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METHODS TO TREAT CANCER USING CYCLOSPORINE AND CYCLOSPORINE
DERIVATIVES

[0001] This application claims priority to U.S. Ser. No. 61/476,604 filed April 18, 2011, the
content of which is hereby incorporated by reference in its entirety.

[0002] This invention was made with government support under CA125520 and CA013696
awarded by NCI — NIH. The government has certain rights in the invention.

[0003] The contents of all patents, patent applications and non-patent references listed in the

specification are incorporated by reference herewith.

BACKGROUND
[0004] Breast Cancer is one of the major cancers affecting women with an estimated 200,000
new cases of invasive breast cancer in the US during 2010'. Although mortality rates have
declined over the past decade, this disease still accounts for nearly 40,000 deaths annually’.
PTEN deficient breast cancers show poor prognosis with a high rate of metastasis to distant
organs. An important barrier to progress in treating this disease is the lack of effective drugs
that attack cancer cells without harming the surrounding normal tissue. Cancer treatments
that target differences in the molecular makeup of cancer cells show great promise, but these
therapies are often limited because the molecular target is not uniformly present in an
affected population. For example some breast cancers can be treated with herceptin, but this
drug is only effective in the 15-20% of breast cancers that show amplification of HER2 ",
An important approach to overcoming such an obstacle is to define additional therapeutic
targets to treat a broader set of the affected population, either alone or in combination with
existing treatments.

SUMMARY

[0005] The inventors screened yeast using an over-expression system that they designed
specifically to identify genetic interactions with over-expression of genes associated with
cancers, for example but not limited to PTEN-deficient breast cancer. Among the target
genes that the inventors identified is yeast cyclophilin (CPR1), the orthologue of human
CPYA, peptidyl-prolyl cis-trans isomerase, a target of cyclosporin. The inventors tested
cancer cell lines, for example but not limited to PTEN deficient cancer cell lines, for

sensitivity to cyclosporin, and found a 10-fold increased sensitivity to the drug cyclosporine.
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[0006] In certain aspects, the invention provides a method to treat cancer in a subject in need
thereof, the method comprising: contacting a PTEN negative cancer in a subject in need
thereof with a therapeutic amount of a cyclosporine, whereby the cancer is treated.

[0007] In certain aspects, the invention provides a method to reduce growth of a cancer cell
in a subject in need thereof, the method comprising: contacting a PTEN negative cancer cell
in a subject in need thereof with a therapeutic amount of a cyclosporine, whereby the growth
of the cancer is reduced compared to PTEN positive cancer cells.

[0008] In certain aspects, the invention provides a method to induce apoptosis of a cancer
cell in a subject in need thereof, the method comprising: contacting a PTEN negative cancer
cell in a subject in need thereof with a therapeutic amount of a cyclosporine, whereby
apoptosis of the cancer cell is induced and the subject is treated.

[0009] In certain aspects, the invention provides a method to treat cancer in a subject in need
thereof, the method comprising: administering to a subject diagnosed with a PTEN negative
cancer a therapeutic amount of a cyclosporine, whereby the cancer is treated.

[0010] In non-limiting embodiments, the cyclosporine is selected among a number of
naturally occurring cyclosporin molecules. A non-limiting example of such naturally
occurring molecule is cyclosporine A. In other embodiments, the cyclosporine is a
cyclosporine derivative. In other embodiments, the cyclosporine derivative is a non-
immunosuppressive derivative.

[0011] In certain aspects, the invention provides a method to treat cancer in a subject in need
thereof, the method comprising: contacting a PTEN negative cancer in a subject in need
thereof with a therapeutic amount of sanglifehrin, whereby the cancer is treated.

[0012] In certain aspects, the invention provides a method to reduce growth of a cancer cell
in a subject in need thereof, the method comprising: contacting a PTEN negative cancer cell
in a subject in need thereof with a therapeutic amount of sanglifehrin, whereby the growth of
the cancer is reduced compared to PTEN positive cancer cells.

[0013] In certain aspects, the invention provides a method to induce apoptosis of a cancer
cell in a subject in need thereof, the method comprising: contacting a PTEN negative cancer
cell in a subject in need thereof with a therapeutic amount of sanglifehrin, whereby apoptosis
of the cancer cell is induced and the subject is treated.

[0014] In certain aspects, the invention provides a method to treat cancer in a subject in need
thereof, the method comprising: administering to a subject diagnosed with a PTEN negative

cancer a therapeutic amount of sanglifehrin, whereby the cancer is treated.
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[0015] In certain embodiments, the cancer is PTEN negative cancer. In non-limiting
embodiments, the PTEN negative cancer is breast cancer, prostate cancer, colon cancer,
glioblastoma, endometrial cancer, lung cancer, thyroid cancer, lymphomas, ovarian cancer, or
a combination thereof. In non-limiting embodiments the breast cancer is a triple negative
breast cancer. In non-limiting embodiments, the prostate cancer is a hormone negative
prostate cancer.

[0016] In certain aspects the invention provides a method to treat a PTEN negative cancer in
a subject in need thereof, the method comprising: contacting the PTEN negative cancer in the
subject in need thereof with a therapeutic amount of an agent which inhibits cyclophilin
activity, whereby the cancer is treated. In certain aspects the invention provides a method to
reduce growth of a PTEN negative cancer cell in a subject in need thereof, the method
comprising: contacting the PTEN negative cancer cell in the subject in need thereof with a
therapeutic amount of an agent which inhibits cyclophilin activity, whereby the growth of the
cancer is reduced or inhibited compared to PTEN positive cancer cells. In certain aspects the
invention provides a method to induce apoptosis of a PTEN negative cancer cell in a subject
in need thereof, the method comprising: contacting the PTEN negative cancer cell in the
subject in need there of with a therapeutic amount of an agent which inhibits cyclophilin
activity, whereby apoptosis of the cancer cell is induced and the subject is treated. In certain
aspects the invention provides a method to treat cancer in a subject suffering from a PTEN
negative cancer, the method comprising: administering to the subject suffering from a PTEN
negative cancer a therapeutic amount of an agent which inhibits cyclophilin activity, whereby
the cancer is treated.

[0017] In certain aspects the invention provides a method to treat cancer in a subject in need
thereof, the method comprising: contacting an SFRS1 or pericentrin overexpressing cancer in
a subject in need thereof with a therapeutic amount of an agent which inhibits cyclophilin
activity, whereby the cancer is treated. In certain aspects the invention provides a method to
reduce growth of a cancer cell in a subject in need thereof, the method comprising: contacting
an SFRS1 or pericentrin overexpressing cancer cell in a subject in need thereof with a
therapeutic amount of an agent which inhibits cyclophilin activity, whereby the growth of the
cancer is reduced. In certain aspects the invention provides a method to treat cancer in a
subject, the method comprising: administering to a subject suffering from an SFRS1 or
pericentrin overexpressing cancer a therapeutic amount of an agent which inhibits cyclophilin

activity, whereby the cancer is treated. In certain non-limiting embodiments, the cancer is an
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ovarian neoplasia. In certain non-limiting embodiments, the cyclophilin inhibitor is a
cyclosporine derivative which is non-immunosuppressive.

