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ACETYLTANSHINONE IIA (ATA) AS ANTICANCER AGENT

Cross-Reference to Related Applications
This application claims the benefit of priority of US provisional application No.
61/472,870, 2011, filed April 7, 2011, the content of it being hereby incorporated by

reference in its entirety for all purposes.

Field of the Invention

The present invention lies in the field of anti-cancer therapy and particularly relates to
the treatment and prevention of various types of cancer, including breast cancer, by use
of acetyltanshinone IIA (ATA). The invention further relates to methods of inducing

apoptosis or interfering with estrogen receptor signaling in cells by use of ATA.

Background

Breast cancer is the second most common type of cancer and related mortality in
women in most countries causing 519,000 deaths worldwide in 2004 alone. Two main
types of breast cancer are estrogen receptor ‘(ER) positive cancers, wherein ER is over-
expressed, and HER2 positive cancers, wherein human epidermal ‘growth factor 2

(HER2) is overexpressed compared to normal breast tissue cells (M. Nadji, C. Gomez-

Fernandez, P. Ganjei-Azar, AR. Moraies, Immunohistochemistry of estrogen and

progesterone receptors reconsidered: experience with 5,993 breast cancers. Am J Clin
Pathol 123 (2005) 21-27). The majority of breast cancers is ER-positive and requires
estrogen for growth and progression. The binding of estrogen to ER changes its
conformation and leadé to the release of the receptor from heat shock proteins (HSPs),
the release promoﬁng dimer formation of the ER monomers. The dimerized ERs recruit
their co-activators to stimulate target gene expression. Encoded proteins can promote

cell division, resulting in fast proliferation and metastasis (K.A. Green, J.S. Carroll,
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-Oestrogen-receptor-mediated - transeription --and —-the - -influence -of-- -co-factors - and-

chromatin state. Nat Rev Cancer 7 (2007) 7‘13-722) (Figure 1).

Overexpression of the HER2 receptdr in breast cancer cells is associated with increased
disease recurrence and worse prognosis. HER2 is a cell membrane surface-bound
receptor tyrosine kiﬁase and is normally involved in the signal transduction pathways
leading to cell growth and differentiation. It is encoded by HER2/neu, a known proto-
oncogene. HER2 is thought to be an orphan receptor, with none of the EGF family of
ligands able to activate it. However, other ErbB receptors dimerise on ligand binding,

and HER2 is the preferential dimerization partner of other members of the ErbB family.

Currently, the most commonly used drug for treating ER-positive breast cancer is
tamoxifen, which can bind to ER and inhibit its binding to the.receptor’s co-activators,
therefore preventing target gene transcription. Although tamoxifen is very effeétive in
treating ER-positive breast cancer, it has limitations. First, tamoxifen is not effective in
about 30% of breast cancer patients. Second, tamoxifen resistance has been observed in
80% of patients after 15 months of treatment (A. Howell, D. DeFriend, J. Robertson, R.
Blamey, P. Walton, -Resf)onse to a specific antioestrogen (ICI 182780) in tamoxifen-
resistant breast cancer. Lancet 345 (1995) 29-30). Third, clinical evidence suggests that
cells overexpressing HER2 are more likely to become tamoxifen resistant. Although
therapies that target HER2 have been developed, including trastuzumab, a monoclonal
antibody, and lapatinib, a tyrosine kinase inhibitor, the available therapies are very

expensive and resistance to these drugs has been reported as well.

Thus, there is still need for alternative treatment regimens for breast cancer that

overcome the known problems.

Summary of the Invention

The present invention is based on the inventors finding that acetyltanshinone IIA (ATA)
can act as an anti-cancer agent and thus has use in the treatment or prevention of cancer,

in particular breast cancer. As it has been surprisingly found that ATA interferes with
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ER signaling and is particularly-effective- in—estrogen-positive -breast- cancer; ATA-
provides a new approach for treating cancérs that do not respond to tamoxifen therapy.
The usefulness of ATA has been further confirmed by the unexpected finding that ATA

also interferes with HER2 expressioﬁ.
Thus, in a first aspect, the present invention relates to a method for treating or
preventing cancer in a subject, comprising administering an effective amount of

acetyltanshinone IIA (ATA) to the subject in need thereof. The structure of
acetyltanshinone I1A (ATA) is depicted in Formula I.

o}
o -

Formula I

HsC

M€~ “CH,

In a further aspect, the present invention relates to the use of a compound of Formula I

Formula I
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for the manufacture of a medicament for treating or preventing-cancer-in-a-subject. This.

use comprises administering a therapeutically effective amount of said compound to

said subject.

In yet another aspect, the present invention relates to a compound of Formula I

Formula I

for use in the manufacture of a medicament for treating or preventing cancer in a

subject.

In various embodiments, the cancer treated or prevented is breast cancer, preferably ER

positive and/or HER2 positive cancer.

Thus, in a further aspect, the present invention relates to the use of a compound of
Formula I for the manufacture of a medicament for treating or preventing estrogen
receptor positive‘ (ER+) breast cancer in a subject. This use comprises administering a

therapeutically effective amount of said compound to said subject.

In yet another aspect, the present invention relates to a method for inhibiting estrogen
receptor signaling in a éell, comprising contacting said cell with an effective amount of

a compéund of Formula L.
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In still-another aspect, the present invention-relates to -a-method-for -reducing-HER2-

levels in a cell, comprising contacting said cell with an effective amount of a compound

of Fdrmula I

In a further aspect, the present invention relates a method for inducing apoptosis in a
cell, comprising contacting said cell with an effective amount of a compound of

Formula I.

Furthermore, the present invention relates in another aspect to a method for the
synthesis of a compound of Formula I comprising the steps of:

(a) adding tanshinone IIA  (1,6,6-trimethyl-8,9-dihydro-7H-naphtho[1,2-
g][1]benzofuran-10,11-dione), an acetate salt aﬁd anhydrous zinc powder to
acetic anhydride to provide a reaction mixture; |

(b) heating the reaction mixture; ‘

(c) filtrating the reaction mixture to remove insoluble residues;

(d) adding water to the filtrate and heating the resulting solution;

(e) filtering the resulting solution to obtain the compound of Formula I as a solid.

The present invention allows the application of acetyltanshinone IIA (ATA) as a new
anticancer agent. Moreover, it allows the application of ATA in the treatment of breast
cancer overexpressing the estrogen receptor (ER) and/or the human epidermal receptor

2 (HER2).

Brief Description of the Drawings

The invention will be better understood with reference to the detailed description when
considered in conjunction with the non-limiting examples and the accompanying

drawings, in which:

Figure 1 schematically illustrates the principle of the estrogen-dependent signaling
pathway of ER activation and mechanisms of ATA in inhibiting ER-positive cell
growth.
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Figure 2 depicts the structures of tanshinone IIA (TIHA, C19H1803) and
acetyltanshinone ITA (ATA, C23H2405).

Figﬁre 3 shows (A) Growth inhibition rétes of ATA measured from breast cancer cells
of ER- MDA-MB-231, ER+/MCF-7, and ER+/T47D cells after 72 h of ATA treatment
at different concentrations by MTT assay. (B) Protein lével of ERa detected by Western
blot analysis. (C) Growth inhibition rates measured after 72 h of 3.13 uM ATA
treatment by MTT assay. '

Figure 4 shows growth inhibition rates of tamoxifen and ATA at three concentrations

measured from ER+ breast cancer MCF-7 cells at 72 h by MTT assay.

Figure 5 depicts the structures of ATA, HTA and estrogen.

~ Figure 6 shows results of quantified immunostaining of ERa in MCF-7 cells after

treatment with 6 uM ATA for 3 h.

Figure 7 shows (A) Western blot analysis of ER« levels in charcoal-stripped medium-
cultured MCF-7 cells at different times with different compound treatments. (B)
Western blot analysis of ERa levels in normal medium-cultured MCF-7 cells at

different times with 6 uM ATA treatment.

Figure 8 shows (A) Real-time PCR analysis of relative ESR1 mRNA levels in charcoal-
stripped medium-cultured MCF-7 cells at different times with 100 pM estrogen (E2) or
100 pM estrogen plus 6 uM ATA treatment. (B) Real-time PCR analysis of relative
ESR1 mRNA levels in charcoal-stripped medium or normal medium-cultured MCF-7
cells at 24 h with 100 pM estrogen, 100 pM estrogen plus 6 uM ATA or 100 pM

estro geﬁ plus 6 uM tamoxifen treatment.

