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all purposes. 10Field of the | nventiod The present invention lies in the
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The binding of estrogen to ER changes its conformation and | eads to the
rel egse : from heat shock proteins (HSPs), the rel ease
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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

15  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
20  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
25  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
30 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,



- QCestrogen-receptor-nediated - transcription -and the influence of
co-factors and-chromatin state. Nat Rev Cancer 7 (2007) 713-722) (Figure
1). Over expressizen7of the HER2 receptor in breast cancepctsichei2i80041
associated with increased 5 di sease recurrence and worse prognosis. HER2 is
a cell menbrane- surface-bound recept of tyrosi ne kinase and is normal ly
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particularly--effective- in--estrogen-positive -breast-_ cancer,- ATA

provi des 8@ erfwatignss afiern Sreenths ebtregimertfe dlowvalln By Dgbriged, Jr Rebrstsant B
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antibody, and lapatinib, a tyrosine kinase inhibitor, the available therapies are very

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

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

overcome the known problems.

Summary of the Invention

30  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



Formula | In a further aspect, the present invention relates to the use of
a conpound of Formula I 15 Formula I WO 2012/ 138297PCT/ S&012/ 000041 4
for the meoubeetssroe of a nmedi canent for treating or PCT/SG2012/000041
preventing-cancer-in-a-subject. This yse conprises admnistering a

t herapeutically-effective amount of sdi d conmpound to said subject 5In yet

anot her pect ...t he prese n_r.el a es to ound o la l
Formi PR Sepgine gl i T e ORIl RO Rab e Sl TR D eenc iy o
prevent i pghvids Giew dppRodtHIbefitating cancers that do not respond to tamox1fen therapy.

The usefulness of ATA has been further confirmed by the unexpected finding that ATA

also interferes with HER2 expressioﬁ.

5
Thus, in a first aspect, the present invention relates to a method for treating or
preventing cancer in a subject, compﬁsing 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.
10
In a further aspect, the present invention relates to the use of a compound of Formula I
15
o)
H3CJ.]\O
20

Formula I

25



I n various enbodi nents, the cancer treated or prevented is breast cancer,
preferably ER 20 positive and/or HER2 positive cancer. Thus, in a further
aspect, twWepresent invention relates to the use of a ceopsend2ebookor mul a |
for the manufacture of a medicanent for treating or preventing estrogen
receptor positive (ER+) breast cancer4in a subj ect. This use conprises

adm ni steri a 25 therapeut.ically effective amunt of said ¢o nd to

Sai d subfEdpe A Bepr e edlude b of SR olee PR wEREP ALY 2

net hod f Qge bdiipriNet iadthi@SteriRg AntheRpORIcAlly SFRb@d Mbotmt ¢f el bom?é\!iﬁllr tosi ng
contacting said cell with an effective anount of a conpound of Fornmula I.
WD 2012/ $883@j€etT/ SG2012/ 000041 5 In still another aspect, the present
invention relates to a nethod-for -reducing-HER2 |levels in a cell,
conprising contacting said cell with an effective amount- of a conpound of
Form4 a in y&lahothef dsptdithe pragettlinvention pil@seta ot o Foehdlh s a met hod for
i nduci ng apoptosis In a cell, conprising contacting said cell with an
effective amount of a conpound of Formula I. Furt hernore, the present
invention relates in another aspect to glgFthod for the 10 synthesis of a
conpound of Formula | conprising the sic€p® of: (&

addi ngt anshi nonel | A(1, 6, 6-tri net hydg 8,,9- diaydr o{7H napht ho[ 1, 2- ‘

g] [ 1] benzof uran- 10, 11- di one), an acef at’¢ Qd anhydrous zinc powder to
acetic anhydride to provide a reacti%n >-) heating the reaction

mxtyse; 15(c) filtrating the rez s xjaf e~t'0 renove insol uble
residues; (d) adding water to t el and heating the resulting
solution; (e) filtering the res ti on to obtain the conpound of
Formula | as a solid. . »
HsC™ 'CHy
Formula I

15
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

20  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

25  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.

30



The present invention allows the application of acetyltanshinone Il A (ATA)
as a new 20 anticancer agent. Mreover, it allows the application of ATAin
t he treatwenvimfispreast cancer overexpressing the estrogemscecepianl (ER)
and/ or the human epidernmal receptor 2 _(HER2). Brief Description of the
Drawi ngs 25 The invention will be bet Per understood with reference to the

detail ed, deseription en considered.in copnjunctio i £h the.non~-im ting
exanpl eshhﬁtgl taﬂgﬁlgrcgs@vﬁ%aﬁ i Rrges%{lge{w eﬁlgtglgfl rfﬁpéﬁﬁpc%megﬁ)\g %38 rré&ﬁm{sbtﬁleér?lgt ically
i1l ustrateslsting cBlli ddeipRishgontabenesdid 6gEwitd apenfdente Sh@mbbf agompounday of ER
activation and nechanisns of ATA in inhibiting ER-positive cell growth. 6
Fi gure 20fBpudalt he structures of tanshinone I1A (TIIA C19H1803) and
acetyl tanshi none I I'A (ATA, C23H2405). 5 Figure 3 shows (A) G owth
inhibition rates of ATA nmeasured frombreast cancer cells of ER- v
MDA- MB- 281l a finftter Mefrect,, tha peesBittinVéntioncelates - @fethiod Adr indutindTahoptosBtinent at
different concentrations by MIT assay. (B) Protein |level of ERa detected by
West er n B¢lbt compgising sontactyigcpasdeasili wHhpan ieEgctivar agowiaelipeermapqudf 9 n of
3.13 AM ﬁg&&lg?at ment by MIT assay. 10 Figure 4 shows growth inhibition
rates of tanoxifen and ATA at three concentrations neasured from ER+ breast
cancer MCF-7 cells at 72 h by MIT assay. Figure 5 depicts the structures of

ATA, HTA_ and estrogen. 15 Figure 6 shows results of quantifje
i munost SPIASTEOE: BRPIFIFIMIRICALER | Teiesf o ANQINET, ABRSGE (%‘Bvi% Fineél!‘%(\j/lf%ﬁi‘ef or 3 h.

E{eglul[}%} YW#&%)CS%@J %ﬁ%l@ﬁ@ddﬁi&n%e@%ﬁs Levels in charcoal -stri pped

ure -7 I's at different tines with different conpound
treat nent &) (&)divest éamshidlont anHAWysi <1,6f6-EReethygvis?-diliydrardHrsiphtho[1,2-

LR AR e RN N
char coal - acetic anhydride to provide a reaction mixture; ' '
(b) heating the reaction mixture; ‘
15 (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
20  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

25

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:

30  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.



25 stripped nmediumcultured MCF-7 cells at different times with 100 pM
estrogen (E2) or 100 pMestrogen plus 6 AM ATA treatnent. (B) Real -tinme PCR
anal ysi s wb 20el@tiogve ESRL nRNA | evel s i n charcoal - stri pped/soedizwoncar nor nal
medi umcul tured MCF-7 cells at 24 h with 100 pM estrogen, 100 pM estrogen
plus 6 AM ATA or 100 pM estrogen pl us®6 AMtanoxifen treatment. 30 WD
2012/ 138297PCT/ SG2012/ 000041 7 estrogen -(E2) or- 100 pM estrogen-plus 6 AM
AT-A treatnent. (B) -Real-tine-P-CRanalysis of relative GREBL nRNA | evel s
in nor rraFi%'ﬁe@Ii deﬂdictsurtﬁéi Malctifre€ bt StaAdhidsheh DAt ITHAD pWHSEO®esnd 100 pM
estrogen plus 6 AM ATA or 100 pM estrogen plus 6 AMtanoxifen treatnent. 5
Fi gure lécetyitsnshipenoiis (ARK @Zﬁﬁéﬁoﬁht es of ATA neasured in ER-/HER2-

MDA- MB231, ER+/ HER2- MCF-7, and ER+/ HER2+ BT474 breast cancer cells after
72 h of ATA treatnment at different concentrations (A) and at 3.13 AM (B) by

MIT assaFigurEB sW6ws eANGabwih inkibitlonsra®b OMATA dichfuredftom resst samder Bl and
HER2 proteins in three breast 10can ines, Thei 3-tubulin protein

[1 | .
was pr obefERs MPASEBI3Y EBﬁ{MGfﬂ,lﬁpé?ﬁReﬁfﬂg seisafter a2 InahAl ddticadieathe | evel

of ERa apd; i : Y/ S, ( ced

ERot , bu?l r%gg%ﬁt@.c %%?}SIS 3@@6{ ?Sgg)?'e(%) %ﬁ%t lﬁée\iekl/l%£$§%dr%&%te? ;ﬂlﬁ%ﬁ{%st r ant
for i ndi blat edalysige §Cpi@loatialintdeidohyraiéé sheasored| oft¢ri #2).h 5 F1HuM APAshows
that ATA is nore potent than TI1 A in causing cancer cell death. Four types
of canceFfe%@leP%wa@rTér 3$Bated with ATA or TITA at either 10 /..LIVI or 20 AM
and {he cell viability was nmeasured by MIT assay after 48 h of conpound
addition. * p < 0.01. 20 Figure 13 shows that ATA inhibited the growth of
xenogr af Figghre dnshows gowtheighibitom tatesed tanedxfaonandMOBAMB-tHRE cortdngraiignsnude

m ce. ATA 3 / et oposi S, .20 g/ K d vehicle control (0)
were inj g‘@%%’ﬂeqoﬁ{;g Eﬁ*‘?%@egg{,c&%cgg%%&caﬁ%ﬁ ?’gmaﬁsﬁ'ecti on. Average
tunor size (A and m ce body weight (B) were neasured fromfive mce. 25
Figure 14 shows that ATA inhibited the growth of xenografted tunors derived
f r om hunBigure f glapists thptrugBirassf ABAI HTAmndiggsogence wi t h H&E st ai ni ng

revegl ed tunor tissues norphology (A and B). 30 Figure 15 shows t hat
paclitaxel in the concentration range of 1x10-3 tiMto 10 gM had a nuch

hi gher gFprd 6 Bl tdsels bAtgRaifRIdNBEminidsBimeg alfi BRo MCAMTFcRcklss hfan HER2
over expressing MCF-7/ HER2 cells, which indicates that these cells are nore
resi st antregtgeniyptp 6 1M £3goprBdr/ SG2012/ 000041 8

Figure 7 shows (A) Western blot analysis of ER« levels in charcoal-stripped medium-
20  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-
25  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 M tamoxifen treatment.
30 ,
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



paclitaxel than MCF-7 cells (A and-B)-contrast to their--resistance--to
-paclitaxel,- MCF-7/HER2 cells displayed slightly higher sensitivity to ATA
(O . Figwve ify/skews that the conbinatorial effect of APATSGROM2@IENEr

pacl i taxel or 5 doxorubicin. The effec;zt was determ ned by nmeasuring the
rates of cell growh inhibition using’MIT assay. (* p < 0.01, conpared with

ara i nousrreendial sFdNCIERRosh TR P MIEATA BE TP R HFRER, S0

chr onos 0akal g9 I P @iieOBRBBY rhREQTRAEIZtih QOrM&ll @edibmetul@ekdaMGH-7 Aths at
treatment. Hela cells were treated with 10 AM ATA for 24 h. The nucl ear
chromat i A4 hakitls 180 pidesiiogen. 4 0DRM asteogenplistskMasBAr 1991M epfrogen phes Am  (B)

