WD 2010/ 047663 PCT/ SG2009/ 000390 1 USE OF TOCOTRI ENOL COVPGCSI TI ON
FOR THE PREVENTI ON OF CANCER CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] Thi VapPEGe3i on claims the benefit of priority BET/EE009/600320
provi si onal application No. 61/107,842, filed Cctober 23, 2008, the
contents of it being hereby incor po?at ed by reference inits
entirety for all purposes. FIELD OF THE | NVENTI ON | 0002] The ent

i nventJgp OB THCETRENOD COMEOSITION! FOBI AL PRE VESTHYY %&Al‘péﬁﬁ

bi ochem stry, in particular the field of biochem stry and nol ecul ar

bi ol ogy of cancer. BACKGROUND OF THE | NVENTI ON [ 0003] Cancer or nore
preci sely mal i gn@ROSSERBFERENCE TOCREEATED APBREESATIONSwhi ch a  group

of cells display uncontrolled growh (divisi bevo A0k:NRl
i mi t $0001] nvgbirsétnpli@ﬁ@li e s begRt i prIobSE P %nw(%lgn&aigh?g@%ﬁtgﬂ No.

tissu LBE 93 MBi(RS thd ThistehtS BF R @6ing herb etcorpocatal hyoreéeréneet he
body \3?@07’3‘%@%@%@%@7 [0004] Tﬁe progression, or |ack thereof, of

a gi vénitcenticey forsilliyugtokss. vari abl e and depends on the type of

neopl asm and the response to treatnent. Treatnent nodalities include
surgery, chenotherapy, radiation therapy, hornonal nanipul ation, and
i munot herapy. |n gener al FIEDD&k RHE/ TEQNcer is treated very

specifically, and often a._.conbinati f wt.h ar.i (bbb SankdS
used, (PRI exdhp| Bres rlﬁ‘éwoﬁrlgcggee%gd;rtgf gjltel ;ﬁ&gd oE&“rgggiE%??%% )ﬁerapy.
Th ﬁ:ﬁﬁﬁ&ﬂi“sﬁ'gf}iﬁ phialafihe feldaiehdaemnistry hel nylseulafbielogpe! caned: si ze,

and whether it has spread. [0005] Mdst of the known nethods of
treating cancer have severe side effects on the patient. Therefore,

it is an object of thegREKEEROUND ORTHE INVEXTIONe further ways of
treating ?5 cancer. SUMVARY OF THE | NVENTI ON OOOGJprﬁEn a fi I $hich a

aspect[p003je Sasewrmr mer anedish Peligegt PEPRIASHEISHH Hla%Y _ig?fé%st ng cancer
or  DrEMEbt 0ol REEL GBS BovARNERsicH! Be3bnd Mieh@aiah Gindisyaintasion
treat NP BY “adm i st er i ng a 30 composition conpri mgﬁg é)r C‘F? S|t§t| ng
of sat (imasion enemdfdestructionof adisrsnt tasuds),18é GOPFERL TeRHRIREHE Cdtcer
is selected fr the.gro hsting of nelanoma, prostate cancer,
col on 18%1}'88?1,“tﬁ%‘?@r“%%ng’g‘ro?ggﬁggder cancer, breast cancer and |ung
cancer[oodp 20/ RdFEERnPETASCHeNET, 008396 cangep GOMEhlY vagalyle ARhdepends
aspect, the present invention refers i b @liieQRBRIS ki ger9r
consi s g tpe @Fe?%aéﬁmgﬁ © BEPYFEY goc% abﬁ%‘ﬁ'oﬁg%@%%{%locot r?enol an 9
(2R 3eMoBRIRXYadition therapy, hormonal manipulation, and immunotherapy. In general,

0 each type of cancer is treated very specifically, and often a combination of the various
modalities is used, for example, surgery preceded or followed by radiation therapy. The
response to treatment depends on the type of tumor, its size, and whether it has spread.

[0005] Most of the known methods of treating cancer have severe side effects on the

patient. Therefore, it is an object of the present invention to explore further ways of treating

!5  cancer.

SUMMARY OF THE INVENTION
[0006] In a first aspect, the present invention refers to a method of preventing cancer or
preventing the recurrence of cancer after undergoing a cancer treatment by administering a
30 composition comprising or consisting of at least one of y-tocotrienol or 8-tocotrienol, wherein
the cancer is selected from the group consisting of melanoma, prostate cancer, colon cancer,

liver cancer, bladder cancer, breast cancer and lung cancer.




phenyl i soserine, N-tert-butylester, 13-ester with

5, 20-epoxy-1, 2,4, 7,10, 13- hexahydr oxyt ax-

11- en- 9- on&OR2@BEL'6M3e- 2- benzoat e, tri hydrate (Docet axel FCHSEH002/000390
(52)-5- 5 (dimethylam nohydrazi nylidene)i m dazol e-4-car boxam de
(Dacarbazine). [0008] In still a fu¥ther aspect, the present
invention refers to a nethod of inhibiting or reversing of cancer by
admi njgeber | B @ fisreEpasjetl, tie wesent irsenigprorelas s PFOMPYSIBED 4OTPEHLE Obne
of y-tocotrienol or S-tocotrienol .together .w&h “N- -3
(2R 39nsitingrdfoly 1935t AR - u"t"%ﬂcg@teg?l- ﬁ%ﬁtﬁgény |Og ok ﬁ%?s)l%-cg{apto et 3wi th
5, 20- Msobertned N teHmkdedi@x aBysteoxythax20-tpety- B2,4/7¢-04 Sehexahydroxytax-
acet at e- -%enzoate, trihydrate EﬁDocet axel) anag/ og (522-?% 57)-5-
(di mefl hgh-8rinechyastaie-Ehgniodene) | SRR e- 4-PIFFEAM de™WHhcar b%z?ne).
[ 0094 Qh?ﬁ%ﬁltﬂo?@d?aﬁﬁgﬁ&ene}hﬁﬁaﬁl@ﬁ%ﬁbokﬂﬁﬂet(Dﬁn‘arHanTney. s to the use of
a QompOEFYEIE nprising at least one of y-tocotrie

ol, Qr. .. ..
S-t 0cPOOOBENOIn §till a thinthenaspettatiteupresent ingention EiRpiot 2 mﬂwdﬁ(r)fé%h‘f’f’% §*
cancer in.an .ani mal body. or. j: 1. Bn@bf S a6 Inelo an
ani mafCVEISHERf cé‘ﬁeéle ﬁ%ﬁ%‘lrsg“gfl gg%&gﬁ@%@%&tﬂggﬁ%ﬁ ‘?ﬁﬁ‘m‘é%)ei n the cancer
i s selRgioagbobl Okt letogstcierm]  camettiest iwith of2RsBPlaerRox oSN ek iTer

col on cancer, |iver, cancet |,.adder ] . @1 _oal g
cancemherydecseting. n 1drsier Bt ﬁeﬁ "eé’gf%"g’??ﬁf’ Ilil%1 % Pg"g‘g%%w%ﬂ%egg ieg rr?%rnlgf ers

t 0 gt he, Y56.00fenPokQNPOSI t kiydra@ONDr i Si(@Ycettxdlpast ormdil y-t oc6)i%®nol
or S-tocotrienol together with (2:} 3%— N- c%r(Box - 3 63?0

pheny |(fisewtamiaohydrazaplidengippidegely-caoxaniqe Ugigrppame).

S5, 20- -142, dhioxWb@on refers to the use of a composition
11- enﬁg@gxe- ﬁa%gég%%%?%gﬁégg%ée, tri hyc?r %ES( Doazq?#axel ) -Or gS%ég-
(di metcoyprsing ehipet ane of1-lodeiriendl ot dhowiengl o5 Msgramiate BhR IR KR,
for the manufacture .of a.aBq] therdeh@aicB i tarbr BadCaimal
[0011]@85 PIeeige € crrgs%e%?@%)g?gfg%g%?ﬁﬁgnvehti on refers to tg? r%%ugod

of smarysbRGRYr Undpraoin®s wovepdmkticoh Wngnithe sencer oSt from
lleast one of y-tocotrienol or Stocobr &g,l 5i Qancer, bladder cancer, breast

( 2R, 3SPRNEtmg HoRFanoms, HYFAE STER fe. ert-butyl ester, 13-ester with
S, 20- ef3R%¥ and lung cancer.

L L T O 15, S0P 50k AFEL B e PR Afipositon

(52) - 5-09%'5 hy \ a5 ey Liaditisnb sehecbieteiziopehet-witr GRAH)Nrearboxy-3-
(Dacar%a I %, conprising mxing at. %e t one y-é’ gl i en%xdf%&ytax—
S- tc ogheindisoberine: N-fertubdgster Brpgiencyit -S0EN A (NUNED gxa
N-tert-butyl r 3y Wt h g D I (52)-5-
5, 20- e]plé%g'f,gg—%%ﬁc?t? %S’Z %‘3& é?(’ahydrn(.)l?(%/dtr%ti- i ( ocetaxe). > 0
11- en- @imethyldmincbydesngdidoanzvdizele-4+-cihgenide RassbatiaRdpy thy mipgfacture
Egﬁla? (d!?ﬁg;aﬁé%'t g)_rpt}gleot?éé%&%pé/auz&ene) i m dazol e- 4- car boxam de

- - - [0011] - -In-a further aspeet; the-present invention-refers to. a method_of manufacturing a _

o iR rasing o bheSsting Y # TP 80 90 WeotrForBRbE - 1RGP TAON

(2R,38)-N-carboxy-3-phenylisoserine, N-tert-butylester, 13-ester with 5,20-epoxy-
1,2,4,7,10,13-hexahydroxytax-l1-en—9-one-4-acetate—2-benzoate, trihydrate  (Docetaxel)

and/or (SZ)-S-(dimethylaminohydrazinylidene)imidazole-4-carboxamide (Dacarbazine),
comprising mixing at least one y-tocotrienol or §-tocotrienol with (2R,38)-N-carboxy-3-
30  phenylisoserine, N-tert-butylester, 13-ester with 5,20-epoxy-1,2,4,7,10,13-hexahydroxytax-
11-en-9-one-4-acetate-2-benzoate, trihydrate (Docetaxel) and/or (5Z)-5-

(dimethylaminohydrazinylidene)inﬁdazole~4-carboxamide (Dacarbazine).




[0012] The invention will be better understood with reference to the
detail ed description when considered in conjunction with the

non-1i m ti wg ®xpieds and t he acconpanyi ng draw ngs, (iBCT#G2809/006390
[0013] Fig. 1 illustrates the results of experinments denonstrating

t hat gama- T3 down- regul ates prostdate cancer stemcell markers in
PC-3 cells. (A) Western blotting of prostate cancer stem cell

mar kers CD44 and CDgR3BFHRSCRIFTION OFAtHER MRAWINEGS hat y- T3

significantl down-r egul ates both stem.cel in-

C1 o, (6pehdcthe imdER S 8P ERIICEEBRL Ty o AE ey e iR fAoRte

Eopul %}ﬁ@oﬁsﬁheﬁ% 3, colibfotRht Rty hd absindMingy efadnyilese andriinet adoompadying
rs.

+ population"after yT3-treatnent, as indicated by arrow, was
r educ dohwingspiamdiicht 0 untreated control (shaded peak). (C) nRNA |evels

of _ d CD1 - r ?&ﬁﬁ riado B demiifia-BR rdown-
deb?eDﬁ@égfafﬁg §4 1%(5%%% %?Lg{socgaetg‘ eat%sn{}\?ﬁ%as I egs wer e. nor nal i“;led
by GARRlates Prosvit@bircki ytemf celGn@kerelin BCaY ealls. (A Afenisrt blgjting of pEosiiy 5

/m of y-T3 far 24, nd j . amfich
Oxper Pinchi s o) msrs DI RS (B L Gt TR IR N o T T pefeckag
Pr esenbeg sl ARabth Stea@ell dnaexrs af hatos¢ sind e Bypendent anapnpl. (B TRV

result of “apoptotic markers i.n y-T3 treated PG, no
cl eav@womﬁﬁgéﬁymmDﬁ‘hﬁg@I‘%?%Eé? cfalgs ?7% 3 ’gléélglegftg§ trle%ﬁfeggo?% no
| nguctl o 'i‘:paw ?Wﬁﬁ!a%ep%’l'%trgﬁmbﬁt,eﬁ ingiotted b Qirdlv, Fagreddcdd doppearedites
the résults of 'experinents denonst rat{ n @i\gt ng S'ggl%gélﬁﬁﬁ

st em wairbatgk @peol (fhaged pely. (€3 MBNA fexp SS’% Gi g H6hiassay” was
per f nggg%g@agﬁg%‘égs %ggéckéaséé‘a?ﬁofr Uk 8@t BrWiok Rrextrmbat, Smilelivetemormalived

hundr s were seeded on pol yHEMA- coated 12- I tes,and
t r eat &y GAPDHe(D)ERbIILTE! RE-3\eh eftes tegfmepuwiflgs anflrﬁeﬂg)eﬁ’th ﬁﬁgh%ofgf 24,

pr ost aspher formed was, . n t Ple8 6 @chsBiBrdgean
t s.dA8 t7§%f9n‘§?s %W@rbggyﬂngﬁ‘gsa f??c%:lir% tlﬁééﬂstl}v a\éﬁipseses t he ssggr ‘?(/)éd
f orsmat o6, Rédultd i pedse6d & @edn Ssstandaf) devintige (od.) (EV prtess blptinesray! Has

captured under m crosgope. t hat. no S PARE 3,

f ound_ﬁpﬁptg»’ucl’?}altk@éé{" é‘dl%g‘g‘?ﬂﬁi?].\&%'gﬁ% E~5'3|pegt.hQ‘rfjln%l (fl?%’g??%@z%f t he ?gzﬂé% s of
exper i BBt S,s Muk QY idditin g6 TRudidn o ppopessisisy y-Tategmest em | i ke cel | s
al so in other cancer cell |ines, S@) V\ést er gl oftin fth;ngé"mfug—T?t
vehi c[8014nd Fje. T3 thusizatey thiurasits f REBSTOICEe AP expr EsS1 ons of
both cell Li 4 ul afied Bf $erdidfordntion wssE was getfvemed
(N. B. %‘PPIS%SF?? g%?v%n%gﬁ Aol PO ent i ]:1%}6 Moc 3048500 MIT gssay
shmni ngith keells, itmbitieates wﬁhtﬁmwrawhwmlm bppgiregy FG-3 S5ie &P @&F9eE
after treatnent. with dif T3 6:10vehdde @5td 44daybr The
e @ﬁ%@ o r%;z.wai p{a?ése@h HASAGEH Gfheyy ¢ 8

tronTassa was performed with cells that t:bregted
Wi th ymkdheplof peisiaspieresNotmed was counled andeihie Aesit was_presented as mean =+ s.d.