Figure 9 shows (A) Real-time PCR analysis of relative GREB1 mRNA levels in
charcoal-stripped medium-cultured MCF-7 cells at different times with 100 pM
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estrogen (E2)- or- 100-pM. estrogen-plus--6--uM--ATA -treatment.- (B) -Real-time-PCR--

analysis of relative GREB1 mRNA levels in normal medium-cultured MCF-7 cells at

24 h with 100 pM estrogen, 100 pM estrogen plus 6 pM ATA or 100 pM estrogen plus

6 uM tamoxifen treatment.

Figure 10 shows gréwth inhibition rates of ATA measured in ER-/HER2- MDA-MB-
231, ER+/HER2- MCF-7, and ER+/HER2+ BT474 breast cancer cells after 72 h of
ATA treatment at different concentrations (A) and at 3.13 uM (B) by MTT assay. (C)
Western blot results showing different levels of ERa and HER2 proteins in three breast

cancer cell lines. The 8-tubulin protein was probed as a loading control.

Figure 11 shows that ATA reduced the level of ER«x and HER? in breast cancer BT474
cells. Fulvestrant only reduced ER¢, but not HER2. Cells were treated with 6 uM ATA
or 1 uM fulvestrant for indicated times and analyzed by Western blotting.

Figure 12 shows that ATA is more potent than TIIA in causing cancer cell death. Four
types of cancer cells were treated with ATA or TIIA at either 10 uM or 20 uM and the
cell viability was measured by MTT assay after 48 h of compound addition. * p <0.01.

Figure 13 shows that ATA inhibited the growth of xenografted tumors derived from
human melanoma MDA-MB-435 cells in nude mice. ATA (A 30 mg/kg), etoposide (m
ETS, 20 mg/kg) and vehicle control (o) were injected into mice 3x/week via

intraperitoneal injection. Average tumor size (A) and mice body weight (B) were

measured from five mice.

Figure 14 shows that ATA inhibited the growth of xenografted tumors derived from
human melanoma MDA-MB-435 cells in nude mice with H&E staining revealed tumor

tissues morphology (A and B).

Figure 15 shows that paclitaxel in the concentration range of 1x10'? uM to 10 uM had a
much higher growth inhibition rate against HER2 negative MCF-7 cells than HER2

overexpressing MCF-7/HER2 cells, which indicates that these cells are more resistant to
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paclitaxel -than MCF-7 cells (A-and-B).-In-contrast to- their resistance-to-paclitaxel;-

MCF-7/HER2 cells displayed slightly higher sensitivity to ATA (C).

Figure 16 shows that the combiﬁatorial_ effect of ATA with either paclitaxel or
doxorubicin. The effect was determined by measuring the rates of cell growth inhibition
using MTT assay. (* p < 0.01, compared with cells treated with either paclitaxel alone

or ATA alone).

Figure 17 shows ATA induced caspase-dépendeht apoptosis in cancer. cells. (A)
Nuclear chromosome condensation and fragmentation were observed after ATA
treatment. HeLa cells were treated with 10 uM ATA for 24 h. The nuclear chromatin
was stained with a DNA dye, Hoechst 33342. Scale bar = 50 um. (B) Caspase-3 activity
increased after ATA treatment. Four types of cancer cells were treated with or without
10 uM ATA for 48 h and their caspase-3 activities were measured using in vitro

caspase-3 activity assay. (* p < 0.01).

Figure 18 shows ATA induced caspase-dependent apoptosis in cancer cells (A)
Caspase-3 activation and PARP cleavage were observed after ATA treatment by
Western blot analysis. HeLa cells were treated with 10 uM ATA for 12, 24, 36, and 48
h. The B-tubulin protein was probed as a loading control. (B) Pan-caspase inhibitor
prevented ATA-induced cell death. HeLa cells were pre-treated with 2 uM pan-caspase
inhibitor (z-VAD-fmk) for 2 h before ATA addition. Then 10 uM or 20 uM ATA were
added. After 24 h and 48 h treatment, the number of died cells was counted under a
microscope. (*- p < 0.01, compared with cells treated with ATA only). Control: cells

without any treatment.

Figure 19 shows that ATA induced apoptotic cell death via a mitochondria-dependent
pathway. Overexpression of Bcl-2 inhibited ATA-induced cell death. HeLa cells
transfected with either yellow fluorescent protein (YFP) (vector cohtrol) or YFP-Bcl-2
(Bci—2) were treated with ATA at 10 or 20 uM. The percentage of cell death from YFP-
positive cells was determined by cell counting under a fluorescence microscope. (* p <

0.01, compared with vector control groups).



.10

15

20

25

30

WO 2012/138297 _ PCT/SG2012/000041
| 9
Figure 20-shows-that ATA treatment-induces-mitochondria swelling and-membrane-
potential loss. HeLa cells were treated with 10 pM ATA for 24 h. Then 0.1 pM
fluorescent dye MitoTracker Red was applied to the cells to reveal the mitochondria

morphology and membrane potential.

Figure 21 shows thaf ATA triggered Bax translocation and cytochrome c release during
apoptosis in MDA-MB-435 cells by immunofluorescence staining. An antioxidant
agent, propyl gallate (PG) prevented these events. The concentration of ATA and PG
were 5 uM and 20 puM, respectively. The treatment duration was 24 h. Scalé bar = 10

pm.

Figure 22 shows that Bax translocation and C)}tochrorhe ¢ release in MDA-MB-435
cells after ATA treatment by Western blot analysis. The value of CY/MT represents the
ratio of integrated band intensity of cytosol fraction (CY) over corresponding intégrated
band intensity of mitochondrial fraction (MT). The ratio was normalized by the control
group. TWo proteins were used as internal markers to judge the quality of cell

fractionation experiment: Cox IV for mitochondria and $-tubulin mainly for cytosol.

Figure 23 shows that ATA induced Bax translocation and cytochrome c release in

Hel a cells by using immunostaining.

" Figure 24 shows that ATA-induced apoptosis is triggered by Bax translocation and

cytochrome c release in HeLa cells. In this Western blot experiment, 10 uM ATA was
used. The number (h) indicates the treatment duration in hours. The value of CY/MT
represents the ratio of integrated band intensity of cytosol fraction over corresponding
infegrated band intensity of mitochondrial fraction. The ratio was normalized by the
control group. Two proteins were used as markers to judge the quality of cell

fractionation experiment: Cox IV for mitochondria and beta-tubulin mainly for cytosol.

Figure 25 shows that ATA-related ROS generation resulted in cancer cell death. (A)

ROS generation in various cancer cell lines was detected using H 2DCFDA after 10 uM

ATA treatment for 2 h. The number indicates the fold of increase in ROS level
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-compared- to- control. (B) -Antioxidant prevented - ATA-induced- MDA-MB-435--cell-

death. Various antioxidants at the indicated concentration were tested for their
protective effects against ATA-induced MDA-MB-435 cell death. Cells were first pre-
treated with each antioxidant for 1 h and then ATA was added into the culture medium
in the presence of antioxidants. The cell viability was measured by sulforhodamine B

(SRB) colorimetric assay for cytotoxicity dete_rmination (* p<0.01).

Figure 26 shows that ATA-related ROS generation resulted in cancer cell death. (A)
PG prevented ATA-induced cell death. Three'concer.ltrations of PG were tested for their
protective effects on ATA-induced cell death. The cell viability was measured by SRB
assay. (* p < 0.01). (B) PG protected ROS generation caused by ATA treatment. (* p <
0.01, compared to 5 uM ATA treatment). All the expeﬁments were performed at least
three times. The results presented in this figure are the average of three experiments.

Error bar represents standard deviation. Scale bar =20 pum.

Figure 27 schematically illustrates the mechanism of ATA in generating ROS and

inducing apoptosis in cancer cells.

Detailed Description

The dry root of Alvia miliorrhiza Bunge also known as Danshen is traditionally used in
China to treat diseases such as hepatitis and heart disease. Over 40 lipid-soluble

tanshinone compounds have been isolated from this root among which tanshinone IIA,

tanshinone I and cryptotanshinone are the major constituents.

The inventors of the present invention have now surpﬁsingly discovered that
acetyltanshinone IIA (ATA), obtained by chemical modification of tanshinone TIIA
(TIIA) (Figure 2), exhibits anti-cancer effects and thus may be used as an anti-cancer
agent for treatirig or preventing cancer in a subject. Further, the inventors have
demonstrated that ATA has a strong cytotoxicity on multiple cancer cell lines, but is

less toxic to normal, non-cancer cells including breast, muscle and fibroblast cells.
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In a-first aspect,-the present invention-thus-relates to-a-method-for-treating-or-preventing-

cancer in a subject, comprising administering an effective amount of a compound of

Formula I.