Caspase- L Vity i ed after ATA treatnment. Four types of cancer
cells vver%é&ﬁdé%éxé%n\}#?ﬁ%? wi t hout 10 AM ATA for 48 h and their caspase-3

activities were neasured using in vitro 15caspase-3 activity assay. (*p

<0.01). Figure 18 shows ATA induced caspase-dependent apoptosis in cancer
cel | s (AFigue Jisdows gawihanhigiionrgtes A TA élaﬁﬁagédmﬁ&/ég%@w@%ﬁ’{% ATA
treat nmen % 1 L | ¥8l L I I i 10 AM ATA
for 12, 2311,0’ %%*ﬁ*aﬁﬂ%? @%ﬁ@%&?ﬁ%ﬁ?ﬁh pbrﬁgétglgicﬁmt\ﬁgg@%sre ggxei‘dﬁgg gf | oadi ng
cont r ol . A(IB) treameatspdi fferennboreetteatiops € patddt ATAuM(BY by MET laschya{@®). Hela

cells were pre-freated with 2 AM pan-cas e inhihitor (z-VAD-f for 2 h
bef or e esmplat 5ff§}llt8rﬁéw1&@_?h,ffﬂwrﬁﬁe‘§& %ﬂ&g:ﬁ%?ama@&s Aft Fq’kﬁgﬁ“h and 48
h treat Meftcer LB MRS 3-Ribulth prbiGRIW AR pPAHRdGQ U Ib4&lL g el 2 m croscope. (* p
< 0.01, conpared with cells treated with ATA only). Control: cells 25

wi t hout any treatnent. Figure 19 shows that ATA induced apoptotic cell

death via,a ni h i a- d t Ov esSi f -
"ohi bi ¢ e Bigtra L e the ATA A the B MR T LEERIERRGTPhr TR, vel 1 ow
f1 uor escedlls. paRtfiaAt onFRduc¥e ERR!L bEOKY HER?. Well¥RrS6datéd th(Bels Araver e

(i
treated with ATA at 10 or 20 AM The percentage of cell death from
YFPposi t PvE pdvefuleesirart foreindicaied diandsyand analysesh it Westeuletting. f | uor escence
m croscope. (* p < 0.01, conpared with vector control groups).
WD. 2012/ 138297PCT/ S&012/ 000041 9

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.

20 - 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 inhibite_d 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).

30  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



Figure 20 shows that ATA treatnent-induces-mtochondria-swelling

and- nenbr anepotential |oss. HeLa cells were treated with 10 gM ATA for 24
h. Then Owd 2R\/f38290r escent dye MtoTracker Red was appl iped/sicaoi2veocael s to
reveal the mtochondria norphol ogy ang menbrane potential. Figure 21 shows
t hat ATA triggered Bax transl ocation &and cytochrone c rel ease during

apoptosis_in of | yor nee
ant i oxi dRAY lt%NEAl?an ;5§’/|°egss(f* a%nd % nLe{{/aén etrh]éeéesaelven P aégl}ﬁxel"

concentr Mcm/mRNAlsaﬂ%l I%hévlsamtlaaj foi AMTA€Rpectively. The
treatnment duration was 24 h. Sca = 10 10 pm Figure 22 shows that Bax

transl ocati on and c3-rtochrone c release in MDA-MB-435 cells after ATA

Lreat rrentF Eﬁ/laev\ﬁ%t ro(}vsb hgf t}?é;%!)%tﬁln% on-gpeeff%:ggagf 19{' Ac%lwelth%p %%1?1‘3&@1 &he ratio

of |ntegra ban int ensi osoI er correspond ng

i nt egs at edxo}’éblb@nuthe Bifedd staks YieRimitlet 09 Mosashiirgd tht: traed bodell(dvBvth ihhiitia@l i 0 was
normal i zed b the control group. Two proteins were used as internal markers
to judgeusing Milithrssay. Gtp & @quoa@@reéﬁalth eellseixgaiad yith eithesgaclitgxelplone

i t ochongy %’ 8& -tubulin mainly for cytosol. Fi gure 23 shows that
ATA i nduce ééx ansl ocation and cytochrome ¢ release in 20 HelLa cells by
using inmunostaining. Figure 24 shows that ATA-induced apoptosis is

triggered by Bax trans]ocation and cytochr rel ease in HelLg c
this westigie b17ot5£1‘é‘9(i’)eﬂ‘ﬁfeﬁ]@“°eﬁo CW%&%&“&S@GPtO?ﬁeI%G%F C(eﬁi ﬁlh)dr cat es
the jgeaimeRly WrahdsBhe CoftRHEtion Bk V@Agp?en@atuoﬁwté% ZbsbroBd efRpt ATRNE ratio

of 'integrated band Intensity of cytosol ction over corresponding
i nt egr at gdatbend Halhewdls twerotreated oo thohtl pMaATiA &nt24oht Tﬂ'dmuqimrrdlmm&ln

nornalrzed b as markers to judge
e quar ey Sined i PAR oin Seben! SRl Bivlh B LR A UBE RRef LGN & and.
bet a- tubutcréasé’a%fterm‘&rtreﬁuﬁeﬁ oﬂrourftﬁ)eElo%a@cezéeMmm thdadd vititoF @libed ROS
generation resulted in cancer cell death. (A ROS generation in various

ancer cé@I#MlzﬁEé foast& bt vt deiusasneserd BADAcsvess MQSHRA ATRE feditteent for
he nu icates.th d of increase in RCS | evel WO

2012 %éSE@? g?f?ﬁ%obiﬁg?éﬁionpared to control. (B) Antioxidant

prevent ed ATA-induced MDA-MB-435 -cel | -death. Various antioxidants at the

i ndi cated concentration were tested for their protective effects agai nst

ATA- i ndu&igergDi8 vBowssATA| Indyeed (saspegs-flepeidert ARopLAsisy i 1B etflli ¢ each
anti oxi daqt,£08 Lla@Sl dhBPARPAINRSRANET SBER hNERGUATA SreiBtlint By

Western blot analysis. HeLa cells were treated with 10 uM ATA for 12, 24, 36, and 48
20  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

25  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 control) or YFP-Bcl-2
30 (Bel-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).



5 in the presence of antioxidants. The cell viability was neasured by

sul forhodam ne B (SRB) colorinetric assay for cytotoxicity determnation (*
p < 0.01)woRbpure226 shows that ATA-rel ated ROS gener at ipom/sceeiov@dt i n
cancer cell death. (A) PG prevented ATA-induced cell death. Three
concentrations of PG were tested for Pheir 10 protective effects on

B A s o

0.01, copprhes 16R. Be &8 vidreataredivith 18! IMIATEA Exi2eri. Tk ©. weve per formed at
| east three tines. The results presented in this figure are the average of

t hree expupicaeent dye MitodrackernRedeyascapphed tostheg aelis ta renesa] Bieingitechgrdiiae bar = 20
Am 15 Figur,e.27 sgh ical i Llustrates the nechanismof ATA in
rﬂ&g 8 %Irﬁ%ﬁljaﬁéa p(LtXnﬁe%l.

generati ng cing apoptosis in cancer cells. Detailed Description
20 The dry root of Alvia mliorrhiza Bunge al so known as Danshen is
traditionally used in China to treat diseases such as hepatitis and heart

di sease. Figpae 24ohovpihat AdiAutizacred Banitiraslecaivnsad sutochpme oeisdss d¥itgk ed from

a “a0 T ; \ | t :
e ey oppRAE i UPAAAGISL NGNS b)) nn BHNU-ARBRe. Alind T XBMRRRAWON o ©
sEr pri si @ng,. gibﬁﬂ?gaﬂa&c(fﬂt)qke\ﬁm&tdydmﬂ%h?g FiheA ;cb?cgﬁ:mon gf)lAtTa& ﬁmdg Py

em Ca noarLrrLcatirLon o ansnl none i . | gur. , .6 Ibits
gnt i - can®&re M apd 20 My Wa@eCHﬁ‘%JYbEh%reﬁmggt dyration W%% 3%&@%%@&{ = 1%

treajhng, gy Preventing cancer in a subject. Further, the inventors have
30dem)ns#r ated that ATA has a strong cytotoxicity on nultiple cancer cell
lines, but is less toxic to normal, non-cancer cells including breast,
nmuscl e and fibrohlast cells. WD 2012/138297PCT/ S&G012/000041 11 |n a first
aspect , - FHrpriZseiops; ol Rer Grntiacioneng @doghgome ¢ release in R/ID“*‘I\/IB"BS

a- met hodge&Ar et Pﬁf?% #r@zgfn@ﬁflﬁr WSt BIGEANTRTS. The Jaig il €8E/M T RIFRIskRS iR
adm nistering an effective "amount of a conpound of Fornula I'.

ratio of integrated band intensity of cytosol fraction (CY) over corresponding integrated

15  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

20  HeLa 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

25  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.

