS/MS runs using narrow
windows around each individual member of the isotope cluster. Peak widths in both the time and m/z
domains were dynamically determined based on MS scan resolution, precursor charge and m/z,
subject to quality metrics on the relative distribution of the peaks in the isotope cluster vs theoretical.
Similar MS/MS spectra acquired on the same precursor m/z in the same dissociation mode within +/-
60 seconds were merged. MS/MS spectra with precursor charge >7 and poor quality MS/MS spectra,
which failed the quality filter by not having a sequence tag length > 1 (i.e., minimum of 3 masses
separated by the in-chain mass of an amino acid) were excluded from searching.

For peptide identification MS/MS spectra were searched against human Universal Protein
Resource (Uniprot) database to which a set of common laboratory contaminant proteins was
appended. Search parameters included: ESI-Q EXACTIVE™.HCD scoring parameters, trypsin
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enzﬁne specificity with a maximum of two missed cleavages, 40% minimum matched peak intensity,
+/- 20 ppm precursor mass tolerance, +/- 20 ppm product mass tolerance, and carbamidomethylation
of eysteines and iTRAQ labeling of lysines and peptide n-termini as fixed modifications. Allowed
variable modifications were oxidation of methionine, N-terminal acetylation, Pyroglutamic acid (N-
termQ),Deamidated (N),Pyro Carbamidomethyl Cys (N-term(C),with a precursor MH+ shift range of -
18 to 64 Da. Identities interpreted for individual spectra were automatically designated as valid by
optimizing score and delta rank I -rank2 score thresholds separately for each precursor charge state in
each liquid chromatography (L.C)-MS/MS while allowing a maximum target-decoy-based false-
discovery rate (FDR) of 1.0% at the spe ctrum level. '

In calculating scores at the protein level and reporting the identified proteins, redundancy is
addressed in the following manner: the protein score is the sum of the scores of distinct peptides. A
distinct peptide is the single highest scoring instance of a peptide detected through an MS/MS
spectrum, MS/MS spectra for a particular peptide may have been recorded multiple times, (i.e. as
different precursor charge states, isolated from adjacent SCX fractions, modified by oxidation of Met)
but are still counted as a single distinct peptide. When a peptide sequence >8 residues long is
contained in multiple protein entries in the sequence database, the proteing are grouped together and
the highest scoring one and its accession number are reported. In sorne cases when the protein
sequences are grouped in this manner there are distinct peptides which uniquely represent a lower
scoring member of the group (isoforms or family members). Each of these instances spawns a
subgroup and multiple subgroups are reported and counted towards the total number of proteins,
iTRAQ ratios were obtained from the protein-comparisons export table in Spectrum Mill. To obtain
iTRAQ protein ratios the median was calculated over all distinct peptides assigned to a protein
subgroup in each replicate. To assign interacting proteins the Limma package in the R environment
was used to calculate moderated t-test p, as described previously and added Blandt-Altman testing to
filter out proteins for which the CI for reproducibility was below 95% (Udeshi et al., Mol Cell
Proteorics 11, 148—159, 2012). )

Validation of DNMD P-induced P DE3A protein interactions using immunoprecipitation and
immunoblotting

Hela cells were transfected with ORF overexpression construets expressing V5-tagged
SIRT7, V5-tagged SLFN12, or V5-tagged GFP. ORF expression constructs were obtained from the
TRC (clone IDs: TRCN0000468231, TRCN0000476272, ccsbBroad304_99997). At 72 hours post
transfection, cells were treated with 10 pM DNMDP or trequinsin for 4 hours followed by lysis using

the ModRipa lysis buffer and immunoprecipitation of PDE3A. For each condition, 2 mg total protein '

lysate was incubated with 1 pg of anti-PDE3A antibody at 4° C overnight, after which 7.5 pl each of
Protein A~ and Protein (G- Dynabeads (Life Technologies 10001D and 10003D) were added and
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incubated for another 1 hour. Beads were washed and bound proteins were eluted with 30 pl of LDS
PAGE gel loading buffer, Input (~60 g total protein lysate) and TP products were resolved on 4-12%
Tris-Glycine PAGE gels and immunoblotted with an anti-V5 antibody (Life Technologies R96205,
1:5000), the Bethyl anti-PDE3A antibody (1:1000), and secondary antibodies from LiCOR
Biosciences (Cat.# 926-32210 and 926068021, each at 1:10,000). Blots were washed and imaged
using a LICOR Odyssey infrared imager.

Krockdowr of SLFN12 expression using shRNA and testing for drug sensitivity

Constracts expressing shRNAs targeting SLFN12, or the control vector, were packaged into
lentiviruses and delivered into Hel.a cells by viral transduction, Three SLFN12<argeting shRNAs
were used, all of which were obtained from the TRC (CloneIDs: TRCN0000152141 and
TRCN0000153520 ). Infected cells were selected using 1 pg/ml puromyein for 3 days and then
grown in non-selective media for 3 more days. Cells were then plated into 384-well assay plates and
tested for drug sensitivity as described above. Knockdown of SLFN/2 was validated by gPCR. Total
RNA was extracted using kit reagents (RNeasy Mini Kit (Qiagen #74104) and QIAschredder (Qiagen
#79656)). cDNA was getierated using kit reagents (SuperSecript HI First-Strand Synthesis System
(Life Technologies #18080-051)), gPCR was performed for GAPDH and SLFN12 (Life Technologies
Hs00430118 m1) according to the manufacturer’s recommendations, SLFNI2 expression was
normalized to corresponding satnples GAPDH ct-values.

