1 USE OF TOCOTRI ENOL COVPOSI TI ON FOR THE PREVENTI ON OF CANCER

CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001] This application
clains the benefit of priority of US provisional application No. 5
61/ 107,842, filed Cctober 23, 2008, theI contents of it being hereby
incorporated by reference in its entirety for all purposes. FIELD OF
THE I NVENTI ON_[ 00021 The Bresent invention is directed to the field
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severe side effects on the patlent. Therefore it is an object of
the present invention to _explore further ways of treating 25 cancer.
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chemotherapy, radiation therapy, hormonal manipulation, and immunotherapy. In general,
20  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

25 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.




consisting of at |east one of y-tocotrienol or S-tocotrienol and
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[0011] In a further aspect, the present invention refers to a method of manufacturing a
25  composition comprising or consisting of at least one of y-tocotrienol or §-tocotrienol and
(2R,38)-N-carboxy-3-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)imidazole-4-carboxamide (Dacarbazine),
comprising mixing at least one y-tocotrienol or dé-tocotrienol with (2R,3S)-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 (5Z2)-5-

(dimethylaminohydrazinylidene)imidazole-4-carboxamide (Dacarbazine).




BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] The invention will be better
understood with reference to the detail ed description when
considered in conjunction with the non-limting exanples and the
acconpanying drawi ngs, in which: 5 [0013] Fig. 1 illustrates the
results of experiments denpnstrating that gamma-T3 down- regul ates
prostate cancer stemcell markers in PC-3 cells. SY%‘ Western blotting
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Note that y-T3 treatment efficiently suppresses the spheroid formation ability of PC-3 cells.
(B) Image of the prostaspheres was captured under microscope. Note that no prostaspheres
25  can be found in y-T3 treated group.
[0015]  Fig. 3 illustrates the results of experniments 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 expressions of both cell lines were down-
regulated after low dose y-T3 treatment. (N.B. 5 pg/ml of v-T3 is equivalent to 12.176 uM).
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




4 efficiently suppresses the spheroid formation ability of both cell
lines. Images of the spheroids were captured under mcroscope. Note
that no spheroid can be found in y-T3 treated groups. [0016] Fig. 4
illustrates the results of experi mants4shovm ng that gamma-T3
significantly 5 reduces the tunorigenicity of PC-3 cells in vivo.
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[0018]  Fig. 6 (A) shows that yT3 was not determined to affect mTOR and [-catenin, but
suppresses Akt signalling pathway. Activation of AKT signalling pathway is highly
correlated with human prostate cancer and transgenic animals that express a constitutively
25  active form of AKT develop prostatic intraepithelial neoplasia. {B) yT3 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 8-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



solid prostate cancer tunor conprising prostate cancer stemcells
(PCSC) is treated with a 5 conventional cancer therapy, such as
chenot herapy or with a chenot herapeutic drug, such as docetaxel.

Si nce those therapies do not affect thgt PCSCs the tunor can redevel op
based on the PCSCs. As has been denonstrated in experinments referred
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significant effect on the non-tumorigenic prostate epithelial cells. PC-3 is more responsive to

vitamin-E isomers compared to LNCaP. (B) LNCaP and PC-3 growth rate in the presence of

25 y-T3 at ICsq. The ICs dose levels correspond to that in Figure 9A. For alpha-T3, 100 uM was
used. UD indicates undetermined 1Csq.

[0022]  Fig. 10 illustrates results demonstrating the induction of apoptosis by y-T3

treatment. (A) Cell cycle analysis by flow cytometry. Control cells and treated cells incubated

with v-T3 at ICsq for 24-hr were subjected to flow cytometry analysis. Note that the sub-G1

30  population appears after treatment. (B) ICsp 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



activation (in Ins and Mrespectively) of the pro-apoptosis pathway
in PC-3. Note that y-T3 induces activation of the critical nolecules
(cl eaved caspase 3, 7, 8, 9, PARP) and nodulate 6 the ratio between
the amounts of bcl-2 and bax in a cell dose- and time-dependent
fashion. (C) 1C50 y-T3 activates pro-apoptotic genes and suppresses

pro-survival genes expression on LNCaP and PC-3 but not on
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Cells were incubated with different dosages of y-T3 and 100 nM of

Docet axekpression2df hpithelidlemlarkers (E-Cadherin, y-catenin), but suppresses the expression of

mesenchymal markers (vimentin, twist and a-SMA) and E-cadherin’s repressor (snail). (B)
The invasive androgen-independent PCa cells (PC-3) treated with the indicated dosage of
y-T3 was harvested and then plated into the Matrigel-coated (0.5 mg/ml) insert. Cells invaded
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  wviability 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