30  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



For mul a I n various enbodi nents of this aspect of the present invention
the cancer is selected 15from breast cancer, cervical cancer, |ung cancer,
i ver canwerpixweinmrect al adenocarci noma, neurobl ast oma, poglsgnermmeosand

| eukem a. In various enbodi nents of this aspect of the present invention
the cancer is estrogen recept or-posit]Q/e (ER+) breast cancer. In recent

years, much progress. has.heen .nade .in 20 the, f)el % aof 1t Yiduaki zec

redl o ne CARRIFRAP TaNAT s FaABrR s Predrihes gy MEANSIES 68,
found t hatatRasiriead GakioR@Nnts €4UtHee idli&ddar i doh€adltrdation awérer edieihesraheit hat
takes into account nolecul ar changes in the cancer, as certain aberrations

i n expr epwitentive effests agaiostpk bAdndnegd MPALMBr#3p edhdeath. (Grdls vegre dirstiipee
suscepti bl r.nore resistapt t.o i {4 r i.ndi t hat a
speoi Fi cretpbrilRedh SERARRC b Ch And BREATR s 38hSF o e SRk,

t r eat srenin wetgieddnde ofsntixadan®d The cell Fiabilsty twdssmbdsgfedybys s forfédaadihe Bas it
can help to circunvent praoblens connected to resistance to other

convent i 6HHB) eolrineten assy forcytaoxikity determpationdd A ¥ 8dent . ATA i's
especially useful for breast cancer patients |acking the enzynme cytochrone
30 P450 2D6. This enzynme converts the standard anti-ERt+ breast cancer drug
t anoxi f eRigude i26Sshaoisithet AEAabhtddt ROSgtnxdatien resfitedidn baadet byll Huathpeens 6- 10%
of individuals are deficient i% CYP]%‘%G.- These pati gn%s convert tanpxifen to
endoxi f eRCFBBYanjedAAHA-ipgyosd £oll desshgbipeerraneopiiasionp 0L WIelrkidelon ieimay not
deri yg fg}c}te&ibg%ﬁ’@&ﬂ)h%’lﬁ&-’ﬁﬁd&d CEPHM - THScRNRMRIly Wi SEi&rédr YTARBAN be
used as an alternative therapy in these patients as It shows a

si gni fi cassay.y\(*pi gRe).dByRGproteeicdiROD genaasteont drased @AY A eeatinanth(east cancer
cell. 5The.term"estr receptor positive (ER+) breast cancer” as used
herein r Bﬁér %Of%arﬁf@ag?&@é@%f*%@mer@- ?‘ﬁa@e 5% m%?%gvgret?\eéfoé@te&%]eeﬁﬁr ecept or
conpar edir& AfkfBheCRbIE FHRSEnRICRShiCARGE ard Bl &eMpe T HRReBpedhenis el evat ed
| evel s of the estrogen receptor. "Estrogen receptor” or "ER' refers to a
recept or Emabarirsprawimr@drcgiﬁvmwnkﬁﬁahﬁ% =12M@n. estradiol (estrogen). ER s
a nmepber of the nuclear receptor famly. The main function 10 of the
estrogen receptor is as a DNA-binding transcription factor that regul ates
gene expFafugt @7. sdhenfatiCalBOERBEROthd AlcbRdmism @STADYEIR FERENINQGI BROSI #hd
sequestered by the heat shook proteins (HSP) | ocated in the nucleus.

Hor none HidheinEgPeRiotinig qage&SEBY tri ggers a nunber of events starting with
di sassoci ation from HSP, dinerization of the-receptor, and subsequent

bi ndi ng of the receptor dinmer to co-activators. The ER/ co-activator
Detailed Description

20

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 i'solatéd from this root among which tanshinone IIA,
tanshinone I and cryptotanshinone are the major constituents.
25
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
30 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.



15 conpl ex then binds to hornone response elements in the DNA then recruits
other proteins that are responsible for the transcription of downstream DNA
i nto nRNAvendidizsably protein that . results in a change ipaTsehbi2fovsmat i on.
The term "overexpression” as used herein, refers to a gene expression that

i s higher than 20 endogenous expressiBh of the same or related gene in the
sanme cell o issue.n its non-di seased state. ln.certai. di {s,

over expr I EiE oSREG Aehred e B RO RRS R EL 8 et Sy G AR PRV £ (o

i ncr easecdicet ifa g;ﬁﬂj@ctﬁlb@ﬂyﬁﬁing QURAISEriA® ah RFRLSvVd AMBBEtIG! a composRiased

cells. 25 The term"therapeutically effective anount” as used herein refers
to the akowmtladf the compound of Forrmula | required to treat or prevent
estrogen receptor positive (ER+) breast cancer in a given subject either

al one or in conbination with one or noreoother: active agents. Effective
anourd s vary, as recogni zed by those skLlled in the art, depending, inter
alia, on route of administration, exci{i et usage; and co-usage with 300t her
active agents as well as age, weig h di sedses and subj ect specific
side effects. The therapeutically effective p N for a gi ven situation
can be readily WO 2012/ 138297PCT/ SG2012/ 000041 X3 determ ned by routine
experinentation -and is-wthin- : d jtdgnent--of - the ordinary
clinician. The term."adm nister’ istration, as used herein, refers
to the application of the 5 respe gapound with or without further
addi {4 ves, such as pharnaceutical./darrieérs, to a subject in need thereof.
The routes of administration of the conpound either alone or in conbination
wi th ot her substances may be by any nedically acceptabl e neans, including,

a
v

but not limted to oral, subcutanequs 1irirtrarruscular, i ntravenous,
intraarterial, sublingual, buccal, PE@?&I, peritoneal, nasal, transdernal,
transnucosal, vaginal, 10 transurethral, iontophoretic, and by inhal ation.

The conpounds may be admini stered enterally (e.g., orally or rectally) or
par ent er il vgriqus. enbodispenss o€ thismersgt of ihet prasent duentipm thepanseiisagelected

intrasternal ,, or peritoneal injection or infusion hni S) i sage
for ngf at "8M's %rgﬁﬁtaicﬁfl%eé’ ccc)e_’rwlé:ar:}lt i ?)ar?g%’ p?}%n o] ri’czﬁvglf/ 8%‘:“%3& ao:loge%glr riers,

adj uvant sdenabgcivieiaCh®RsoRSstERS ini@shontd)and wiRauiads may be delivered |ocally,
as to portions of the 1b5gastrointestinal tract. Additional nethods of
adm ni stration are known in the art. The conpound either alone or in

cOmbl Rt 1P 0ok LnfiddRherRUBE AL G 5ech 8 1R ACH MhRhESPthe tnd@ i shibgd OF 11
liquid form e conmpound can be admnistered 1n the formof tablets,
pills, posegor-positive @ER+)dbagsutaser. fn scahtegears, muek paigres hag beanmade in

ni.c irrigations mul

RN T R M A TN TE T
has been found that each cancer may require 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

25  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
30 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



The conpound of Fornula | either alone or in conmbination with other

subst ances may al so be fornul ated as sustai ned rel ease or del ayed rel ease
f or mul at iwooez138®ll as 25i nj ect abl e preparations. Li quirdTdoaegeodoar ns f or
oral adm nistration may include pharnpaceutically acceptabl e enul sions,

sol utions, suspensions, syrups, and et4xirs containing inert diluents
commonl y ,us inth r.t ch _as water. Such formul atiens mMay-al SO
conpri set}?ﬁéig’ied{}%?%,(%gﬁ% ﬁﬁgt@e%?fti%ﬁb n%%tefﬁ?nsl ,lt' énd @Wﬁé}% ﬁ@ﬁéér%xs%s ?)ée?lndi ng
agents, 6yakeraxhhidkemaitelt Pniheg pitleawodd GhodBth Hghificaitighipents. WO
2012/ 138297PCT/ SG2012/ 000041 14 The frequency and duration

of - adni nigerwthdntabition sxte tha taraewi turia breagifcapesrieglla | eit her al one or in
conbination with other substances will depend on the condition of the

i ndividual, and the |ike. The conpound of Fornula | either alone or in
conbi nat Tae tiin MeQidpen récdpsir BRE eNBR ) ebraghticahsdrerag distd Hekein iréfdisviodual one
or nore tines, for exanEge, 52, 3, 4, 5, 10, 15, 20, 50, 75, 100, or nore
times. TReapsRReArSellbhahayerewress e estioger aecepior Rempaad (o aeraal celly andkanpl e,
once a d t ' vqok ' r e times a
day. Theg%/e,g?trru act% gﬁﬁﬁ/ﬂﬁs‘%’ E{éteggléﬁb giag\t’aqel?(g ‘{%soto ﬁgﬂ |E nﬁ%f@?%lug%eﬁﬁ&
exanpl e, “Eesgeh heveptonter SERMAycferk a6 aaxeappdrethatay actyvantdiey thetshyormeuen §8+ hi r d
day, every , or less frequently. The formulation, be adm ni stered
over a pefftragfﬁi?str@g?y; EBO‘S\%%‘F@,err?éﬁ‘?%%‘}d%é?‘?,l’toérfaleﬂmec@ﬂ UnEHRth as

|1 f e10 0ngr BTER0SLT Mdefidr isBE a AINAUMARL LA GptHATECEN thaf FGANABL e

admnistration e wthin the capability of the responsi bl e physician.
| n var i oaspressivod Imghet sbsafcet dfi Iwrmspe cistrogent eecpions sea sequesterstli tpntheheatcancer

is HER2 15positive + reast cancer.- In addition,to the e of breast
cancer t MRy eI L baked it i quiRtRE dlismspe Bibine s st e BFreth cas:
cancers anRbéeS& chiiaarAi€ Wit AsRSGERINUAGH 1EOP, ABMBL O te Fé@hr, ‘
receptor 2 (HERZ). HER2 over-expression has been detected in nearly 30% of

breast 2@nd gnkseaeenhhindiag oérihe redeptor adimeg o |cevastivasersHiEiRe ER/sogstiedt¢sy f ound
resi st ance to tanoxif therapy. HER2 | | so. k S DI 0f 0- ONC e Neu,
E% or C(EI%’/]PI%X-tﬁen )f)mdgnto h(krmogg I‘CSé)rOBE ﬁl,sen'%&% 4]61 gl%\,\%ﬁ gpenl_E%EJq{g &ggln

rece OSi né-protern Kinase I's"a protein
that in BtowEnsthab arknegoasibleyfot e tERBEDtHANE. dominsirsand DReAYMEd RNAhandEr bB
protein famly, nore conmmonly known as the epidernmal growth factor receptor
fanily. Pepdy protein that resplisipaghangaiprcgh &ssoRd 25 receptor tyrosi ne ki nase
and is normally involved in the signal transduction pathways |eading to
cell growth and differentiation. HER2 is thought to be an orphan receptor,
wi t h non&heferthleve&€kpressiord "as ofed hayandsfabioea gencaxpiessive that is Higheevlean, as

al ready di scl osed supr.a, ErbB receptors dinerize on |.igand binding, and
RO S EHDRSTaR G BIOTIGh OGTRaATE F FURIep SFEhEY e rardy el SREHERL tofoime. Er b

fam 1y. hRessed Riaflin YeRAR emdBdidned, BOrekSrebsiRPbL A Rbndrestifeint ANERL 16f the
nonocl onal anti body trastuzumab (nmarketed as Herceptin). Trastuzumab is

ef f ect i véoldn? yolidn ot &rfc éald ingrease afhthe HERe presduct compared 0 devsleimerpmeadsed. One

of the nechani s of how trastuzumab works after it binds to
undiseased cells.