""" Inmage of ﬂ:regostas heres was eaptured under microscope.- Note that no_prostasphgses

2010/ 0&37)663 PCT/ SG2009/ 000390 4
25  can be found in y-T3 treated group.

[0015] Fig. 3 illustrates the results of experiments showing that gamma-T3 suppresses
cancer stem-like cells also in other cancer cell lines. (A) Western blotting of CD44 in vehicle
and y-T3 treated DU145 and MGH-U1 cells. CD44 e;ipressions of both cell lines were down-
regulated after low dose y-T3 freatment. (N.B. 5 pg/ml of y-T3 is equivalent to 12.176 pM).
30 (B&C)MTT assay showing the viability of DU145 and MGH-UI (Bladder cancer) cells after
treatment with different dosages of y-T3 for 24 and 48 hrs. (D&E) Spheroid formation assay
was performed with cells that treated with y-T3 or vehicle. Note that y-T3 treatment




efficiently suppresses the spheroid formation ability of both cell
lines. Images of the spheroids were captured under m croscope. Note
that no spWérWiLW4E&@A be found in y-T3 treated groups. TOUSKEPIRNE0 4
illustrates the results of experinments show ng that gamra- T3
significantly 5 reduces the tunoii Benicity of PC-3 cells in vivo.
(A) Biolumnescent image of SCID mice that orthotopicall y i nj %CEfd
Wi th REicRerklyCsippiebss fie sﬁhmx@kﬁmns@mamhse ofitbotipsell linsyy Hasgss ©

injected with vehicle treated PC- 3- |8 Iy abptrg om
o waSPRETPHp Sisteo e W T g QT (8 AR B Bb Bt AT O,
rom id not show detectable turmr. e percentage o
f cate %f E,p did h d bl (B) Th f
m ce eve1i g detectabl e tum)rg at .week 2. . e th aoi./s,egl%_‘g%%%gf 0
t he m[@@iﬁﬂn F-lgl'ﬁ ilpoiates dheiTeBYS PFRRE B’E‘F‘gﬁfléod’flgg erea }

t“ && %eﬁrmtgq}f% BIefBON 596, () Bislumixebfent [AAETI IO mive
ustra Fes " Phe re erinments dermnstré&gg the effect of

y T3 ahnt drﬁb’@ptca]ﬂ];gug@tﬂdem’ﬂ@;i[’ sl qeﬂ%mil?cﬁ’%%ispﬁ phawger PR VEEC
enriched res i Bt & Botiten BHL dBreCigjetied mith
non- adﬂ@?gﬁif’m uf eeﬁes?ﬁaW(?B 11?%356%‘«3 %%Eeﬂrnum 5 repl acerr?sntj redi um
for 14. ﬂw&wﬂemuommm@n@s 3\Amceﬁc>1hIG'nT3( gioup difl wat sreve feteRib I WML e,
y-T3 (10, 20 g Docet xel Rkt -overoker ¢ ds
wer e @ﬁ%@eﬁﬁ@éé %%m%gf’ Stﬁigblgﬁﬁggétm e)r”e%lér)galﬁgntgnt 0ﬁesul ts
Were RhesRed fd-8s gf&g rau?/mhaﬂg @cicttalsip enai whereasrthoPs TEor SrmeEen Wetey.
Not e that spheroi were highly sensitive to y-T3 treatnent but
remstﬁmdlﬂcﬁoh‘if@rﬂ"f%sé‘]cﬁ Docet axel . (B) I mges of prostaspheres

af t er O@%ﬁ}r S ﬁ]%a et RRhteMile e PsVSxplimerdd détgéﬁﬂtraﬁﬂg B@ceffea‘xef vARcbL0

nma- 13 treated spheroids f ound
d| ssocﬂa@eang cfu@e1 8lerFicgll-emgichag Péflli)ﬁéﬂRB efﬁat(mifgs %{%SPH?I ed To

ffect, mrcR d m:d c
et ool ?118?1 59 R %ﬁxg%‘tft{ihs bis i H&Rﬁ&ﬁ&%{s aﬁifaresm@p ehied Wit lvemyn

I ng pathway is correlated. wt rra
pr ost a&pmeamm &nﬁnnln forah!s dai Ehcamoa’mr&wﬁﬁ éz‘fef% diegted with gither b
25 actiy r evel t r Ak QQ@@ﬂ@ﬁhﬂ
(B) 76 Tah e el p P CRB A R ol e R eid bR o«

regul aﬁ%f&cﬁﬁbe\%ﬁ h® Qﬁ:&ﬁfeaﬁmﬁmmhits pire pmlst;rp%i agoeandp chwe 1yspheroid

illustrates a specific one C t

i nvent mepberfo cRAtrelE & dcﬁﬂ?%‘o& I%SWF ers]i%%ﬁ? %e @é‘é&sltf@ ﬁge%&%em bu

y-t OCOHSJS{%.HP*O 1Eh BodeWFWdcbRRE! (B)smmgadoﬂmost@phmm aﬂ@aﬂﬁdﬁﬁ treqtmentyith

enbodi ment 1l luStrated in Figure af éance )é3 a%e(ar éréldgq&hlgs
302Qt hwlﬂclpaft%nﬁyﬂfofd?ﬁ%%elt%’ﬁ) Oaﬁ%l'g’éf"? dr 13 (Uqygs {)F p

conven; %P%b AhGEhidiherapy (second pat hvvay fromthe top). The first

pat hwa Ius rates the normal therapy in which_a %I&l dolgostatetE
cancer [618pr Bignp (A} slegvsphasiTat wascuh deternaipechiocafoct il pEsed B-gateg il g

wth asx\l/ggrezsge]ém 47516&111‘3?/&&2 9 95&9%%89 of° AKT signalling pathway is highly

correlated with human prostate cancer and transgenic animals that express a constitutively
95 active form of AKT develop prostatic intraepithelial neoplasia. (B) vT3 enhanced OCT3/4

and Nestin mRNA expression, the key regulators for pluripotent stem cell phenotype.

[0019]  Fig. 7 illustrates a specific embodiment of one aspect of the present invention in

which a composition comprising at least one of y-tocotrienol or d-tocotrienol is used to

prevent cancer (in the embodiment illustrated in Figure 7 prostate cancer) before it occurs
30  (third pathway from the top) and after it has been treated with conventional cancer therapy

(second pathway from the top). The first pathway illustrates the normal therapy in which a

solid prostate cancer tumor comprising prostate cancer stem cells (PCSC) is treated with a




conventional cancer therapy, such as chenotherapy or with a

chenot herapeutic drug, such as docetaxel. Since those therapies do
not affect wdmwifABSEEGS t he tunor can redevel op based on RAWESREBAOSIZIAS
has been denonstrated in experinents referred to herein, when a
conposi tion conprising at |east on2 ofy-tocotrienol or S-tocotrienol
is adm nistered to an ani mal body the 5 devel opnent of a solid

pr ost @R eRBNGEEankstRraSRuchas phanahérepy @t\imth a clmmqth@meuthrdmhﬁwhﬂ? e,

application of a conpositi S nol
or s daseior Sitse R Grrpies bt SRR Ca it et S RIS bF
initi c HERSN@hL BxpekiRni e ﬁSd tolm ovteEnmechipesidion
preveﬁ%g t Ee g‘égﬁﬁ’%ﬁgﬁlﬂof c?ﬁ(h:%r P 0050 aﬂe %;I(;ws that%ﬁogﬁﬂw

5-T3 emﬂplwﬂ'gaatdcﬂ?ibmeslf ndooTIRReLPL g E?ﬁmﬁ%fe}ém 1H’étef t 3P AR
prost § gipgrtler §§ a Eorf% r@slt Q%@é@cﬁﬁl@r ER DD predehfeammst paibialy Hlftﬁﬁ-nfos&)r

of > pr neer devel opnent. The prostate cancer pouse %
used Rapsrevi a)uahpospmhlcpmpesing @thbsmqne of/ysjocotrpggghor Wcofaen% after a

';/tr)logcﬁﬁ’?ac;i Ther a y°[ 3512005%',1%%]5)(3% § |“ﬂg§‘§ cam?ceg%glé r%ﬁ%f‘t?gjg}]ee&ovn\}lfﬂsﬁwn

Gabri biaidbdhereif @bntsthe&mﬁgmf(ca&@s) 24 1510- 1524; \Wang S, Gao J,
et al., Cancer 1., 2003, vol . 209-21: i o
Cni af00P0] efic, kel g 053 W1 BB EE Ghopgh gyt &

Br Ee %Fh%g R?'p?«ﬁsta{tg %rg'}ag ﬁleﬁalcweﬁ?ﬁsﬂéf{?m)g Wﬁﬁﬁﬂikelﬁpﬁcm vfhprestateor

reat nen the mce were eut hani zg\y 1@; %@e
thel I caices datdepment.e Tho progetee eantery nﬁpﬁf’pg‘ioé’éls tuged BEHHPIFIOYRY ﬁ t

of PIN /b gh @ra m 231, 51388, Greenberg et
il ust(?’glirg w 31‘{%2 \gérrgﬁsﬁi&%u%q; glg ec Vdpe. tamﬁn E | :(e)?rggseon
pr ost af.eProtNAEALAL Sdi AJSACEIWSY wabsaz .pp¢4a&§4é3<,dawew pGabgr My o £ als
after treatne 0, 8ndisS.
Not e Q{&pg@ﬁqéﬁﬂﬁng} lgﬁnﬁéﬁ?r% aP%i C agrji’E ot IS rcléretr.l:o 336%3?%14 nd
segecé,b\ggb;mé feeubuil, a[lel Ositef Tt,]tw AL m$]£"ﬁxecaﬁﬁ(@?r wbf) 80.23, P13t
degre ut do not have_ signi |cant effe r

pr ost ﬁl‘eﬂﬂéfpﬂleh@w goeived P-day presk freaqpent, a’?‘g%%](glf eld{]/tgr,? (;%%Eﬁ{gg Atgﬁ bid

| SOmerS, & El%dmicg Jv&lgaéathaﬁﬁ)zd LV RiengroRGted vgrrewbheatat dori biopie 1
presence o Z5y-T3 at 1C50. The 1C50 dose | evels correspond to that

i n Fi guamir@AlevelopmentphBINrad low(uigh ghade Posiag SA9HM i cat es
undet ﬁh{)?b]tﬂleg nﬁlgl?& glu(%tgzgézr]asﬁﬂg glemgygsdalhhg' gl sttefof \Qﬁ.ﬂﬁﬁ E isten@n oh padstatey

the i 0Si S tr eat nent. [, cle

an@l ysdeHs.gn) fdeﬁwmbylitp Bs b);pmmcﬁﬂ}r MTTCELSBB}YsafEfﬁ ge%tﬁné%&‘@é}" eQt ViiAmipdt ed
with y- TBCrEIE}cPTeg? 0 f 0{%5_(4 E{?te fa a;ﬁ'aimn Li&nd® farfMaet @BBkikNols, affect

anal ysfg® popul at | on ‘appears after treatnent.

(B) | GRReclild1h-HepRBeNbE andpiddtater cmaeeeﬂeménﬁﬁemnt dagreey Rt 9 1Ot Ha¥E s
and pMrespectiyvely) of the

t
/13" et e b pob@iRRp R ngA (URYee ot gt 9
7, Sitandn-FARR:s 206 piTed BNE2MOBS QNI 416 8- PETHECRO0I Do oBsaice of

}5  y-T3 at ICso. The ICso dose levels correspond to that in Figure 9A. For alpha-T3, 100 uM was

used. UD indicates undetermined 1Cso.

[0022] Fig. 10 illustrates results demonstrating the induction of apoptosis by v-T3
treatment. (A) Cell cycle analysis by flow cytomefry. Control cells and treated cells incubated
with y-T3 at ICsp for 24-hr were subjected to flow cytometry analysis. Note that the sub-G1
30 population appears after treatment. (B) ICsy time-dependent and 24-hr dose-dependent
activation (in hrs and pM respectively) of the pro-apoptosis pathway in PC-3. Note that y-T3

induces activation of the critical molecules (cleaved caspase 3, 7, 8, 9, PARP) and modulate




the rati o between the amounts of bcl-2 and bax in a cell dose- and
ti me-dependent fashion. (C) 1C50 y-T3 activates pro-apoptotic genes
and suppr e¥EeM1WHE63ur vi val genes expressi on on LNCaP KRR
not on non-tunorigenic prostate epithelial cells (PzZ-HPV) for 24-hr
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t he inactivation of pro-survival pathways by ,y-T3. (A) Effect, of
y- T3 @ie e bawiety theyanafuntsrofl-p and ey inmselbdessi Arhting-dersdent ifasbion.
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25  through the membrane were stained with crystal violet and the images were photographed
under microscope. After lysed with extraction buffer, intensity at 595 nm was measured.
[0026] Fig. 14 illustrates results demonstrating the synergistic effect of y-T3 on
Docetaxel-induced apoptosis. (A) Effect of Docetaxel and y-T3 co-treatment for 24-hr. Cells
were incubated with different dosages of y-T3 and 100 nM of Docetaxel for 24 hrs. Cell
30 viability was examined by MTT assay. The percentage of apoptotic PC-3 and LNCaP cells

following co-treatment of Docetaxel and y-T3 was significantly higher than that treated with




co-treatnment with Docetaxel for 24-hr enhances PC-3 cell apoptosis

t hrough activation of pro-apoptotic nol ecules (cleaved PARP,
caspases 3w0r018947&p. Addi ti onal suppression of prol i fECEIGHR/@EES
were also confirmed for 1d-1, EGFR, iiB, NF-KB p65. (C) Proposed T3 5
anti-cancer pathway in PCa cells. The pr oposed anti-cancer pathway in
mel anonma cells is shown separately also in Figure 26C. [0027] Fig.
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30 Western blotting, The phosphorylation of IiB was inhibited by gamma-T3 treatment in total
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extract. (B) Treatment of gamma-T3 resulted in downregulation of the expression of EGFR
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invaded through the membrane were stained with crystal violet and the images were

}5  photographed under microscope. After lysed with extraction buffer, intensity at 595 nm was
measured and presented with the means and standard deviations (Right panel). (B) 24 hours
dose-dependent gamma-T3 treatment had no jmpact on the expression of epithelial markers
(at-, B-, y-catenin), but suppresses the expression of mesenchymal markers (Twist and o~
SMA) and E-cadherin’s repressor (Snail, Twist). PC-3 represents the androgen independent

30 prostate cancer cell line expressing wild type E-cadherin.