30 viability was exam ned by MIT assay. The percentage of apoptotic
PC-3 and LNCaP cells follow ng co-treatnent of Docetaxel and y-T3

was significantly higher than that treated with 7 either agent

al one. (B) Using western blotting, it s further denonstrated that
y-T3 <co-treatnent with Docetaxel for 24-hr enhances PC- 3 cell
apoptosi s through activation of pro-apoptotic nolecules (cleaved
PARP, caiihersegeng, alane. gB)oVsingddisteronblottingppt exasi fnthsf deproskirdted dhatonT3
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demonstrating inactivation of pro-survival pathways by gamma-T3. (A)
Ef f ect mﬁﬂﬁWU@ﬁOftddétra@fﬁrm)y(swehwr%sna)a}t hway was exami ned by

[0028]  Fig. 16 shows results demonstrating the activation of pro-apoptosis molecules by

gamma-13 treatment. (A) gamma-T3 treatment induces activation of the critical apoptotic
molecules (cleaved caspase 3, 7, 8, 9, PARP) and modulates the ratio between the amounts of
25  bcl-2 and bax in a cell dose-dependent fashion. (B) gamma-T3 activates pro-apoptotic genes
on MCF7 and MDA-MB-231 cells but not on the non-tumorigenic breast epithelial cells
(MCF-10A).
[0029] Fig. 17 shows results demonstrating inactivation of pro-survival pathways by
gamma-T3. {A) Effect of gamma-T3 on the activity of NF-xB pathway was examined by
30  Western blotting. The phosphorylation of IxB was inhibited by gamma-T3 treatment in total
cell lysate. Similarly, the nuclear translocated NF-xB p65 was inhibited in nuclear protein

extract. (B) Treatment of gamma-T3 resulted in downregulation of the expression of EGFR



30 Western blotting. The phosphorylation of 1iB was inhibited by
gamma-T3 treatnent in total cell lysate. Simlarly, the nuclear
transl ocated NF-KB p65 was inhibited in nuclear protein extract. (B)
Treatment of gamma-T3 resulted in downregul ati on of the expression of
EGF-R 8 and Id famly proteins in MDA- ¥B- 231 cel | s. (C) Treatnent of

gama-T3 al so resulted in downregulation of the upstreamregul ators
of 1dl iand Navidy za:meloe in MRS B-Srieetlls 508 BmatmehOX) garihe-T3oaed resulted in
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mesench
invasion by gamma-T3 treatment. (A) MDA-MB-231 cells treated with the indicated dosage

of gamma-T3 was harvested and then plated into the matrigel-coated (0.5 mg/ml) insert. Cells
invaded through the membrane were stained with crystal violet and the images were
25  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 impact on the expression of epithelial markers
{o-, 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-



SMA) and E-cadherin's repressor (Snail, Twist). PC- 3 represents the
androgen i ndependent 30 prostate cancer cell line expressing wld
type E-cadherin. [0032] Fig. 20 illustrates the results of

experinments denonstrating the synergistjc effect of gamma-T3 on

Docet axel -i nduced apoptosis. (A Ef f ect’ of Docetaxel and gama- T3 co
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[0034]  Fig. 22 illustrates results demonstrating the induction of apoptosis by y-T3

treatment. (A) Cell cycle analysis by flow cytometry. Control cells and treated cells incubated
with v-T3 at ICso for 24-hr were subjected to flow cytometry analysis. Note that the sub-Gl1

25  population appears after treatment. (B} Dose-dependent (in uM) activation of the pro-
apoptosis pathway in C32 and G361. Note that y-T3 induces activation of the critical
molecules (cleaved caspases 3, 7, 9, PARP) in a cell dose-dependent fashion for 24-hr
incubation period.

[0035]  Fig. 23 illustrates results demonstrating the inactivation of pro-survival pathways
30 by y-T3 in C32 cells. (A) Effect of y-T3 (in pM) on the activity of NF-«B pathway was

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



i ncubation period. [0035] Fig. 23 illustrates results denonstrating
the inactivation of pro-survival pathways 30 by y-T3 in C32 cells.
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Docetaxel/Dacarbazine respectively for 24 hrs. Cell viability was examined by MTT assay.
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The percentage of viable C32 cells relative to control following co-treatment of Docetaxel
and y-T3 was significantly lower than that treated with either agent alone. (B) Using western
blotting, it was further demonstrated that y-T3 co-treatment with either Docetaxel or