25  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

30 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



WO 2012/ 138297PCT/ SG2012/ 000041 15 HER2 is by increasing p27, a protein
that-halts cell proliferation.--Another -nonoclonal antibody, Pertuzumab,
whi ch i nhibi2ve/dsmeri zati on of HER2 and HER3 receptors, pcs/sicrorgv@aced
clinical trials. The expression of HER2/ ERBB2 protein is regul ated by
estrogen receptors. Furthernore, estr iol and tanoxifen acting t hrough the

estrogen ,5 receptor ates /| ERBB2.
ovever  SReEREE Y soRhd s e i Sinlf BB ReBen BRI Ereny i s
upregulabﬁﬂhmpchﬁemﬁresence of tanDX|fen | eading to tanDX|fen resi st ant
breast cancer. The inventors of the present invention have shown for the
first tine that ATAis nore 10 effective in inhibiting the growh of breast
cancer c ‘ h.l ev ' S t t only
marke ¢ nane fl adife L EmBlie AT oo Rb nlrBint Ry 0 By Aot A

partisul adshactivesoppbidd Rith@r txmattmnhemiddtnv%?ﬁucbut phadrgceunitar t:arﬂas t he
useful ness of ATA In treating ER overexpressing breast cancers that are

resi st anto @ suljegton neehthereef. e roptgs o€ pdmainistafpe @f Hengoanproung gither st

i nventio e resses
et rogenh b ETpERMEE Wik AE Qb ptpe A pRBT ) SEEREAL heCRTRERE T
"estrogenmhemqpﬂﬂn o Shithited /tbIERZ], pmbmnmumusEﬁmkmﬁaﬁﬁm-bnma&homannea as
used herein, %@f refers to breast cancer cells that overexpress, ggth t he
est r ogen el WBTIREHRRrPUSHH HSFIHh P IBGE hnesahttepsqeeeglptratsr@uce FERYE R npar ed
Lo bi@astfanakal qshtlo?haala%laat AT TS USmPGHdS: it bE cifinRRkcdShow
el evated level s of Re 20 estrogen recept the hunman epi der nal
growt h f extewilyr(egepirally 2r reqtaltbarorqnmemubbxdl(ngntbe' slfocutlaeeqmlls,es'emt/encrw,ent i on,

t he netho furt er .co es ad teri a se ond can ent to the
subj ect . r‘?ﬁrgsge nd* a’ﬁ’tl 088 @teCEtg%rﬂf"ln éﬁﬁ‘ﬂg?fég 0PRSS to an

agent ot hﬁﬁqu’ldﬁ%ﬁs chﬁltaﬁtﬂ{@@&ﬂ@nt‘i’cﬁnal:(?)hﬁ'ﬂﬁ{ééeﬁnddﬁ?fa'él:e;itz{blé RErrickL AR BAL O

prevention of cancer, e.g., due to its capabi to kill rapldly di vi di ng

cel I's, tend wides avdesisedw tovamposnds wiay bsidehvesed Q@aléx:tasetg@pﬁms Qbthsr nal
pr ot 12/.1382 12/ | ff. nDdes of
adm ﬁl st g%sttrlobnrtes%%alltbacg A?g(ﬁlona P%%O%- ggecP 1|ms%rgtr1c_) r e g }N(r)lrltﬂ SI de effect and
i ncreasi ng bloavallablllty and/ or patient conpliance I n various

enbodi ments of this aspect of the present invention the second anticancer

5 agent i8¢ seqmerqued £itin tat%eg%up comBInatipm gwish ﬁ%?et i fubstances ggatbritoi ci n,
hercepti g in?:?&ka B Bt a9k toh Bqulﬁrfb&?. 'I(}{ebeonﬁ I?Be alidi STl A the
anastrazo ect rozol e e, exenestane, fadrozole an conbinations thereof. In
case sucformo i tabtetsonpilleepapyer sningees, tdpsulegngmnuleny ifjecthblegstreamncer, for

exa e ER+ . breast cancer. 10 In various. epbodi nents of this. aspect. of the
pregg#t F%B@%Frdwpwﬁeogﬁbj@EP“ﬁa§°EPFbH“EB“%Hh1ﬂP W&%lgﬁpﬂF“?ﬁe? ound

of For muban]ixsNSamAe fed 2liif 8MMeeSuildBRI BRAMs. W th a different anticancer agent
or anticancer agent combination. In various enbodi ments of this aspect. of

the present invention the subject has

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

25  injectable preparations.

Liquid dosage forms for oral administration may include pharmaceutically acceptable
emulsions, solutions, ‘suspensions, syrups, and elixirs containing inert diluents
commonly used in the art, such as water. Such formulations may also comprise
-30 adjuvants, such as wetting agents, emulsifying and suspending agents, cyclodextrins,

and sweetening, flavoring, and perfuming agents.



15 previously been treated with an anticancer agent selected fromthe group
of selective estrogen receptor nodul ators, estrogen receptor down

regul at orwo 2aroi38d9ase i nhi bitors, HER2 inhibjtors, anthrpragscinesysand
conmbi nations thereof. In various enbodi nents of this aspect of the present
i nvention the anticancer agent used i the earlier treatment of the subj ect
is selected fromthe group consi,sti. of Qr ubi ci ne, clitaxel

her cept | R5€ smaptey syl BF RGeS SR ChERT e B

anast razglofe drbatdoRhRione¥ BRI NRibsthAcks 070 eyt O tHY ORiditeis of gy eof .
According to one enbodi nent of this aspect of the present invention the

subj ect hulevidudl] and th ke Tde icompourtesidipymulprleeither along e inegmbinatipn evithous
t herapy" as used herein refers. 25 to the situation t reyi her apy
has pr OVBﬁ‘eﬁ%‘{%S%BCeﬁén%n‘%? %Jm'flbs}_ergdsg)at?’? i (ﬁYI pal g oL g O,rQ?i g(?reg’e@flﬁpﬁe? l%’bec ause

the ssibj ecy, 4lisd 10,085 ROSFHITY, B, B PREE Geheb T rRTRMOD Uiy tHeeidaiyiseted he
previ ous therapy showed side effects too severe in that particular subject
for the todatindiridualy fsexampla aueea dB0 tWadingse dayu shreq Emgp g dasyor MAteer al i a,

ot ude. GARHEE ST TAPKm Rl FIAPIG BY ol hGRLIERT, Bl RS Whe

above-1isted Known antrcancer agen ave been radi

t her apy axuiiple, lesy ghah Yonce W) TaY &8, -evieST btheR ddy/ BeBOdiirdldayl, reveldr i ous
enbodi ments-of this aspect of the present invention-the subject_ has
devel ope¥eek,asdesst fgapentyy Thedoppulgaen mey hepadmypisipred QYsy ARVt da8ncer

agen{s. u er t Chesi NCE" 1: f.E S . i i n
ef f e%:(?i vgﬁégsé gjf%ggﬂt rgé;?s ﬁe?tie E@m5?1ﬁ§ cirﬁ%}g &S:anh%ag)? ga‘i‘glr?isg’?%ﬁt"ea |elng to

t he sai dd¢temahamnt ofhdoseand drequemsi afeadmintsehipdulie ovithio theocapebilitpnftteer ed t he
best available treatnent for the patient in question. In other enbodi nents,
t he treaf%?ﬂsmﬂ’li’ﬁ’sﬁm' as disclosed herein, is used in conbination with

ot her cancer treatnent strategies, such as surgical intervention, o
10radi ation therapy or therapy with another anticancer agent, to enhance

t he eff ebt vamoussembddimpnts of chiseasped ] the rpsedente mvefgemthe eangar isoHER2

enbnggf% rrentﬁ.‘g)f ;ﬁg '% gspect of the present invention the subject is a
ma ) Q ESod ents of this aspect of the present invention
the subject is a human.
| 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
20  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
25  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,
30 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



I n anot her aspect, the present invention is directed at the use of a
conpound of Fornula |I for the manufacture of a nedi canent for treating or

preventi ngoesiyeg®n receptor positive (ER+) breast cancecTisG2e2suiject .
This use may conprise adm nistering a 20 therapeutically effective anount
of said conpound to said subject. In \Aarious enbodi ments of the current

i nventio e. hreast cancegr is estrogen, receptor. positivel HER2 sitive
(R MR e oteante P Ao WP aaLY HE B PRt e mne el

i nvent i oantigyyUB&tiAab eWhicR IHibRLSinReiThtidrS6LHERY add JEERN ecrplors; dfLr agent
to said subject. In various enbodinents of the current invention the second

ant i cancedvaagehlipisalgghialni The reaprepuonrod, HEBGARRB2 \iirpteiroas aegudated Hy
conmpound _qQf Formula |.-l R various e i ) t reent.invention
he’ secoftoast reamisr Euafols” Mt SRR IRINE aling MR B HE B!
pacl i § axedceptdPOEHAIE iddwnhteswlees ithe ckpRadibmids, HBRD/IBRBBA, Hewkwdr] Ml WO
2012/ 138297PCT/ SG2012/ 000041 18 tanox) fen, -ful vestrant, anastrazol e,

| ect r ozoF@tain sybgreur o datienisr heop@resian fnBERAHRIR? inapesgnlated inpghe

recogni Z?%g&ég%??a?ﬁox%h'l'egcﬂnlﬁEbstfa&]%xﬁéﬁ-re%ls'tan?Erg%%&ﬁﬁce?ge”t s arereliable and

wel | tes I -'cancet age n-varirous e nents of the current
i nvention the subject has underwent anticancer therapy with a different

anti cancer agent or _anticancer agent copbination prior to admnistration of
the conpdbfdvsntopehitie presentyigveniion; haye showm ton the fisst (D et & A FeMEe of a

conpegind e HRiMHnbilin megr@&gar&me%ybdn%es ceﬂ@?viglglﬁélil: RSl o IPERD. THigAL ed with

an anti cancer agent sefected fromthe group o tive estrogen receptor
nodul at osignifiestts egemot @eabpierks doevsubctags lofibomast, cancamsha Seerenprehs HERZ, HER2

i nhi bitors,, anthracyclj nes, conbi nati-ons. thereqf In various 1

embodi mefsPYre tﬂ?gl%‘f?rrtyeﬁ‘ﬂ“?ﬁg’iﬁtt? dFeatmpnt ¥ith gﬁé’ 3‘%] a@%"t uﬁggrﬂﬁ?sealeousl y

been tregigeln¥stdt AMAAR irEAMSER &g@f&pllteeéi(ﬁjg BRdakCadeels Bgent fefistafd Rt ed -
0

fromthe group consisting of paclitaxel, xorubi cin, herceptin, |apatinib,
gefiti ni lymaxifenthenay; It carioxi $rabodimenty o thegpresentingegntioazibie sandep treated & e,

The Eur B rAOCAPRRn AN SORRLER hR0EwLIRRE0: Vel 3 B0 BRPRTRA S
. breast cancer). 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 épidermal growth factor receptor 2 (HER2) compared to breast
cancer cells or normal breast tissue cells, which do not show elevated levels of both, the

20  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.

25  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.

30 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.