[0032]  Fig. 20 illustrates the results of experiments demonstrating the synergistic effect of

gamma-T3 on Docetaxel-induced apoptosis. (A) Effect of Docetaxel and gamma-T3 co-




dosages of gamma-T3 for 24 hours. Cell viability was exam ned by MIT
assay. The viable MDA-MB-231 cells follow ng co-treatnent of

Docet axel a20geimTee3T3 was significantly |ower than thBET/3GHeH/WE50
with either agent alone. (B-C Using Western blotting, it was further
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apoptosis pathway in C32 and G361. Note that y-T3 induces activation of the critical
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[0035]  Fig. 23 illustrates results demonstrating the inactivation of pro-survival pathways

30 by y-T3 in C32 cells. (A) Eifect of v-T3 (in pM) on the activity of NF-«B pathway was

examined by western blotting. Note that nuclear translocation of NF-«xB p65 and




resulted in downregulation of Id famly proteins and EGFR in C32
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blotting, it was further demonstrated that ¥-T3 co-treatment with either Docetaxel or

35  Dacarbazine enhances C32 cell apoptosis through activation of pro-apoptotic molecules
(cleaved PARP, caspases 3, 7, 9). Additional suppression of proliferation genes were also
confirmed for 1d-1, EGFR, phosphor-ixB in C32 cells. (C) Proposed T3 anti-cancer pathway
in melanoma cells. The proposed anti-cancer pathway in PCa cells is shown separately also in
Figure 12C.

30 [0039] Fig. 27 illustrates results of experiments demonstrating pharmacokinetics, single
acute toxicity and serum biomarkers. (A) Forty 5-week old C57BL/6 black mice received
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athymic nude mice were implanted with PCa cells and selected randomly into three groups (n
25 = 10 per group); control (DMSO as vehicle), gamma-T3 (50 mg/kg/d) and combination
treatment of gamma-T3 and Docetaxel (50 mg of gamma-T3/kg/d, and 7.5 mg of

Docetaxel/kg/wk). Mice received i.p. injection with luciferin solution (150 mg/kg of body
weight). (A1) shows a side view of s.c. PC3-Luc tumor bearing nude mice were treated with
DMSO (solvent), single agent (1.5 mg of y-T3 /d/mice) or combination therapy (1.5 mg of y-
30 T3 /d/mice and 0.75 mg of docetaxel/wk/mice). 2 million of PC3-Luc cells were inoculated in
male nude mice and the tumor suppression was monitored using IVIS™ hnaging System

(Xenogen Corp., Hopkinton, MA, USA) 5 min after administration of luciferin. (B1) shows a
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[0044] TFig. 32 shows images illustrating the gamma-T3 antitumor effect on tumor

suppressor gene and its repressor. The changes in expression of tumor suppressor gene
(E-cadherin; (A)) and iis repressor (Snail; (B)) were determined by HC
5 immunolistochemistry with antibodies against E-cadherin and Snail and secondary antibody
Fab-HRP. The expression level for these two molecules correlates oppositely after treatment

with either gamma-T3 or co-treatment with Docetaxel (Doce). (scale bar in all images 100
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5 [0046] The inventors denonstrate for the first time that a
conposition referred to herein can a) down-regul ate the expression
of stem cemoO Wardedsd, such as stemcell nmarkers CD133 RITHEGEZBIDH0EIH0
evident from Wstern blotting and fl ow cytonetry analysis referred to
herein, and b) suppresses sphere- 1dnd tumor formation. Thus, it was
denonstrated by the inventors that pre-treatnent of cells which
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indicates that a treatment is supposed to avoid the use of chemotherapy which has mostly
severe side effects for the animal body undergoing this specific kind of freatment.

30 [0048] In another embodiment, the composition referred to herein can also be used for
preventing recurrence of cancer after undergoing a cancer treatment. That means that an

animal body which suffered from cancer and which underwent a treatment to heal the animal
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25  complex process called transformation. The first step in the process is initiation, in which a
change in the cells genetic material (in the DNA or sometimes in the chromosome structure)
primes the cell to become cancerous. The change in the cell’s genetic material may occur
spontaneously or be brought on by an agent that causes cancer (a carcinogen). The
compositions referred to herein which comprise at least one of y-tocotrienol or 8-tocotrienol

30  can prevent this initiation.

[0051] Inone embodiment, the types of cancer which can be treated using the composition

referred to herein can be cancer caused by genetic mutation(s), such as chromosomal




oncogenes and tunor suppressor genes. Oncogenes are abnormal forns of
normal genes (proto-oncogenes) that regulate cell growh while tunor
suppressor weomsoase | nherent genes 5 that play a rol e por/setos 000390
division and DNA repair and are critical for detecting inappropriate
grow h signals in cells. Thus, in oife enbodi nent, cancer to be
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25  radicals. Depending on the locations of methyl groups on their chromanol ring, tocopherols

and tocotrienols can be distinguished into four isomeric forms: alpha (o), beta (B), gamma

(y), and delta (5).

[0054] As described, for the prevention of cancer or for the prevention of reoccurrence of

cancer after undergoing a cancer freatment a composition comprising at least one of
30  y-tocotrienol or §-tocotrienol is used. y-Tocotrienol and §-tocotrienol are isoforms of Vitamin

E. Vitamin E is composed of two main components — Tocopherols (T) and Tocotrienols (T3).

Tocotrienols (T3) are found mainly in palm oil. Together with tocopherols (T), they provide a



which differ only in their structural side chain (contains farnesyl
for tocotrienol or saturated phytyl side chain for tocopherol). 5
[ 0055] Di f a0 mat/odresopher ol and tocotrienol isoforns exPrGl/sSEmeEN00390
Formula | and I1). Tocopherols consist of a chromanol ring and a
15-carbon ‘tail derived from honogenti sate (HGA) and phytyl

di phosphate, respectively. On the other hand, tocotrienols differ

str Ucklgﬁﬁ'c%{x AR SOSAPhARt Sachyity e aflr kasmeellof Thih rcemntomam -otodask e
bonds I'n the a_ll

h drocarbon tail. Fornula I r mu h
doscr ristliagnrefiots 6w SHLRELY 3R SiTaieAl SHUGURES b5 86 fogbBiimolsrhat R fosh s,

| sof OLAE 0 doh@HR 1 FEméshB Yor tRxdRiend! Eﬁ; §aturated
tocop@c&&ffﬁrﬁ;@ﬁ%@ﬁ%&r&%ﬁﬂ@e El%f’g bR 't s'é;r tcgl p¥icdd] Bt Surte

fIR' phytyioddxt chiairfot wodpherdle < 2 M MM Formula Il ' ~a s ~3to Uz
1Rz —
o( a| p}g%%%ﬂ oct’b‘?ﬁ%?%l[%ggp%ﬁés%g‘%eﬁ‘e & 13051111% &st ~(sEB rorYila Kn@wnops

c~toc opner ol or
S5, 7, 8¢ %Eéﬁlﬂeﬁfé’ tdr@izp by a lthromahal sngveqd &2 5=cafion Keibyerieed from homogentisate

(53(8b§;[ 00%82@&’% ngphosppa%w%%ll) ed 07 ﬂ%eo%%peﬁa(}ld Qbcotrienols differ

y ( ga %cﬁ@ﬁ? RR&Y t@l:ophb&lﬁﬁﬁth@ @f&s@ﬁe xbf ﬁmp&m rdc)hble bofdsgn dieitdgoatbonol ;
known as. S(de It%%1 t oco, heroe Isel'c\lf?SI%%Lﬁlg

s- t oc@gh@pmml@lmdﬁ@m}q Haagfhe @WHP% progjae an oy eviey

2- get %%wéls%fforés%?f&@?ﬂs?&lwﬂ)%a@t%s@reﬁolz(m} trienyl)cbroman-6-ol, is

desi gnated tocotr formerly known as cl or
(2- tocophiggl Is 25 designated 5,7, 8- trlnethyltocotrlenol or
o(alpha) t}8EBt ri enol . The nane tocog} -3 has al so been used;
Rl = R3 0y N H forperly kpo coph@%ghmaqs deS|gnated

5, 8- dineéu =CQt Yeepol f beka R{ rienol ; = H R =R3 =
Me, fornmerlyl} as y-toeophEroI ’ dets gnat ed

7, 8-dini et or (gamra) -tocotrl enol . The nane
plgﬁtochr = H R3=Mis

[0056] Formula I (A): R1=R2=R3=Me, known as ofalpha)-tocopherol, is designated
ortocopherol or 5,7,8-trimethyltocol; R1 = R3 = Me; R2 = H, known as, B(beta)-tocopherol,
)0 is designated, S-tocopherol or 5,8-dimethyltocol; R1 = H; R2 = R3 = Me, known as
v(gamma)-tocopherol, is designated y-tocopherol or 7,8-dimethyltocol; R1 = R2 = H; R3=
Me, known as 8(delta)-tocopherol, is designated 5-tocopherol or 8-methyltocol. Formula II
(B: R1=R2=R3 =1, 2—methy1—2-(4,8,12—trimethy1trldeca—3,7,11-’trieny1)ohroman—6~ol, is
designated tocotrienol; R1 = R2 = R3 = Me, formerly known as {1 or {2-tocopherol, is
25  designated 5,7,8-trimethyltocotrienol or o{alpha)-tocotrienol. The name tocochromanol-3 has
also been used; R1 = R3 = Me; R2 = H, formerly known as e-tocopherol, is designated 5,8-
dimethyltocotrienol or B(beta)-tocotrienol; Rl = H; R2 = R3 = Me, formerly known as
y-tocopherol, is designated 7,8-dimethyltocotrienol or (gamma)y-tocotrienol. The name
plastochromanol-3 has also been used; R1 = R2 = H; R3 = Me is designated
30  8-methyltocotrienol or 8(delta)-tocotrienol.
[0057] The composition referred to herein comprises or consists of either gamma-

tocotrienol or delta-tocotrienol or both isoforms, i.e. a mixture of gamma-tocotrienol and



[ 0057] The conposition referred to herein conprises or consists of

ei t her garma tocotrienol or delta-tocotrienol or both isoforns, i.e.
a mxture OYOYUNPAE93 ocot ri enol and WO 2010/ 047663 PCT/ BEBBRRIMIION00
17 delta-tocotrienol. In one enbodi pent, the anount of ganma- or

del ta-tocotrienol can be enriched.!”Enriched” nmeans t hat the
respective isofornm(s) of tocotrienol is conprised in an nt \G,hich
i s hi @bhatobbtannqlnlrt hee ambadiment, the pBowd s ga81hgy A ‘Ilelﬁastﬁ‘fc’(?i“??é’

tocotri e ed f

t ocot FIERBH TuERARE e%%ﬁ‘téﬁegfe%“?eaﬂ“)ﬁﬁ“@%Sfc%ﬁ%?ﬁe?é?g?&?o%%?r“.‘é‘%m
and a-ah@ﬁﬁ)ﬁ Wlue]ilﬁlsl mgaeratmamnnﬂmnwmau ebgure ramptigingallsisdfamesdoliecetrenol

t ot al i ght, of the oi wth.re pect 1o eﬁlagd of:1 t he
pr esento "}t‘?ﬂle‘ﬁfq g na%al S‘Oélﬁﬁ’sl ?ﬂb(?‘xm?l%lF giendl lﬁ%lgﬁg any’ lfa ge %%t (I;%n
conpr 'cﬁh;iaﬁse)é ytte&%éﬂo? R8d cOoc@ribRf 9h Eah%ﬂﬁhnt&if lass a1 Qrvet.%fbased on the
y-tocotrrenol’ and a-tocotrienol in an anpunt of nore than 10 wt. %

based total whight efothe IOlI\AEh% withf regeet Pohagmhedimsni o thorset t“i“’(?ﬁ‘)‘on EBr

exanpl, Lnrich d fo r a
o oeoehigRe B ek B b QiR SRp ey oo PRAB iy Beoal o
it comykheest ﬁtd&bﬁﬁ%ﬁkﬂ%ﬂfc—wcbt@xeﬁﬁlrm afn amoamtchfandre thotnr i0ewhls, bastveoreihg
y-tocotrienol conprised in an anpunt __of 4 % and. glgcm ri.enol
in an tgtgbm@;ghbpf ghsyformulgtion (o sgrpeRition OF°"\/\P‘3%‘P 9 0%‘5@‘]“‘;%5 Pyitien
r‘r‘g lisdan O%Eél'[q SEGNS-bbRiefRy &R dnnalﬁmﬁﬂtxc;ﬂﬁtele@it Y0 tR0R! I efdherand
5 a-tocotrien R conponents are conprised in an anount of at

| east ek@mile, fcompeisesal mixtas toflr&ocamner% yad oderotiennb wheradn gtiogodriesel 150
wt. % a-tocotrienol (total of 28 %.0of .t he t ot al f§ s%t,slooe er 10