25  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 Id-1, EGFR, phosphor-ikB 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



in nmelanoma cells. The proposed anti-cancer pathway in PCa cells is
shown separately also in Figure 12C. 30 [0039] Fig. 27 illustrates
results of experinents denonstrating pharmacokinetics, single acute
toxicity and serum bi omarkers. (A) Forﬁ 5-week ol d C57BL/ 6 bl ack
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the adm ni stered y-T3. Male BALB/c ymc nu M ce were
wi t h PCaspaethtesarmmdtramifgesce A3 B doed (Usientaod talicadiee grhospimtase (ALB) (KRANDOX
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(A) and the tunors were neasured (B) using a Digital i ber
Cal 1 per atdiosgrar dizgibytioe of ithe admiiistesdur-gB., l\@k) Ez‘éﬂé‘{peﬁtbmh girdggmice were
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Fig. 29(bMIhs @Iﬂﬁéle} @ginﬁbm 56aR/ESH) snxeNREIhAldreGedicitd CoBMBTS and
athym c_ nude m ce oW n gs treatnent. (A-B) For two repeated

exlpfar i mblecetaxera(S8 IBALCB7 gamlaﬁﬂ@ﬂfﬁd,n@db 75 08 o Cﬁm@ﬁl@s@f@d viibe HHP@a\f’ere
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ng of Docetaxel/kg/wk). Mce_received i.p. injection with luciferin
sol uti oﬁn‘% qggmﬁigqrggn%yzeg@dylg HPLC method described in material and method.

[0041]  Fig. 29 illustrates imaging of PCa cells xenografted on male BALB/c athymic
nude mice following drugs treatment. (A-B) For two repeated experiments, male BALB/c
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™ Imaging System

{Xenogen Corp., Hopkinton, MA, USA) 5 min after administration of luciferin. (B1) shows a



weight). (Al) shows a side view of s.c. PC3-Luc tunor bearing nude
mce were treated with DMSO (solvent), single agent (1.5 ng of y-T3
/d/ mce) or conmbination therapy (1.5 ng of y 30 T3 /d/mce and 0.75

ng of docetaxel/wk/mce). 2 mllion of PC3-Luc cells were inocul ated
in male nude mce and the tunor suppré sion was nonitored using

| VI STM | magi ng System §Xenogen Corp., Hopkinton, MA, USA) 5 mn

after adifienvisr af isen B3 -Luei thmer fheafisg udhowceawhizh weigetreatedy vwith HMSO

PC3- Luc n tre

oo van S, DR 5 AP SGAR S 2R HLED BB (10 mg or
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Fig. 30 shows i’ mag es illustrating he y-T3 antitunor effect on cancer
cel plcoiltrdleTB&aS(mell a‘ﬂwéfﬁmceg'ak@ltgr@msof PCNA, Ki 67 and Id-1 were

det I nohi st ochem st r th use anti i es a ai nst
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| ower after treatnment wth either gama- al one or co-treatnent Wt
15 DocetmarwholfiBlockgmistty cathembage an’aibaﬂlles agagﬁsPGl@a Ki§7 pGOKB] afd gecoﬁdary

shovv5|ma es, illustrati ma- T3 ant er. .
col | By oS BB RE. SRRl 1T Shisk Stesl sOE liggpstion
wer e de&méﬂum@,dwasé loer dffErunahhdik qclheratﬁélr Farmahrar ahk torP&J-Hedt@eal with
anti bodi es agai nst cl eaved caspase-3 and eaved PARP and secondary

ant |1§)od9?)0§ﬁtﬁ¥elr@ﬁb¢)t(SFébeRPallﬁﬁ@g@(b}oeﬁm—enA—ea)el for these 20 two
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[ 0044] kpeptosiL Wsdnﬂﬁ@é&ldabédlsﬁsp&id ﬁgndi fﬂ:&ag@dTBa-RfPBWGﬂ&t det&tmﬁﬂied by IHC

effect on tunor suppressor gene and its regre,ssor._ The changes in
expr ess MBRUEPhIsIgRRFMISH, HY ik Jabbiy mebyclqnal @atiRedies agpingt) clgaved; faspase-3 and

repressQfealedPARP dnld)deciifafy SRIHRETRETat FECHRD. T ression leyel for these

e T
i nununohi stochem stry w th “anti i es agal nst E-ca P and Snai
and28 e c owa arofecaidsi voasdlyi ghdradftel-RRatnikne wethprithes panmlaciBeblofi®or tdhrasantenowith
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[0044] Fig. 32 shows images illustrating the gamma-T3 anfitumor effect on tumor

suppressor gene and its repressor. The changes in expression of tumor suppressor gene
(E-cadherin; (A)) and 1its repressor (Snail; (B)) were determined by IHC
25  immunohistochemistry 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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30



with either gamma-T3 or co-treatnment with Docetaxel (Doce). (scale
bar in all images 100 m 30 13 DETAILED DESCRI PTI ON OF THE PRESENT
| NVENTI ON [0045] In a first aspect the present invention refers to a
nmet hod of preventing cancer or preven&%ng the recurrence of cancer
after undergoing a cancer treatnment by‘adm nistering a conposition

conprising at |east one of y-tocotrienol or S-tocotrienol. 5 [0046]
The inventors dePEISAHERDESCRIETTON QF THIePRESENT ENHBOSIIOMNN