H3C)]\O

Hee” “CHg
Formula T

In various embodiments of this aspect of the present invention the cancer is selected
from breast cancer, cervical cancer, lung cancer, liver cancer, colorectal

adenocarcinoma, neuroblastoma, melanoma, and leukemia.

In various embodiments of this aspect of the present invention the cancer is estrogen
receptor-positive (ER+) breast cancer. In recent years, much progress has been made in
the field of individualized medicine and individualized cancer treatment. In particular, it
has been found that each cancer may requife a specifically tailored therapy that takes
into account molecular changes in the cancer, as certain aberrations in expression levels

and protein activity may render the cancer more susceptible or more resistant to a

specific treatment. The finding that a specific subclass of breast cancer is particularly

susceptible to treatment with ATA, as claimed herein, is thus highly significant, as it
can help to circumvent problems connected to resistance to other conventional treatment

forms, such as tamoxifen treatment.

ATA is especialIy useful for breast cancer patients lacking the enzyme cytochrome
P450 2D6. This enzyme converts the standard anti-ER+ breast cancer drug tamoxifen to
its active metabolite endoxifen. Among healthy Europeans 6-10% of individuals are

deficient in CYP2D6. These patients convert tamoxifen to endoxifen poorly and
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therefore may not derive full therapeutic benefit-from-it-As-shown in-Figure-4-ATA: can-
be used as an alternative therapy in these patients as it shows a significantly higher

growth inhibition rate than tamoxifen in breast cancer cell.

The term . “estrogen receptor positive (ER+) breast cancer” as used herein refers to
breast cancer cells that overexpress the estrogen receptor compared to normal cells and
breast cancer cells which do not show elevated levels of the estrogen receptor.
“Estrogen receptor” or “ER” refers to a receptor that is activated by the hormone 1783-
estradiol (estrogen). ER is a member of the nuclear receptor family. The main function
of the estrogen receptor is as a DNA-binding transcription factor that regulates gene
expression. In the absence of hormone, estrogen receptors are sequestered by the heat
shook proteins (HSP) located in the nucleus. Hormone binding to the receptor triggers a
number of events starting with disassociation from HSP, dimerization of the receptor,
and subsequent binding of the receptor dimer to co-activators. The ER/co-activator

complex then binds to hormone response elements in the DNA then recruits other

. proteins that are responsible for the transcription of downstream DNA into mRNA and

finally protein that results in a change in cell function.

The term "overexpression” as used herein, refers to a gene expression that is higher than
endogenous expression of the same or related gene in the same cell or tissue in its non-
diseased state. In certain embodiments, ovefexpression of a gene results in at least 1.5
fold, 2 fold, or 2.5 fold increase of the gene product compared to levels in normal,

undiseased cells.

The term “therapeutically effective amount” as used herein refers to the amount of the
coinpound of Formula I required to treat or prevent estrogen receptor positive (ER+)
breast cancer in a given subject either alone or in combination with one or more other
active agents. Effecti\-/e amounts vary, as recognized by those skilled in the art,
depending, inter alia, on route of administration, excipient usage and co-usage with
other active agents as well as agé, weight other diseases and subject specific side

effects. The therapeutically effective amount for a given situation can be readily
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determined by-routine experimentation -and is—within-the-skill-and-judgment--of-the

ordinary clinician.

The term “administer” or “administrétion, as used herein, refers to the application of the
fespective.compound with or without furfher additives, such as pharmaceutical carriers,
to a subject in need thereof. The routes of administration of the compound either alone
or in combination with other substances may be by any medically acceptable means,
including, but not limited to oral, subcutaneous, intramuscular, intravenous, intra-
arterial, sublingual, buccal, rectal, peritoneal, hasal, transdermal, transmucosal, vaginal,
transurethral, iontophoretic, and by inhalation. The compounds may be administered
enterally (e.g., orally or rectally) or parenterally (e.g., by subcutaneous, intravenous,
intramuscular, intrasternal, or peritoneal injection or ihfusion techniques) in dosage
formulations containing conventional pharmaceutically acceptébl'e carriers, adjuvants,
and vehicles as desired. The compounds may be delivered locally, as to portions of the

gastrointestinal tract. Additional methods of administration are known in the art.

The compound either alone or in combination with other substances can be
administered in solid form or in liquid form. The compound can be administered in the
form of tablets, pills, powder mixtures, capsules, granules, injectables, creams,
solutions, suppositories, enemas, colonic irrigations, emulsions, dispersions, food

premixes, animal feed, and in other suitable forms.

The compound of Formula I either alone or in combination with other substances may

~also be formulated as sustained release or delayed release formulations as well as

injectable preparations.

Liquid dosage forms for oral administration may include pharmaceutically acceptable
emulsions, solutions, ‘suspensions, syrups, and elixirs containing inert diluents
commorﬂy used in the art, such as water. Such formulations may also comprise
adjuvants, such as wetting agents, emulsifying and suspending agents, cyclodextrins,

and sweetening, flavoring, and perfuming agents.
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The frequency and-duration of-administration -of-the compound--of-Formula- I-either
alone or in combination with other substénces will depend on the condition of the
individual, and the like. The compound of Formula I either alone or in combination with
other substances may be administered to the individual one or more times, for example,
2,3,4,5,10, 15, 20? 50, 75, 100; or mofe times. The formulation may be administered
to the individual, for example, once a day, two times a day, three times a day, or more
than three times a day. The formulation may also be administered to the individual, for
example, less than once a day, for example, every other day, every third day, every
week, or less frequently. The formulation may be administered over a period of days,
weeks, months, years, or chronically, such as life-long administration. The
determination of dose and frequency of administration lie within the capability of the

responsible physician.

In various embodiments of this aspect of the-present invention the cancer is HER2

positive (HER2+) breast cancer.

In addition to the type of breast cancer that over-expresses estrogen receptor, another
subclass of breast canceré are those that over-expresses human epidermal growth factor
receptor 2 (HER2). HER2 over-expression has been detected in nearly 30% of breast
cancers and patients with a high level of HER2 are usually found resistance to
tamoxifen therapy. HER2 is also known as proto-oncogene Neu, receptor tyrosine-
protein kinase erbB-2, CD340 or p185. HER?2 is a protein that in humans is encoded by
the ERBB2 gene. It is a member of the Ebe protein family, more commonly known as
the epidermal grbwth factor receptor family. HER?2 is a cell membrane surface-bound
receptor tyrosine kinase and is normally involved in the signal transduction pathways
leéding to cell growth and differentiation. HER2 is thought to be an orphan receptor,
with none of the EGF family of ligands able to activate it. However, as already
disclosed supra, ErbB receptors dimerize on ligand binding, and HER2 is the
prefereﬁtial dimerization partner of other members of the ErbB family. In clinical usage,
HER2/neu is important as the target of the monoclonal antibody trastuzumab (marketed
as Herceptin). Trastuzumab is effective only in cancers where the HER2/neu receptor is

overexpressed. One of the mechanisms of how trastuzumab works after it binds to
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HER2 is by increasing p27;-a-protein that-halts-cell proliferation.-Another-monoclonal-
antibody, Pertuzumab, which inhibits dimérization of HER2 and HER3 receptors, is in
advanced clinical trials. The expression of HER2/ERBB2 protein is regulated by
estrogen receptors. Furthermore, estradiol and tamoxifen acting through the estrogen
receptor normally down-regulatés the éxpression of HER2/ERBB2. However, in a
certain subgroup of patients, the expression of HER2/ERBB2 is upregulated in the

presence of tamoxifen, leading to tamoxifen-resistant breast cancer.’

The inventors of the present invention have shown for the first time that ATA is more
effective in inhibiting the growth of breast cancer cells with high level of HER2. This is
significant, as it not only marks the subclass of breast cancers that overexpress HER2
for being particularly susceptible to treatment with ATA, but also underlines the
usefulness of ATA in treating ER overexpressing breast canéers that are resistant to
tamoxifen therapy. In certain embodiments of the present invention, the cancer treated is
thus breast cancer that overexpresses estrogen receptor as well as HER2 (ER+/HER2+
breast caﬁcer). The term “estrogen receptor positive/HER2 positive (ER+/HER2+)
breast cancer”, as used herein, thus refers to breast cancer cells that overexpress both the
estrogen and the human epidermal growth factor receptor 2 (HER2) compared to breast
cancer cells or normal breast tissue cells, which do not show elevated levels of both, the

estrogen receptor and the human epidermal growth factor receptor 2.