[ 0059]compriggdiaa AmeHRi4nwie and P PEHEERS FLEt TGP M%I’[I n or
forrrulvgttd on refers to a conposition or fornulation conprisi ng garma

or del ta “tocotrienol in an amount of at |l east., !0, 10 w} % or ast
20 wt . {%)iﬂ] aiin pedlear esfbomm eiched maanstthal e ven inos BpxtuE 0 éé‘%"t"t%e@(’]v\i“ %
or _at ast 6 Yo or at i Y% fleadl10

| edst c@' ql?m%’e nB’r?n?rh% ? IS’PIZQB\%]/\@% Sﬁ%ﬁs?&%ﬁgﬁg%%ggt% on. [68 60]
In st 'M%&ﬂ%cta@{en@lmeﬂlaﬂaéast 1eniwt. hedogatiem! (and/ of 20eivt.%- vHdiet totelnol
conposition or fornulation refers to a conmposition or fornulation
conpr i eimpgsisien) east one of this. >5 tocotrienol isoforms in an anmount
of ab 0 difienB CuMbhedtochRienbl: anpakitivh P/ﬁonﬁﬁ’laﬂﬁnfﬁfergﬁa
Wt . %O@BS% %wth&%%sﬁe&j Wt . eo b%sec? onctr?g tlot gl wei ff E

f or mul atnipositioh nr ﬁ)ﬁmlﬂlphéﬁmm@%l gerame or delia @6‘?\‘966%9 iR G M ‘588

her.ei n i lo I )
R N e o

Conposieist @0 vﬁ:% of aiclesiti G0y’ Cott least G0 vkl or 30leasttRcwt %i bags on the fotal

ratio v%lg&tofthecomposxlun Y is less than 10. For exanple, y-tocotrienol
and

[0060] In still another embodiment, enriched gamma- and/or delta-tocotrienol composition

or formulation refers to a composition or formulation comprising at least one of this
5 tocotrienol isoforms in an amount of about 10 wt.%, 20 wt.%, 30 wt.%, 40 wt.%, 50 wt.%, 60

wt.%, 70 wt.%, 80 wt.% or at least 90 wt.% based on the total weight of the formulation. In 2

firther embodiment, the composition referred to herein can comprise gamma- and delta-

tocotrienol together in an amount as specified above.

[0061] In another embodiment, the composition can include vy-tocotrienol and
30  -tocotrienol in a ratio of 1 : Y wherein Y is less than 10. For example, y-tocotrienol and

S-tocotrienol isolated from, e.g., palm oil, comprises y-tocotrienol and §-tocotrienol in a ratio

of 1 : 0.38; annatto oil, comprises y-tocotrienol and S-tocotrienol in a ratto of 1 : 9. Thus, in a




5-tocotrienol isolated from e.g., palmoil, conprises y-tocotrienol
and 5-tocotrienol in aratio of 1 : 0.38; annatto oil, conprises
y-tocot ri envb 2e10@847861 ocotrienol in a ratio of 1 : 9. Thaer/stfoseoson
---------------------------- WO 2010/ 047663 PCT/ S&2009/ 000390 18
further enbodi ment the conposition I&an include y-tocotrienol and
S-tocotrienol in aratioof 1 : (0.3 to about 0.7) or 1 : (4 to 9).

Si nce qaRpy Iﬁﬂ{;la{ﬁﬁht 16 QkkBiof ih LRAe ¢ stRirieas] @ididemcotiisml or amtiofof 1
tocotrlenof e conposition referred to herel cannot .onl COnprd s
only :793ttocabont @AbPr And4gotBcBinFs BHBY mBRval d’é?ldutcff‘r A% BPS &

..<(

a- tocot i enol ogQt r@}@i A refferfidt RC Bbkin BnoRMEly comprise only
/ 3-t o&8tY Q f%(iogéngl ?rﬁ: b o er, et he COh‘pOSnItIOF? referreg to

her ei @-tba)m&uﬂ)%ani—ﬁoadthwcﬂ bt cm f@ﬁhew@mném ertoentdgngt of F-ogtEeRal ol

and/ or a-taco nd 0 i apd/

ey iocoa et piarg bR S BhpleAR QhnBifioh SHORREL herein i

t 0ocophEs@intiaBy ;ﬁl@e 3P gaaocotr(eﬁoL anlfor qﬂnto&mexmd) ph@lox)bz tcn c@trmnbands%@cpwe@ﬁe
conposition referred to herein xa s heen
i nga@é@VOEﬁHY dogopheely Howrerenpt Pgeee 538%{”?%% ﬁ%’#{ 0cop h(e‘iﬁ) g‘ ?rtr% an
anmount, @hgl’gl ielVea® b, th eyt &t @tochBtiepdltis Qf)mﬁ:ﬁ&dpml tige @binpoatnom mfpradse

a-tocop a-tocotrienol, O-tocotrienal trienol and
S- t oc diercim ok ekample,rnatne 61l G¥hich hag begn isglated agd §m&88:§% comypyispOCOiiEnels

I'n On%{ﬁ et g)};%ﬂ;t n gbﬁqoﬁm ot 9N CORRGthSWEGhEST the P8knm 61 &an compnse
y-toc

rren tocotrienol for reventl n% cancer, or pr ev% i ng
t he resiocogieed, atoootitoel Sdowtianol 'Yrtﬁ@,qﬂml@l and &tgqerrienel inghiafio ©

activ context of this enbodi nent, anti-cancer acti ve
b Bl SRk E R

agent ubstance which itself acts to prevent cancer,
such ggostgxorahingi éisbopimgdnt, t tha ebmpositioro compising et dagticensr Btqepigenol and

[0063] | n another embadiment, the ¢ o)
| nventd- @HO‘E‘&HOl(,fBWFY@Eﬂg F?ﬂfi%*grprg‘{fgg{lg k el%éugfg%fﬁ%ee%f c%agtger %é?ilg:ﬁ térrl]c(l)udse a
sugh ag e SRl&abirNctiEGzente i gl doarat eftthisrenficdidient, anﬁ-capcﬂz acsehagent

Iate (ECG d | 'ocat echi |
Campountess osaibhRSaEE AR (VR BOPRTEH Ao ST FPOROG et ekl

al lici LR @REd i C, or prot ei n-bound pol ysacchari des, such
as pol%ggéﬁc\éﬁilsd%ﬁ ((Kr ejstl n, PSK) and pol ysacchari de @Fptl de (RSP)

i sol at[@dGiﬂr orfnTemathet esbadimentc Blegtomreitiony phihgProErisinggitigp can comprise

respec @fﬂ@hhﬂ_@ﬂﬂf n
tomgt %lb%tfj‘llllces £ eeaqgﬁ&lﬁh%}&ﬂve eta p%ate% I—t[E@gGi?Yéé%ﬁe anount d?zl
COnPOSégidatevhangillnieXEEGR dnd op1gadbacamlm galmgﬁ%ﬁ) Béo%é%%](f\lf e
and apout 1000 o] t a t
590" mgFHgh o568 AR R Es i A A Ol A8 AR Uakivd 8 Bk o
Conposl%xﬁteg{lbbﬁldqdmsmoaweecbucm aﬁpolasmchahde-& @mmnnP&K) smirmiyﬂaé%nde

gg:’]?rgj perp?lfiza ?FSP%fISO?Q‘IB& E.‘grlnv igllfigtles ;[fe?’gz% (10&'01 10818S VBISICC%O}; Rgp&hgag (ﬂ"fre@‘n

carotenoid pigments, such as lycopene found in tomatoes and other red fruits & vegetables.

)5 [0064] The amount of composition administered to the animal body can be between about
10 mg and about 1000 mg per 60-kg adult or between about 10 mg and about 500 mg per 60-
kg adult.

{0065] In another embodiment, the composition is administered in an amount to obtain a
serum level concentration of an individual tocotrienol isomer in the blood of an animal

30 between about 0.1 to 30 mg/L or between about 10 to 30 mg/L. In one example the

concentration of gamma-tocotrienol is about 1 mg/L.



30 between about 0.1 to 30 ng/L or between about 10 to 30 ng/L. In

one exanple the concentration of ganma-tocotrienol is about 1 ng/L.

WD 2010/ 04na8681RE@T663G2009/ 000390 19 [0066] | n one enboriTecEne9/dbeR0
animal body is a mammal . Exanples for nmammal s include, but are not
limted to a human, pig, horse, nou$e, rat, cow, dog or cat. [0067]
I n anot her aspect, the present invention refers to a conposition
conpr Eﬁjﬁ atn beanbolienf thy -dhdeAt Gddgnisl a ananSnslo dExamipken ofor anafmals
(2R, 35) - N-car boxy- 3-phenylisoserine, N-tert- 5 butﬂa/l ester, 13-ester
Wit h Bichuledyaipript imifed tophuman, RigRree BYEh Al PVl

benzo tr Ir{ :éﬁ@ﬁﬂe 85RO BRI inARHhPFefers to a composition comprising at least
(52) - gé(%(f:lq met hy am;r nS hy(’jratzpi?er%yl i dene‘)zi m _dazol e- 4- car boxam de

( Dac achazifngfocoirB6Bjor Fitoceiiginll and (2RSENecasbrydroleprispssrpe;, N-tert-
ible f he_. i L
L Sﬁ (F:) g gil'lfYPegt% r—es%eg%#}ﬁ 5 %ﬁ%g%@g@,ﬁ&ﬁ, 1 %%drcﬁ@%ﬁsl 138ROGnaklacehiaer

Cept r ng c e'to the sl ow grow ng nature of
the Qehizon®l trihyanye (Fockiarel pambira58)-6 {dicethypranineydmzinglideng)ipddaggle-4-

IoRk- 4- acet at e- 2

devel oped ne}ig?éati c di.sease upon diagnosis-and will inevitably enter

t he hGRREHEIFBEDILEEIY )t age after hornone ablation therapy. There
r emali f['§06’8£| CupRiald, hertaeaincaqRCESE reipongibie forethe fmgot pupbasiiaiesh
cancer (HRPC) at present. The m5)13t ef fectl v? r eat negt , rexgditur}gc'%%
HRPC psates amess ail ghepsmserg,csrert fJRe carsfoHE Qa%’ﬁ SIOF O BHIS ™ Hprove
the medh AN nHY b YR prbdthB chiRer atiERBHASe alleiay demsleped rhetastdtizadiscase upon
treat nent ’strategl €s agai nst netastatic HRPC are u&g{gn%x’{lnee%q.

[ 0069]didpoosinted wiHeinedipbbnementhadiarmeny arFaseey §tase @ e EpTE
tovar gé?r%)g; g@%%éfe%aidg%ccﬁrﬁtiﬁoﬁeﬁﬂ%gl flsl HURAGeSEBQEtoryBMBMES cancer

incre
succegHRIC) iahptesergeThengost efertivedredinidng regime farddRY ¢ patienty | the Degftaxs

t hg NRifEECRRGRNt C@ltbgies aEhins npstayeictR PG kesrgeBUy neadedi st ance to

chenot her apeuti ¢ drugs whi target. .mainl.y th ivel l.i i.ng
cel | s.10969] aaferqa%rfﬁgﬁ?aa%% i’?hlém%égg fﬁg‘%%oc‘(f cé‘?ﬁl(r%egl%}a bt r%‘é’éﬁgrﬂé%g%%ﬂgr.
Thus, ey ig(ﬂoﬁ%mﬁlgt‘é ets@odNBEWBRE, inbleading avidencamhad gut torwardcibil s
do. Oming to the self renewing and differen 1j._fati on . .abil 'e[t_\?é i h%ye
O B/ h

TrEHSYe BT &
both zp %%%&gc&%&%ﬂg;%gémﬁpéeﬂsnﬁ@Rﬁ{i{éﬁﬁﬁ s6@h bak, @htaTstdweaBrEesCs)

e
abl ati on ccount

are capabhigheppipbeye salyrresiilag Hetine SyeHes

or tunmor relapse. Usi nth_he con?%ziﬁtlggqof
t hi#® praes8ntghtre bagiisseeporpmasngtp te magne cansFiecchls- Tijs POREKt B ~ors

S-tocotr.i.enol, tgge rW.th C i ichGde ER. In
first tF?I%mteﬁStC%g%léﬁlggp,xﬂ%u@%ga?B%%Egg‘?gﬂt %a@%?gséﬂgiﬂ%%ms uckessf ul
treat edidaionj Briisted €SChyloi vt \express amblogen xepaptor. Tbuy|they Aemef fesgondyto
P ?:rgl Pﬁg&%gg%pe%?ﬁgbrgvtgﬁgp cge s%gnBQr%ngE%ie &?fl%hé%ﬁg fand Iaﬁ:fefrélﬁiﬁttion

ability, they are capable of regenerating the heterogeneous tumor population (with both

25 androgen dependent and independent cells) after hormone ablation which accounts for tumor
relapse. Using the composition of the present invention comprising at least one of
y-tocotrienol or 8-tocotrienol together with Docetaxel, it has been shown for the first time that
cancer, such as prostate cancer, can be successfully treated as indicated by in vitro and in vivo
results referred to herein.

30 [0070] The inventors demonstrated herein for the first time that Docetaxel- or
Dacarbazine-induced apoptosis was found to be significant enhanced in the presence of a

composition referred to herein, suggesting a synergistic effect between a composition

nces had put forward that current therapies are }ojnly
are

th t at.i t e, pr i : re,S,
CancoreELIFTRTEy e T APEVE F Rt Sor, L D

y



Dacar bazi ne-i nduced apoptosis was found to be significant enhanced in

t he presen onposition referred to herein, suggesting a
syner gi st i y%%%@fm%et ween a conposition WO 2010/ 047663PCT"SG’%99”00‘}390

PCT/ SG2009/ 000390 20 conpri sing at,. east one of y-tocotrienol or
S-tocotrienol and Docetaxel and/or 2I‘Bacar bazi ne agai nst cancer cells,

such as nel anoma cells, breast canger cell r ost at ncer .
cel | s.comprgng at leagt oae & vsocqieeb pr f%&?eﬁef ?llaﬁf ﬂ@%’*‘ﬂﬂ?{ H@O‘icq%‘%ﬁ”ta%ﬂn%
i ndi C%%%ﬁ% @%ng\%egg%ﬁ {s%chaast Sblandrhe BUREReash daficdr @814 khEpiobisteihdeactlls.