[0018] In certain embodiments, the methods of the invention consist essentially of contacting
a cancer cell in a subject in need thereof with a therapeutic amount of an agent which inhibits
cyclophilin activity, whereby the growth of the cancer cell is inhibited or reduced. In certain
embodiments, the methods of the invention consist of contacting a cancer cell in a subject in
need thereof with a therapeutic amount of an agent which inhibits cyclophilin activity,
whereby the growth of the cancer cell is inhibited or reduced. In certain embodiments, the
methods of the invention consist essentially of administering to a subject in need thereof a
therapeutic amount of an agent which inhibits cyclophilin activity, whereby the growth of the
cancer cell is inhibited or reduced. In certain embodiments, the methods of the invention
consist of administering to a subject in a subject in need thereof a therapeutic amount of an
agent which inhibits cyclophilin activity, whereby the growth of the cancer cell is inhibited or
reduced.

[0019] Non-limiting examples of agents used as cyclophilin inhibitors are naturally occurring
cyclosporines, cyclosporine derivatives, sanglifehrins, for example but not limited to
sanglifehrins A-D, or any combination thereof. In non-limiting embodiments of the methods,
the cyclosporine is a naturally occurring cyclosporine, for example but not limited to
cyclosporine A. In non-limiting embodiments of the methods, the cyclosporine derivative is
a non-immunosuppressive cyclosporine derivative. In non-limiting embodiments of the
methods, the cyclosporine derivative is the agent of Formula I, the agent of Formula 11, NIM-
811, SCY-635, DEBIO-025, Formula III, Formula IV, Formula V, Formula VI, Formula VII,
Formula VIII, or any combination thereof. In non-limiting embodiments of the methods, the
sanglifehrin is sanglifehrinA, sanglifehrinB, sanglifehrinC, sanglifehrinD, or a any
combination thereof.

[0020] In certain embodiments of the methods, the therapeutic amount of cyclosporine or
cyclosporine derivative is administered in a combination with a therapeutic amount of a
PARP inhibitor or a DNA cross-linking agent, or a combination thereof.

[0021] In certain embodiments of the methods, the therapeutic amount of sanglifehrin is
administered in a combination with a therapeutic amount of a PARP inhibitor or a DNA
cross-linking agent, or a combination thereof.

[0022] In certain embodiments of the methods, the DNA cross-linking agent is cisplatin,
mitomycin C, cyclophosphamide, chlorambucil, uramustine, ifosfamide, melphalan,

bendamustine, carmustine, or any combination thereof.
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[0023] In certain embodiments of the methods, the PARP inhibitor is olaparib.
[0024] Non-limiting examples of PTEN negative cancers are breast cancer, prostate cancer,
colon cancer, glioblastoma, endometrial cancer, lung cancer, thyroid cancer, lymphomas,
ovarian cancer, or a combination thercof.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] Figure 1 shows growth inhibition effects of cyclosporin A. Proliferation of three
isogenic cancer cell lines using CsA. Cells were plated in 48 well plates and treated with
drug for ten days before quantifying cell proliferation using crystal violet assays.
[0026] Figure 2 shows cancer cell panel of survival to Cyclosporin A. Cell survival and
proliferation of multiple cancer cell lines tested when exposed to cyclosporin A. Cells were
plated in 48 well plates and treated with drug for ten days before quantifying cell
proliferation using crystal violet assays.
[0027] Figure 3 shows that PTEN null cells undergo apoptosis upon exposure to cyclosporin
A. Cleaved caspase 3 western blotting indicates PTEN null cells are undergoing apoptosis
when exposed to SuM cyclosporin A for 48 hours, while parental cells do not. The control
used is breast cancer cell line MDAMBA468 treated with 800nM doxorubicin for 48 hours.
[0028] Figure 4 shows PTEN expression profile. Hierarchical clustering of the 105 breast
tumor samples (columns) by using the top 246 signature genes (rows) with an APV (average
P value) < 0.02. The two major tumor dendrogram clusters, “Signature Absent and Signature
Present,” are indicated by blue- and red-colored branches, respectively. PTEN IHC
(immunohistochemistry) status is indicated by filled (positive) or white (negative) boxes. In
the heat map, fold change is relative to the median for each gene according to the color scale
shown (red, overexpression; blue, underexpression; yellow, missing values), and selected
gene symbols are displayed to the right. Clustering was performed by using the 1-Pearson
correlation metric and centroid linkage6.
[0029] Figure 5 shows the structure of cyclosporine A.
[0030] Figure 6 shows the structure of cyclosporine A and two non-immunosuppressive
cyclosporine derivatives: compound 211-810 (Formula I) and compound 209-825 (Formula
1).
[0031] Figure 7A shows structure of Sanglifehrins A-D; Figure 7B shows structure of
cyclosporines (CsA: R1 = CH2CH(CH3)2, R2 = CH3, R3 = H, Alisporivir (DEBIO-025): R1
= CH(CH3)2, R2 = CH2CH3, R3 = CH3, SCY-635: RI = CHZC(CH3)20H, R2=CH3,R3 =
SCHZN(CH3)2, NIM-811: R1 = CH{CH3CH2CH3, R2 = CH3, R3 = H) (Gregory MA,
Bobardt M, Obeid S, Chatterji U, Coates NJ, Foster T, Gallay P, Leyssen P, Moss SJ, Neyts J,
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Nur-E-Alam M, Paeshuyse J, Pirace M, Suthar D, Warneck T, Zhang MQ, Wilkinson B.
“Preclinical characterisation of naturally occurring polyketide cyclophilin inhibitors from the
sanglifehrin family. Antimicrob Agents Chemother.” 2011 Mar 7. [Epub ahead of print].
[0032] Figure B shows a schematic representation of the wethod to identify human genes as
pharmacological targets for inhibition in cancer cells, based on a synthetic dosage lethality
screen in yeast,
[0033] Figure 9 shows cell growth inhibition by Tacrolimus on MEF10A cells. MCF10A
wild type (WT) and PTEN knockout (PT-/-) cells were seeded into 48-well plate with density
of 4000 cells/well. The next day, the growth medium was changed to medium containing
Tacrolimus. Medium containing 0.1% DMSO was used as negative control. Ninety-six (96)
hours after treatment, the cells were stained with crystal violet for cell growth. The cell
growth of negative control group is set as 100%.
[0034] Figure 10 shows MCF10A wild type (WT) and PTEN knockout (PT-/-) cells were
seeded into 48-well plate with density of 4000 cells/well. The next day, the growth medium
was changed to medium containing CsA (Fig. 10A) or an analog as depicted in each panel in
Fig. 10B-D. Medium containing 0.1% DMSO was used as negative control. Ninety-six (96)
hours after treatment, the cells were stained with crystal violet for cell growth. The cell
growth of negative control group is set as 100%. Formula III is 8T2. Formula IV is RLY-001.
Formula V is RLY-018. Formula VI is RLY-045. Formula VII is RLY-062. Formula VIII is
RLY-070.