20 various enbodi ments of the current invention the subject has devel oped
resi stance to one or nore of the previously adm ni stered anti cancer agents.
The speciwoeoemsesinment s di scl osed above in connection wcrlschie/omishods of
treating cancer, are simlarly appli cla le to the clainmed uses. 25 In still
anot her aspect, ‘the present inventiontelates to a nethod for inhibiting

an o1 P oot s lmC R SRy ey B Rler AL SR ERTATEN ! | 11

Vivo or gffedt And irdcf@siiBbieailablility wh/oPpaRinheshplidndet hi s connection refers to
enbodi nents where the cells are no | onger 30present in a |living organi sm

but are, for exanple, cultured. WD 2012/138297PCT/ SG2012/000041 19 In-
various f’\mé)rg uqee%bso_dirgénté bR Shis .agﬂe%* JF ﬂle”ﬁ%&%‘?i‘\{e%‘ the second anticancer

i nhi bi ting-estrogen-receptor signalrng 1n a cet , Phe esq[rogen receptor

si gnas i nggdn$ ik NdRidetedettoy thy Rebupgcafsisting o paeitadt],0tloXarubiving HerdeptiRst r ogen
receptors located in the nucleus or in the cytosol. Since estrogen is a

st er oi dalaPAéHRon&eTitinib.c afrlQsHEly + BRWEHRNL hBU BN o RPAIEZAEND IEHRZOIBE t he
cell, an o refo - j rder to
R e e o R L S A A R

t he recepieds thechgge naydebucdecanodr, for ernimpletER-t bregstwader.di sassoci ati.on from
heat shock proteins, dinerization of the receptor, and subsequent binding
of the receptor diner to co-activators. The ER/ co-activator conplex then

bi ndfy t O NIHRBLNTHBARGRE o IR RBES dffthd Pres&f i NALbR e SfFEY hh$ pR&NR

proteins that are responsible for the transcription of dowstream DNA into

MRNA andadrinédtiatioprodtthe rromipatnd ef tHormulanl andérweygle antrrapedr| thExapy twitin a The

term "conplex" %]? used gllgtrei n.refers to a-brrul.ti protein conplex, i.e., a

gr oup. of °nf apfcane d8at Of APUGAREET SEPVSAPIIY OB hai ns. I n vari ous

enbodi nents of the present invention the estrogen receptor signaling is

i nhi bited by down-requl ating ERa | evel through both pronoting estrogen

r ecept or Impperiewsn eaésggmma oh thivd aspediu©f nidie t PreserkNAVediva| theopulierd. hashe

reduced ERa. prot.ein. 2 vel. then.. S [ eyel

receip:) orPrreé”sogl(SJIP{sl?e\% trgeg!r?g @)t(}b%%glgfl%aglggr@eﬁts (Saéjg‘ﬂ%fgri&rﬁ Ml%l %r\g{éﬁ) ﬁ%@?%ﬁ%s to the

concent r ajttogsn edceptod moinladgs NdstroPnMece@atiiawh Rggudatprs pdreimatdse vetlibieas, f or

exanpl e occur,pg%)iti nterfering wth the expression of the gene_encodi hg said
1

prot ei n HERdiinkiditpts, erthigeysings.tand qopdingtians fhreodxlantirioun ymbedimentsyof
neutrali Hééggslpgﬂitdbfﬁft??hxgéerﬁ LG E6 RN RS BSent PRI RY l@éuﬁh‘ RetheBeste can be

achi eved Its expression. Wien used in relation to a gene, the
t erm " | ethelsubgenisrsalettgd fmnathesgroup thsistixg o€ slskambicaeepaditaxshidragpne. When

sed_in relatjon to,. rotein, the term" el" relates to the
gonc trff?f’tb‘ﬁ of & ?Igb’grﬁrﬁ‘&ilﬂt,” f@poélfrﬁl?rpl é’?‘\f/qﬁga@el Iaﬂ?sgrraz?:ISﬂcgel’ffrPé‘flf”on. 30

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
25  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.

30 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.



WD 2012/ 138297PCT/ SG2012/ 000041 20 acids together in -the polyp eptide--
chain formng the protein. However, --protein degradation may al so occur
vi a .ot herwoeetrans®ns breaki ng the peptide bonds such aspoeaGengdo@kl val ue
changes. 5 As used herein the tern1"rﬁ£uced MRNA | evel s" refers to |levels
of messenger RNA (nRNA), which are |ower than those prior to inhibition of

the estrogen. rece sed h reln th
oo LT RidS REBY Sl Bt Mecf B e PReoB i Puib e’ ST has develgped

the pr OCQ&%té?ﬁéeWd)rfdbrlﬂikfr@bmﬂel;ﬂém&ﬁm&dgﬁﬁeaﬂc&agiﬁﬁ in the synt hesi s of a
functional gene product, as result of the interaction with a receptor.

Functional gene products are usually proteins, but in certain cases may be

RNA ol e(Al’s”u%gd here nnthagén ﬁ&glbc b r@f%%etstre&&%oﬁ 111‘1a %ﬁg&l\)eﬁ'é/sg %tflaQFEaExﬁ‘cJ: tes to a

met hod for Teduci expreSS|on I'n I'SIrng contacting said
cell it b.gan dafd e tirigg @iﬂiﬁ&tmea@lﬁlgao (Elwmﬁtllt’iéatﬁlfenﬁw mnger donsileredthetpful

"reduci ng HER2 expression” used herein refers to a decrease in |levels of
HER2 ( huR&RO @@EWW@@%@&WSY aetlable trsp@ppnb for she pasigny 19 4psstion. f ur t her aspect
the present invention relates a nethod for inducing apoptosis in a cel
conprising contacting said cell with an effective anount of a conpound of
Formul a In offcFhembatimeiitapolpd oebtienaswitls cAITAeragi discleedr herem, tikeugedoness of
programmed cell death, as it is known and understood b&¥those skilled in

the art. cQRbigptign wigh é’g&?ﬁt GEFY BPYRIBISHASE e Y PE U] RGOSR sti ¢
celljgha 1oﬁrlger§?)a5pthexjé CSRHCHRANR Snlidmkadg R, &PBildce ﬁl%léffeém&lﬁl‘sage

nucl ear fragment at omat 1 n condensation, and chronosonal

f r agment af ihiconVempional trgatmeagdpnesi s pr oduces cel | fragments call ed
apoptotic bodies that 30 phagocytic cells are able to engulf and quickly
renove before the contents of the cell can spill out onto surrounding cells

and cause, 4amRg %m‘b@dﬁﬁ'é%ﬁs%f thi¥ek il ¥ the BrlditGiVeatm® i/ UhfRBrd aZdammhn

-various-enbodi ments of the present-invention apoptosis -is--induced-by
generation of reactlve oxygen speC|es As used herein the term"reactive

OXYggd S ne\gelm%%s em o 1men S of‘%ﬁg rz{]sp%%l ofythé S%gét{t\ﬁ?vention 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,



5 nol ecul es contai ni ng oxygen. Reactive oxygen species (ROS) are highly
reactive due to the presence of unpaired val ence shell electrons. ROS form
as a nat wel2otypsnduct of the normal netabolism of oxygeorasdohaves1
important roles in cell signaling and, honmeostasis. Exanples of reactive
oxygen speci es i nclude oxygen ions aanperoxides. During tines of
environnent al.. stxess Q.. WUVoor heat, expasure), | evel s can. .10

o sase et DR hasagly declRier HRERYRRY o s Gt smP Ry
struct ur ggereofhi s cunul ates into a situation known as oxidative stress. ROS
are al so generated by exogenous sources such as ionizing radiation. The
inventors of the present invention have found that ATA induces ROS

tiqn, 15whi lL.eads.,t tosis | | | th
oFacen: | AhrshRHDRT By GRS BRI AT SR IE AR L VEITRAG L,
For mu$ a hnti-carfter Agofits. conpri sing the steps of: (a)

addi ngt anshi nonel | A(1, 6, 6-trinet hyl-8, 9-di hydro- 7H napht ho[ 1, 2-
209] [ 1] benzof uran- 10, 11-di one), an acetate salt and anhydrous zinc powder

to aceti .ﬁt 2@%?@11%&8&8% ﬁiéit]'ﬁjeec ehf ﬁﬁ/teht? {He)%ﬁlgfe@t' ha(sbgncfgﬁ% .t {}g}i&lﬁ%elr eact i on

m xt ure; I'trating reactiron mxture to renove I Nnso e residues;
(d) addi dgrapyt @itht o diffeeiiti hiticaheer aapdnh eatantichniche agas Wombigatoal plioroty; 25( e)
filtering the resulting solutiqp to obtain the conmpound of Forrmula | as a
sol i d. TAEMastition pf thegompRundiet Kpreylater ein refers to the process of
sepaf@ting solids fromfluids (liquids or gases) by interposing a nedi um

t hrough which only the fluid can pass. WO 2012/138297PCT/ SG2012/ 000041 22
- - I'n v@he ongenénbadiomentompasses like pse o€t compemtli adhFeteya [(pyvherein the

conpri ses-heating-to-abqut-80 - .120 C for exanple 100 f oy, sever hour s,
For exanpHea by bretiong yebehp fPaied SHhBLA S AP SHRCIOA FRBLE Bt et s, of
this aspgqtctRt dsiiSgdd REEMbr MYIBRIIO Nestrd k&P rdceptof ABWhI 2@ SatoeR tardifath@ about
80- 120 C, for exanple 100 C. 5 In various enbodi nents of the present

i nvent i omhitierseHERA inhibitss, ewhpeydiss.r eed yeomblingtions ghersef. sbi ivaripwsoduct i n
95% % haQI%L(’)diments 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

20  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.

25 o
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

30 present in a living organism, but are, for example, cultured.



In one specific enbodi mnent of this aspect, ATA is synthesized as foll ows:
10 A mxture of TIIA (2.04 g), sodiumacetate (2.5 g), acetic anhydride (18
m ), and wohytyes®7zi nc powder (6 g) is stirred i n a boicirsg2eatoesosbat h f or
3 h, then imediately filtrated by using a vacuumfiltration systemto
renove the insoluble residues. The fViHrate is diluted with water (300 m),

and then heat.ed to.bqil. The resulting solution.is, 15 cogled at room

t enper at H’r & 2HRL fe'mbtoglrné@ti 6’%9{}\%&31 %?inaf%b?(%égrctmlzlm g8 aégr.(’gﬁéreﬁ?pg%fuct can
be furt heignglingsStralal tcllethel dsitOgddS beceptonrfnalife B¢ GAkiBRed S bindinly o @uCt
(1.51 g) acetyltanshinone II' A (ATA) with chem cal designation of

1, 6, 6-t r corapdind-of, Bpraula / Hicogstrogen aicaptersobegated in thepmidhed 1 20 ¢he ¢yteeadzof ur an

(Figure . _ATA appeared .i.n,white color ich,is t | v .dif from
tsSor | gehsr SERREE B niBbSe, S0 et ikl s BRL S b REERS 1 1 Bso
and PBS bhae ctil) 4hd ¥B&stors PG EORES hot ded t6 be hesaibramgbRindGn led@namarl can be
used to verify the production of the conmpound. 25 Thus, the present

i nvent i ofithr esioaens Tl bindéinge efplou rrrample. ihe eatregtn brrmesedot et ieeertocancer
especi al Er?’%vgegr § a}ﬁﬁnb%?%cfe%\iegfgpgtgﬁlihP\gﬁﬁ%lsa\%ﬂcﬁf ﬂﬁgﬁénfléatfs%cl?%mgfé%f)f al |

cases; ast cancer ex t1ng l'evel's o protern, account
for 20- 30fthevizatidl of akegecepldr, brdaabseqasnt evingiag i @hthe teagtomdinédretoenay me
cytochrone, P450 2D6; breast cancer that are not responsive }o t anpxi f en

t r eat menfctivaipss el her ER/é:Bmgpvggb/gQ}pplg]( |th%§1@§§ to one response elements 1n