referre her.ei n an down-reqgul at e the expression.of stem cell
rar ker o 10030 T8 a0k Rbe R EMERS FoliTn TERIIAERE B PlrfacHE Giees or
Vst er n padvehiihg eheardburtdrw of \hadee taftér aﬁ@rg'cﬁh%_arcﬁﬁ@rrtﬁﬂtrﬁ&t beT RlntInisteding a
b) suppresses sphere- and tunor formation. Thus, it was denonstrated

by the CAV@AtEPE compragingatdeast eng plentocafricgel ard-ipReERNGH ght devel op
: s ¢ H ; t n '
(o' ParoPEIEL° R S SSPORARL KAMAL SLELSY 0 FplSLHT e Yt

fi ndi ngsan ay downpgmuldte thebaxprdssivhtaf Gtens calbhiarkass, istichvasvert kR ngdikers CD133
beconmes apparent fromthe experinental results referred.to herein.

The gendPaCTYH4 pcryidant Slonm HYestess heastinging Hewvesestty mrimesi fefredgto herein,
|1 ustr ghed) ishpfrkQby @h&éﬁaﬁs%m B sl f vv!a'cfeﬁloﬁstfaceﬁm? inid @¥entors
conprising at {‘east one of gamma- and delta-tocotrieno as” been

used t o thmt @vehtattnest ¢ff s meuith oight doadep Dito tancavcdlld wittea ddmpesition efiased

of ncer after updergoing a cancer treatnent. In.a furth anpl e,.
11 8T B bl o0 88 i EBe R feckman ettt A e - T aines
to devebPphestdbe il MbaRRLENSE habivo B8QRL 3REG T hred P £BR! thd @¥FdrRRental
PINif they are fed with a conposition conprising at |east one " of
gamma- ogsulielrefgred dothefesn olheogenerali pringipal of thigmsaect axidhe present invention is

delta-tocotrienol., [0047] MWth "preyventi.on of cancer”" it is referred
to the LBEUaleR3R a1 Rea o saBrpltgh B8 reB o e semetima 6 e of
the preggfinaasedelad@estiishdltalYech GRAROSickEMNhE RESMERD AnRL LE I aVEAS the
the effect that cancer cannot develop in an animal body. Prevention

i s 19 beecyrenes elanggradter ppdargoiag scancer tiegtmenyt In 4 furthei example, illustrated in

o ! i .
cancer Curfe Rl pied WEEE e MRHLRAIE H3ffe) U ey Bp Ayl
for thenedpledi (RIN) dohobdevaliprRN ibddy asd fedatlyh seddgrsitivg dohpmisigrae Bast one

Sonet i rre§ the term 25 "chemfprevention" IS useg. | ke the term cancer
t r eat meRt SAMERHUIH BURIITGI] Ohf SYxiugs erganiap- apAAeka-ESPIHERPL of a

pati ent ;@14F7Tadmwf‘fn%%rﬁ%nf SOBNEPCR s {8t 1 Ble 48 éfepre%%giﬁg%@ WMhddling
the "prevention of cancer” as referred to In the clai'ns o he
pr e3ént cinveefromorcuiCingnivpthe pesstintanase, aduimisereg 4 babpasitioneafamedtto herein has

S uppose%et et ?lilaq c%rrllc%r %gr?no?fde%e %ngtx g%ra%?l}{al\l@(;dc h Pp&%ntrlrgns }sl 1% be differentiated
from “cancer treatment” in which a composition referred to herein would be used for the
treatment of cancer cells which already exist in the animal body or in other words for the
treatment of an animal body already suffering from cancer. Sometimes the term

25  ‘“chemoprevention” is used. Like the term cancer treatment, “chemoprevention” also refers to
the treatment of a patient already suffering from cancer and is not to be mistaken with the
“prevention of cancer” as referred to in the claims of the present invention. Chemoprevention
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 treatment.

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



severe side effects for the aninmal body undergoing this specific kind
of treatnent. 30 [0048] |In another enbodi nent, the conposition
referred to herein can al so be used for preventing recurrence of
cancer after undergoing a cancer treatpent. That neans that an

ani mal body which suffered from cancer 14nd whi ch undervent a

treatnment to heal the animal 14 body from cancer uses the

conposi thody froef eanceruses theenosinesition pefevredto heaeiode pfavem sagoerdinm revgeurring.