(LD5o e results fromthis study showthat 5 | . .
t ocot riherlothali dameeils (IRn) tsaidy serformedaby; Ahe INYSAOET digted oo RSy 2718

agent in copbination wth e Ufy] xel
and DiErtE T epBientl ey d (PIGROTRRE ool dron s e kB A
”9: ;aNQHRiridAbPdShers BRCBE usckiiay @lsafe and effsctive antile anocafgeat i,nfdomﬁglau@mmth,
colon cancer or prostate cancer. [00 The .resul ts .of . t

exper i&@@m@ﬁe@ﬂmugosqqh@éimcﬁtﬁ’% iaPﬁZn aﬁ?r%?ﬂﬁe’fﬁj% ?te tfgafpeny QL canger,

i nvol stgsﬂbtmmgm&aaﬁ&mxbréa& 4206} Iivef B@lcer, Plidencang@ B tawet, thenol |

i nduced apoptosis 1n cancer cells, such as nel anonma cells or breast
cancercagek bsprostatpcagenat e cancer cells. Worth noting is that, the JNK

pat hmﬁﬁ%ﬁl@p:hﬁg SR tt%eo ggqehﬂl\é{?{s \a{ﬁ%rr%)g t& ?lglleiﬁi@&ﬁirﬁls fob thd k€ @hddhet he

chenot Ic drug, axe carbazi ne. Taking these
fi mdi rigsolveniont cHINK gdatheray dntocotiienohyasclt dseganten-tocofpienali Bfigd BRORIgHS in

i nventors ther, tocotrienal. pg y [ SL j tRh
w i 5900 S0 ShPrae P s ran; SeP Ak e fup ohLCLAE R
pat hwabtingd @ thit] the TRRChatiivis i Ald@Ricwrstoderipared inivell aprptosisrinducedbathieon
capabi lity of a chenotherapeutjg drug. ne, . or =1 k:

t ocot rehemeiherapgiig gy Rpoet GT%CLB?%{H?%ID‘FT] &%%ﬁen%%%% ea Er:%ﬁ{de}cl)%lw’a
chemotjhes Anlehdre dudsiched ByoeR! ivemels, whethern dcotrizacippessesses syehgiste
gamma- t ocopherol, “resulted in higher %)ruf%grti_on of ﬁg@?‘?‘ti o foe lss.
| 0 § OcnRtactibrewith Resetaxel and Decarbazing 2p g ftind 26¢HvR508 Pt WL YR d o
herein, ca | Wi Laasilitp g P ERneitraglutid érdgd
fani |y & el Ui opleifizpadfil dflifpboiften g%._%fhﬁ I i e
conposiltrepmscer-edagmens dvithotopestiedoh Remradisbly, itrveasevnd thetcogbmed treatuent of
al so found hat t.he_co i1 r eLet iggjm'nl;g_{o fol,

i nvasi %El?en?o.t e.rapc?ﬁ{ﬁ% ?PI%E@Q?E%{%@@@, P ﬁ'rr g‘&gﬁgoﬁrhgrsc?’o%%? .rhé’ n of E- ggﬁiﬁe{)ri n
and gamrmted at phdr peogortbasifapoptdtiiusls.i n one enbodi nent, the 25

conposi tions conprising the ast_one.of i
S RBcoeP 8ol Tharhv it s Bond iR PomRRTy i sshiSF R Sl fhn bcutate the
rrehgst aFedy @“-ap‘}]eaﬁﬁwﬁf"@mmﬁ [otedityy shchnbs m;:_mq;,bw-mem-ﬂ.nm one
conbi nation with the tocotrieng nrj ched. conmposit r. fQ on
r ef er r ebadémentythe FOIPROSHIPNS FIFIHHE gFfaglt‘F@gﬁé%‘? ¥ Vst%ﬂf @snlégt W%raﬁ%%&n%l e
for t hﬁm{ ﬂh@%&ﬂg&ﬁﬁ&ﬂ‘s rBfe888 to h@MAHERE caEvagon S tincaehktastasiy trangter .
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25  compositions comprising the at least one of y-tocotrienol or §-tocotrienol and Docetaxel
and/or Dacarbazine inhibits metastazation of cancer.
[0073] Docetaxel which can be used in combination with the tocotrienol enriched
composition or formulation referred to herein is an anti-neoplastic medication used for
example for the treafment of breast, ovarian, and non-small cell lung cancer. Docetaxel is
30  marketed under the name Taxotere® Injection Concentrate by Sanofi-Aventis. Docetaxel is
administered as a one-hour infusion every three weeks generally over a ten cycle course.

Docetaxel is of the chemotherapy drug class; taxane, and is a semi-synthetic analogue of
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or “arresting” cancer means to stabilize the tumor. A stabilized tumor indicates neither

)5  improvement nor worsening of the disease.
[0077] The part of the composition comprising at least one of y-tocotrienol or
S-tocotrienol can be used in the same formulations, amounts, combination with other
substances (polyphenols etc.) as described above with respect to the first aspect. The
composition or formulation comprising at least one of y-tocotrienol or 8-tocotrienol can be
30  either administered separately to the chemotherapeutic drug, i.e. Docetaxel and/or

Dacarbazine or they can be formulated together in one composition.
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[0081]  The term "solid dispersion” defines a system in a solid state (as opposed to a liquid
or gaseous state) comprising at least two components, wherein one component is dispersed
throughout the other component or components. For example, the active ingredient
(tocotrienols) or combination of active ingredients (tocotrienols and chemotherapeutic drug)

30  is dispersed in a mairix comprised of a pharmaceutically acceptable water-soluble polymer(s)

and a pharmaceutically acceptable surfactant(s).
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sucrose, tetrahydro fur fury 1 alcohol, and Imxtures thereof.

25 [0085] In one embodiment, a dosage form can comprise a solid solution or solid
dispersion of at least one y-tocotrienol and/or S-tocotrienol or a mixfure of at least one
y-tocotrienol and/or 8-tocotrienol together with Docetaxel and/or Dacarbazine in a matrix,
and the matrix can comprise at least one pharmaceutically acceptable water-soluble polymer
and at least one pharmaceutically acceptable surfactant. Suitable pharmaceutically acceptable

30 water-soluble polymers include, but are not limited to, water-soluble polymers having a glass

transition temperature (Tg) of at least 50°C, or at least 60 °C, or from about 80 °C to about
180 °C.
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pol ymers having a Tg as defined above allow for the preparation of
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[0089] The term "pharmaceutically acceptable surfactant" as used herein refers to a

pharmaceutically acceptable non-ionic surfactant. A dosage form referred to herein comprises
at least one surfactant having a hydrophilic lipophilic balance (HLB) value of from 12 to 18,
30 or from 13 to 17, or from 14 to 16, The HLB system attributes numeric values to surfactants,

with lipophilic substances receiving lower HLB values and hydrophilic substances recejving

higher HLB values.
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one | aypeib, SaPlotl emputwicatndad wyd.at Z5 | east one other |ayer.

. & L ont ; .
Mul til ayer fornms have the advantage that. t acti v L Lwhi ch
are i nidBPHat idbfesags foﬁméﬁf@“ﬁ‘gﬁ’tq}?é‘?gﬁ %’énf}ﬁ%ec%d?iueoél?l %“P&)tl ‘ﬁlggt &{L}E}gm\o@
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i N0 udénvipicats mey PaPRDTISAGVIERAE Hmitefiony S8} 72 )R Soa¢ é(rwaé%}é’ e QR
nainteg nce dose by including the active ingredient in the inner
| ayer ( O?m Mul tilayer tablets, types may be produced by 30 . . f
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I Ia|b|metc s(.)e%%raf) Paygrg,efotr %)Qzlirg]gle GARInGRA Lk LGy Qa1Be. PR Coa Belinipes lor @losed
form. "Closed dosage forms" are those in which one layer is completely surrounded by at

-

35  least one other layer. Multilayer forms have the advantage that two active ingredients which
are incompatible with one another can be processed, or that the release characteristics of the
active ingredient(s) can be controlled. For example, it is possible to provide an initial dose by
including an active ingredient in one of the outer layers, and a maintenance dose by including
the active ingredient in the inmer layer(s). Multilayer tablets, types may be produced by

30  compressing two or more layers of granules.

[0094] Furthermore, a film coat on the tablet can contribute to the ease with which a tablet

can be swallowed. A film coat also improves taste and provides an elegant appearance. If




can be swallowed. A filmcoat also inproves taste and provi des an

el egant appearance. |If WD 2010/ 047663 PCT/ SG2009/ 000390 26 desired,
the film co&x20n47488@ an enteric coat. The fil mcoat usulTSGRWNNLdeS
a polymeric filmformng material such as hydroxypropyl

met hyl cel | ul ose, hydroxypropyl cel | #ose, and acrylate or

met hacryl ate copol ynmers. Besides a filmformng polyner, the )
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form
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lecithin.
25 [0098] Cold wate-r dispersible powders of the compositions referred to herein can be

manufactured by providing tocotrienol oil liquids as starting material. Emulsifiers, such as

modified corn starch, maltodextrin, cyclodextrins or corn starch, are added to the tocotrienol

oil. The mixture can afterwards be spray dried into a dry powder.

[0099] Beadlets comprising compositions referred to herein can be obtained by providing
30 tocotrienol oil liquids as starting material. Afterwards, gelatine, corn starch, sucrose and

ascorbyl palmitate are added in one embodiment to the tocotrienol oil. The mixture is spray

dried into dry beadlets.




dried into dry beadlets. WO 2010/ 047663 PCT/ SG009/000390 27 [00100]
I nj ectabl e ons whi ch allow the introduction a f
t he above VJOO#EQQ 3ons into the circul at ory system of ”f%ﬂ&%wi{gﬁ%?ﬁggﬁ?
body vi a subcutaneous, intranuscul or intraperitoneal (i.
injections in preci sel y cal cul ated gosages Propyl ene gl ycol | s a

comonl sed sol vent for suc ti.ons i
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)5  within the scope of the invention claimed. Thus, it should be understood that although the

present invention has been specifically disclosed by preferred embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this invention.

30 [00104] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form

part of the invention, This includes the generic description of the invention with a proviso or




part of the invention. This includes the generic description of the
invention with a proviso or WD 2010/ 047663 PCT/ SG2009/ 000390 28
negati ve | W 2@o/47663r enovi Nng any subj ect matter from t hBCTYRG2089/000390
regardl ess of whether or not the excised material is specifically
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Vel%no cé]‘ll ure coh and chem cal s -
Arrel ang,rtér@stﬂgiygr[mam@azz)) Dmibagnamdumi apaptesiy @36 fHundefq He(siguficant

Rockvi | | e, were maintaiped in their respect]
r eCOngrﬁ@@@pdbl}a yl\qr@"esepqg,i)r% ¥ g‘ae&emw P synet%gmtlc g&ec%(a{v%@n tocotrienol

isoforms, such as y-T3 and chemotherapy drugs (Docetaxel and Dacarbazine) against
melanoma cells. Since previous reports and our lethal dose 50 (LDso) study (data not shown)

25  indicated no toxicity after treatment with tocotrienols extract (LDsp>2000 mg/kg), the results
from this study suggest that T3 isomers can be used as a safe and effective anti-cancer agent
cither alone or in combination with other chemotherapeutic drug for the treatment of
malignant melanoma.

[00107] 1.1 Materials and experimental conditions
30 [00108] 1.1.1 Melanoma cell lines, cell culture conditions and chemicals -

Amelanotic melanoma (C32), malignant melanoma (G361) cells (ATCC, Rockville, MD)

were maintained in their respective medium recommended by ATCC (Invitrogen, Carlsbad,



WD 2010/ 047663 PCT/ 862009/ 000390 29 CA) supplenented with 2 mmol /|

L- gl utam ne calf serum (FCS) and 1% penicill]

streptomnyci r?”i%’? %‘:/’%%I n 5% CO2. Docet axel, Dacarbazi ne (@/%928?:%108?690
and JNK inhibitor (Signma-Aldrich) yere di ssol ved in

di et hyl sul f oxi de (DMSO). The treat fent solutions were diluted in

Tocot FanapleRaCoBpREFe] CoORErEeW PR S ruarll Qs Bt P
E?Lg]egp%@mcﬂ?at €Sin Ls% € e DeBEAXe], @aaeamelcﬂmndm)l and JNKchnhﬂvh’fogy

O feed was purchased f nb a Lu t
Ber hadS1grbB+Arkg'mﬁ1he’erﬁd-‘rl$S@bfﬁéwﬁw‘hy&é‘g?’ﬁ‘ﬂ%wso ﬂ?ﬁe P?}Bl fe ®nce
st and the ur| mverlfledto be >_97% by
h| gh 38‘%% %déugj?go E’Eﬁ?{g%%m&%&%&éﬁmcs per cent age area
(% ar ¢@n109)0 mm 10] Tachir@n@ednid to¢aphérol sgmexsuHsre &ﬁHaqﬂFWdcﬂﬁ%é from

experi nment cell. abl I
100 rakireig Rere e aer ifeellen Spapefibd fuioet SRR IARE B AT
cel | s puBkAisbiiRRaded GRhERuMb Lhmﬁmer@benge:ﬂnadldMg@@ pmpm ingrfgcotrienol
vitam n-E i Somers for 24 hrs. Afte {E# ,ﬁ,reatrrent el 16 >0 %