DETAILED DESCRIPTION
[0035] The invention provides methods to identify genetic targets for pharmacological
inhibition by defining synthetic genetic interactions that are specific to cancer cells (Figure 8).
This type of treatment shows great promise. For example, therapies are being developed to
exploit the synthetic lethal interaction between BRCA1/BRCA2 and PARP. Since many
breast cancers are BRCA1 or BRCA2 deficient, inhibiting PARP leads to cancer cell-specific
death *°.
[0036] PI3K pathway in breast cancer. The PI3K pathway is perhaps the most important
intracellular pathway activated in cancer’. Mutations of core pathway components (PTEN,
PIK3CA) occur in a large subset of adult-onset cancers of the breast, prostate, colon, uterus,
brain, and skin. Activation of the PI3K pathway by mutation of PTEN and PIK3CA in model
systems leads to cardinal features of cancer, including cell proliferation, genetic instability,
cell survival, migration, and angiogenesis to generate full blown malignancy®. Inhibiting the

PI3K pathway has been shown to have a therapeutic effect in multiple cancer models ”°. In
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addition, the PI3K pathway is critical for regulation of cellular proliferation, size, branching,
migration, metabolism, oxidative stress, survival, and autophagy'*'?. Approximately half of
all breast cancers have alterations leading to activation of the AKT pathway". Such pathway
activation is associated with a subset of breast cancers with a predisposition for metastasis to
distant organs and poor prognosis for patients with such tumors. We have recently performed
gene expression profiling on 105 stage 11 breast tumors that were typed for PTEN expression
by immunohistochemistry® (Fig. 4).

[0037] Gene expression profiles that were significantly different in PTEN-deficient vs.
PTEN-normal breast cancer cells were aggregated into a “signature” set that is enriched for
cell cycle genes. The signature gene expression profile contains genes that are up-, or down-
regulated in the PTEN-deficient tumors and are predictive of poor prognosis. Many of the
genes showing expression changes in the PTEN-deficient tumors have clear orthologs in the
yeast Saccharomyces cerevisiae (Table 1). This gene expression data was used to undertake a
search for genetic interactions — such as synthetic lethality (SL)— that can be exploited for
cancer therapy. We also searched for a different kind of synthetic genetic interaction, namely
synthetic dosage lethality (SDL), which results when over-expression of one gene causes

lethality only when another gene is deleted '*'°

. In this case, SDL genetic interactions
identify potential target genes that are not essential on their own, but become essential when,
for example, one of the genes identified from the PTEN signature is over-expressed. This
approach is novel and has provided new gene targets to attack this particularly aggressive
form of breast cancer.

[0038] Saccharomyces as a model for human disease. Approximately 60% of yeast genes
have either a direct human ortholog or at least one domain that is conserved in a human
gene'’. Given the human-yeast orthology, recent studies have been performed to identify
conserved genetic interactions in yeast that are relevant to Huntington’s disease and BRCALI
expression in breast cancer '**'. Such studies are facilitated by an extensive set of resources.
The establishment of a gene disruption library has fostered the development of high
throughput protocols that cover the complete Saccharomyces genome. Comprehensive SL
genetic screens are ongoing in several labs ***. SDL interactions were first described in
yeast, and we developed a high throughput method to perform these screens as described
herein below. Thus performing these screens in yeast provides an extremely rapid and
efficient system in which to identify genetic interactions for both increased and decreased

gene expression. These genetic interactions were validated in PTEN-deficient tumor cells

using RNA1 methods to confirm the yeast results. In addition, the vast amount of genetic
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information that has become available from our yeast screens as well as from those of others,
has helped define pathways that become essential upon over-expression of genes or sets of
genes that are downstream of the AKT pathway.

[0039] Table 1 Human genes from the PTEN-deficient signature set and their yeast orthologs
identified using the Princeton Orthology Database (18). In case of orthology with a gene
family, all yeast members are listed. Asterisk indicates that Pericentrin is not part of the

PTEN signature.

human gens
over-expressed Yreast ortholog

ATAD2 NTAT
auBt RUBI
CDC? CDiZ7
CHAFIB CAC2
Chs2 CiSd
MCM3 M3
MOME MOCHs
PCINA POLIO
PTTGE FDSI
SENPI ULF] ULER
SFRSE NP3
SGOL2 jtetedi
5TE & PLY
TIHPER] LiPE
KFNAZ SR&
STIPE ST
PSMDE2 RFNS
RADSIC RADST DM
Paricararin® SPCHG

[0040] Yeast methods to identify SL interactions are well established®**, and these screens
are performed using known methods. We focused on defining synthetic dosage lethal
interactions (SDLs). This type of lethal genetic interaction occurs when a gene becomes
essential only when a second gene is over-expressed'* '°. Identifying these interactions is
important with respect to the PTEN-deficient breast cancers as approximately 2/3 of the gene
expression changes in the PTEN- signature are increases. We developed a high throughput
method to screen for SDLs with any query gene. This method makes use of a ‘donor’ strain in
which the whole set of 16 donor chromosomes can be destabilized and lost. Plasmids carried
in this donor strain are transferred to a new strain by mating, followed by destabilization and
counter-selection of all the donor chromosomes producing a recipient haploid containing the
plasmid. We refer to this procedure as selective ploidy ablation (SPA). The SPA process is
efficient and allows plasmids to be transferred to multiple haploid strains by replica pinning
in a 6 day procedure. A manuscript describing this procedure is published. See Genome

Research 21: 477-486, 2011.
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[0041] To quantify results from the SPA screens, we developed a software suite to automate
measurement of colony growth using scanned images of the screen plates. The software
performs normalization routines to correct for any plate-specific growth defects, compares
experimental to control conditions and calculates statistics. A manuscript describing this
software has been published in BMC Bioinformatics. See BMC Bioinformatics 71: 353-,
2010.

[0042] We have performed SDL screens for the 21 yeast genes, corresponding to the 19
mammalian homologues, listed in Table 1. Twenty of these genes are overexpressed in the
PTEN-deficient signature from Saal et al. (6). Expression of Pericentrin is correlated with
chromosomal abnormalities in myeloid leukemia and prostate cancers. See Neben, K., Tews,
B., Wrobel, G., Hahn, M., Kokocinski, F., Giesecke, C., Krause, U., Ho, A. D., Kramer, A.,
Lichter, P., Gene expression patterns in acute myeloid leukemia correlate with centrosome
aberrations and numerical chromosome changes. Oncogene 23 (13) 2379-84 (2004)); Kim J,
Choi Y, Vallentin A, Hunrichs BS, Hellerstein MK, Pechl DM, Mochly-Rosen D.,
Centrosomal PKCBII and pericentrin are critical for human prostate cancer growth and
angiogenesis. Cancer Res. 68 (16) 6831-39 (2008). We find a substantial overlap among the
genes isolated in the separate screens. For example, there are 100 deletion strains that are
common to 6 or more SDL screens and 300 that are common to 4 or more SDL screens. For
instance, expression of NPL3 (SFRS1) in every haploid strain in the yeast gene disruption
library identifies a number of genes affecting the DNA damage checkpoint response (such as
CTF8 and CTF18) or the spindle assembly checkpoint (BUB/), suggesting that NPL3
expression affects chromosome stability - an unexpected result based on its function in RNA
metabolism. We further showed that NPL3 expression sensitizes cells to a microtubule
depolymerizing agent. In addition, we have used separation of function mutants to show
many of the SDLs discovered when overexpressing NPL3 are due to its role in translation,
not transcription. SFRS1 has a known role in translation. Finally, we found that NPL3
expression suppresses the slow growth of an sgo /4 strain that is defective in spindle tension
sensing, further underscoring a role in the spindle checkpoint. The human ortholog of SGO1
(SGOL2) is upregulated in the PTEN loss signature. Thus common genes and gene functions
are identified in multiple SDL screens showing the inter-relatedness of the genes in the PTEN
loss signature.