{1 ni shedndnt Fagongisy F5 Aaa i aied NS Pt BB R gt o heal

The di f f@ic@RCle hRindi bOMg BbRTcMAAC The HIFRAENTRAS ah SnpARL dan@P trbhifich@Gbased
that the conposition referred to herein is not used to destroy or

stop pr omithefast iheh e wimpositioareigard so berein ia ot wsedith destpryewrester poliffration
cancer" V, i [ C re rrin "Cure" o
“hoar &8RS LRt vft o e PRRSHRNESE bR Wl RIS ies gt gt From
absence redectirigs “Curedydrptieal f refa@neiefo, haoifpis @ie€iné® FlifRAIN adlthe permanent
conpl ete_ response as di sappearance of clinical evidence of cancer.
[ 0049] 'ebsgceroft Hgnk AEFYMPIRRE S @BCHn PORPIE S¢MISHEMCT: FRAPIgEntespgnse as

cancer "aﬂ;\eaﬂ&‘éofkliniéaq Sldeld A daRg0r removing cancer cells. The
modarl 1 t

maj or I es of cancer treatnent or therapy are surgery, and

radi at i ¢o04Ner &pundet treatnomd] rederel td agekind efkoowah tidateeas el canaadwhich aims at
che the?gﬁ%ﬁ.for system c di?e e). O her #qgortant nmet hods i ncl ude
hor fBnae! By (987 VIRe FCPReePlIs ahipiaior magalifics of sanger Fratmenerdicrapy are

breast canes) a4 r&NAFEhE S)zg(foriIHEHl' Al ﬁ@éaﬁ?%%iéﬂﬁ?ﬁ%és@?%d ARMbRRAS S for

i nterferons,” and ot her bi ol 0gi c response no lers and tunor

vacci nesystemisedissaec)oOtlieh inippftartentthedsi inglude batnsonak thehapys(foretel astriddsyicers,
agents that exploit the growi ng know edge, of cellul ar d nol ecul ar
bi o ogy it 4 RESESs Cateet n oAt o Figh: o ul e heieaunBemey dtdgdonal
[0050] hitigRR&! Hterfer6@) R otheSbioRisd A& He hbdifRfreind inforahedifesPfthe use of
cells (usually derived from a single cell) that has |ost its nornal

contlp ol diERsprtiatiaEageniY suehrs etinoidhaegls Hiabexreibhereroinedinonidedage iobeyllular
lack of agél Infog%:ﬁﬂl} b%ﬁ%dllﬂﬁﬁlreg 6ﬁﬁ€§foﬁ*%@rﬁfcﬁ@d tr &} ntgfo% %apies.
net ast asi's. ncerou (mal 1 gnan cells Can devel op rrom any

tissue WA n &myerergdatreands” (odvneidettd t6 edfbiStogr gzmpbﬂcelm(hﬁdanw,eritéuz&om
forma mass _of cgancerous tissue - called the tunor - that can invade
and dedtSnge ﬁ@f)ntaﬁt j l9steitt nermad gaatrolyRechagisms and Hps hasopgpgulatgd grpwth

abnorma . r : o] (0]
Epélgléfe?-:}“%tfsbn?, la iffeteHfiR{ch, ?jﬁ:ﬁl H&u ?H‘éﬁf)f?,%d, Bﬁés]'g ?rgég%ga%{s. E8ncerous

Cancer o romthe prinmary itia ite cah
( mefast éwalz@ant) lvelbs ginodivelopdidodyy tiGaeodtionsny etgas. Aeveicomut cdin grow and

healthy cell.s jn 25 conmpl e rocess. cal l ed..transformation. The
fooL Y paliny, (Wb Tos coRER S IR R 1 Falr SR B e oo Hyade and
cel I's gaagidyCndiRlaf hlljabent itRsdcBTRNARY “BAFEt HIBS th nt ﬂﬁoﬁﬂﬁi%[@ﬁzﬂﬁﬁr mass,

structure) prines the cell to becone cancerous. The change in the
cel|'s Gonascen hecanceus PR LORIADERTOUS. Cancerous cells from the primary (initial) site can

spread (metastasize) throughout the body. Cancerous cells develop from healthy cells in a
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 é-tocotrienol
30  can prevent this initiation.

[0051] In one 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



spont aneously or be brought on by an agent that causes cancer (a
carcinogen). The conpositions referred to herein which conprise at

| east one of y-tocotrienol or S-tocotrienol 30 can prevent this
initiation. [00511 I n one enbodi nent, ﬁge types of cancer which can

be treated using the conposition referred to herein can be cancer
caused by genetic mutation(s), such as chronosonmal 15 abnormalities,
or cance@bneditias,wy cangeansavsed hyctirusess, pugh k¢ papllotha ydeses, EpseioiBarBairns to
virus tq nane onlfé a,IteW. Two mmj or ?rou s of ge@es resq%oEsi bltet.for
genet i ¢ WHFaPTSng Be TERBYCREOWRAOF BYEFS STRBRPERIS for geyhiglc mutations are
mCOgen%ﬁc@%@ﬂe@Bﬂ@&ﬂﬁbr E@pIEssOf gk MBIncGRMes ard RbHrAaD AAGeseAdrmidl adenes
regul ate cell growth while tunor suppressor genes are inherent genes