201244 3837 RN Hra01a -8R0t i%ﬁot@f glﬁl%lt E@Pﬁ?é%s}itfl@tfof’%@'t&ﬂscrrﬁyziipﬁt6"fnce' to

tanoxifen, as it I's the-case-in- a 80% o patients af 15 nont hs
of t anoxidwenstteamaDitinto- mMNes sindchmadbr grat¢iat thateveshlep in @estlengace ¢abl

tanoxi fen due to HER2 overexpression. 5 Gt her enbodinents are within the
fol | ow ng’nﬁgﬁ‘l‘l imting exanpl es. Exanples Exanple 1: Cytotoxicity of ATA
in multiple cancer cell Iines ' '

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

15  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

20 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 targéting the protein, for example by use of
25 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 us¢d in relation to a protein, the term
“level” relates to the concentration of said protein, for example the cellular
concentfation. |
30
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



10 To conpare the anticancer efficacy of ATA anong various cancer cel

| ines, the concentration of ATAto inhibit 50%of cell growh (IC50) or
kill 50%wb bteei3g®bl s (LC50) after 48 h of treatnment wapcnsan®Uo04AS
denonstrated in Table.1, ATA showed a_ broad spectrum of growth inhibition
and cytotoxicity against all six cancét cell lines derived from breast

cancer, cervical, cance nd ukem Tabl e 1050 and LC750
Caloes ooy Buaa B The PULPHITR 2 PR Ris, PRk HARRY oy
types (' eé addtidf rhisP8lsd [oéédr%a bﬁﬁ%@d&h%ﬁb@aﬁh 2 G H&tidSH0BRs Sudh &9 + 0. 25
5.10 + 1. MCF-771.39 0.64 7.64 0.30 NEIanoma MDA- MB- 435 0.55 0..15

2.74 O. Bqat land|REriatue changes.

5  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
10 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
15 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).

20 ‘
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.

25  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

30 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.



HL-60 2.98 0.37 8.53 0.20 Cervical cancer HeLa 1.39 0.13 10.91 1.45
SiHa 1.96 0.49 12.32 0.68 Non-cancer breast cell line MCF-10A . 6.64 +
1.15 16. 2¥0 26141882915 Moreover, when conparing the effectreTsG2612A0sm1
inhibiting cell growth: bet ween cancer and non-cancer cells, it was found
that the 1 C50 of ATA on breast cancer?lSk-BR-3 cell S,

- In-various-embodiments of the present 1nvent10n apopt0s1s 1is-induced-by generation of -

reactive oxygen spe01es.

As used herein the term “reactive oxygen species” refers to chemically reactive

5  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

.10  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 generation,

15  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-
20 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 water to the filtrate and heatlng the resulting solution;

25 (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 interposing a medium through which only the fluid can pass.

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

such as sodium acetate or potassium acetate,



whi ch overexpress HER2/c-erb-2 gene product, was nuch | ower at 0.29 AM
while the 1C50 of ATA against MCF-10A cells derived from nornal breast

ti ssues vwwoe 28{y/sgpni ficantly higher at 6.64 AM This reguairtsGoadiooatses t hat
ATA i-s nore potent in killing cancer eI | s than non-cancer cells. In

addi tion, ATA exhi bi ted stronger gro i nh| bition effect than TI I A agai nst

mul tiple,cancer nh| b|t| owh in
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i njecting human nel anoma MDA- MB- 435 cel |'s WD 2012/ 138297PCT/ SG2012/ 000041
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i nhi bition was obser ve ATA-l nj ected m ce.
Furt hgrnore, the average body wei ght of ATAI nj ect ed mce did not
significantly decrease over the control m ce suggesting ATA has 5no
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effectiv olid tunmor. Exanple 3: Effect of
ATA on b?éé:}[ssltﬁl(l:%ﬁirri%feﬂr%%gfé ﬁidlms“tl 9% ﬂh?he\?el of HER2 The efficacy of ATA on

MCF-7 cells with over-expressed HER2 protein was 10 investigated. It was
shown (Figure 15) that withip the concentration, r of 1 x10-3 AMto 10
AM pacl {1 eB&IPerdq © EoRdEHETRp thisyasgeciue hA AliHRITShESIZ5A 2 ?f@@wgga. nst HER2
nega’ ve MCF-7 cells than MCF-7/HER2 cells, which indicates that these
MCF7/ HER2 cells are nore resistance to paclitaxel than MCF-7 cells. In
cont r ast At mitthee ob J&lA/ €2104 e sedamrpeacefatdCE5S MHEGQiccmHyéﬁd@(b&mlD,tmdel :
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of the pa@@émnshln%enﬂﬁoﬁ«i\wwé BRICR besi HBtiPR 08 1 6,6 rim et S, AeAAafy
10,11-diacetoxyl-7H-naphtho[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
20  solubility in both DMSO and PBS than TIIA.

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

of the compound.

25  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; |
30 — 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;



25 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 AMand five
concent r avoeong/we29pacl i t axel at 1000, 100, 10, 1, 0.1 nkcwsceonrsesis1 The
measured cell growth inhibition rate/ashovved t hat when paclitaxel acted
alone at 1 nM it only inhibited -409 %rowth of MCF-7 cells. However, when

paclitaxel wa ed in con i on vmt ATA, . 30.t

t oget her i nhi e?%&a%‘i%% /e]g’\p rFﬂ%a%cgl?%aé?(Bﬂfﬂﬂ Shisd tﬁe Fasseélilvﬁc?“? 8@g“ntly

hi gher than t bealy ddkcatsiflel 15 RonBistdreinsaten tRah&yed by ATA al one at 2.5 AM
WO 2012/ 138297PCT/ SG2012/ 000041 25 Exanpl e 5: ATA can

act i vat e-t he- bipagitcandecs that dewelppiresistanvedo tapeixifen diihéo HEREmverexprshsiome
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- pehdkaBosttdntdBatihiMthEebiArERe 66 linibhs e mary anal ysis, its
apoptotic ability 5 in HeLa cells usi ng ot her apoptotic assays was tested
Usi ng Hoechst 33342 staining (Figure 17), nuclear chronosonmal condensation
and fragnentation was revealed in cells treated with 10 AM ATA for 24 h.
The in vitro caspase-3 activity assay results showed that the |evels of
caspase-3 act|V|ty increased 3.1 t(Exém@ &ol d over the control sanples after

ATA treatment in four different types of cancer cells derived from cervical
cancer, Egampled; Cytniexdeity efeh hAdnmudiiple cengereglblineshe activation of caspase-3

afte ATA t f I $4e Whi ch
cl ear?y Qﬂ é?@aﬁ%‘? \(%,rgﬁrr(r:an?éc)rngl?tD %l)ﬂelf ﬁfl va g‘ﬁ}s‘g‘éﬁ%}% Cglnal% e§ eavage
of a caspagentdationbsft ATIAL tg irditgt 5OYPARell igrdvathi TS 503 roal Kikkr50P4 @@rmenbel(sFl gure
18). Fi naIIy, it was found that the ATA-i nduced cel.l death (;Toul d be

i nhi bi t et-®y) At ABilngf teabment yyasimeasyrf A demesiatediin HieBiet oA 1A $HA¥SG nk.

Since 15 ' &f/‘tﬁ Q#ﬁ)t(f){ e pdifdi a0k 2 RshCRASARRResS
activati otrtt) av%%@gghn Ogé?m gﬁglghg)?rhsrﬁdg turlgﬂ}evgatr%ts oceurr Cg dur neg

apopt ot i dertveeld|froohe Btelast dahcanperdori chuabednelhaimaAdAl leakenkial | cancer cells by

i nduci ng apoptosis. Exanple 6: ATA can activated the Bax-nedi ated apoptotic

pat hway 291k 198§ 284 DECOURRE bYATRUN 1| Betardhéodndd 8¢ héﬁléﬂn@ﬂ 1B lines

Bax- medi aft mtocnonarl a-d pen po p | al hwa wel | known
that apo f&;e?llt han hn ahfu\laf Q%}rhp.? Oﬁ“’ 3\ "gi[fg#oﬁt”’ death

(¢
ot BT nzt 4h H
recept or |pEkdvedn 41extr| nsi c path thJ B or gc .dent pat hway
(intrinsile pat buay) Bot b pathuaMCEdn cohdelhe0bh i tbeholdPialto promot 6

the rel eaddelatomimont ot i ¢ f actl oPDANB4AS AWk diel c 2-@1‘%9’1?% Al F, EndoG
and Htr A2/ I@?I‘ﬂ\e,mlﬁhlg can actilvat eHHd@nst r e2A% 8048tk t%53F0P8Ber |cel | death
(X \ang,| The 8§ glgndl ng rol e |of nmiHebehondr ila3%n04popt d8PE £ 1@Nes &
Devel opmen(t WELBA? 1) 2922-293). TPaadi sti ngufeshOwhpi ch Ip3ZRWO8 | $ mainly
used by ATNod-@neg biedgticell Apopt osiFCFili0Awas| 3Dsdex and ned 1vethets t he
over gxpression of Bcl-2, an anti-apoptotic protein that is capabl e of

bl ocki ng f ocha dr| a- de n i
ATA- | ndu%@&eovef Iwrh ngﬁlggg]%cg e?{sg t rg[f{g ¥ mﬁﬁjnm\% (%Rl é}b\%ﬁgl&#%ﬁé P only
were tr eaﬁ(ﬁﬁbn%atnherl&llégl\ﬁ WHDERBA Dl IE2ZPETA BEN LD 08kEr SK-BR- 3 cells,

which overexpress HER2/c-erb-2 gene product, was much lower at 0.29 uM, while the

gD

ICsp of ATA against MCF-10A cells derived fr_orrt normal breast tissues was
20  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