[0043] Using separation of function, we have found that the majority of the SDL interactions
found when overexpressing NPL3 (including CPR1) are due to its role in translation, not

transcription. NPL3’s ortholog, SFRS1, also has a known role in translation. See Michlewski
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G, Sanford JR, Caceres JF (April 2008). "The splicing factor SF2/ASF regulates translation
initiation by enhancing phosphorylation of 4E-BP1". Mol. Cell 30 (2): 179-89. This may be
interesting because this does not involve calcineurin, therefore cyclosporin derivatives that do
not inhibit the immune response may be effective at treating cancers with SFRS1
overexpressed.

[0044] In certain aspects the invention provides methods to determine the yeast-defined
synthetic genetic interactions for genes showing significant expression changes in PTEN-
deficient breast tumors. We will perform experiments in order to understand the biology
underlying the genetic interactions defined from the high-throughput screens. In addition, we
will verify these interactions by RNAi in PTEN-deficient breast cancer cell lines.

[0045] In certain aspects the invention provides methods to determine whether compounds
with known activity against specific gene targets treat cancers with the identified genetic
makeup. In certain aspects the invention provides use of compounds with known activity
against specific gene targets to treat cancers with the identified genetic makeup.

[0046] The yeast CPR1 gene was identified in two different synthetic dosage lethal (SDL)
screens. Based on this result the human orthologue CYPA was identified as a target for

pharmacological inhibition in cancer cells.

[0047] Cyclophilin inhibitors

[0048] The contents of all references, including but not limited to the structures, describing
cyclophilin inhibitors are specifically incorporated herein by reference.

[0049] Cyclosporines, cyclosporine derivatives and analogues: The cyclosporins comprise a

class of structurally distinctive, cyclic, poly-N-methylated undecapeptides, commonly
possessing pharmacological, for example immunosuppressive, anti-inflammatory and/or
antiparasitic activity. The first of the cyclosporins to be isolated was the naturally occurring
fungal metabolite Ciclosporin or Cyclosporin, also known as cyclosporin A (Figure 5).
[0050] Since the original discovery of Cyclosporin, a wide variety of naturally occurring
cyclosporins have been isolated and identified, and many further non-natural cyclosporins
have been prepared by total- or semi-synthetic means or by the application of modified
culture techniques. The class comprised by the cyclosporins is thus now substantial and
includes, for example, the naturally occurring cyclosporins A through Z [cf., Traber et al.; 1,
Helv. Chim. Acta, 60, 1247-1255 (1977); Traber et al.; 2, Helv. Chim. Acta, 65, 1655-1667
(1982); Kobel et al.; Europ. J. Applied Microbiology and Biotechnology, 14, 273-240 (1982);
and von Wartburg et al.; Progress in Allergy, 38, 28-45 (1986)], as well as various non-

natural cyclosporin derivatives and artificial or synthetic cyclosporin derivatives and artificial

10
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or synthetic cyclosporins including dihydrocyclosporins [in which the -MeBmt-residue is
saturated by hydrogenation]; derivatized cyclosporins (e.g., in which the 3'-O-atom of the -
MeBmt-residue is acylated or a further substituent is introduced at the .alpha.-carbon atom of
the sarcosyl residue at the 3-position); and cyclosporins in which variant amino acids are
incorporated at specific positions within the peptide sequence, e.g. employing the total
synthetic method for the production of cyclosporins developed by R. Wenger--see e.g. Traber
et al., 1; Traber et al., 2; and Kobel et al., loc cit. U.S. Pat. Nos. 4,108,985, 4,220,641,
4,288,431, 4,554,351, 4,396,542 and 4,798,823; European Patent Publication Nos. 34,567A,
56,782A, 300,784A and 300,785; International Patent Publication No. WO 86/02080 and UK
Patent Publication Nos. 2,206,119 and 2,207,678; Wenger 1, Transpl. Proc., 15 Suppl. 1:2230
(1983); Wenger 2, Angew. Chem. Int. Ed. 24 77 (1985) and Wenger 3, Progress in the
Chemistry of Organic Natural Products, 50, 123 (1986).

[0051] Several synthetic modifications of the -MeBmt-residue residing at position 1 of the
cyclosporin undecapeptide have been described including: Park et al., Tetrahedron Lett. 1989,
30, 4215-4218; U.S. Pat. Nos. 5,239,037, 5,293,057; U.S. Publication Nos. US20020142946,
US20030087813, and US20030104992 assigned to Enanta Pharmaceuticals, Inc.; PCT
Publication Nos. W099/18120 and WO03/033526 both assigned to Isotechnika; and U.S. Pat.
Nos. 4,384,996, 4,771,122, 5,284,826, and 5,525,590 assigned to Sandoz.

[0052] Other cyclosporine derivatives are also known. Eg. Kallen J, Mikol V, Taylor P,
Walkinshaw MD. “X-ray structures and analysis of 11 cyclosporin derivatives complexed
with cyclophilin A.” J Mol Biol. 1998 Oct 23;283(2):435-49.

[0053] The compound cyclosporine (cyclosporine A or CsA) has found wide use since its
introduction in the fields of organ transplantation and immunomodulation, and has brought
about a significant increase in the success rate for transplantation procedures. Undesired side
effects associated with cyclosporine, however, such as nephrotoxicity, have led to a
continued search for immunosuppressant compounds having improved, efficacy and safety.
[0054] Side effects with systemic CsA include increase in diastolic blood pressure and
decrease in renal function. Other side effects include hepatic dysfunction, hypertrichosis,
tremor, gingival hyperplasis and paraesthsia. The systemic toxicity of CsA limits its use for
the treatment of certain diseases. US Patent 7468419 provides cyclosporine derivatives with
Immunosuppressive activity.