5 that pPENC-anGogERes) Hag ssgulage Wllsg@wtgrvmnl@mnpépjmpresaqfcgeaﬁ%ar@rmhqr@mgenes

for det i I i At J .S T . in .
oo 118, L AQER B0 Son 0 0T BNELE  SHILE gk i
t he nut gkéveth sifnabniaaghncthue) intdeGRitoameanusederty teheatedtrafietsosithef to cancer
tumor suppressor genes. [0052] In another enbodinment, the type of
cancer Eavef R¥thRBUtatgR of enepgengs;arite egncepcaused by MsHBRGHGILOT tuirEe FyRpressor
nyel oi dglegéélgem a, malignant |ynphoma, nyeloproliferative di seases,

or solid tunors. In still another enbodi nent, cancer refers to a type
of canc¢@038hi chn canthel rolbodenenuthel gpaaif tdnget edh timcluiel doons nps kinnted to

cancer r.ost at ancer, colon. cancer,. |liver cancer, bl adder,. .
Candlr RSt Rk Ents hiyefoi [FcER e Fiatignint ampdi el PR e ve diseases,
to progtabgd SRS In MHILARShEARGBHdiIRlenRRANR TRfLS K B t%@fgantc?]ﬂe Qh#th can

further enbodiment, the 15 present invention is direc .
pr event imghudsi bpt sneft lamited taoplanbala @gkinneopérasprastar) ¢dncey colohecancer, liver

recurrercl:ceceof 1§%§estcat eei trattagitheli li neogl asif;\ SPI ’r%% after - refers t
under goiAg % & AR PRERY S5 AT CRSCR g ORo TP BRPIE S3pcer refers to
conpri SipRgtdé ch@Rs! bRA® @ncdr bO G dnoaRO{skil candeDCThrd BRfer enidddBdnt, the
Vitamin E is conposed of two main conponents - Tocopherols (T) and

Tocd?ri OFSFE ipyEionTis diveeted o lthe preggntwneotipsasiateriairanpithelinl pgepase (PIN) or
Toget he i . 1) (o¥X' .anif |

or ot g iekRE PREL L) Ah Pl ORI 3B A LB e
ant i - oxibgadinirsttrindbatenpasiti@cé@nprivngsitiédsannd of y-tocothienl oal-tstdtteialr es

of the tocotriepols d.the tocopherols, which differ ognly in their
otr uct uldB 3 &1 ﬁﬁ(%ﬁ?lgpﬂ%edf ShE¥P MR cERRANeRENs| Togipherlsu(al end

phytyl  sidgichat er‘p%é&ﬁ%‘p@{)y@b hre fH0fd HRMD gaaﬂ{ Q8 %tggﬁe]emtﬁ e8BobhSols

hydr oxyl group on the chroman rrng acts to scavenge
cha2®- p(Dp duatprogdpesiguificaiir ger@ofraaticadat a@eperidiatidivang ¢dils. This common

ocat) OBk ) R R S o SPBEEDS B e

(a), betcgopRdrolsORATER differ only in their structural side chain (contains farnesyl for tocotrienol

or saturated phytyl side chain for tocopherol). The common hydrogen atom from the
hydroxyl group on the chromanol ring acts to scavenge the chain-propagating peroxyl free
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 (3).
[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 d-tocotrienol is used. y-Tocotrienol and é-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



(y), and delta (S). [0054] As described, for the prevention of cancer
or for the prevention of reoccurrence of cancer after undergoing a
cancer treatnent a conposition conprising at |east one of 30
y-tocotrienol or 6-tocotrienol is used,_ y-Tocotrienol and

6-tocotrienol are isoforms of Vitamin E Vitamin E is conposed of two
mai n conponents - Tocopherols (T) and Tocotrienols (T3). o
Tocot ri erepifecaptrayurge eff anfinexidaitnagfivity tpatlinliying calisgekhe cowimadn anti-oxidant

t ocopher gl. OVi de si.gnjific ource of .
ant i+ oxi SRt sl Y sPRTF % PPl Sthe RBHIERoRlap s osppeols
at t ri butshigtediifRee balytin@h&t Birhddiral ¥de Rhahgoa@aths Sridsgl frascodfiedo®r saturated
tocotrienols and the tocopherols, which differ only in their

st r uct uPAYtybsigde claim iy "?Q%’E?fé’ﬂ)ns farnesyl for tocotrienol or saturated
phytyl sg chai: r.ol) ' te.t O [.O d
Pocot ri LRI carBrel SRERBAELAI el Toting BATCICTARAGR! £8°m.
consi st Totopheedls comsid| ofrd dgomadolaridd andmbidncdribon taileddrived fforomMomogentisate

h t] H d phytyl di phosphate, tively. On th _
ot hor hAHOAL B HOMIAEHBTLs: TeSheebuR 01 yF; GHFL QEOhAroRisTsls cier
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Formula | and Formul a and "t he descri ption ow ng It provide an
over vi ewikbormula Hand Forrkwleihandthk aleswsiptibn folbophe itgirevifd an ametview about the

tocotrienols.(T3). R !j /s s. toco rols ht @M M M Fornul a |
~0 géA g“‘éw? 1%}_0%1sr091%0ph42rb}%1f‘) pRgocqigie 3?{353 tocotrienols 6 nt M
Formul a |1 R2a'"t 35", 91to"' 12 M 11X Me R [0056] Formula I