Other Embodiments

From the foregoing description, it will be apparent that variations and modifications may be
made to the invention described herein to adopt it to various usages and conditions. Such
embodiments are also within the scope of the following claims,

The recitation of a listing of elements in any definition of a variable herein includes
definitions of that variable as any single element or combination (or subcombination) of listed
elements, The recitation of an embodiment herein includes that embodiment as any single
embodiment or in combination with any other embediments or pottions thereof.
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CLAIMS:

1. Use of a phosphodiesterase 3A (PDE3A) modulator for killing or reducing the survival
of a cancer cell selected as responsive to the PDE3A modulator, wherein the cell was selected as
having an increase in the level of a PDE3A and/or a Schlafen 12 (SLFN12) polypeptide or
polynucleotide relative to a non-responsive cancer cell or healthy control cell, and the PDE3A
modulator is selected from the group consisting of 6-(4-(diethylamino)-3-nitropheny 1)-5-
methy 1-4,5-dihydropyridazin-3(2H)-one (DNMDP), zardaverine, anagrelide, and
pharmaceutically acceptable salts thereof.

2. Use of a PDE3 A modulator for reducing cancer cell proliferation in a subject
pre-selected as having a cancer that is responsive to the PDE3 A modulator, wherein the subject
is pre-selected by detecting an increase in the level of PDE3A and/or SLFN12 polypeptide or
polynucleotide relative to a non-responsive cancer cell or healthy control cell, and the PDE3A
modulator is selected from the group consisting of DNMDP, zardaverine, anagrelide, and

pharmaceutically acceptable salts thereof.

3. A method of identifying a subject having a cancer cell responsive to a PDE3A
modulator selected from the group consisting of DNMDP, zardaverine, anagrelide, and
pharmaceutically acceptable salts thereof, the method comprising detecting an increase in a
PDE3A and/or SLFN12 polypeptide or polynucleotide level in a biological sample of the subject
relative to a non-responsive cancer cell or healthy control cell, thereby identifying said subject as

having a cancer cell responsive to PDE3A modulation.

4, A method of identifying a subject having a cancer cell that is resistant to a PDE3A
modulator selected from the group consisting of DNMDP, zardaverine, anagrelide, and
pharmaceutically acceptable salts thereof, the method comprising detecting a decrease in the
level of a SLFN12 polypeptide or polynucleotide level in a biological sample of the subject
relative to a responsive cancer cell or healthy control cell, thereby identifying said subject as

having a cancer cell resistant to PDE3 A modulation.

5. The use or method of any one of claims 1-4, wherein the level of PDE3A or SLFN12 is
detected by a method selected from the group consisting of immunoblotting, mass spectrometry,

and immunoprecipitation.

6. The use or method of any one of claims 1-4, wherein the level of PDE3A or SLFN12
polynucleotide is detected by a method selected from the group consisting of quantitative PCR,

Northern Blot, microarray, mass spectrometry, and in situ hybridization.
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7. The use or method of any one of claims 1-6, wherein the cancer cell is a melanoma,
endometrium, lung, hematopoietic / lymphoid, ovarian, cervical, soft-tissue sarcoma,
leiomyosarcoma, urinary tract, pancreas, thyroid, kidney, glioblastoma, or breast cancer cell.
8. The use or method of any one of claims 1-6, wherein the cancer cell is not a B-cell
proliferative type cancer.

9. The use or method of any one of claims 1-6, wherein the cancer cell is not multiple
myeloma.

10. The use of claim 2, wherein the PDE3 A modulator is for administration orally.

11. The use of claim 2, wherein the PDE3 A modulator is for administration by intravenous
mjection.
12. The method of claim 3 or 4, wherein the biological sample is a tissue sample

comprising a cancer cell.

13. A kit for identifying a subject having cancer responsive to a PDE3A modulator selected
from the group consisting of DNMDP, zardaverine, anagrelide, and pharmaceutically acceptable
salts thercof, the kit comprising a first capture reagent that binds a PDE3 A polypeptide or
polynucleotide and a second capture reagent that binds SLFN12 polypeptide or polynucleotide.

14. A kit for decreasing cancer cell proliferation in a subject responsive to a PDE3A
modulator selected from the group consisting of DNMDP, zardaverine, anagrelide, and
pharmaceutically acceptable salts thereof, the kit comprising (a) a first capture reagent that binds
a PDE3A polypeptide or polynucleotide; (b) a second capture reagent that binds SLFN12
polypeptide or polynucleotide; and (c) an effective amount of DNMDP, zardaverine, and/or
anagrelide, or a pharmaceutically acceptable salt thereof.

15. Use of a PDE3A modulator in the manufacture of a medicament for the treatment of
cancer pre-selected as responsive to the PDE3 A modulator, wherein the cancer is pre-selected by
detecting an increase in the level of PDE3A and/or SLFN12 polypeptide or polynucleotide
relative to a non-responsive cancer cell or healthy control cell, and the PDE3A modulator is
selected from the group consisting of DNMDP, zardaverine, anagrelide, and pharmaceutically
acceptable salts thereof.

16. The use of claim 15, wherein the cancer is a melanoma, endometrium, lung,
hematopoietic / lymphoid, ovarian, cervical, soft-tissue sarcoma, leiomyosarcoma, urinary tract,

pancreas, thyroid, kidney, glioblastoma, or breast cancer.
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FIG. 15B

Fraction of cell lines DNMDP sensitive
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HelLa parental line HeLa resistant line
Gene_Name  Hela FPKM Hela-P2_ FPKM  Hela-Res1_FPKM Hela-Res2 FPKM
SLFN12 12.51 12.63 0.15 0
PDE3A 56.24 62.15 53.46 54 .91
H2122 parental line H2122 resistant line
Gene_Name H2122-P1_FPKM H2122-P2_ FPKM H2122-Res1 FPKM H2122-Res2 FPKM
SLFN12 4.69 515 0.33 0.46
PDE3A 25.52 25.24 15.82 15.13
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