[0055] Non-immunosuppressive cyclosporine derivatives: Cyclosporine derivatives which

have reduced or lack immunosuppressive properties are also known. Described herein are

non-limiting examples of non-immunosuppressive cyclosporine derivatives. See eg. Victor L.
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Hsu, Ian M. Armitage “Solution structure of cyclosporin A and a nonimmunosuppressive
analog bound to fully deuterated cyclophilin” Biochemistry, 1992, 31 (51), pp 12778-12784.
Analogs of the immunosuppressive cyclic undecapeptide cyclosporin A (CsA) with
substitutions in positions 1, 4, 6, and/or 11 were rationally designed to possess substantially
diminished or no immunosuppressive activity. S R Bartz, E Hohenwalter, M K Hu, D H Rich,
and M Malkovsky “Inhibition of human immunodeficiency virus replication by
nonimmunosuppressive analogs of cyclosporin A.”Proc Natl Acad Sci U S A. 1995 June 6;
92(12): 5381-5385.

[0056] Figure 6 shows non-immunosuppressive cyclosporine derivatives. Adapted from Cruz
MC, Del Poeta M, Wang P, Wenger R, Zenke G, Quesniaux VF, Movva NR, Perfect JR,
Cardenas ME, Heitman J. “Immunosuppressive and nonimmunosuppressive cyclosporine
analogs are toxic to the opportunistic fungal pathogen Cryptococcus neoformans via
cyclophilin-dependent inhibition of calcineurin. “Antimicrob Agents Chemother. 2000
Jan;44(1):143-9.

[0057] A cyclosporine derivative, known as NIMS811, is a non-immunosuppressive derivative.
See eg. Sue Ma, Joanna E. Boerner, ChoiLai TiongYip, Beat Weidmann, Neil S. Ryder,
Michael P. Cooreman,, and Kai Lin* “NIM&11, a Cyclophilin Inhibitor, Exhibits Potent In
Vitro Activity against Hepatitis C Virus Alone or in Combination with Alpha Interferon”
Antimicrobial Agents and Chemotherapy, September 2006, p. 2976-2982, Vol. 50, No. 9;
Motoyuki Kohjima, Munechika Enjoji, Nobito Higuchi, Kazuhiro Kotoh, Masaki Kato,
Ryoiichi Takayanagi, and Makoto Nakamuta “NIMS811, a nonimmunosuppressive
cyclosporine analogue, suppresses collagen production and enhances collagenase activity in
hepatic stellate cells” Liver Int. 2007 November; 27(9): 1273-1281. Another non-
immunosuppressive derivative is SCY-635. Sam Hopkins, Bernard Scorneaux, Zhuhui
Huang, Michael G. Murray, Stephen Wring, Craig Smitley, Richard Harris, Frank Erdmann,
Gunter Fischer, and Yves Ribeill “SCY-635, a Novel Nonimmunosuppressive Analog of
Cyclosporine That Exhibits Potent Inhibition of Hepatitis C Virus RNA Replication In Vitro”
Antimicrob Agents Chemother. 2010 February; 54(2): 660—672. Published online 2009
November 23. SDZ PSC 833 is a non-immunosuppressive cyclosporine known as valspodar.
Roland P. Kellerl, Hans J. Altermatt2, Kees Nooter3, Guenter Poschmannl1, Jean A.
Laissue2, Pietro Bollingerl, Peter C. Hiestandl1, “SDZ PSC 833, A non-immunosuppressive
cyclosporine: Its potency in overcoming P-glycoprotein-mediated multidrug resistance of
murine leukemia” International Journal of Cancer,Volume 50, Issue 4, pages 593-597, 20

February 1992. Valspodar is a nonimmunosuppressive, nonnephrotoxic cyclosporine

12



WO 2012/145427

PCT/US2012/034119

derivative, which is approximately two- to tenfold more potent than cyclosporin A. Fisher,
Eur J Cancer, 1996; 32A: 1082-1088. The chemical structure of valspodar is
Cyclo[[(2S,4R,6E)-4-methyl-2-(methylamino)-3-oxo0-6-octenoyl]-L-valyl-N-methylglycyl-N-

methyl-L-leucyl-L-valyl-N-methyl-L-leucyl-L-alanyl-D-alanyl-N-methyl-L-leucyl-N-methyl-
L-leucyl-N-methyl-L-valyl] (CAS Registry Number 121584-18-7).

[0058] DEBIO-025 is another non-immunosuppressive derivative of cyclosporine. See

Paeshuyse J, Kaul A, De Clercq E, Rosenwirth B, Dumont JM, Scalfaro P, Bartenschlager R,

Neyts J. “The non-immunosuppressive cyclosporin DEBIO-025 is a potent inhibitor of

hepatitis C virus replication in vitro.Hepatology.” 2006 Apr;43(4):761-70.
[0059] Derivatives of cyclosporine are described in W0O2010/052559, the content of which

publication is herein incorporated by reference in its entirety.

[0060] Non-limiting examples of non-immunosuppressive cyclosporine derivatives are listed
in Table 3.
[0061] Table 3 shows cyclosporine derivatives of the structure Cyclo-(AXX;-AXX,-AXXs-

AXX4 -AXX5 -AXX6-AXX7 -AXXg -AXXQ-AXXl ()-AXX1 1) (Forrnula IX) ) where:

AXX,; AXX, | AXX; | AXX, | AXXs | AXXs | AXK; | AXXg | AXXy | AXX o | AXX),;
CsA* | MeBmt Abu Sar MeLeu | Val | Meleu | Ala D-Ala | MeLeu | MeLeu | MeVal
8T2 MeBmt Thr Sar MeLeu | Leu | MeLeu | Ala | D-Hiv | MelLeu Leu MeVal
RLY- | MeBmt Abu D- EtVal Leu | MeLeu | Ala | D-Hiv | MeLeu Leu MeVal
001 MeAla
RLY- | MeBmt Val D- MeVal | Leu | MeLeu | Ala | D-Hiv | MeLeu Leu MeVal
018 MeAla
RLY- | MeBmt Abu D- MeVal | Val | MeAla | Ala | D-Hiv | MeLeu Leu MeVal
045 MeAla
RLY- | MeBmt Val D- MeVal | Leu | MeLeu | Gly | D-Hiv | MeLeu | Leu | MeVal
062 MeAla
RLY- | MeBmt Val D- MeVal | Val Sar Gly | D-Hiv | MeLeu | Leu | MeVal
070 MeAla

*CsA is included as a reference.

Formula I is 8T2. Formula IV is RLY-001. Formula V is RLY-01&8. Formula VI is RLY-
045. Formula VII is RLY-062. Formula VIII is RLY-070.

[0062] The cyclosporines of Table 3 are described using the following naming nomenclature

(See WO2010/052559). The cyclosporines of Table 3 comprise eleven residues, ten being .-

amino acids and one being a-hydroxy acid. This a-hydroxy acid is (2R)-2-hydroxy-3-

methyl-butanoic acid, also known as O-a-hydroxyisovaleric acid and abbreviated as H-O-

Hiv-OH. In Formula (IX), this hydroxyl acid is in position 8. It forms on the carboxylic acid

end an amide bond with the amino group of the a-amino acid in position 9, namely N-

methyl-leucine, and, on the hydroxyl end an ester bond with the carboxylic acid group of the

a-amino acid in position 7, namely alanine or glycine.
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[0063] The a-amino acids of Formula (IX) are described using the three letter code
abbreviation usually used to name amino acids and their configuration is L-configuration,
unless otherwise specified. The residue numbering starts from AXX; representing N-methyl-
(4R)-4-[(E)-2-butenyl]-4-methyl-L-threonine or MeBmt, or its structural derivatives. When
an alkyl group such as a methyl group Me or an ethyl group Et appears before the
abbreviation of an amino acid, this means that such an alkyl group is fixed on the amino
group of said amino acid residue.