(A: R = RIXERR3 = Mg, known as a(al pha)-tocopherol, is designated
tocopherols

Formula [

15

Formula I

[0056] Formula I (A): R1 = R2 = R3 = Me, known as ofalpha)-tocopherol, is designated
otocopherol or 5,7,8-trimethyltocol; R1 == R3 = Me; R2 = H, known as, S(beta)-tocopherol,
20  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 d(delta)-tocopherol, is designated é-tocopherol or 8-methyltocol. Formula II
{B): R1 = R2 = R3 = H, 2-methyl-2-(4,8,12-trimethyltrideca-3,7,1 1 -trienyl)chroman-6-ol, is
designated tocotrienol; R1 = R2 = R3 = Me, formerly known as {1 or {2-tocopherol, is
25  designated 5,7,8-trimethyltocotrienol or ofalpha)-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; R1 = H; R2 = R3 = Me, formerly known as
v-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 é(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



a-tocopherol or 5,7,8-trinethyltocol; Rl = R3 = Me; R2 = H, known as,
O(beta)-tocopherol, 20 is designated, /3-tocopherol or
5,8-dinethyltocol; Rl = H R2 = R3 = M, known as

y(gamm) -t ocopherol, is designated y-tg opherol or 7,8-dinethyltocol;
RL = R2=H R3 = M, known as 6(delt ? t ocopherol, is designat ed
6-tocopherol or 8-nethyltocol. Fornmula Il (B): RL = R2 = R3 = H
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W.% In another exanple, it conprises a mxture of y-tocotrienol

and a-t 6eBPPIIERI | V\/ner ein y-tocotrienol is corrprl sed in an anount

of 4 w d 0
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t he tot ?éast PR P bf hpféllst 70 wt.% or at least 80 wt.% or at least 90 wt.% based on the total

weight of the composition.

[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
25  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 a
further 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 y-tocotrienol and
30  &-tocotrienol in a ratio of 1 : Y wherein Y is less than 10. For example, y-tocotrienol and
8-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 §-tocotrienol in a ratio of 1 : 9. Thus, in a



[ 0059] In anot her enbodi nent, enriched tocotrienol conposition or
formulation refers to a conposition or formulation conprising ganm
or delta tocotrienol in an anount of at least 20 10 w.% or at | east
20 wt. % or at |least 30 wt. % or at Ieasﬁ 40 wt. % or at least 50 wt.%
or at least 60 wt.%or at least 70 wt.%or at least 80 wt.%or at

| east 90 wt. % based on the total weight of the conposition. [0060]
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I n one C r t
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active agent. he cont ext. of. t.hi s .enbodi ent ntl ancer. active
agent SSRGS LR (SR e P 0 58 FBRES diioegalivc, or

such as pengarYsh& bBlysR@Raride@XRch as polysaccharide-K (Krestln, PSK) and polysaccharide
peptide (PSP) isolated from Trametes versicolor and Coriolus versicolor respectively, or red
carotenoid pigments, such as lycopene found in tomatoes and other red fruits & vegetables.
25 [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.



tumor necrosis factors (TNF). [0063] In another enbodi nent, the
conpositions of the present invention can conprise further

subst ances, green tea pol yphenols, such as epicatechin (EC),

epi gal |l ocatechin (EGC), 20 epicatechin gallate (ECG, and

epi gal | ocatechin gallate (EGCG, or orggmosul fur conpounds, such as
S-al | yl mercapt ocysteine derived fromgarlic and allicin derived from
garlic, [B966]pr dnepne bmbﬂ@imhy@&c@h@ﬁl Hedy 1smmaagn¢iolﬁr®amtﬁ3afowdaan<mals
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( Dacar baasddeghend@teay, kot otKaifreve HeOsibdibe sGAMGR tintd@R)3 hfonths. Therefore,
responsi ble for the largest nunber of death cases anong all other

candér s elexibesieaiiomt SugEiea RSt st HIVIC sicouegiswientechat ur e of
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devel op I sease upon agn05|s an I'"evi y en
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remai ns no cuyatiyve tre ment ai nst Hor none r fl‘aCtOI‘g prostate
cancer Ceﬁrﬁﬁéeral%leiﬁrssog sucqergluhps teraeipg s pere i gienused Fupprirslls Byt spare