In various embodiments of the present invention, the method further comprises

administering a second anticancer agent to the subject.

The term “second anticancer agent” as used herein refers to an agent other than the
compound of Formula I useful in the treatment or prevention of cancer, e. g., due to its
capability to kill rapidly dividing cells, to inhibit or slow down cell division or to act

against abnormal proteins.

In various embodiments of this aspect of the present invention the second anticancer

agent is administered before, together with or after the compound of Formula I.
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-These different-modes-of-administration may be,-inter alia,useful for-reduction- of-side

effect and increasing bioavailability and/or patient compliance.

In various embodiments of this aspect of the present invention the second anticancer
agent is selected from the group consisting of paclitaxel, doxorubicin, herceptin,
lapatinib, gefitinib, erlotinib, tamoxifen, fulvestrant, anastrazole, lectrozole,
exemestane, fadrozole and combinations thereof. In case such combination therapy is

used, the cancer may be breast cancer, for example ER+ breast cancer.

In various embodiments of this aspect of the present invention the subject has prior to
administration of the compound of Formula I underwent anticancer therapy with a

different anticancer agent or anticancer agent combination.

In various embodiments of this aspect of the present invention the subjéct has
previously been treated With an anticancer agent selected from the group of selective
estrogen receptor modulators, estrogen receptor down regulators, aromatase inhibitors,
HER?2 inhibitors, anthracyclines, and combinations thereof. In various embodiments of
this aspect of the present invention the anticancer égeht used in the earlier treatment of
the subject is selected from the group consisting of doxorubicine, paclitaxel, herceptin,
lapatinib, gefitinib, erlotinib, tamoxifen, fulvestrant, anastrazole, lectrozole,

exemestane, fadrozole and combinations thereof.

According to one embodiment of this aspect of the present invention the subject has
failed the previous therzipy. The term “failed the previous therapy” as used herein refers
to the situation that previous therapy has proven not to be useful for a particular subject,
for example, because the subject did not respond as expected to the previous therapy or
the previous therapy showed side effects too severe in that particular subject for the

treatment to be continued.

The previous therapy may, inter alia, include earlier chemotherapy, for example by
treatment of one of the above-listed known anticancer agents, but may also have been

radiation therapy and/or surgery.
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~-- - ~In various embodiments-of this aspect of the present invention the subject has developed -

resistance to one or more of the previously used anticancer agents.

As used herein the term “resistance” refers to reduction in effectiveness of a treatment,
5 eg adrg, in curing cancer, leading to the said treatment no longer considered helpful

or no longer considered the best available treatment for the patient in question.

In other embodiments, the treatment with ATA, as disclosed herein, is used in
combination with other cancer treatment strategies, such as surgical intervention,
10  radiation therapy or therapy with another anticancer agent, to enhance the effectiveness

of this conventional treatment form.
In various embodiments of this aspect of the present invention the subject is a mammal.
15 In various embodiments of this aspect of the present invention the subject is a human.

In another aspect, the present invention is directed at the use of a compound of Formula
I for the manufacture of a medicament for treating or preventing estrogen receptor
positive (ER+) breast cancer in a subject. This use may comprise administering a

20  therapeutically effective amount of said compound to said subject.

In various embodiments of the current invention the breast cancer is estrogen receptor

positive/HER2 positive (ER+/HER2+) breast cancer.

25  In various embodiments of the current invention the use further comprises administering

a second anticancer agent to said subject.

In various embodiments of the current invention the second anticancer agent is
administered before, together with or after the compound of Formula I. In various
30 embodiments of the current invention the second anticancer agent is selected from the

group consisting of paclitaxel, doxorubicin, herceptin, lapatinib, gefitinib, erlotinib,
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--tamoxifen, -fulvestrant, -anastrazole; lectrozole; exemestane,fadrozole and- combinations-

thereof.

As recognized by those skilled in the art all of these agents are reliable and well tested

anti-cancer agents.

In various embodiments of the current invention the subject has underwent anticancer
therapy with a different anticancer agent or anticancer agent combination prior to

administration of the compound of Formula I. |

The invention also encompasses the use of a compound of Formula I, wherein the
subject has previously been treated with an anticancer agent selected from the group of
selective estrogen receptor modulators, estrogen receptor down regulators, aromatase
inhibitors, HER2 inhibitors, anthracyclines, and combinations thereof. In various
embodiments of the current invention, wherein the subject has previously been treated
with an anﬁcancer agent this anticancer agent is selected from the group consisting of
paclitaxel, doxorubicin, herceptin, lapatinib, gefitinib, erlotinib, tamoxifen, fulvestrant,
anastrazole, lectrozole, exemestane, fadrozole and combinations thereof. In various
embodiments of the current invention the subject has failed the previous therapy. In
various embodiments of the current invention the subject has developed resistance to

one or more of the previously administered anticancer agents.

The specific embodiments disclosed above in connection with the methods of treating

cancer, are similarly applicable to the claimed uses.

In still another aspect, the present invention relates to a method for inhibiting estrogen
receptor signaling in a cell, comprising contacting said cell with an effective amount of
a compound of Formulﬁ I. The method may be an in vivo or an in vitro method. “In
vitro méthod”, in this connection refers to embodiments where the cells are no longer

present in a living organism, but are, for example, cultured.
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~In- various - embodiments- of -the —claimed- method-for- inhibiting—estrogen—receptor

signaling in a cell, the estrogen receptor signaling is inhibited by binding of the
compound of Formula I to estrogen receptors located in the nucleus or in the cytosol.

Since estrogen is a steroidal hormone, it can pass through the phospholipid membranes

~ of the cell, and receptors therefore do not need to be membrane-bound in order to bind

with estrogen. The binding of, for example, the estrogen hormone to the receptor
triggers a number of events starting with disassociation from heat shock proteins,
dimerization of the receptor, and subsequent binding of the receptor dimer to co-
activators. The ER/co-activator complex then binds to hormone response elements in
the DNA then recruits other proteins that are responsible for the transcription of
downstream DNA into mRNA and finally protein that results in a change in cell

function.

The term “complex” as used herein refers to a multiprotein complex, 1.e., a group of two

or more associated polypeptide chains.

In various embodiments of the present invention the estrogen receptor signaling is
inhibited by down-regulating ER« level through both promoting estrogen receptor
protein degradation and reducing the mRNA levels of ERa. The reduced ER« protein

level then leads to reduced level of estrogen receptor-responsive gene expression.

As used herein, “level” relates to the concentration of a given agent. Down-regulating a

protein level can for example occur by interfering with the expression of the gene

encoding said protein or directly targeting the protein, for example by use of

neutralizing antibodies or degrading enzymes. Down-regulating a gene can be achieved

by inhibiting its‘expression. When used in relation to a gene, the term “level” generally

 relates to the expression level of said gene. When used in relation to a protein, the term

“level” relates to the concentration of said protein, for example the cellular

concentration.

As used herein the term “protein degradation” refers to the directed digestion of proteins

usually by enzymes via proteolysis, which breaks the peptide bonds that link amino
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—acids—together -in -the--polypeptide - chain —forming-the - protein.~ However, -protein

degradation may also occur via other mechanisms breaking the peptide bonds such as

heat and pH-value changes.

As used herein the term “reduced mRNA levels” refers to levels of messenger RNA

(mRNA), which are lower than those prior to inhibition of the estrogen receptor

signaling.

As used herein the term “receptor-respohsive gene expression” refers to gene
expression, i.e. the process by which information from a gene is used in the synthesis of
a functional gene product, as result of the interaction with a receptdr. Functional gene

products are usually proteins, but in certain cases may be RNA molecules.

In still another aspect the present invention relates to a method for reducing HER2
expression in a cell, comprising contacting said cell with an effective amount of a

compound of Formula I.

The term “reducing HER2 expression” as used herein refers to a decrease in levels of

HER2 (human epidermal growth factor receptor 2).

In yet a further aspect the present invention relates a method for inducing apoptosis in a
cell, comprising contacting said cell with an effective amount of a compound of

Formula L.

The term “apoptosis” as used herein refers to the process of programmed cell death, as it
is known and understood by those skilled in the art. Usually, in apoptosis biochemical
events lead to characteristic cell changes and death. These changes include blebbing,
cell shrinkage, nuclear .fragmentation, chromatin condensation, and chromosomal DNA
fragmeﬁtation. Typically, apoptosis produces cell fragments called apoptotic bodies that
phagocytic cells are able to engulf and quickly remove before the contents of the cell

can spill out onto surrounding cells and cause damage to these.
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--—In-various-embodiments of the present-invention-apoptosis-is-induced-by -generation -of -
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reactive oxygen species.