25  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



26 or 20 AM ATA. After 24 h or 48 h treatnent, the percentage of cell death
i n- each-sanpl e was cal cul ated by counting the nunbers of

f 1 uor escewoeopositorve cells either live (attached w th acmscawi2/ooekl

nor phol ogy) or dead (detached with a shrunk norphol ogy) under a

fl uorescence m croscope. Under ATA tr&ht ment, the percentage of cell death

f Bcl- . i | i gnificant]y,| than th |
R s i v e R A A
Bcl-2 onofdAr paebicetiont Weeke Bver SHPROF6S silghFicat inBibitidiAén Alhogaiowiiduce

apoptosis via a mtochondria-dependent pathway. Next it was exam ned
whet her ABEAobsenveddn ithead EAsipissted snise. dipribaumeracgtherveagomdy vegightef dadrige t o

rel ease those pro-apoptotic factors, To {e IS, mtao i hol ogy
changes éﬁ’?cz?d %‘ﬁ& (ﬁﬁé@k %ﬂlﬁqcﬁ%fyngecéeaﬁ? £ Secrh%l%l 5&&5@5%108(%%5%&% éaf@”%% acker
Red i Habaigaeidafit WRICRyQD IR Mdshal. IThiyBsult @ugidsts hiadt Al A ean Afctivedpkirent ,
sone mtochondria changed their filanmentous staining pattern to form

aggr egat anceperllsagthan pselid AWy red fl uorescence, inplying that

m tochondri a were danaged (Figure 20). It was then 15 investigated whet her
Bax is involved in ATA-related mtochondrial damage. It is well reported

t hat dur ERgmplet3o Eiffeciclsfi AF Al epdichentanagraetlo siith hiBelvelaf HERMS| ocate from
cytosol to mtochondrion and form pares to permneabiljze the outer nenbrane

of mitochBadeiesY CAATAg PhMGETesdls Stithe preiceissrset  HIER? o EVES wi | |
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25 apoptosis were first exam ned usSing inmunofl uorescence staining. This
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vas 0°CRSL LoD AT B AL GT0h LT oA P2

cytosol LM prodderdenigheatighdweheiehibitein dfiegtsPaatnet HEREH@di’ci&e MOF-7Téeds thel |
fractionati on-based Western bl ot analysis was use o confirmthis 30
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The ratio of cytochrome c |level in cytosol to that in mtochondria
increased from1l.0 to 7.5 at 24 h after ATA treatnent. The same 5 phenonena
were al sg_obse i (%ells.ttre'? ed with ATA (Figure 23 and Figure
24) . Thes&4IE ’ i nduce apoptosis via a

_comhination withygagchtaxel
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20 Bax translocation after ATA addition. To test this hypothesis,

VDA- MB-435 cells were pre-treated with different kinds of antioxidants

i ncl udi ngwvdQoaM3greopyl gallate (PG, 1 nM gl utathi one (@8HSG200M0dW

but yl-at ed hydroxyani sole (BHA) and 1 mM Nacetyl cysteine (NAC) for 1 h. ATA
was afterwards added to the cells at & AM and 10 AM respectively. The
percent ag ' r ] A Ltreat nent, was 25 measured using
SRB cyt oteXtt asSay-. e APOP NG DL Y i SN 8nt i oxi dant PG, coul d
si gni fi cang li¥venfiszs @SRe HhReCinvemictbhdvet $holwmofor 3hdofirer figer theBXragainnst 5 AV
ATA. Furthernore, quantitative analysis revealed that 20 AM of PG were

suf fi ci enttivats b gmoptota mathyap rievienger eligv Aftex- finding dbatc AlTA gewd hiniluce

acai 11 onceaerey ol e R leredvbeens 588 bghel SIS el R o™

-l eved | prHeBS@eHs Welig ©EHEPlapbblic REAYEMasdedhdd. Wstng Hoadhsn @334 dtsingt h 20 AM
PG (Figure 26). Mreover, results of inmmunof| uorescence staining (Figure
21) and (eeerlr).mugkeanghapmesamal cppdangatiomand fagawntatign wasrevsaled imeellsct i vel y
pr event [ l-ocat | y sjge! gl I -
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Bax- medi gia€ chentiet ¢l€ 06 Bakphase-3l apevitdeintreagdp’. 030 $.05oldenear tticogtrolesaiplese oxygen
species (Figure 272 . Exanple 8: cytotoxicity of ATA in cancer cell |ines
and nor mafteresTAdreatppeph an topr diffsrentiyres of caueal Gells dedved Tam Gepvigd fapsercel |
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mul t1 pl e cancer cel I'nes or normal ce lllnes I'ncl udi ng nuscle and

fi br obl astas fatles validatel/by Wadsean bls aglgyie, wWhicl aldady ZhowddAtheaferthatwer off C50 on

cancer cells . derjved fromcervical cancer. |ung, cancer, .c cancer, |liver
cancer , - MEEEHIE FoHEehan Btk aes dcabrsst DESamere B ATRIR. cancer
cells i n%m%r%%l%%@g{ga% 19e Rkl Ay AUERLE tARGLE AT ARhdREd @Rl ®Rafhr OM | Ung

tissue. Table 271C ATA’at 72°h on various cancer or_ non-cancer cell
| mes Cel boulg pe iribjtad by trezsing cellvithi@l M anwiaspaise gty tor ze¥ADsingk. énce). 19

15  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

20 It was subsequently found that ATA can activate the Bax-mediated, mitochondria-
dependent apoptotic pathway. It is well kndwn that apoptosis can be activated mainly
through two pathways: the death receptor pathway (extrinsic pathway), or the
mitochondria-dependent pathway (intrinéic pathway). Both pathways can converge to
mitochondria to ‘promote the release of apoptotic factors such as cytochrome ¢, Smac,

25  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
30 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



A549 Lung cancer cells 0.81 0.13 SK-N SH Neuronbl astoma 1.24 0.12 K-561
Leukaemia.. cells 1.69 0.34 HCT 15 Col orectal adenocarci nona 0.56 0.08
.HCT 116 \@olzormsnb adenocarci noma 2.28 0.49 Caco2 Col mcexst;ablz/oooou
adenocarm nona 2 50 0.45 Hep®& 26

© or 20 uM ATA. After 24 h or48 'h"treatment,—‘the-percentage*of'cell“death"in—'ea'ch-
sample waé 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
5  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
10 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
15 inveétigatgd whether Bax is involved in ATA-related mitochondrial damage. It is well
. reported that during mitéchondria-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
20  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
25.  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
30 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



Li ver cancer cer cells 4.27 0.73 C2C12 (non-cancerous) Myob ast (nom al
muscle cells) 10.15 1.44 .11\4R-90 (non-cancerous) Fi broblast (normal | ung

cel I s) 15yb%013db7 Exanple 9: Effect of ATA on differepprRceasiosancer
cells 20 Surprisingly it was found that ATA displayed nuch higher growh

i nhi bition effect on ER-positive breast cancer cells such as MCF-7 and T47D

than ER-negafive. breast cancer, cells such _gs MJA-MB-231 (Fiqure 3). The
| G50 val Tetbghondia dcremsed, Hogt deB e € 0ol 8t 72 b1 47 GRS babTTIFER WA 1 ve
and ER- nggat{ederof 8tbenrdhhechid hdi #2108l hBe AfloBRddYia1 ShMn R, blion
ability of ATA towards ER-positive breast cancer cells 25(Table 3). WO
2012/ 138287ecl/isEROIRHIDD i4dased Thetrato 3f cg®Ohmwpaieuekevel inAprosat torthat in on ER+
and ER Ibnrite('\)%ﬁén n%nlcn%{eage%l Ifr%m EI% t(l)E I%)7-'-5 at 24 h after ATA treatment. The same

5  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

.10 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, 'HzDCFDA, 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).

15
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

20  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

25 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).

30
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



Ratio of ER-/ER+ NDA-MB-231 MCF-7 T47D 231./MCF-7 231/ T47D | C50 of ATA
(.11\4) .7.98 0.18 1.48 0.24 1.40 0.20 5.4 5.7 In addition, results
in Fi gur ewo3@izalss®7show that ATA is nore specific in inlrchisczogobial
S5proliferation of ER+ .breast cancer c 4 | s but less toxic to normal cells

I ncludi ng muscle C2C12 and fi brobl ast“9 MR-90 cells. Exanple 10: Potency of

;A\-rII_AB(r:g 2]; ?5({81&'%&8 geélzt:}\la}gmt(l{lez rglggl%%fe%%leﬂ ’:2*-l%—%n%QB%g&P)\fgthJed-tﬂﬁs-—?e%léfﬁ)lgl%gse[eCept or
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 ¢
5 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

10 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

15 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

20  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

_ caﬁcer cells such as MDA-MB-231 (Figure 3). The ICsy 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

25 = (Table 3).



nmet abol i tes, 4-hydroxytanoxi fen and endoxifen, is the usual endocrine
(anti-estrogen) 10 therapy for hornone receptor-positive breast cancer in
pr e- mrenopaoal2/ewen, and is al so a standard in post- merepAGIel2/00mIEN
al t hough aromat ase inhibitors are alsg frequently used in that setting.
Thus, in order to evaluate the potenc%f9 of ATA to be used in breast cancer
therapy, its anticancer potency was conpared with tanoxifen on ER-positive
MCF-7 cells. Figure 4 shows that ATA exhibited 57-74% hi gher growth
15i nhi bi ti omrabRt3ACatvallbgofidT 02 70 ashER+dhdGREBB/EHEALHBNS. This result was
confirmed via conparing the TEg0 val ues ‘betrmgeen the | WorghHdt{FEROBREWO
ER- posi ti ve[breast cancer yaelhB-bnep. MaF-gderonshy@t ehimnvidabl[esdTabp{ fol d
| ess of ATATi&, begtedarnan 7ogmmxist €N k9= onli[Nijo 54% pT B pogi tiye cell
growt h. Tabl'e 4 TC50 varues of ATA and tainoxifen at /2 h on different brea
cancer cells Type Cell line IC 50 of tarnoxifen (OM I1C 50 of ATA (PM IC
50 ratio of tamoxifenl ATA ER- MDA-MB-231 21.80° 2.90 7.98 0.18 2.7

In addition, results in Figure. 3C also show that ATA is more specific in inhibiting the

5  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)

10  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

15  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

20
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.

25  One possible mechanism of HTA formation is that after ATA enters cells its acetyl



ER+ MCF-7 10_00 0.20 L48 0.24 6,8 ER+ T47D 9.40 0.60 1.40 0.20 6.7

ER+/ HER2+ B1474 . 6.20 - 0.10 1.00 0.02 6.1 20 Exanple 11: The netabolic
product oloAdr/138m70order to find the nol ecul ar target 01'1>C7NE€,201t2h60mt abolic
product of ATA after it 30

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,
5 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;

-10  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

15 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.

20 .
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 1nduce ERoz degradation. To ensure that ATA produced a similar effect in

25 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.