3- ( 4, SeoDierseastilyd refenengs slandgard, the purky g OHFLY 8 TG v B et ‘(’X/rrT)

sol uti.on P{pﬁ@) feR@n&et hita \(Wrfed)ncubat ed at 37C
for Zhéghﬁ m%%ggﬁ ?ﬁ%@rgﬁﬁg{%@ﬁg S were tﬁe% reagﬁspgrzﬁe %ﬁ
DVBO g0l 10heLilis ensi €sil aisbilsp5tudy randeinereeisss gperimsat iy

tudy, cel treat G .
ot b0 po Gy Porpaih i 1od ok pIRES Ik el b e es

cells rﬁvﬁé b8l Rerewhéhiretitéd witle diffopan canentzitioon of tfe witamin-Etispmans for

i sone and were subjected to MIT cell roI|

i ndi cddus.tAfar fb@ﬁrﬁ%m&ell% 2p b ot fdf-orlne ; "yi)lgg%m%%iﬁ Bigatzpm |

be useqd a%e;mﬁwgzﬁpﬁ 8P4ifed Eﬁ&&cﬁmﬂrfmmm el Svereiedtiand atBlT°£t-3fot‘ Rrmes
S an

in e growt h curves showed the neans
st asndafrd The formtazan &yst[aﬁ@i&&}he‘ﬁcre-tswpndeﬁgn &P ¢ of HMFOpad Hp xpﬁzgsﬁy at

cytotoxicity of Docetaxel carbazi ne,, G t
b Ao g es aenad aF ot R Pra P S G g e ot DO AR
[53811 i E%?Oflﬁ f\’i{aﬂfsr%&lt@'ftﬁd J&iﬂlt@ﬁd)lf MEmBeR isopfess. Fbﬂtmblcomrstasis@y§xl(f5
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subjected to western blotting and MTT cell proliferation assays.
25 [00112] 113 Flow cytometry - Cell cycle distribution was examined using flow

WEre

cytometry. Briefly, cells were harvested by trypsinization, fixed in 70% ethanol at 4°C
overnight, and then resuspended in PBS. After incubation at 4°C for overnight, 2x10° cells
were incubated with in 20 pg/ml propidium iodide (PI) and 2 mg RNaseA for 15 minutes at
37°C. Cells were then examined by BD SLRII cytometer and the results were analyzed using
30 ModFit software (Becton Dickinson, Mountain View, CA). Data were expressed as the

percentage of cell cycle distribution in the entire population.
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Techndt"§ |]?'F81? mBe%xérra%é?l, Nﬁ]%ﬂgté}& g A? After incubation with
appr ORfohaén&aﬁﬁﬁﬂﬂsiﬁEgsuwdtusbxgdh@EC Eroigmacfxszsawélt éerléfeﬁa Het(é‘&FSb(}Aﬁ Gapel
western blotting nMer s Pi caf 1off
( 3- actgmpughPth Pg’ct%% %ﬁe E%Brsy&g W. Bawg@ ng con?rr ol
for tof gé gﬁ-‘dpk-,sxé Y58 %ﬁkf&fawal R a pélwlﬁylmdlysamende sembrink (Agrshia
2010/ 01 él‘g CT/ S&G2009/ 000390 e
Piscataway, NI). The membrane was then incubated with primary antibodies for 1 hr at room
temperature against E-cadherin (BD Biosciences, Bedford, MA), o-catenin, B-catenin, y-
)5  catenin, 1d-1, Id-3, EGFR, phosphor-c-jun, phosphor-ATF2, cleaved PARP, vimentin, o-
smooth muscle actin, twist (Santa Cruz Biotechnology, CA), phosphor-IkB-alpha (Ser32/36),
phosphor-IKK alpha (Ser180YIKK beta (Serl181), phosphor-SAPK/INK {Thr183/Tyr185)
G9, SAPK/INK, NF-kB p65 (5A5) (Cell Signaling Technology Inc, Beverly, MA), Snail
(Abcam). After incubation with appropriate secondary antibodies, signals were visualized by
30 ECL western blotting system (Amersham, Piscataway, NJ). Expression of f-actin and histone
11 were assessed as an internal loading control for total cell lysate and nuclear protein lysate

respectively.




31 [00115] 1.2 Results - Anti-proliferation effect of vitam n-E

i somers [00116] Mel anorma cells were treated with vitam n-E isoners at
i ncr easi ngwinmag®7¢s0, 20, 40 and 60 M and for varyi ngPAT/STROEPMOIBOS .
The results showed that vitam n-E isoners significantly suppressed
the proliferation of skin cancer cdélls (G361 and C32) (Figure 21A). 5
The inhibition of cell proliferation was significantly stronger for
T3 i sqERI§, ParRéstH akhtypiotiferationidfecvdfivitamhbisetiess dose- dependent
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0 di stiphifictithnsuppressae theairbisferetion o skinjcatveueclly (P36} prchCAdhEignEs 21A)-

anal yzed, by flow. cyto [y, . : }
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of the_cleav r ct re._ohlserved in C32 cells treated with

di ffe&éﬁ%‘%ﬁ%“ﬁ@é‘“&@%&‘fﬂﬁ?gbf;2B). Meanwhi | e, these y- T3-nedi at ed
act i vagd1am ofrolshRy ReQARARiSh irgspomsite EirmeT naniecadrprawioskibifiepeselienele
manner, consisten? with the effect of y-T3 trea i nhi bition

t t
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cel | aRARIPSithe prefondé bf hiyptatl @lls afithibe swpprest Higure G2 ANFCKEBIstent with

activation was considered. .The NE-KB actiyidi.es of eat itih
55T S whul 6F B HOBEBES D PPt T de T TEARE R ottt

trans *b?%ﬁé L Obathice MBSt producRbFereAbsiridd imtCE etls itreatd guthaliffent
y-T3 treatnent suppressed constitutive NF-_ xB, p65 acti

dose- depeddmge (Rgmeci2B) TMeawyliles these vyi3maediped Boli@EoR ioé Irﬁ@%‘%"ﬁi}i’%\‘ﬂ’sﬁ

fiuther explored by exam njn he e i { @A Ent
regul é?E"th’sn? VEHE i %1?0 ‘%g F)rhdglrnglf%m?%ﬁ?,&é?&?t%ﬁ @gl} gl?e ﬁ%ﬁ%ﬁ@?&m p and
phosphatibivhioredi frekifeatish.nase (Pl 3K). Translocation of NF-KB to

nucleus is inhibited by the IiBa/p, protei whi ch_ar r
t hr ougfO11$hopFbAgwrre eqﬁ}mg{wﬁ%_aﬁ f%alﬂ%gp Ways - e%gl%e%ji?-gB was

tarn

phosphor ted and.aet ibilith Yt 1303 ihgaded @elCagoptaid s,
a dos é?%‘}/e‘t?gntag’ﬁf"‘%&‘@%ﬁ%ﬁ2@%@%’&%@%’%@ i pathj);sphor Cated i Bal p
weipe QRs®aMBR th FicdubpreRBA) of NFiB aﬁvamomswpeddw@-ﬁher%FﬁB&CB%és ?h

the | evel of 30 phosphoryl ated | KKa/p, |xBal as I :
i nhi biG3Leastd P K T3gh dﬁ#ﬁﬂ%ﬂ?%ﬁﬂ%&)@aﬁb‘%%ﬂ%&lﬁ&? Bpdilorationghoo
32 nuclear, tran i@ B AL §-TaNeHaBAde sk 3t dodsistutivs ¥Bsed
NF- i c%‘tﬂg&‘;ﬁi %%Fﬂ‘/ﬂf’#%tﬁé fr ﬁ%ﬁﬁﬁl A 3 TG shifpbos o

kB p65 activity in a dose-dependent manner. The effect of v-T3 on NF-xB signalling was

further explored by examining the expression of other upstream regulators, such as phosphor-
5 ixBov/B, ikBo/p, phospho-IKK /B and phosphatidylinositol 3-kinase (PI3K). Translocation
of NF-kB to nucleus is inhibited by the IxBo/p protein, which are degraded through
phosphorylation by IKKa/p. The IKKo/p is in turn phosphorylated and activated by the
PI3K. In y-T3 treated C32 cells, a dose-dependent decrease in the level of the phosphorylated
ikBo/P were observed (Figure 23A). This is associated with the decrease in the level of
30 phosphorylated IKKo/B, IxkBo/B, as well as an inhibition of PI3K p85 and NF-xB p65



dephosphoryl ati on and accunul ati on of 1iBod(3. [00119] It was found
that y-T3 treatnent al so downregul ates a nunber of the key proteins
that are | MMDINEE7663 t he devel opnent and progressi on of PGKSGROGCEANCISD .
As shown in Figure 5 23B, 1d-1 and 1d-3 expression |evels were
significantly suppressed to al nost 38ndet ectabl e | evel by treatnent
W th increasing dosages of y-T3. Simlar effect on EG--R protein

| evel fé? Fﬁﬁﬁ&aﬂgﬁ efgchesuBi MERcakGhatR -2 dupptespedONBIdB dctinity threugh the
a

essenf| or cancer cell growth and survival, their downregulation
may beéepheghoiadtiod and atcurtubativn $BLdBedliced growth arrest and apopt osi s.

0 [00120] Activatio f - apopt.otic - e THe
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appro ogi'cal respdnses, including cell 5 mgration and cell
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det ecead symeivglytiein ﬂ@yl?fe@ﬁ@m#\'g? gﬁgﬁg@%ﬁo‘%@l?g{ei }gﬁﬁﬁﬁ¥%% b‘?’i’ﬁ? Gt
downstre gfsfsectors such as ATF-2 or c-jun were all upregulated by
y-T3, su%sggrtl ng that I NK signalling gat hway was actljjl\éatﬁ%tﬁy t he
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of y-T3 together w't of .SP600125,glec e : C ioff
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that JNK, R dayBkd & ERYref2font6 getirate apmopyatd Bioldgnalizepbnagso prebyiing el
C32. 2-5 [00122] Effect of y-T3 on inhibition aof cell iﬂv ig age-
Al t5houglgrajioff 3uchesil 4?@3%“31@@\&%2106“5 ‘H%r%‘e%tﬁ% Wl‘%rVSFF%‘gqﬁaﬁeFS Tert T8N
many cancers, .1t | ot Inoridioal fa8GiBeC aNGEr ddiRiels t(Bpnse 24B).
Ther ef'6P& P %%dsgxglmmﬂ%ﬁgjthfﬁﬁé%@Tg colu?d suppress t (g i nvasi ve
abi | i iyemivhilaeptokphorylatomeithe BYK slowastresrogiiectass ﬁifgﬁé&% or Ggyhgere

tri [ - i it ) q
T A o B R W AR ST
tot hletl()éﬁlxnt'f eRtBe Ganih tle idpormicd of ONK. hyivativarie gskSdnilwcet poptosihay

of ce vaé’ed through the matrigel |ayer. .S _inhi bit.or f.fect
on'(c el thelawnzs Pdls, Wakasnovestigated whether actpafipn gf E&i(hwﬂ}_l a speclﬁc ¥nhefb1{o?,

---------------------- % Fom voT3 As shown-in- Figire -242; co-treabent of y-T3

2010/ OFFPEBYPETFEOBE! 662)15%81 Y:%Ig fqr?hsl Bi tion 1f(’rcrilrguced by y-T3 as the

nunber,edhativil 20 ¢8A bs Spelbens dedrensédthei penasiage of AeapbEic co 1s compared to
that treated with y-T3 alone, confirming that JNK activation may be required for y-T3-

induced apoptosis in C32.

25 [00122] Effect of y-T3 on inhibition of cell invasion - Although y-T3 has been shown to
have anti-proliferation effect on many cancers, it is not clear if it affects cancer metastasis.
Therefore, it was examined whether y-T3 could suppress the invasive ability of the skin
cancer cells. As shown in Figure 25B, using matrigel-invasion assay, it was found that y-T3
treated (ICsq and ICss) G361 cells showed a 2-time lower invasion capability compared to the

30 untreated control as evidenced by decreased in the number of cells invaded through the

matrigel layer. This inhibitory effect on cell invasion was not the result of cell growth




were the sane. These results indicate that y-T3 is able to inhibit
the invasion ability of nmelanoma cells, independent to their
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is one of the nost frequently reported 5 characteristics of
netastatic cancers. Restoration of 38-cadherin expression in cancer
cells leads to suppression of nmetastatic ability. In nelanong,
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nd Docetaxel. These results gest . hat
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restoration o cadherin and y-catenin ssion. .Thi s
i nhi bi twish \eithé:f Eocetmé oz | Lnsarhazieg PREBEESWEh aPDP?OS% fhiough acuvaq“’n of pro-

apoptotic proteins (cleaved PARP, caspases 3, 7) and down-regulation of pro-survival
25  proteins (Id-1, EGFR and phosphor-ikB) (Figure 26B). The level of apoptotic cells is in stark

contrast to that co-treated with y-T (y-Tocopherol) and Docetaxel. These results suggested

that y-T3, but not y-T can act in synergy with Docetaxel or Dacarbazine against skin cancer

cells.