As used herein the term “reactive oxygen species” refers to chemically reactive
molecules containing oxygen. Reactive oxygen species (ROS) are highly reactive due to
the presence of unpaired valence shell. electrons. ROS form as a natural byproduct of the
normal metabolism of oxygen and have important roles in cell signaling and
homeostasis. Examples of reactive oxygen species include oxygen ions and peroxides.
During times of environmental stress (e.g.,'UV or heat exposure), ROS levels can
increase dramatically. This may result in significant damage to cell structures. This
cumulates into a situation known as oxidative stress. ROS are also generated by
exogenous sources such as ionizing radiation. |

The inventors of the present invention have found that ATA induces ROS gen.‘eration,

which leads to apoptosis in cancer cells.

Furthermore the present invention relates to a method for the synthesis of a compound
of Formula I, i.e. ATA, comprising the steps of:

(a) adding tanshinone 1A (1,6,6-trimethyl-8,9-dihydro-7H-naphtho([ 1,2-
gl[1]benzofuran-10,11-dione), an acetate salt and anhydrous zinc powder to
acetic anhydride to provide a reactioh mixture;

(b) heating the reaction mixture;

(c) filtrating the reaction mixture to remove insoluble residues;

. (d) adding wéter to the filtrate and heaﬁng the resulting solution;

(e) filtering the resulting solution to obtain the compound of Formula I as a solid.

The term “filtration“ as used herein refers to the process of separating solids from fluids

(liquids or gases) by intérposing a medium through which only the fluid can pass.

In various embodiments of the present invention the acetate salt is alkali metal acetate,

such as sodium acetate or potassium acetate,
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- -Invarious embodiments -of the-present-invention step (b)-comprises-heating-to-about-80-

— 120 °C, for example 100 °C for severai hours, for example about 1 to 5 hours, or
about 3 hours. In various embodiments of this aspect of the present invention, step (d)

comprises heating to about 80 — 120 °C, for example 100 °C.

In various embodiments of the present invention the method further comprises

recrystallizing the solid product in 95% ethanol.
In one specific embodiment of this aspect, ATA is synthesized as follows:

A mixture of TIIA (2.04 g), sodium acetate (2.5 g), acetic anhydride (18 ml), and
anhydrous ziIic powder (6 g) is stirred in a boiling water bath for 3 h, then immediately
filtrated by using a vacuum filtration system to remove the insoluble residues. The
filtrate is diluted with water (300 ml), and then heated to boil. The resulting solution is
cooled at room temperature and filtered to give a solid product (1.80 g). The product
can be fuither crystallized using 95% ethanol to produce the final product (1.51 g)
acetyltanshinone IIA (ATA) with chemical designation of 1,6,6-trimethyl-8,9-dihydro-
10,1l-diacetoxyl-7H-naplitho[1,2-g][1]benzofuran (Figure 2). ATA appeared in white
color, which is totally different from its original red color. ATA has a 22-fold higher
solubility in both DMSO and PBS than TIIA.

Mass spectrometry and nuclear magnetic resonance can be used to verify the production

of the compound.

Thus, the present invention provides for the compound ATA which can be used to treat
~ cancer, especially
— breast cancer expressing ER, which accounts for 60-70% of all cases;
— breast cancer exhibiting high levels of HER2 protein, which account for 20-30%
bf all casés; |
— breast cancer patients lacking the enzyme cytochrome P450 2D6;
— breast cancer that are not responsive to tamoxifen treatment, these are about 30%

of all cases;
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- -— -breast cancers that develop resistance-to tamoxifen, as-it is-the-case-in-about 80%
of all patients after 15 months of tamoxifen treatment;

— breast cancers that develop resistance to tamoxifen due to HER2 overexpression.

Other embodiments are within the following non-limiting examples.

Examples

Example 1: Cvytotoxicity of ATA in multiple cancer cell lines

To compare the anticancer efficacy of ATA among various cancer cell lines, the
concentration of ATA to inhibit 50% of cell growth (_Icso) or kill 50% of the cells
(LCso) after 48 h of treatment was measured. As demonstrated in Table 1, ATA showed
a broad spectrum of growth inhibition and cytotoxicity against all six cancer cell lines

derived from breast cancer, cervical cancer, melanoma and leukemia.

Table 1 ICso and LCsq values of ATA at 48 i on various cancer and non-cancer cell lines

Cell types Cell line ICs50 (nM) LCsg (uM)
Breast cancer ' SK-BR—3 0.29 +0.25 510+1.92
MCF-7 1.39+£0.64 7.64 £0.30

Melanoma MDA-MB-435 0.55+£0.15 2.74+£0.51
Leukemia HL-60 298 +0.37 8.53+£0.20
Cervical cancer HgLa 1.39+£0.13 1091+£145
SiHa 1.96+0.49 12.32+0.68
Non-cancer breast cell line MCF-10A 6.64+1.15 1627+ 4.46

Moreover, when comparing fhe effects of ATA in inhibiting cell growth between cancer
and non-cancer cells, it was found that the ICsq of ATA on breast cancer SK-BR-3 cells,
which overexpress HER2/c-erb-2 gene product, was much lower at 0.29 uM, while the
ICsp of ATA against MCF-10A cells derived fr_orri normal breast tissues was
significantly higher at 6.64 uM. This result indicates that ATA is more potent in killing
cancer cells than non-cancer cells. In addition, ATA exhibited stronger growth

inhibition effect than TIIA against multiple cancer cells (Figure 12).- '

Example 2: Inhibition of tumor growth in nude mice by ATA

The anti-tumour effect of ATA was examined in nude mice (Figure 13 and Figure 14)

- carrying solid tumours generated by injecting human melanoma MDA-MB-435 cells
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- into-the-mice subcutaneously. The tumour size and-mouse body-weight-were monitored

over a period of four weeks. Over this peﬁod significant inhibition on tumour growth
was observed in the ATA-injected mice. Furthermore, the average body weight of ATA-
injected mice did not significantly decrease over the control mice suggesting ATA has
no significant toxicity to the animal. This result suggests that ATA can effectively kill

cancer cells within a solid tumor.

Example 3: Effect of ATA on breast cancer cells with high level of HER2 _

The efficacy of ATA on MCF-7 cells with o{/er-expressed HER2 protein was
investigated. It was shown (Figure 15) that within the concentration ranges of 1x107
pM to 10 pM, paclitaxel had a much higher growth inhibition rate against HER2
negative MCF-7 cells than MCF-7/HER2 cells, which indicates that these MCF-
7/HER2 cells are more resistance to paclitaxel than MCF-7 cells. In contrast to the
observed resistance of MCF-7/HER?2 cells to paclitaxel, MCF-7/HER2 cells di_Splayed '
higher sensitivity to ATA. In detail, ATA at the concentration range of 0.78 uM to 6.25
uM produéed higher growfh inhibition effects against HER2 positive MCF-7 cells than
HER2 negative MCF-7 cells. Moreover, also the ICsoof ATA at 72 h was calculated for
both cell lines and the data showed that the ICsq value for MCF-7 cells was 1.48+0.24
M, which is significantly higher than the ICsq value (1.0+£0.23 uM) for MCF-7/HER2
cells (p = 0.019). This finding suggests that ATA is more effective in inhibiting the

growth of breast cancer cells over-expressing HER2 protein.

Example 4; ATA in combination with paclitaxel

The inventors of the present invention have shown for the first time that ATA can

increase the cytotoxic effect of paclitaxel. In the tests (Figure 16) with five
concentrations of ATA at 10, 5, 2.5, 1.25, 0.625 uM and five concentrations of
paclitaxel at 1000, 100, 10, 1, 0.1 nM were used. The measured cell growth inhibition
rate showed that when paclitaxel acted alone at 1 nM, it only inhibited ~40% growth of
MCF-7 cells. HoWever, when paclitaxel was used in combination with 2.5 uM ATA, the

- two drugs together inhibited about 89% of the cell growth, which is significantly higher

than the 71% growth inhibition rate achieved by ATA alone at 2.5 uM.
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--Example 5: ATA can activate-the-apoptotic pathway-in-cancer-cells

The inventors of the present invention have shown for the first time that ATA can
activate the apoptotic pathway in cancer cells. After finding that ATA could induce
caspase-related cell death in HeLa-C3 cells during primary analysis, its apoptotic ability
in HeLa cells usinngther apoptdtic asséys was tested. Using Hoechst 33342 staining
(Figure 17), nuclear chromosomal condensation and fragmentation was revealed in cells
treated with 10 uM ATA for 24 h. The in vitro caspase-3 bactivity assay results showed
that the levels of caspase-3 activity increased 3.1 to 5.6 fold over the control samples
after ATA treatment in four different types of cancef cells derived from cervical cancer,
liver cancer, melanoma and leukemia. The activation of caspase-3 after ATA treatment
was further validated by Western blot analysis, which clearly showed the formation of
the activated caspase-3, and the cleavage of a caspase-3 substrate protein, PARP, into its
smaller fragment (Figure 18). Finally, it was found that the ATA-induced cell death
could be inhibited by treating cells with 2 uM pan-caspase inhibitor z-VAD-ﬁnk. Since
the chromatin condensation, DNA fragmentation and caspase-3 activation have been
considered as signature events occurred during apoptotic cell death, it was concluded

that ATA can kill cancer cells by inducing apoptosis.