30 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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summary, these results show that ATA not only caused ERa protein degradatlon but

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

20 Example 14: Effect of ATA on the ER-responsive gene GREB1

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 (gréwth regulation by estrogen in breast cancer 1)
which is an early estro gén—responsive gené in the ER-regulatory pathway.
25 , _
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
30 MCF-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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neasure the | evel of GREBL (growth regul ation by estrogen-in breast

cancer 1) which is an early estrogen-responsive gene in the ER-regul atory
pat hy@y. pg ?ml@ 1%[ ; i : { Edi11 9 15,2 [ Legul ated gene
; ‘ ured in the

char coal sswsm@gd 1ﬂﬁdls Lﬂmh\&fﬁbrcu sfsdoxaaeda t1m rATA)I dlsm@%d?vergal stronpafrewth eat ed
with 100 pM estrofg or 100 pM estrogen. plus AM ATA for 1, 4, 12,
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control . Hovv%ver {)sﬂxlsﬁq%gase f “est roggnq]?{n(fﬁceéh%éél transcor %ptl on was
clearly gﬂdﬂhédhibﬂ1oﬁ.effebbirdHfE;R2ATtAaﬁ HHER 2recedls (Riguoe. €l 0gV)g Spédifieally, theduct i on
of t 9(? 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 reached 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
t0 1.0 uM in ER¥/HER2+ breast cancer BT474 cells, which is 6.2 times lower than the
25  ICsp 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 HER2 protein. -
30

The content of all documents cited herein is incorporated by reference in their entirety.
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WO 2012/ 138297PCT/ SG2012/ 000041 34 Clainms What is clainmed is: Use of a
conpound of Fornmula | Fornula | for the manufacture of a medi canent for
treati ng wo 2pr22888Yi ng breast cancer in a subject, conprcsiscgoooimi stering
a therapeutically effective anount of _said conpound to said subject,
wherein said breast cancer is estrogeﬁ4receptor positive (ER+) breast
cancer. EEe use of claim1l, wherein the breast cancer is estrogen receptor
positive positive (ER+/ HER2+) breast cancer. The use of claim1l or 2,
further conprising admi nistering a second anticancer agent to said subject.
The use of claim3, wherein said second anticancer agent is adm nistered
bef ore, Mopéis@daimgdtisi or after the compound of Fornula |I. The use of claim
3 or 4, wherein the second anticancer agent is selected fromthe group
consi sting of paclitaxel, doxorubicin, herceptin, lapatinib, gefitinib,

erl otgnil, taumgbf@annﬁahmesmbaﬂﬁmIanastrazole, | ectrozol e, exenest ane,
fadrozol e and conbi nations thereof. WD 2012/138297PCT/ S&012/000041 35

6. The use of any one of clains 1 to 5,--yherein the subject has-underwent-
anticancer therapy with a different anti ¢gancer agent or anticancer agent

conbi nation prior to adm nistration ofs conmpayind of Formula I.
Y
| ‘ \
10 ©
HiC™ CH,
Formula I
15 for the manufacture of a medicament for treating or preventing breast cancer in a

subject, comprising administering a therapeutically effective amount of said
compound to said subject, wherein said breast cancer is estrogen receptor positive

(ER+) breast cancer.

20 2. Theuseof claim 1, wherein the breast cancer is estrogen receptor positive/HER2

positive (ER+/HER2+) breast cancer.

3.  Theuseof claim 1 or 2, further comprising administering a second anticancer

agent to said subject.

25
4. The use of claim 3, wherein said second anticancer agent is administered before,
together with or after the compound of Formula L.
5. The use of claim 3 or 4, wherein the second anticancer agent is selected from the
30 group consisting of paclitaxel, doxorubicin, herceptin, lapatinib, gefitinib,

erlotinib, tamoxifen, fulvestrant, anastrazole, lectrozole, exemestane, fadrozole

and combinations thereof.



57. The use of claim®6, wherein the subject has previously been treated with
an anticancer agent selected fromthe group of selective estrogen receptor

nmodul at orwo 208t 138men receptor down regul ators, aronat asecirsicbizioosrar HER2

i nhibitors, anthracyclines, and conbi pations thereof. 108. The use of claim
7, wherein the anticancer agent is seﬁgcted fromthe group consisting of

d bi | i I b
Canoxi et BRORGd gy SheaBGbFEDE o BRTH sty Pkl denP i Bl o o

conbi nat i Onsth‘éh?&%fh A &iPteldne aht&ﬁn&fr agéht o@@ﬂﬂ@hcé‘ﬂ agbimfcombitatidn prbeteei n t he
subj ect has failed the previous therapy. 10. The use of claim9, wherein
t he subj ect mﬁsmu@v@m@pg e cempeungheidarmuline or nore of the previously
adnlnlstered antlcancer agents. 20 11. The use of any one of clainms 1 to

ergin e su wherein the
subj ?’S ajrﬂ‘ilﬂse?rf’ 3()J “i@ﬁf%m}}ﬁ’leg‘ﬁ}?ﬁ Bfetvll%lﬁg'etéetep grﬁg[ﬁmwé%’eaﬁt or signaling
ina Celjl fC%i{fﬂéﬁﬁel‘ét Q%n@%é]sécciif% ﬁ‘glg tﬁH%gﬁgg%gs_lelléétiv@ thBogiQBeré‘ebtdfe amount of a
conpound o ormul a C ormul-a
w modulators, estrogen receptor down regulators, aromatase inhibitors, HER2

inhibitors, anthracyclines, and combinations thereof.

10 8. Theuse 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.

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

therapy.

10. The use of claim 9, wherein the subject has developed resistance to one or more of
the previously administered anticancer agents.

20
11. The use of any one of claims 1 to 10, wherein the subject is a mammal.

12. Theuse of claim 11, wherein the subject is a human.

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

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

o -
H3C)J\O

30

H;C  CHj

Formula 1



14. The method of claim 13, wherein estrogen receptor signaling is
i nhi bited by estrogen receptor protein degradation, reduced estrogen
recept or wBN&dBy®hs and/ or inhibition of estrogen receprosGrerponai ve gene
expression. 15. Method for reducing H expression in a cell, conprising
contacting said cell with an effective anount of a conpound of Fornmula I.
15 Formula | 16. The nethod of claim 15, wherein the cell is an estrogen
receptor positive/ HER2 positive (ER+/ HER2+) cancer cell including a breast
cancer cell . TAd meRld@dlahan 3] wHeeinGtrapaco&i tSr dighating & inhibitedpyi si ng
contacting said cell with an effectjve anount of a conpound of Fornmula I.
30 WO 2012/ ¢$®29T RCTPISROich degyadption reduced mogrm mBesPtAtmMRNA Isvaly, wherei n
-apoptosis - s\ ndhes nbé%‘egt%a‘ﬁe?’r'x%éeﬁ{kr%ssp%gé’?}9£ g&%‘e e‘??é%&ﬁ@n.spec' es. 19. Method
cancer tn a subject; conpr

for treating or preventing si'ng adm nistering an

5
15. Method for reducing HER2 expression in a cell; comprising contacting said cell
with an effective amount of a compound of Formula L.
10
15
Formula I
16. The method of claim 15, wherein the cell is an estrogen receptor positive/HER2
positive (ER+/HER2+) cancer cell including a breast cancer cell.
20 v
17. Method for inducing apoptosis in a cell, comprising contacting said cell with an
effective amount of a compound of Formula I. '
0
H:,C)I\O CH,
25
HeC” "CHg
30



effective amount of a conpound of Forrmula Ito a subject in need thereof.
Formula | The nmethod of claim 19, wherein the cancer is selected from
breast cawoeni2/iewvi cal cancer, |ung cancer, |iver cancecy/SGabrreaial
adenocar ci nonma, neurobl astona, nel anonmg, and | eukem a. The net hod of claim
19 or 20, wherein the cancer is estroﬁ@n receptor-positive (ER+) breast

FERD posi b1 vane Riksbor e dr: 1Rt Rsr ds R e R ik iR any one

of clains 190iﬁ¥g% edderein the nmethod further conprises admnistering a
second anti cancer agent to the subject. The nmethod of claim23, wherein the
second anticancer agent is adm nistered before together with or after the

conpound , of of_cl second
it cancef oA B e bbon FRe g b SRisf edPpridhE b b i g

doxor §ibi Ci n, effedtizepiriodnt dfapdmpduhd ofv&ﬁﬂéﬁf&é&%%?ﬁme‘é@%edmwo“ 38
gefitinib, erlotinib, tanoxifen, fulvestrant, anastrazole,

-l ectrozol e, - exenest ane, fadrozol e and cgnbi nations thereof 26. The nethod
of any one of clainms 19 to 25, wherein Eﬁ;)subject has prior to
5adm ni stration of the conpound of Fommwi | undgrwent anticancer therapy
with a different anticancer agent og anti agent conbi nation. 27. The
nmet hod of cl aim 26, wherein the subj . ously been treated with an
anti cancer agent selected fromthe dt'ou i ve estrogen receptor

.10

Formula I

15
20. 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.

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

(ER+) breast cancer.

22. The method of any one of claims 19 to 21, wherein the cancer is HER2 positive

(HER2+) cancer including breast cancer.

25 _
23.  The method of any one of claims 19 to 22, wherein the method further comprises
administering a second anticancer agent to the subject.
24. The method of claim 23, wherein the second anticancer agent is administered
30 before, together with or after the compound of Formula L.

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

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



10nodul at ors, estrogen receptor down regul ators, aromatase inhibitors, HER2
I nhi bitors, anthracyclines, and conbi nations thereof. 28. The nethod of

cl ai m 27, woherzizgeothe anti cancer agent is sel ected frompChscgomwpoos1

consi sting of doxorubicine, paclitaxel, herceptin, lapatinib, gefitinib,
erlotinib, 15tanoxifen, fulvestrant, %§1ast razol e, | ectrozole, exenestane,

fadrozol e and gonbi dons thefeof. 9. . The .net ho f_any. f. . clains 26
to 28, wher oEsi e B Erietef e i M b SE B S flert " ot hod
of claim 29, fadbe® dhdidombentiogsthehas devel oped resi stance to one or nore of
t he previously used anticancer agents. 31. The nethod of any one of clains
19 to 30, wherein the subject is a mammal. 32. The nethod of claim 31,

wher ei n 26ie $hbjnethtodiod any huerefclaigs. 19Nk 2howhéren théysutggathhepdier tof a conpound

f F la | 30.35 .. 39 | a | Tising:, ( ddi ng t hi 1A
(L 6.5t r1 ety g aten P pa eBp R hor s Dhasti PR REREME. oi oney
an acetate saifferafdntPANYE Qb of laRGcapeddgent @mbination.

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

inhibitors, anthracyclines, and combinations thereof.

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

combinationé thereof.

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

previous therapy.

20
30. The method of claim 29, wherein the subject has developed resistance to one or
more of the previously used anticancer agents.
31. The method of any one of claims 19 to 30, wherein the subject is a mammal.
25 | | o
32. The method of claim 31, wherein the subject is a human.
33.  Method for the synthesis of a compound of Formula I
30 ' HyC

o}
o}
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acetic anhydride to provide a reaction m xture;

m Xt ure;

filtering the resulting solution to obptain the conmpound of Formula |

(b) heating the reaction

(c) filtrating the reaction mxture to renove insol uble residues;
(d) addi ngowaixrssioo the filtrate and heating the resultipog/ssabiaiob@a) 10(e)

solid. 34. The nethod of claim 33, whetein the acetate salt is alkal
1535. The nethod of claim 33 or 34, wherein step (b) conprises
heating to about 100 C for about 3 hours. 36. The nmethod of any one of
claims 33 to 35, wherein step (d) ¢omaniages heating to about 100 C. 20 37.
The method of any one of clainms 33 to 36, wherein the nmethod further
conprises theompsygtal | izing the solid product in 95% et hanol .

acet at e.

10

15

20

34.

35.

36.

37.

(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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