[0064] In certain aspects, the invention provides use of a pro-drug, an esther, or a
pharmaceutically acceptable salt of any of the cyclosporines, cyclosporine derivatives and
analogues used in the methods of the invention.

[0065] Sanglifehrins: Sanglifehrins are naturally occurring polyketide cyclophilin inhibitors.
See Gregory MA, Bobardt M, Obeid S, Chatterji U, Coates NJ, Foster T, Gallay P, Leyssen P,
Moss SJ, Neyts J, Nur-E-Alam M, Paeshuyse J, Pirace M, Suthar D, Warneck T, Zhang MQ,
Wilkinson B. “Preclinical characterisation of naturally occurring polyketide cyclophilin
inhibitors from the sanglifehrin family.Antimicrob Agents Chemother.” 2011 Mar 7. [Epub
ahead of print].

[0066] PARP inhibitors

[0067] A non-limiting example of a PARP inhibitor used in the methods of the invention is
olaparib.

[0068] DNA cross-linking agents

[0069] Non-limiting examples of DNA cross-linking agents are mitomycin C,
cyclophosphamide, chlorambucil, uramustine, ifosfamide, melphalan, bendamustine,
carmustine, or any combination thereof.

[0070] The exact therapeutic amount will be determined by the practitioner, in light of factors
related to the subject that requires treatment, and/or a disease or disorder which is treated.
Therapeutic amount can be determined in dose escalation studies. Amount and
administration are adjusted to provide sufficient levels of the active ingredient or to maintain
the desired effect. Factors that may be taken into account include the severity of the disease
or disorder, location of the affected tissue or cells within the body, general health of the
subject, age, weight, and gender of the subject, diet, time and frequency of administration,
drug combination(s), reaction sensitivities, and tolerance/response to therapy. Skilled
artisans can readily determine the therapeutic amount which is necessary to treat a disease or

a disorder, or the therapeutic amount which is necessary to prevent a disease or a disorder.
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[0071] Normal dosage amounts may vary from 0.1 to 100,000 micrograms, up to a total dose
of about 1 g, depending upon the route of administration. A non-limiting example of dosage
is 2.5 to 15 mg/kg. Guidance as to particular dosages and methods of delivery is provided in
the literature and generally available to practitioners in the art. Those skilled in the art will
employ formulations suitable for delivery of the therapeutic agents of the invention. The
methods of the invention employ any suitable route of administration of the therapeutic
agents.

[0072] Any suitable method of delivery may be used to administer the agents in the methods
of the invention. The agents may be formulated in any suitable formulation for delivery and
treatment of cancer.

[0073] Example 1:

[0074] The invention provides methods to identify cancer-specific synthetic genetic
interactions rapidly and inexpensively using the Saccharomyces model system, and then use
these findings as a guide to develop and evaluate compounds, which are known to act against
these targets, for cancer therapy, including but not limited to breast cancer therapy.

[0075] Disclosed herein are experiments to show feasibility of the approach of using yeast
screens to identify human target genes. We performed a biological characterization of SDL
interactions already identified in our screens. We then used the yeast-derived information to
perform RNAI experiments to demonstrate that these interactions can affect breast cancer
cells.

[0076] Example 1A. Provided herein are methods and experiments to define the biological
mechanisms of the SDL interactions from yeast. In one step, we verified the SDL
interactions identified in high throughput screens with individual experiments by rescreening
the affected genes from the high throughput studies followed by experiments on individual
strains to ensure that the effects are ‘on target’ and not spurious mutations. As an example of
the biological characterizations we performed, we showed how NPL3 gene expression
impinges on the DNA damage and mitotic checkpoints. An analysis of various damaging
agents during NPL3 expression were made to determine if NPL3 expression sensitizes these
strains to damage. We also assayed molecular indicators of checkpoint function in wild-type
cells and cells over-expressing NPL3. We also monitored checkpoints after inducing damage
to determine whether NPL3 expression is suppressing checkpoint activation. These
experiments provided an overview of the major checkpoint functions during the cell cycle

and allowed us to focus on the S or G2/M checkpoints.
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[0077] Example 1B: Human orthologs of genes that have been defined in the yeast SDL
screens were used to screen the breast tumor cell lines from which the query genes were
identified. We concentrated on NPL3/SFRS1 as the founding example. Based on the PTEN-
expression profile, SFRS1 is over-expressed in PTEN negative cancer. SFRSI1 is also
overexpressed in certain PTEN+ tumors, for example but not limited to ovarian neoplasias.
One gene that showed an SDL interaction with NPL3 over-expression was CPR1. The human
orthologue of NPL3 is SFRS1 and the human orthologue of CPR1 is CPYA. Protein levels in
mammalian cells can be monitored by immunohistochemistry (Ab available from Abcam).
Lentiviral shRNA vectors (pGIPZ, Open Biosystems) will be obtained for the interacting
SDL partner genes. We will evaluate the SDL in 5 PTEN+ and 5 PTEN- breast tumor lines
by transducing them with the lentiviral ShRNA vectors and comparing the effects on growth
after transduction with a control GFP reporter vector. In each case, the lentiviral-encoded
shRNAs are appended to the GFP reporter transcript so that ShRNA processing and
expression down-regulation can be correlated with levels of GFP expression (i.e., more viral
integrations = more GFP = more shRNA). Thus, the effect of gene knockdown in a tumor cell
line will be evaluated by comparing the GFP expression profiles of the ShRNA vector and a
control GFP vector by FACS. A positive result is indicated when the SDL partners of SFRS1
show decreased viability when down-regulated in the PTEN- tumors but are unaffected in the
PTEN+ tumor lines. Total RNA and protein extracts will be recovered from transduced cell
lines to evaluate the extent of down-regulation. Both quantitative PCR and protein blots,
depending on antibody availability, will be used to measure the effects of the sShRNA
experiment. We also evaluate the level of SFRS1 expression in all of the cell lines and
determine whether SDL correlates with SFRS1 expression levels as anticipated.