Example 6: ATA can activated the Bax-mediated apoptotic pathway

It was subsequently found that ATA can activate the Bax-mediated, mitochondria-
dependent apoptotic pathway. It is well known that apoptosis can be activated mainly
through two pathways: the death receptor pathway (extrinsic pathway), or the

mitochondria-dependent pathway (intrinsic pathway). Both pathways can converge to

mitochondria to promote the release of apoptotic factors such as cytochrome ¢, Smac,

AIF, EndoG and HtrA2/Omi, which can activate downstream targets to trigger cell
death (X. Wang, The expanding role of mitochondria in apoptosis. Genes &
Development 15 (2001) 2922-293).

To distinguish which pathway is mainly used by ATA to activate apoptosis, it was
examined whether the overexpression of Bcl-2, an anti-apoptotic protein that is capable
of blocking mitochondria-dependent apoptosis, can significantly inhibit ATA-induced
cell death. HeLa cells transfected with YFP-Bcl-2 or YFP only were treated with 10 uM
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© or 20 uM ATA. After 24 h or48 'h"treatment,—‘the-percentage*of'cell“death"in—'ea'ch-

sample was calculated by counting the numbers of fluorescence-positive cells either live
(attached with a normal cell morphology) or dead (detached with a shrunk morphology)
under a fluorescence microscope. Under ATA treatment, the percentage of cell death
from Bcl-2 over expressing cells was significantly lower than the cells with normal Bcl-
2 level (Figure 19). This apparent protective effect of Bcl-2 on ATA-induced cell death
supports the notion that ATA can induce apoptosis via a mitochondria-dependent
pathway. _

Next it was examined whether ATA can activate apoptosis by causing mitochondrial
damage to release those pro-apoptotic factors. To test this, mitochondria morphology
changes after ATA treatment using a mitochondria-selgctive dye MitoTracker Red in
HeLa cells were observed. It was found that after ‘ATA treatment, some mitochondria
changed their filamentous staining pattern to form aggregates;. and some lost their red
fluorescence, implying that mitochondria were damaged (Figure 20). It was then

investigated whether Bax is involved in ATA-related mitochondrial damage. It is well

. reported that during mitochondria-dependent apoptosis, Bax can translocate from

cytosol to mitochdndrion and form pores to permeabilize the outer membrane of
mitochondrion, causing the release of cytochrome ¢. Cytochrome ¢ will then bind to
Apaf-1 to activate pro-caspase-9 in the presence of dATP, leading to caspase-3
activation and apoptotic cell death (D.M. Finucane, E. Bossy-Wetzel, N.J. Waterhouse,
T.G. Cotter, D.R. Green, Bax-induced caspase activation and apoptosis via cytochrome
¢ release from mitochondria is inhibitable by Bcl-xL. J Biol Chem 274 (1999) 2225-
2233). ' '

The subcellular localization changes of Bax and cytochrome ¢ during ATA-induced

apoptosis were first examined using immunofluorescence staining. This revealed that
after treating MDA-MB-435 cells with 5 uM ATA for 24 h, Bax was observed to
translocate from cytosol to mitochondria to form aggregates; meanwhile, cytochrome ¢
was released from mitochondria to cytosol to produce a diffused staining pattern (Figure
21). Then cell fractionation-based Western blot analysis was used to confirm this
finding (Figure 22). The results showed that the level of Bax was reduced in the cytosol
fraction but had increased in the mitochondrial part from the MDA-MB-435 cells
treated with 5 uM ATA for 24 h. The ratio of Bax level in the cytosol to that in the
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- ~mitochondria- decreased--from - 1-0~to -<-0-1—at-24-h—The -reverse- phenomenon-was

observed for cytochrome c, in that its level in the mitochondrial fraction decreased, but
the level in the cytosol increased. The ratio of cytochrome ¢ lév‘el in cytosol to that in
mitochondria increased from 1.0 to 7.5 at 24 h after ATA treatment. The same
phenomena were also observed in HeLa cells treated with ATA (Figure 23 and Figure
24). These results indicate that ATA can induce apoptosis via a Bax-mediated

mitochondria-dependent pathway involving its downstream target, cytochrome c.

Example 7: ATA induces ROS generation

In order to investigate how ATA triggers cell death in various cancer cells, the level of
ROS in various cancer cells was measured using a fluorescent dye, H,DCFDA, whose
fluorescence intensity increases when the level of ROS is elevated. The results showed
that various cell lines had different basal levels of ROS before ATA addition, their ROS
levels were increased for 4.3 to 9.9 fold after the ATA treatment (Figure 25A).

Since the generation of ROS was detected in all six examined cell lines and it occurred
only 2 h after ATA addition, which was at least 4-6 h ahead of Bax translocation, it was
speculated that ATA-mediated ROS generation might be the cause for cell death. If this
assumption was correct, elimination of ROS should be able to prevent the cell death and
Bax translocation after ATA addition. To test this hypothesis, MDA-MB-435 cells were
pre-treated with different kinds of antioxidaﬁts including 20 uM propyl gallate (PG), 1
mM glutathione (GSH), 100 uM butylated hydroxyanisole (BHA) and 1 mM N-
acetylcysteine (NAC) for 1 h. ATA was afterwards added to the cells at 5 uM and 10

UM, respectively. The percentage of céll death after 24 h of ATA treatment was

measured using SRB cytotoxicity assay. The results showed that the antioxidant PG,
could significantly increase the cell viability from 35% to near 68% against 5 uyM ATA.
Furthermore, quantitative analysis revealed that 20 uM of PG were sufficient to
significantly prevent 5 uM ATA-induced cell death in MDA-MB-435 cells (Figure
25B).

It was further tested, whether PG could prevent ROS generation after ATA treatment. It
was found that a high level of ROS was produced in MDA-MB-435 cells after ATA
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-—-addition reaching the maximum-level-at 2-h.-And this ATA-induced ROS level increase-

was completely prevented by pre-treating cells with 20 uM PG (Figure 26). Moreover,
results of immunofluorescence staining (Figure 21) and Westernt blot analysis (Figure
22) showed that PG could effectively prevent Bax translocation and cytochrome ¢
release in ATA-treated MDA-MB-435 célls. In summary, this data shows that ATA can
induce Bax-mediated mitochondria-dependent apoptosis by generating reactive oxygen

species (Figure 27).

Example 8: cytotoxicity of ATA in cancer cell lines and normal cells

The cytotoxcitiy of ATA was assessed in cancer cell lines and normal cells. In order to
do so the ICso of ATA at 72 h in multiple cancer cell lines or normal cell lines including
muscle and fibroblast cells was evaluated. As shown in Table 2, ATA has lower ICsy on
cancer cells derived from cervical cancer, lung cancer, colon cancer, liver cancer,
neuroblastoma and leukemia, but relative higher ICso on non-cancer cells in¢luding

myoblast cells from muscle and fibroblast cells from lung tissue.