[00125] 1.3 The above experiments show that, among eight vitamin-E isomers, y-T3
30 inhibits melanoma cell proliferation through modulation of both pro-survival (Id-1, Id-3,

EGFR and NF-xB) and pro-apoptotic (caspases) pathways. Meanwhile, it was demonstrated



suppressi on of expression for nesenchymal markers |ike tw st, a-SVA
and vinmentin. Together with the finding that y-T3 enhanced the
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N-term nal kinase (INK) participates in . y-T3 induce apopt 0siiS.pihen
mel anowells(BNCaP)wsswited iincreasa il -iyB fransagtigtiop agiivity and nuclear transioca

of the p65 and p50 proteins, which was accompanied by up-regulation of their downstream
55  effectors Bel-xL and ICAM-1. In addition, inactivation of Id-1 by its anti-sense oligo-

nucleotide and retroviral construct in hormone-independent prostate cancer cells resulted in

the decrease of nuclear level of p65 and p50 proteins, which was associated with increased
sensitivity to TNF-induced apoptosis. Considering these findings, the results strongly suggest
that Id gene family may be one of the upstream regulators of NF-xB that is targeted directly
30 by y-T3, and inhibition of NF-xB signalling pathway may be responsible for y-T3 induced

anti-proliferation in melanoma cells.




of nol ecul es associated with JNK pat hway, such as c-Jun and ATF-2
(Figure 24A), were activated sinultaneously. Meanwhile, it was
denonst r at &0 MWhEe47€Beat nent of IJNK i nhi bitor S ( SP600125)T/$G20€%460390
the nel anona cells fromy-T3 i nduced apoptosis (Figure 24A). This
further confirms the invol vement of33JNK pathway in y-T3 induced
apoptosis in nelanoma cells. The findings referred to herein
denonsgoiatp thak aovk3expanméntncit wan alse showo tivabg-Jue Ahtergiel kinase (INK)
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35 essential for normal B-cadherin function. The experiments referred to herein demonstrate that
y-T3 only up-regulated the expression of E-cadherin and y-catenin, but not o-catenin. The
expression for B-catenin remains static. Although y-T3 treated G361 cells do not show
elevated o-catenin expression, a key molecule for functional E~cadherin expression, v-T3
might restore the function of E-cadherin through other molecules such as vinculin, which has

30  been reported to play a role in the establishment of the E-cadherin-based cell adhesion
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tocotrienol against PCa cells.
)5 [00132] 2.1 Materials and experimental conditions
[00133] 2.1.1 Prostate cancer cell lines, cell culture conditions and chemicals - The
human androgen-dependent PCa cells (LNCaP), human androgen-independent PCa cells (PC-
3) (ATCC, Rockville, MD) were maintained in their respective medium recommended by
ATCC (Invitrogen, Carlsbad, CA) supplemented with 2 mmol/l L-glutamine, 10% fetal calf
30 serum (FCS) and 2% penicillin streptomycin at 37°C in 5% CO,. The immortalized human
prostate epithelial cells (PZ-HPV-7) (ATCC, Rockville, MD) were maintained in
keratinocyte serum free medium (K-SFM) supplemented with bovine pituitary extract (BPE,




di met hyl sul f oxi de (DMSO). The treatnent solutions were diluted in
culture nediumto obtain the desired concentrations. 5 [00134] 2.1.2
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Matrigel-invasion assay was carried out as described above under item 1.1.4. Westem
blotting was carried out as described above under item 1.1.5. '
35 [00138] 2.2 Results - Anti-proliferation effect of vitamin-E isomers
[00139] PCa cells were treated with vitamin-E isomers for 24- and 48-hr at increasing
dosage (low: 20 pM, medium: 40 pM and high: 80 pM) and for varying time points. The
results showed that vitamin-E isomers did not affect significantly the proliferation rate of
normal prostate epithelial cells (PZ-HPV-7), but significantly suppressed the proliferation of
30 1.NCaP and PC-3 (Figure 9A). The dose to suppress 50% cell growth (ICs0) in LNCaP and
PC-3 was inversely proportional to the length of incubation time. Surprisingly, PC-3 cells

were more sensitive to the growth inhibition of the vitamin-E isomers than LNCaP cells. The




was nore potent in suppressing cell growh in LNCaP (Figure 9A), the
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75  addition, activation of these pro-apoptotic genes after ICsp v-T3 treatment (Figure 10C) were

only observed in PC-3 and LNCaP cells, but not in PZ-HIPV-7, indicating that y-T3
specifically induced apoptosis of androgen-independent prostate cancer cells.

[00141] y-T3 downregulates the pro-survival signalling pathways - Because NF-«B is

known to be constitutively activated in PC-3, the possibility that v-T3 induced cell apoptosis

30  attributable to the suppression of NF-xB activation was considered. The NF-kB activities of

PC-3 treated with v-T3 at either different dosages or at ICso for different period were
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12B). Meanwhile, phosphorylation of the JNK downstream effectors such as ATF-2 or c-jun

25  were all upregulated by y-T3, supporting that INK signalling pathway was activated by the y-

T3.
[00144] As described above for the skin cancer cell lines, to further confirm the importance

of INK activation in y-T3 induced apoptosis in PCa cells, it was investigated whether
inactivation of JNK with a specific inhibitor, SP600125, could protect cells from y-T3. As
30 shown in Figure 12A, co-treatment of y-T3 together with 20 uM of SP600125, a dose that

was previously determined to inhibit JNK activity in the same cell lines, decreased the
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of synergistically with chemotherapeutic agent, the effect of y-T'3 alone or in combination with a
)5  anti-cancer agent, such as Docetaxel was compared. As shown in Figure 14A, the percentage
of apoptotic cells in PC-3 and LNCaP cell lines following co-treatment of Docetaxel with

v-T3 for 24 hrs was significantly higher than that treated with y-T3 or Docetaxel alone, Using
western blotting, it was further demonstrated that y-T3 co-treatment with Docetaxel enhances

cell apoptosis through activation of pro-apoptotic proteins (cleaved PARP, caspases 3,7, 8,

30 9) and down-regulation of pro-survival proteins (Id-1, EGFR, ixB and NF-xB p65) (Figure
14B). The level of apoptotic cells is in stark contrast to the y-T co-treatment with Docetaxel.




5 mesenchymal markers. Together with the finding that y-T3 enhanced
the anti-cancer effect of Docetaxel, the experinments referred to
herei n pr oW&®1¥¢47¢dg evi dences that y-T3 can be devel Wgéi2A¥/080380%f o
and effective anti-cancer agent for,the treatnent of prostate cancer.
The results suggest that y- and 643 possess tunor suppressing
activities with different cell type specificity and _potency. O
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ear translocation of the p65 and p50
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EGF treatment in KBM-5 cells. Interestingly, the androgen-independent prostate cancer cell

)5 line PC-3 was found to be more sensitive to y-T3 treatment than the androgen-dependent
LINCaP cells. PC-3 cells were found to have constitutive NF-kB activation and are in general
more resistant to chemotberapeutic drugs-induced apoptosis than the LNCaP cells. Although
the exact reason for this observation is unclear, but based on the fact that non-tumorigenic
prostate epithelial cells are highly resistant to v-T3 as well, it is possible that v-T3 may

30  preferentially target the cells with higher malignant phenotype.




DU145 cells resulted in the decrease of nuclear |evel of p65 and p50
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25 [00152] Furthermore, it was demonstrated herein that restoration of E-cadherin and
y-catenin expression, together with suppression of spail, a-SMA, vimentin and twist,
probably account for y-T3’s inhibitory effect on PCa cell invasion capability. Although the
anti-proliferation effect of y-T3 has been reported in several cancer types, the results referred
to herein provide first evidence to suggest that it can also be a potential agent for suppression
30 of cancer invasion. Down-regulation of E-cadherin and up-regulation of mesenchymal

markers (0-SMA, vimentin and twist) are some of the most frequently reported phenomena



associated wth reduced Snail protein expression and invasion ability
(Figure 13B). Catenins (a, y), a famly of cytoplasm c cadherin
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Furt heg faﬁ 2 SHISLDS U Pighfd BT, theassulb sefeivatioifessin dehbstraterthat y-T3
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25  effect of gamma-tocotrienol comprising compositions on breast cancer (BCa) cells and the

undeilying molecular pathways responsible for its activity. The results showed that treatment
of breast cancer cells with gamma-tocotrienol comprising compositions resulted in induction
of apoptosis as evidenced by activation of pro-caspases, accumulation of sub-G1 cells and
DNA fragmentation. Examination of the pro-survival genes revealed that the gamma-
30  tocotrienol-induced cell death was associated with suppression of Id1 and NF-xB through
modulation of their upstream regulators (Src, Smadl/5/8, Fak and LOX). Meanwhile,
gamma-tocotrienol treatment also resulted in the induction of INK signalling pathway and




medi at ed t hrough downregul ation of Idl protein. [00155] 3.1 Materials
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)5 The treatment solutions were diluted in culture medium to obtain the desired concentrations.
[00157] 3.1.2 Generation of Idl transfectant - MDA-MB-231 cells (1 x 10°
cells/well) were plated into 12-well culture plates and allowed to grow for 24 hrs. pc-1d1 or
pcDNA (a gift from Prof MT Ling, IHBI) was trapsfected into the cells using Fugene 6
reagent for 24 hrs before gamma-T3 treatment. 24 trs later, the cells were either assayed for

30 MTT cell viability or lysed for western blotting.

[00158] 3.1.3 For the following experiments the same tocottienol and tocopherol

isomers have been used as described above under 1.1.2.




centrifuged, the supernatants were renoved and incubated with 5 |
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blotting was carried out as described above under term 1.1.5.

[00163] 3.1.8 Id-1 RT-PCR - Total RNA was isolated using Trizol® reagent

according to the manufacturer’s protocol (Invitrogen). ¢DNA was synthesized using the
SuperScﬁptTM First Strand Synthesis System (Invitrogen) and was then amplified by PCR
35 with Id-1 specific primers (forward primer, 1d1-8, 5°-CTC CAG CAC GTC ATC GAC TA-
3% and reverse primer, Id1-AS,5’-AAC GCA TGC CGC CTC-3 ”). PCR cycling protocol was
as follows: 30 cycles of 10 min at 95°C, 30 s at 95°C, 30 s at 55°C, 1 min at 72°C and 10 min
at 72°C. Glyceraldehyde 3-phosphate deliydrogenase was amplified as an internal control.
The PCR products were electrophoresed on a 2% agarose gel and analysed using a gel

30  documentation system.
[00164] 3.2 Results - Anti-proliferation effect of vitamin-E isomers on breast cancer (BCa)

cells




| C50 val ues in NMDA-MB-231 cells incubated with various isoners for
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different gamma-T3 dosage for 24 hrs. Downregulation of bcl-2 was also detected after the

25  treatment, together with upregulation of bax expression (Figure 16A). Meanwhile, these
gamma-T3-mediated activations of the pro-apoptotic proteins as well as the change of bel-
2/Bax ratio were in a dose-dependent manner (Figure 16A). In addition, activation of these
pro-apoptotic genes by gamma-T3 treatment (Figure 16B) was only observed in MDA-MB-
231 and MCF-7 cells, but not in MCF-10A cells, indicating that gamma-T3 specifically

30  induced apoptosis in BCa cells.
[00168] 3.3 Gamma-T13 downregnlated the pro-survival signalling pathways in BCa cells
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cells were treated w th varies dosages of gamma-T3, a dose-dependent

i ncr ea®¥ APAPIRE phosphoryl ation activities were detected (Figure
18A) . |deerphiBRanselias phgscyipaidprotin tdvels ke graninslyehawn to be regulated

directly or indirectly by the Src, Smadl/5, LOX and Fak signalling pathways in BCa cells, it
was further examined the effect of gamma-T3 on the upstream regulators of 1d1 in BCa cells.
35  The results showed that the Src phosphorylation, as well as the protein level of Smad1/5/8,
LOX and activated Fak were repressed in a dose dependent manner by gamma-13 treatment
(Figure 17C). Meanwhile, immunoprecipitation assay revealed using anti-Src antibody
revealed a decrease of interaction between Src and Smad1/5/8, which is tikely due to the
suppression of Smad1/5/8 protein level by gamma-T3 (Figure 17D). This possibly led to
30 decreased binding of Src-Smad complex to Srcresponsive region of the Id-1 promoter,

resulting in the observed suppression of Id1 protein expression by gamma-T3.




effectors such as ATF-2 or c-jun were all upregul ated by gamma- T3,
supporting that JNK O signalling pathway was activated by gamma- T3.
[ 00175] Towstaadyostdse | nportance of JNIC activation in geomes2i®/000390
i nduced apoptosis in BCa cells, it was investigated whether
inactivation of JNK with a specifid8inhibitor, SP600125, could
protect cells fromgamma-T3. As shown in Figure 18B, co-treatnent of
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(Figure 18C), their activation may not be directly required for gamma-T3 induced apoptosis
because inactivation of MAPK by specific inhibitors, U0126/ PDO8059, were not able to
)5  restore cancer cell viability after gamma-T3 treatment (Figure 18D).
[00178] 3.7 Effect of gamma-T3 on inhibition of BCa cell invasion
[00179] Although gamma-T3 has been shown to have anti-proliferation effect on many
cancers, it is not clear if it affects BCa metastasis. Therefore, it was examined whether
gamma-T3 could suppress the invasive ability of the BCa cells. As shown in Figure 19A,
30  using matrigel-invasion assay, it was found that gamma-T3 treated MDA-MB-231 cells for
24 hrs showed an at least 2-time lower invasion capability compared to the untreated control,

as evidenced by the decreased in the number of cells invaded through the matrigel layer. This
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[ 00184¥anama-|Tﬁ aﬁ :Ion &lgflﬁ%’rééﬁ%é th mma- t ocot ri enol (y- T3)

in Vi v@eapdrbdnkdFer of apoptotic cells in MDA-MB-231 cell line following co-treatment of
Docetaxel with gamma-T3 for 24 hrs was significantly higher than that treated with gamma-

35 T3 or Docetaxel alone. Using Western blotting, we further demonstrated that gamma-T3 co-

ireatment with Docetaxel enhances cell apoptosis through activation of pro-apoptotic proteins
(cleaved PARP, caspases 3, 7, 8, 9) and down-regulation of pro-survival proteins (Id-1,
EGFR) (Figure 20B). Similar effect was also observed in MCF-7 cells (Figure 20C),
suggesting that gamma-T3 and Docetaxel may have synergistic effect against BCa cells.