[0078] Example 2 Compounds with known activity against specific gene targets were
queried for their affect against cancers with the identified genetic makeup. One such class of
compounds is cyclosporine and its derivative and analogues which target cyclophilins. Some
of these compounds inhibit metabolic processes and vary in their level of preclinical
development. Each of these compounds will be tested against the set of PTEN null and PTEN
wild type breast cancer cell lines using dose response cytotoxicity assays and colony
formation assays. In addition, we will employ a set of isogenic cell lines with each variation
of PTEN loss, EGFR overexpression, and dominant negative p53 overexpression (triple
modified) which mimics the typical PTEN null basal-like breast cancer that heavily
influenced the PTEN signature. These cell lines will be used as an adjunct to dissect the role

of these alterations in identified synthetic lethal interactions.
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[0079] The set of genes identified in the screens so far show significant enrichment for two
cell processes, namely maintenance of chromosomal stability and fatty acid metabolism. We
will therefore test the synthetic lethality of inhibiting key proteins involved in these processes
and pathways. PARP inhibition and the DNA cross-linking agent cisplatin have already
shown SL interactions with PTEN loss and they target chromosomal stability™.

[0080] In certain aspects the invention provides methods to treat cancer, including but not
limited to PTEN-deficient cancer, using a combination of agents targeting chromosomal
stability pathways and metabolic pathways simultaneously using the compounds identified
above in combination with either PARP inhibition or cisplatin. Given that fatty acids
stimulate AMPK activity it is likely that tumors have evolved a mechanism to overcome this
negative feedback, thus opening up a therapeutic opportunity to turn AMPK back on with its
known activators metformin or pemetrexed™”, both of which are FDA approved drugs.
Therefore, the trifecta of AMPK activation, inhibition of fatty acid synthesis, and induced
chromosomal damage may be a potent cocktail against PTEN null cells and underscores the
power of understanding the critical pathways subverted by specific tumors with specific
lesions. Identified SL compounds in vitro will be confirmed in vivo in a xenograft experiment.
[0081] In certain aspects, the invention provides methods of identifying, validating, and
translating targets of SL interactions with PTEN loss. Finding novel targets and drugs that
can kill PTEN null cancer cells cannot be understated given that PTEN null tumors are highly
lethal with few known effective therapies; examples including triple negative breast cancers
(i.e. do not express significant amounts of estrogen receptor, progesterone receptor, or HER2)
and hormone resistant prostate cancers (i.e. prostate cancers which grow in the setting of low
testosterone levels).

[0082] Example 3: PTEN deficiency sensitizes cancer cells to cyclosporin A

[0083] Upon observing a synthetic lethal interaction between loss of the gene CPR1 in a
simulated PTEN null background (NPL3 overexpression) in Saccharomyces cerevisiae, we
aimed to examine if this interaction carried over to mammalian system, specifically in PTEN
null cancer cells. The yeast gene Cprl is homologous to the human gene CYPA, cytoplasmic
peptdyl-prolyl cis-trans isomerase, or cyclophilin A. Given that the drug cyclosporin A
(ciclosporin, cyclosporine, CsA) can bind to cyclophilin we tested the sensitivity of multiple
isogenic cancer cell lines, with and without PTEN, to CsA. Our in vitro experiments revealed
that PTEN deficiency sensitizes cancer cells to CsA.

[0084] When exposed to CsA, MCF10A parental mammary epithelial cells with wild type
PTEN demonstrated an IC50 of up to five times greater than its MCF10A PTEN null
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counterpart (IC50 of S5uM compared to 1.08uM respectively). In the range from 1uM to
2.5uM, the MCF10A PTEN null line was more sensitive (about 20-30 fold) to CsA than the
parental line. In this range, the PTEN null line experienced a dose effect on growth inhibition
while the parental remained insensitive to the drug and continued to proliferate. At 1.75uM,
a greater than 30 fold difference in growth inhibition was observed between these two lines.
(Fig 1A).

[0085] This large difference in proliferation inhibition is seen across a broader range of doses
in another MCF10A isogenic set that has EGFR overexpression and dominant-negative p53.
The PTEN null version of this line, identified as MCF10A triple modified, had an IC50 of
2uM compared to the MCF10A double modified line with wild type PTEN I1C50 of 7.1uM.
Again, the more significant effect of CsA is observed by looking at the percent growth
inhibition between 1uM to 5uM, where the double modified line is insensitive to the drug, but
the PTEN null triple modified line is up to sixty times more sensitive. (Fig 1B)

[0086] We also tested this effect in a colon cancer isogenic set, HCT116 wild type versus
PTEN null. The general trend of PTEN null conferring greater sensitivity to CsA was
observed, but to a less dramatic effect. The IC50 difference between the HCT116 PTEN null
and wild type lines was less than 2 fold; the largest difference in growth inhibition was
observed at 5SuM, yet was still less than a six fold difference. We hypothesize that the known
and potent genetic alterations already present in this isogenic line, including a KRAS
mutation and a PIK3CA mutation, maintains baseline PI3K pathway activation and thus
would significantly dampen any synthetic lethal interaction. (Fig 1C).

[0087] We have tested the sensitivity to CsA in a larger set of breast cancer cell lines. In
general, we observe that breast cancer cells that are PTEN null have lower IC50s, all below
8uM, compared to breast cancer cells with wild type PTEN. Most wild type lines have an
IC50 of greater than 15uM. The PTEN wild type cell line MDA-MB-231 is an outlier,
having a very low IC50 of 1.9uM; this line is also a KRAS mutant, supporting a hypothesis
that such a mutation could alter the synthetic lethal interaction. (Fig 2).

[0088] The same two MCF10A isogenic lines demonstrate that the PTEN null cells are
undergoing robust apoptosis with exposure to CsA, but parental lines are not at the same dose
and length of treatment. This was measured by observing levels of cleaved caspase 3 at 24
and 48 hours of exposure to 0, 1.5 or 5SuM CsA. (Fig 3).

[0089] Infusional CsA has been in used in multiple cancer clinical trials with the goal of
overcoming resistance to chemotherapy through inhibition of efflux pumps. A few of these

trials have demonstrated that in vivo drug levels of 2.5 uM are achievable. See Chambers SK,
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Davis CA, Chambers JT, Schwartz PE, Lorber MI, Hschumacher RE. “Phase I trial of
intravenous carboplatin and cyclosporin A in refractory gynecologic cancer patients.” Clin
Cancer Res. 1996 Oct;2(10):1699-704; Morgan RJ Jr, Synold TW, Gandara D, Muggia F,
Scudder S, Reed E, Margolin K, Raschko J, Leong L, Shibata S, Tetef M, Vasilev S,
McGonigle K, Longmate J, Yen Y, Chow W, Somlo G, Carroll M, Doroshow JH. “Phase 11
trial of carboplatin and infusional cyclosporine with alpha-interferon in recurrent ovarian
cancer: a California Cancer Consortium Trial.” Int J Gynecol Cancer. 2007 Mar-
Apr;17(2):373-8.

[0090] Mechanistic studies are ongoing and once mechanism is identified the possibility of
optimization of the effect is likely significant.

[0091] Example 4: SFA (sanglifehrin A) and NIMS811 are tested for their effect on PTEN
negative cancer cells, for example but not limited, in experiments as described in Example 3.
[0092] Example 5: Table 2 shows experiments to elucidate sensitivity of PTEN negative

cells to cyclophilin inhibitors

Experiment Aim

Tacrolimus proliferation assay on +/- PTEN *  CsA working via calcineurin

isogenic pairs pathway/inhibiting NFAT?