Table 2 ICso of ATA at 72 h on various cancer or non-cancer cell lines

Cell type Organ - ICso (LM)
HeLa _ Cervical cancer cells 0.69+0.19
AS549 Lung cancer cells 0.81+0.13
SK-N-SH Neuronblastoma 1.24£0.12
K-562 Leukaemia cells 1.69+034
HCT 15 Colorectal adenocarcinoma 0.56 £ 0.08
HCT 116 ' Colorectal adenocarcinoma - 228+0.49
Caco2 Colorectal adenocarcinoma 2.50£0.45
HepG2 Liver cancer cells 427+£0.73
| €2C12 (non-cancerous) Myoblast (normal muscle cells) 10.15+£1.44
IMR-90 (non-cancerous) Fibroblast (normal lung cells) 1554 +0.71

Example 9: Effect of ATA on different breast cancer cells

Surprisingly it was found that ATA displayed much higher growth inhibition effect on
ER-positive breast cancer cells such as MCF-7 and T47D than ER-negative breast

~ cancer cells such as MDA-MB-231 (Figure 3). The ICso value of ATA at 72 h is about

5.4-5.7 fold lower between ER-positive and ER-negative cells which indicates the
selective growth inhibition ability of ATA towards ER-positive breast cancer cells

(Table 3).
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Table 3 ICsq values of ATA at 72 h on ER+ and ER- breast cancer cells

ER- . - ER+ Ratio of ER-/ER+
MDA-MB-231 MCF-7 - T47D 231/MCF-7 | 231/T47D
| ICs0 of ATA (M) | 7.98+0.18 1.48+0.24 | 1.40+0.20 5.4 5.7

In addition, results in Figure. 3C also show that ATA is more specific in inhibiting the
proliferation of ER+ breast cancer cells but less toxic to normal cells including muscle
C2C12 and fibroblast IMR-90 cells.

Example 10: Poténcv of ATA compared to tamoxifen

Tamoxifen, an antagonist of the estrogen receptor in breast tissue via its active
metabolites, 4-hydroxytamoxifen and endoxifen, is the usual endocrine (anti-estrogen)
therapy for hormone receptor-positive breast cancer in pre-menopausal women, and is
also a standard in post-menopausal women although aromatase inhibitors are also
frequently used in that setting. Thus, in order to evaluate the potency of ATA to be used
in breast cancer therapy, its anticancer potency was compared with tamoxifen on ER-
positive MCF-7 cells. Figure 4 shows that ATA exhibited 57-74% higher growth
inhibition rate at the three tested drug concentrations. This result was confirmed via

comparing the IC50 values between the two drugs on two ER-positive breast cancer cell

lines. As demonstrated in Table 4, 6.7 fold less of ATA is needed than tamoxifen to
inhibit 50% of ER-positive cell growth.

Table 4 ICsq values of ATA and tamoxifen at 72 h on different breast cancer cells

Type Cell lize ICsq of tamoxifen IC50 of ATA - ICsq ratio of

' {(uM) (uM) tamoxifen/ATA
ER- MDA-MB-231 2180290 798+£0.18 2.7
ER+ MCF-7 10.00£0.20 1.48 £ 0.24 6.8
ER+ . |T47D 940060 | 140%020 6.7
ER+/HER2+ [BT474 , 620010 1.00£0.02 6.2

Example 11: The metabolic product of ATA

In order to find the molecular target of ATA, the metabolic product of ATA after it
enters into the cells was determined. By using LC-MS analysis, the appearance of
hydroquinone TIIA (HTA) within 2 h of ATA addition to MCF-7 cells was detected.

One possible mechanism of HTA formation is that after ATA enters cells its acetyl
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groups are removed by the esterase thatis-abundant-in-the-cells-(Figure-5)

Example 12: ATA can cause ER« degradation in breast cancer MCF-7 cells

There are two different forms of the estrogen receptor, usually referred to as o and 3,
each encoded by a separate gené (ESRI and ESR2, respectively). Hormone-activated
estrogen receptors form dimers, and, since the two forms are coexpressed in many cell
types, the receptors may form ERa (cw) or ERB (88) homodimers or ERaf (of)
heterodimers. Estrogen receptor alpha and beta show significant overall sequence
homology, and both are composed of five domains (listed from the N- to C-terminus;

amino acid sequence numbers refer to human ER): (A-F domain).

Thus, immunostaining was used to exam the protein lev.el of ERa in MCF-7 cells after
ATA treatment. It was observed that ERa was mainly localizéd in the nucleus (Figure
6A) in the control cells, which had been cultured in the charcoal-stripped mediu_in for 4
days. Three hours after 6 uM ATA treatment, the level of ERw in the nucleus was
greatly reduced probably- due to protein degradation (Figure 6B). However, the
fluorescence intensity in the cytosol remained unchanged after ATA treatment (Figure
6C). This result indicates that ATA may induce the nuclear potion of ER« degradation
in MCF-7 cells.

Subsequently, Western blot analysis was used to confirm this prediction. The data in
Figure 7A shows thatthe total protein level of ERo was slightly reduced at 4 h and
significantly reduced after 8 h of ATA treatment, which is much faster than the time for

tamoxifen to induce ERa degradation. To ensure that ATA produced a similar effect in

the MCF-7 cells under a physiological condition, Western blotting was used to
determine the protein level of ERa in normal medium-cultured MCF-7 cells with or
without ATA treatment. As shown in Figure 7B, ATA significantly decreased the ER«
protein level at 24 and 48 h in breast cancer MCF-7 cells.

Example 13: The effect of ATA on estrogen receptor 1 gene ESR1 .

In the next step it was examined whether ATA could affect the mRNA level of ESRI

(estrogen receptor 1), which is the ERa protein encoding gene, using the method of real-
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time PCR. The mRNA level of a-non-ERa responsive gene-GAPDH-was- measured and
used as a reference. MCF-7 cells cultured ih the charcoal-stripped medium were used as
control for the 0 h sample. MCF-7 cells were treated with 100 pM estrogen (E2) or 100
pM estrogen plus 6 uM ATA for 1, 4, 12, 24, 36 and 48 h. As shown in Figure 8A, after
12 h of 6 uM ATA treatment, the level of ESR1 mRNA reduced to 55% over control.
And after 24 h of ATA treatment, the level of ESR1 mRNA further reduced to 31%
over the control. This reduction effect of ATA was sustained at 36 h and 48 h and
maintained the ESR1 mRNA level of ATA-treated group at about 50% over the control.

Moreover, also the ability of ATA to reduce ESRI1 thNA level was compared with that
of tamoxifen in normal medium-cultured MCF-7 cells. As shown in Figure. 8B, in
normal medium-cultured MCF-7 cells, ATA significantly decreased ESR1 mRNA level
to about 30 % over the control, which is similar to the reduction level observed in MCF-
7 cells cultured in a charcoal-stripped medium. However, tamoxifen only decreased the
relative ESR1 level to about. 70% over the control in charcoal-stripped medium
cultured-MCF-7 cells. And in normal medium-cultured MCF-7 cells, tamoxifen only
slightly décreased the ESR1 mRNA level compared to the control (Figure 8B). In
summary, these results show that ATA not only caused ER« protein degradation, but

also reduced ESR1 mRNA expression in human breast cancer MCF-7 cells.

Example 14: Effect of ATA on the ER-responsive gene GREBI1
As ER is a transcription factor, its degradation should directly affect the production of
mRNA from ER-responsive genes. To test this prediction, real-time PCR was used to

measure the mRNA level of GREB1 (growth regulation by estrogen in breast cancer 1)

which is an early estro gén—responsive gene in the ER-regulatory pathway.

In order to do so, the mRNA 'level of a non-ER regulated gene GAPDH was measured
and used as a reference. MCF-7 cells cultured in the charcoal-stripped medium were
used as a control. MCF-7 cells were treated with 100 pM estrogen (E2) or 100 pM
estrogeﬁ plus 6 uM ATA for 1, 4, 12, 24, 36 and 48 h. As shown in Figure. 9A, treating
MCEF-7 cells with estrogen for 4 h increased the GREB1 mRNA level for 11.3 fold of
the control. However, this increase of estrogen-induced GREBI transcription was

clearly reduced to 6.4 fold by ATA treatment. A more significant reduction of the
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- ‘GREB1 mRNA: level (from-30:8-fold to 7.9 fold) was-observed after-12-h-of- ATA

treatment. Similarly, at the following time points, ATA effectively inhibited estrogen-
induced GREBI1 gene transcription. '

Furthermore, the effect of redﬁcing ERo-responsive gene GREB1 expression was
compared betwéen ATA and tamoxi}fen in nofmal medium-cultured MCF-7 cells. ‘As
shown in Figure 9B, 100 pM estrogen (E2) increased GREB1 mRNA level to 1.69 fold
of the control. ATA at 6 uM effectively inhibited the estrogen-induced increase of
GRBE] level, and even further decrease the GREBI1 level to about 50% of the control.
This inhibition effect of ATA is thus comparable with that of tamoxifen. Hence, it can
be overall concluded that the strong inhibitory effect of ATA on ‘ER-positive breast
cancer cells is due to ATA-induced ERo degradation as Well as ESR1 mRNA reduction

and subsequent inhibition on ERo-responsive gene expression.