30 [00183] 3.9 B-aminopropiomitrile (APN) attenuated gamma-T3 induced apoptosis
Co-treatment of gamma-T3 with B-aminopropionitrile (APN; a non-specific inhibitor of
LOX) abmost completely restored the expression of 1d1 and at the same time inhibited the



effect for prostate cancer (PCa) tunors was investigated together
with its pharmacokinetic, O tissue distribution and synergistic
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such as heptane and ethyl acetate were bought from Tedia Company Inc. (Fairfield, OH,
USA). D-luciferin, Butylated hydroxytoluene (BHT) and 10% neutral buffered formalin were
25  obtained from Sigma Aldrich (St Louis, MO, USA).
[00187] 4.1.2 For the following experiments the same tocotrienol and tocopherol
isomers have been used as described above under 1.1.2.
[00188] 4.1.3 Establishment of the PC-3 prostate cancer xenograft model -
Bioluminescent PC-3-Luc human prostate cancer cell line were generated according to
30  known methods. Brefly, cDNA encoding the luciferase gene was cloned into the pLenti-
6/V5. The construct was co-transfected with the packaging mix into HEK293 and lentiviras

were collected and used for infecting PC-3 cells. Transfectants were obtained as a pool (PC-




in 100 | serumfree RPM 1640 were injected subcutaneously into the
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- Ser UWEre harvested. Part of the tumors was fixed in 10% neutral buffered formahn s t1on
remaining of the tumors and all the isolated organs were immediately immersed in liquid
25 nitrogen and store at -80°C.
[00190] 4.14 Pharmacokinetics of y-Tocotrienol in Mice - C57BL/6 black mice were
purchased from The Jackson Laboratory (Bar Harbor, ME, USA). Forty 5-week old mice
were given a single dose i.p injection containing 1 mg of v-T3. Five mice were sactificed at
different time points (10 min, 30 min, 1 h,3h, 6h,24h, 48 h and 72 h). Blood samples were
30 collected through cardiac bleeding. To isolate the serum, blood samples were incubated at
room temperature for 30 min, followed by centrifugation at 4400 rpm, 4°C for 30 min. y-T3

concentration in serum was analyzed using HPLC method below.
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[00193] 4.L.7 Determination of y-Tocotrienol level by high performance liquid

35 chromatography - A normal phase of HPLC method was performed as a modification of

procedures known in the art. 10 pl of sample was injected into Agilent 1100 series HPLC
system {Agilent, Santa Clara, CA, USA). The chromatographic separation was carried out by
a Zorbax Silica 60 (5 pm, 250 x 4 mm internal diameter (i.d.)) analytical column. The mobile
phase used was a mixture of heptane/ ethyl acetate (90:10, v/v) at a flow rate of 1.0 ml/min.
30 The absorbance of y-T3 was monitored with a diode array detector set at an excitation

wavelength of 290 nm and emission wavelength of 360 nm.



of mce were fixed in 10% neutral buffered formalin for 12 h. After
fixation, the tissue 0 sanples were processed into paraffin bl ocks.
Ti ssue sectwors0Mess& cut at a thickness of 5 m using KeBeBps&iocyanmve
(China JI NHUA Kedi Co., Ltd, Zhejiang, China), then deparaffinized
in toluene and rehydrated from graded of alcohols to distilled water.
Endogenous peroxi dase activity was bl ocked by treating the sections
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The | e&ﬁlsh'up, Denmark) was used as counter stain. Standard inverted light microscopy (Nikon,

)5  Tokyo, Japan) was used to analyze the slides.

[00196] 4.1.10 Bioluminescence Imaging - In vivo bioluminescence imaging of
luciferase activity from the spontaneous prostate tumor model was performed using IVIS
imaging system (Xenogen Corp., Hopkinton, MA, USA) with the Livinglmage acquisition
and analysis software (Xenogen Corp., Hopkinton, MA, USA). D-Luciferin was dissolved to
30 a concentration of 15 mg/ml in DPBS, filter-sterilized, and stored at -20°C. At the end of the
treatment, mice were given i.p. injection of luciferin solution (150 mg/kg of body weight).




O remains constant for at |least 72 hours. [00198] To evaluate single
acute toxicity of y-T3, y-T3 was injected intraperitoneally (i.p.)

at 9 escal atongodosass for the determ nation of maxi num polecabgehshose
(MID). The MID is defined as the dose at which none of the 10 m ce
dies within 30-day observation peri®d and at |east one of the mce
die in the next higher dose. As shown in Figure 27B, MID was found to
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significant antitumor effect in the nude mice without inducing the treatment-related mortality
observed with higher doses (Figure 28A). Similarly for Doxetaxel, the dosage was
)5 determined to be 7.5 mg/kg/week. Tumor growth was monitored 5 times a week. There was
no significant change in body weight throughout the entire study for all groups (Figure 28A).

Tumors in the control groups grew rapidly, reaching an average volume of 620 + 10 mm’ by

day 14'® after the start of treatment. In contrast, tumor growth on mice that were administered
with y-T3 or y-T3 plus Docetaxel was profoundly inhibited; with tumor volume remaining at

30 an average of 300 = 48 mm? and 240 + 62 mm? respectively (Figure 28B and Figure 29).



suggest that y-T3 selectively deposits in prostate tunor tissues,
which helps to explain why y-T3 can exert significant anti-tunor
activity awodoswg®es hat associate with no observabl e travszi2000/008390
[00201] In vivo effect of y-T3 on cancer cell proliferation and
apoptosis - To confirm whether theéSanti-tunor effect of y-T3 is, as
described in the in vitro experinents (see item2 above), nediated
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[00202] v-T3 antitumor effect on tumor suppressor gene - Down-regulation of E-cadherin

25  expression is one of the most frequently reported characteristics of metastatic cancers.
Restoration of B-cadherin expression in cancer cells leads to suppression of metastatic ability.
In PCa, down-regulation of E-cadherin expression is correlated with high-grade tumors and
poor prognosis, indicating their roles in PCa pro gression. Since y-T3 was found to inhibit the
in vitro invasion ability of prostate cancer cell through upregulation of E-cadherin expression,
30 it was then analyzed if y-T3 can also affect E-cadherin level in prostate cancer cells in vivo.

E-cadherin expression of the tumor sections from the control-, y-T3- and combined y-T3-
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activities.

25 [00206] As described herein, it was found that y-T3 upregulated E-cadherin gene that is
thought to inhibit invasion, and metastasis. Also, 1d-1, which is constitutively expressed by
the PCa cell line PC-3, was repressed by y-T3 treatment leading to the suppression of NFxB
pathway molecules. Herein, it was possible to further confirm the anti-tumor activity of y-T3
against prostate cancer under in vivo condition.

30 [00207] Because the cell proliferation and apoptosis are critical processes for tumor
growth, the modulation of these processes by y-T3 in our tumor model was investigated.
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pLenti ﬁm@ﬁﬁT' 3/5-Hyidences support that prostate cancer is originated from a rare sub-population

of cells, namely prostate cancer stem cells (CSCs). Conventional therapies for prostate cancer

are believed to target mainly the majority of differentiated tumor cells but spare CSCs, which

)5 may account for the subsequent disease relapse after the treatment. Therefore, successful
elimination of CSCs may be an effective strategy to archive complete remission from this
disease. It was demonstrated for the first time that y-T3 can down-regulate the expression of
prostate cancer stem cell markers (CD133/CD44) in androgen independent (AD) prostate
cancer cell lines (PC-3 & DU145), as evident from Western blotting and flow cytometry

30  analysis. Meanwhile, spheroid formation ability of the prostate cancer cells was significantly

hampered by v-T3 freatment. More importantly, pre-treatment of PC-3 cells with v-T3 was
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indicated time point. At the end of the treatment, MTT (Sigma, St. Louis, MO) was added
into cach well and incubated for 4 hrs at RT. DMSO was then added into each well to

)5 dissolve the formazan crystals. The plate was allowed to incubate for a further 5 min at RT
and the optical density (OD) was measured at a wavelength of 570 nm on a Labsystem
multiskan microplate reader (Merck Eurolab, Dietikon, Schweiz). All individual wells were
set in triplicates. The percentage of cell viability was presented as OD ratio between the
treated and untreated cells at indicated concentrations.

30 [00216] 5.1.5 Western blotting was carried out as described above under 1.1.5. The
membrane was incubated with primary antibodies directed against CD133 (Miltenyi Biotec,

Aubum, CA), Bcl-2, PARP, cleaved caspase 3, 7, 9 (Cell Signaling, Technology Inc,
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were performed with procedure known in the art. Briefly, cells were incubated in PBS

)5  containing 2% FBS with PE-conjugated anti-human CD44 antibody. Isotype-matched mouse
immunoglobulins served as controls. Samples were then analyzed using a FACS Calibur flow
cytometer and CellQuest software (BD Biosciences, San Jose, CA, USA).

[00220] 5.1.9 Orthotopic PC-3 xenograft model - The orthotopic model was
established with procedures known in the art. Briefly, 8-week-old CB-17 SCID mice were

30  anesthetized and placed under a dissecting microscope (Olympus, Tokyo, Japan). An incision
at the midline of abdomen was made and the dorsal prostate was exposed at the base of the

bladder. Equal amount of viable PC3-luc cells (2.6 x 10* cells resuspended in 5 pl of seram
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25 [00222] To test if the changes in CD44 and CD133 is due to decrease in gene transcription,

mRNA levels of CD44 and CD133 in PC-3 cells that treated with 2.5 and 5 pg/ml of y-13

were evaluated by RT-PCR. As shown in Figure 1C, decrease of CD133 mRNA was

observed in cells that treated with 2.5 and 5 pg/mi of y-T3 for 48 and 72 hrs. Downregulation

of CD44 mRNA was also observed in cells that treated with y-T3 for 72 hus. These results

30  indicated that y-T3 can suppress CD44 and CD133 expression at the transcriptional level.

Tnterestingly, the downregulation of the CSC marker expressions by y-T3 are not the result of
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30  tumor formation was monitored by live bioluminescent imaging. As shown in Figure 4, two
weeks after implantation, all 7 mice implanted with vehicle treated PC-3-luc developed

tumors. However, more than half of the mice (5 out of 7) implanted with y-T3 pretreated PC-
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enrich the putative CSCs. In the experiments referred to herein, all the 3 malignant cell lines
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)5 study, treatment of the prostasphere with 40 ng/ml Docetaxel was unable to induce significant

reduction of prostasphere numbers, further confirming that CSC is resistant to chemodrug
treatment. y-T3, on the other hand, was able to induce a dramatic decrease in prostasphere
number, which is associated with the dissociation of prostaspheres (Figure 5). This evidence
strongly suggests that the anti-CSC effect is likely to account for the chemosensitizing effect
30 of y-T3. In summary, it was demonstrated for the first time that y-T3 treatment not only
downregulates prostate CSC marker expressions, but also effectively inhibits the CSC

properties.




Oncogene (2005) 24, 1510-1524; Wwang S, Gao J, et al., Cancer Cell.,
2003, vol .4, no.3, pp.209-21; Gbril, MY., Onita, T., et al., Gene
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the  gacrificed. The prostate along with the male accessory glands, ie., the ventral and

)5  dorsolateral prostate lobes, seminal vesicles, and coagulation gland, were dissected out
separately for histopathological characterization of prostate tumor development, prostate
intraepithelial neoplasia (PIN) development and microinvasion.

[00237] Protocols for IHC with an ABC kit (StreptABC Complex Kit; DAKO,
Mississanga, ON, Canada) were preformed following the standard Chromogranin (polyclonal

30  antibody, from Dia Sorin, Stillwater, MN, USA) was used at 1:500 dilutions.

[00238] To study tumor development, some modifications were adopted according to the

established diagnostic criteria previously reported (see above references referred to under
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adm ni stered in an anmount of between about 10 ng and about 1000 ng
total tocotrienol wt.% content per 60-kg adult or between about 10
ng and about 500 ng 5 total tocotrienol w.%content per 60-kg

adult. 10. The use of any one of the pgeceding clains, wherein the
pharmaceutical is admnistered in an anount to obtain a serum|eve
concentration in blood of an anlrralC et ween about 0.1 to 30 ng/L or
bet ween about 10 to 30 ng/L for eachlPHH?V|duaI 10 tocotrienol
isomer. 11. The use of claim 10, wherein the animal is a mammual . 12.
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4. The use of claim 1 or 2 or 3, wherein the cancer is prostate cancer.
20
5. The use of any one of the preceding claims, wherein the composition is a y-tocotrienol
and/or é-tocotrienol enriched formulation.
6. The use of any one of the preceding claims, wherein the composition comprises more
25 than 10 wt.% of y-tocotrienol or é-tocotrienol or a mixture of y-tocotrienol and
d-tocotrienol based on the total wt.% of the composition.
7. The use of any one of the preceding claims, wherein the composition comprises
v-tocotrienol and §-tocotrienol in a ratio of 1 : Y wherein Y is less than 10.
30

8. The use of any one of the preceding claims, wherein the composition further

comprises a-tocotrienol and/or G-tocotrienol and/or a-tocopherol.
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20. The use of claim 16, wherein the red carotenoid pignent is

| ycopene.
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The use of any one of the preceding claims, wherein the pharmaceutical is
administered in an amount of between about 10 mg and about 1000 mg total
tocotrienol wt.% content per 60-kg adult or between about 10 mg and about 500 mg

total tocotrienol wt.% content per 60-kg adult.

The use of any one of the preceding claims, wherein the pharmaceutical is
administered in an amount to obtain a serum level concentration in blood of an animal
between about 0.1 to 30 mg/L or between about 10 to 30 mg/L for each individual

tocotrienol isomer.

The use of claim 10, wherein the animal is 8 mammal.

The use of claim 11, wherein the mammal is selected from the group consisting of

human, pig, horse, mouse, rat, cow, dog and cat.

The use of any one of the preceding claims, wherein the pharmaceutical is formulated
as liquid native oil, a water soluble emulsion, a cold water dispersible powder, and

beadlets.

The use of any one of the preceding claims, wherein the pharmaceutical is
administered as tablet, or gel, or dragée, or sustained-release formulation, or ointment,

or injectable formulation or in encapsulated form.

The use of any one of the preceding claims, wherein the pharmaceutical is

administered oral, or intradermal, or subcutaneous or intraperitoneal.

The use of any one of the preceding claims, wherein the composition further
comprises a substance selected from the group consisting of a green tea polyphenol, a
organosulfur compound, a protein-bound polysaccharide isolated from ZTrametes
versicolor or Coriolus versicolor, a red carotenoid pigment and combinations of the

aforementioned substances.
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The use of claim 16, wherein the green tea polyphenol is selected from the group
consisting of epicatechin (EC), epigallocatechin (EGC), epicatechin gallate (ECG)
and epigallocatechin gallate (EGCG).

The use of claim 16, wherein the organosulfur compound is selected from the group
consisting of S-allylmercaptocysteine derived from garlic and allicin derived from

garlic.

The use of claim 16, wherein the protein-bound polysaccharide is polysaccharide-K

(Krestin, PSK) or the polysaccharide peptide (PSP).

The use of claim 16, wherein the red carotenoid pigment is lycopene.