CsA proliferation assay on MCF10As with » Show PTEN loss is making cells sensitive to
wt and mutant PTEN (G129E & C1245) CsA by rescuing them with PTEN

transfected back in (rescue assay)
*  Determine if catalytic part of PTEN
diminished sensitivity to CsA

Show apoptosis at 2.5 and 5uM CsA in 2
sensitive and 2 resistant (PTEN wt) cell lines

NIM811 CsA analog proliferation assay *  Confirm mechanism not via calcineurin
pathway (mitochondrial permeability
transition inhibitor?)

Test PPlase activity +/- CsA is isogenic sets + Is CsA functioning by altering PPlase
activity of cyclophilin A preferentially in
PTEN-/- cells?

SFA (sanglifehrin A) proliferation assay *  Mechanism via CypA alone vs calcineruin
pathway

CypA WB with CsA treatment for levels of *  Mechanism via regulation of CypA?

CypA

Proliferation assays in hypoxic conditions *  Mechanism via hypoxia?
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Test CsA + Cisplatin (other DNA cross-

linking agents) synergy in isogenic pairs:
»  Test for synergy
1) proliferation assay on +/- PTEN

isogenic pairs »  Enhanced apoptosis?
2) Cleaved caspase 3 WB * PI3K pathway activated?
3) pAKT WB
PI3K WB of CsA treatment in isogenic sets » Is PI3K pathway activated preferentially

upon CsA treatment?

ROS detection * ROS generation mechanism for CsA
sensitivity in PTEN null cells?

[0093] Example 6: Non-immunosuppressive cyclosporines affect growth of cancer cells
[0094] Non-immunosuppressive cyclosporines of Formula I1I (8T2), Formula IV (RLY-001),
Formula V (RLY-018), Formula VI (RLY-045), Formula VII (RLY-062), and Formula VIII
(RLY-070) were tested for their effect on PTEN negative cancer cells (Figure 10). MCF10A
wild type (WT) and PTEN knockout (PT-/-) cells were seeded into 48-well plate with density
of 4000 cells/well. The next day, the growth medium was changed to medium containing a
compound, CsA or its analogs of Formula III-VIII. Medium containing 0.1% DMSO, was
used as a negative control. Ninety six (96) hours after treatment, the cells were stained with
crystal violet for cell growth. The cell growth of negative control group was set as 100%.
[0095] These data demonstrated that a non-immunosuppressive CsA analog has the same
inhibitory effect on PTEN null cells as CsA. Any other PTEN negative cancer cell line can
be used.

[0096] This idea is bolstered by data (Figure 9) showing that tacrolimus, another
immunosuppressant whose mechanism of immunosuppression is like CsA, is mediated by
calcineurin inhibition, does not inhibit cancer cells at physiologic dosing and does not

preferentially kill PTEN null cells.
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What 1s claimed is:

10.

. A method to treat cancer in a subject in need thereof, the method comprising:

contacting a PTEN negative cancer in a subject in need thereof with a therapeutic

amount of a cyclosporine, whereby the cancer is treated.

A method to reduce growth of a cancer cell in a subject in need thereof, the method
comprising: contacting a PTEN negative cancer cell in a subject in need thereof with a
therapeutic amount of a cyclosporine, whereby the growth of the cancer is reduced

compared to PTEN positive cancer cells.

. A method to induce apoptosis of a cancer cell in a subject in need thereof, the method

comprising: contacting a PTEN negative cancer cell in a subject in need thereof with a
therapeutic amount of a cyclosporine, whereby apoptosis of the cancer cell is induced

and the subject is treated.

A method to treat cancer in a subject in need thereof, the method comprising:
administering to a subject diagnosed with a PTEN negative cancer a therapeutic

amount of a cyclosporine, whereby the cancer is treated.

The method of any one of claims 1-4, wherein the cyclosporine is a cyclosporine

derivative.

The method of any one of claims 1-4, wherein the cyclosporine is a naturally

occurring cyclosporine.
The method of claim 6, wherein the cyclosporine is cyclosporine A.

The method of claim 5, wherein the cyclosporine derivative is a non-

immunosuppressive derivative.

The method of claim 5, wherein the cyclosporine derivative is the agent of Formula I,
the agent of Formula II, NIM-811, SCY-635, DEBIO-025, Formula III, Formula IV,

Formula V, Formula VI, Formula VII, or Formula VIII, or any combination thereof.

A method to treat cancer in a subject in need thereof, the method comprising:
contacting a PTEN negative cancer in a subject in need thereof with a therapeutic

amount of sanglifehrin, whereby the cancer is treated.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

A method to reduce growth of a cancer cell in a subject in need thereof, the method
comprising: contacting a PTEN negative cancer cell in a subject in need thereof with a
therapeutic amount of sanglifehrin, whereby the growth of the cancer is reduced

compared to PTEN positive cancer cells.

A method to induce apoptosis of a cancer cell in a subject in need thereof, the method
comprising: contacting a PTEN negative cancer cell in a subject in need thereof with a
therapeutic amount of sanglifehrin, whereby apoptosis of the cancer cell is induced

and the subject is treated.

A method to treat cancer in a subject in need thereof, the method comprising:
administering to a subject diagnosed with a PTEN negative cancer a therapeutic

amount of sanglifehrin, whereby the cancer is treated.

The method of any one of claim 10-13, wherein the sanglifehrin is sanglifehrinA,

sanglifehrinB, sanglifehrinC, sanglifehrinD, or any combination thereof.

The method of any of claim 1-14, wherein the cancer is breast cancer, prostate cancer,
colon cancer, glioblastoma, endometrial cancer, lung cancer, thyroid cancer,

lymphomas, ovarian cancer, or a combination thereof.
The method of claim 15, wherein the breast cancer is a triple negative breast cancer.

The method of claim 15, wherein the prostate cancer is a hormone negative prostate

cancer.

The method of any of claim 1-4, wherein the therapeutic amount of cyclosporine is
administered in a combination with a therapeutic amount of a PARP inhibitor or a

DNA cross-linking agent, or a combination thereof.

The method of any of claim 10-14, wherein the therapeutic amount of sanglifehrin is
administered in a combination with a therapeutic amount of a PARP inhibitor or a

DNA cross-linking agent, or a combination thereof.

The method of claim 18, wherein the DNA cross-linking agent is cisplatin, mitomycin
C, cyclophosphamide, chlorambucil, uramustine, ifosfamide, melphalan,

bendamustine, carmustine, or any combination thereof.
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21. The method of claim 19, wherein the PARP inhibitor is olaparib.
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Identify human gene X (hX) overexpressed in human cancer cells
\/
Identify, if any, gene yX, which is an yeast orthologue of hX

v
Identify yeast gene Z (yZ) whose deletion shows synthetic dosage lethality with yX. For
example, overexpress yX in yeast and conduct a Synthetic Dosage Lethality screen.

Identify, if any, gene hZ, which is a human orthologue of yZ
v

hZ is a target for pharmacological inhibition in human cancer cells

v
Identify agents that inhibit hZ activity
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