Example 15: Effect of ATA on ER positive/HER?2 positive breast cancer cells

Surprisingly, it was furthérmore discovered that ATA displayed very strong growth
inhibition effect on BT474 breast cancer cells, which are ER positive with very high
level of HER2 protein (Figure. 10C). It was found that ATA displayed much stronger
growth inhibition effect in HER2+ than HER2- cells (Figure. 10A). Specifically, the
growth inhibition rate of ATA at 3.13 uM increased from 32.3% in double negative 231
cells to 94.7% in HER2- MCF-7 cells and réached to the highest of 146.3% in HER2+
BT474 cells (Figure. 10B). This result suggests that ATA has specific growth inhibition
ability on ER+/ HER2+ breast cancer cells. Furthermore, the ICs, value of ATA reduced

to 1.0 uM in ER+/HER2+ breast cancer BT474 cells, which is 6.2 times lower than the

ICso value of tamoxifen (6.20 £ 0.10 uM). Finally, we found that ATA can reduce the
level of HER2 vprotein in human breast cancer BT474 cells that over-express HER2
(Figure 11). Taken together, these results show that ATA is more potent than tamoxifen
in inhibiting the growfh of both types of breast cancers: positive in ER and/or over-

expression in HER? protein.

The content of all documents cited herein is incorporated by reference in their entirety.
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The invention-illustratively described herein-may-suitably be-practiced in the-absence of -
any element or elements, limitation or limitations, not specifically disclosed herein.
Thus, for example, the terms "comprising", "including", "containing", etc. shall be read
expansively and without limitation. .Add‘itionally,' the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no
intention in the use of such terms and expressions of excluding any equivalents of the
features shown and described or portions thereof, but it is recognized that various
modifications are possible within the scope of the invention claimed. Thus, it should be
understood that although the present invention has been specifically disclosed by a
preferred embodiment, modification and variation of the invention herein disclosed may

be resorted to by those skilled in the art, and that such modifications and variations are

considered to be within the scope of this invention.

The invention has been described broadly and generically herein. Each of the narrower
species and subgeneric groupings falling within the generic disclosure also form part of
the invention. This includés the generic description of the invention with a proviso or
negative limitation femoying any subject matter from the genus, regardless of whether
or not the excised material is specifically recited herein. Other embodiments are in the
following claims. In addition, where features or aspects of the invention are described in
terms of Markush groups, those skilled in the art will recognize that the invention is also
thereby described in terms of any individual member or subgroup of members of the

Markush group.
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Claims

What is claimed is:

1.

Useof a compound of Formula I

HyC™ CH,

Formula I }
for the manufacture of a medicament for treating or preventing breast cancer in a
subj éct, comprising administering a therapeutically effective amount of said
compound to said subject, wherein said breast cancer is estrogen receptor positive

(ER+) breast cancer.

The use of claim 1, wherein the breast cancer is estrogen receptor positive/HER2

positive (ER+/HER2+) breast cancer.

The use of claim 1 or 2, further comprising administering a second anticancer

agent to said subject.

The use of claim 3, wherein said second anticancer agent is administered before,

together with or after the compound of Formula L.

The use of claim 3 or 4, wherein the second anticancer agent is selected from the
group consisting of paclitaxel, doxorubicin, herceptin, lapatinib, gefitinib,
erlotinib, tamoxifen, fulvestrant, anastrazole, lectrozole, exemestane, fadrozole

and combinations thereof.
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10.

11.
12.

13.

35
The use of any one of-claims 1-to-5;-wherein the subjeet has-underwent-anticancer-
therapy with a different anticancer agent or anticancer agent combination prior to

administration of the compound of Formula 1.

The use of claim 6, wherein the subject has previously been treated with an

anticancer agent selected from the group of selective estrogen receptor
modulators, estrogen receptor down reglilators, aromatase inhibitors, HER2

inhibitors, anthracyclines, and combinations thereof.

The use of claim 7, wherein the anticancer agent is selected from the group
consisting of doxorubicine, paclitaxel, herceptin, lapatinib, gefitinib, erlotinib,
tamoxifen, fulvestrant, anastrazole, lectrozole, exemestane, fadrozole and

combinations thereof.

The use of any one of claims 6 to 8, wherein the subject has failed the previbus

therapy.

The use of claim 9, wherein the subject has developed resistance to one or more of

the previously administered anticancer agents.
The use of any one of claims 1 to 10, wherein the subject is a mammal.

The use of claim 11, wherein the subject is a human.

Method for inhibiting estrogen receptor signaling in a cell, comprising contacting

said cell with an effective amount of a compound of Formula 1.

H;C  CHj

Formula 1
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14.

15.

16.

17.

36

The method of claim 13, wherein estrogen receptor signaling is inhibited by

estrogen receptor protein degradation, reduced estrogen receptor mRNA levels

- and/or inhibition of estrogen receptor-responsive gene expression.

Method for reducing HER2 expression in a cell; comprising contacting said cell

with an effective amount of a compound of Formula L.

Formula 1

The method of claim 15, wherein the cell is an estrogen receptor positive/HER2

positive (ER+/HER2+) cancer cell including a breast cancer cell.

Method for inducing apoptosis in a cell, comprising contacting said cell with an

effective amount of a compound of Formula I.

o0
H3C)I\O

Formulav 1
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18.--

19.

20.

21.
22.
23.
24.

25.

37
The method of claim- 17, wherein apoptosis is induced by-generation-of reactive:

oxygen species.

~ Method for treating or preventing cancer in a subject, comprising administering an

effective amount of a compbund of Formula I to a subject in need thereof.

S0
H3C/U\O

Hs¢” “CH,
Formula I

The method of claim 19, wherein the cancer is selected from breast cancer,
cervical cancer, lung cancer, liver cancer, colorectal adenocarcinoma,

neuroblastoma, melanoma, and leukemia.

The method of claim 19 or 20, wherein the cancer is estrogen receptor-positive

(ER+) breast cancer.

The method of aﬁy one of claims 19 to 21, wherein the cancer is HER2 positive

(HER2+) cancer including breast cancer.

The method of any one of claims 19 to 22, whercin'the method further comprises

administering a second anticancer agent to the subject.

The method of claim 23, wherein the second anticancer agent is administered

béfore, together with or after the compound of Formula L.

The method of claim 23 or 24, wherein the second anticancer agent is selected

from the group consisting of paclitaxél, doxorubicin, herceptin, lapatinib,
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26.

27.

28.

29.

30.

31.

32.

33.

38

gefitinib, erlotinib, tamoxifen, fulvestrant;-anastrazole, lectrozole;-exemestane,

fadrozole and combinations thereof.

The method of any one of claims 19 to 25, wherein the subject has prior to
administration of the compound of Formula I underwent anticancer therapy with a

different anticancer agent or anticancer agent combination.

The method of claim 26, wherein the subject has previously been treated with an
anticancer agent selected from the group of selective estrogen receptor
modulators, estrogen receptor down regulators, aromatase inhibitors, HER2

inhibitors, anthracyclines, and combinations thereof.

The method of claim 27, wherein the anticancer agent is selected from the group
consisting of doxorubicine, paclitaxel, herceptin, lapatinib, gefitinib, erlotinib,
tamoxifen, fulvestrant, anastrazole, lectrozole, exemestane, fadrozole and -

combinationé thereof.

The method of any one of claims 26 to 28, wherein the subject has failed the

previous therapy.

The method of claim 29, wherein the subject has developed resistance to one or

more of the previously used anticancer agents.
The method of any one of claims 19 to 30, wherein the subject is a mammal.
The method of cléim 31, wherein the subject is a human.

Method for the synthesis of a compound of Formula I

o}
o}

HyC

HiC™ "CH,
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34.

35.

36.

37.

39

Formula I

‘comprising:

(a) adding tanshinone IIA (1,6,6-trimethyl-8,9-dihydro-7H-naphtho[1,2-
g'][l]ben_zofuran-lo,l.l -dione), an acetate salt and anhydrous zinc powder to
acetic anhydride to provide a reaction mixture;

(b) heating the reaction mixture;

(c) filtrating the reaction mixture to remove insoluble residues;

(d) adding water to the filtrate and heéting the resulting solution;

(e) filtering the resulting solution to obtain the compound of Formula I as a

solid.
The method of claim 33, wherein the acetate salt is alkali metal acetate.

The method of claim 33 or 34, wherein step (b) comprises heating to about 100 °C

for about 3 hours.

The method of any one of claims 33 to 35, wherein step (d) comprises heating to

about 100 °C.

The method of any one of claims 33 to 36, wherein the method further comprises

the recrystallizing the solid product in 95% ethanol.
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