HRPC paiiSilisivel & Q%@e?ﬁ/ﬁff)%lremtaac%ﬁg ADRIOLAREI3RN c&?sn céea?:%% %t%a%ﬁy fCscs)

the median survival time nont hs. Therefore,
t r e3@ nente tbbugﬁégbeguagmnhsmmmwoahf: maneim:ﬂem]}ngéhls Ipyopwﬁgdmkes CSCs
,E 83,2% STO- ag}gg 49i¢ gemot %?a%gutl Qil'urég \}/I'H& tcaz%:getulg‘lgm yf th%uchlgegr rtegleca?ﬁg cells. In
addition, prostate CSCs do not express androgen receptor. Thus, they do not respond to
hormone ablation as mature tumor cells do. Owning to the self renewing and differentiation
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
v-tocotrienol or é-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



HRPC i s not conpl etely understood, however, increasing evidences had

put forward that current therapies are only successful in targeting

the nore differentiated tunor cells but spare the putative cancer

steni progenitor cells. As for nornal s%§n1cells, cancer stemcells

(CSCs) 20 are thought to be quiescent nparing to the mature cancer

cells. This property nmakes CSCs resistance to chenotherapeutic drugs

whi ch t &pgerisingiatllgast pee at vitgeatsienod or idctacetigndeandsDogetaxehenil/o1 Bagarbazine

prostat e ess h t.h

R e e L L T R T e

sel f rergwi RthatdsalisOf @RAE sty grerfoabéd iblyythet ﬂﬂ@&nt@trsemdﬁ@@m i @dxicity after

regenerating the heterogeneous tunor population (with both 25

andr ogerﬁrea@p@méﬁhttogmﬁemqiﬂéﬁémgp&oé (0stnghe.che Fsplipfiemabisatidyrshow that

which a r C ositio

prcstnt PRUBP! iSRmebtiRine g0 7% Sute ol Bt SOTRRRG AR ficohPhation wit

6-t ocot fi @ieﬁiotﬁe@gﬁhherdnyg, tsficiDas Bodutakel dnki Dacrheak, $rone tfeafmd@f cancer,

first tinme that cancer, such as prostate cancer, can be successful

t r eat ed Sheh anmAkgasl mejanomay breay canepri livericaacery dladder sancer.dpng gancer, colon

her ei n ventors denonstrated herein for the first

tinme tha%%ﬁ% gafg%h%nhg Dacar bazi ne-i nduced apoptosis was found to

be si gni[ tD(ilTiant Teehendsdof thet dxpefimestenefenell ta heteinpoafitm dfor kief fst efind cthe

stln synergistic effect between a conposition 20

miP. s.ﬂh qnéagﬂ%r?éﬂmayynttef@mﬁoé EFD B SamadRRofic@abindycgd apoptosis in

DOC et ax %hnéﬂ@él@sr shacal tha Q9 RN HreLPREREr CEld %I%Ek% &ﬁfé‘fei OWrth

cells, breast cancer cells and prostate cancer ce The

dose 50 n@hﬁﬁﬁ)thm ﬂmﬂNKepdtbwme(k diso krwevn toveenneclsed mcheﬁalpeptosm idmced by yhe

Ceeul t s henhERpetic duk Yt e e e, Tiare retardiies o ong egption.

as a saﬁteualadthszfefc%tqae@m{eul b§ ane Shvadent whBtheP TRioRainbP hodekdts @nerglsuc
chenot her apeutic_drug, such as Docetaxel and Dacarbazine, for th

treab rremter@ﬁﬂ@hwab rDoce@mdrﬂnésDaﬁmhagmaﬁs a preduirgraativasion ﬂNKambway To this
[iver caqﬁ %1 der cance cer r ost.at
0 E]

ors comipare ]the %Iﬂggro%? eration capa%ri%tg ro%na. ecp thré'lpie_'utlc Srug

cancer. e resu Xperinentsr red

confir mafcme drhee- ti'ttaltzﬁénttw;ﬁetdch@lendl()Rbﬂﬁﬂdabmﬁbasdbudd\lﬁapﬁiﬂiwﬁéﬁ fréatment of
tocotriengl, such as gamma-tocotrienol, induced apoptosis in cancer
cel l's, Lféwn@éh%qea%ﬁiﬁug:émi Jogirignod it rofntoesrherdly suchr aspeaamattacopherol,
cancer e JNK pathway is al so known to
be |nvo |ﬁM§%§{Hnﬁﬂbt%g?§ﬁP @ﬁ%g%@%y t he chenot herapeutic drug,

Doc2@ ax {:(DO’?aﬂld Dhe ameamirnelso Takidribattithe senpositibrsgsieirad o baeisi dde naddubag the

L v SUSES! 5 Bussioned DY e Jvent oL elPer f popiEienale 1 oo

as a reghbbditfenfGhd ¥hp RNk rddKePR HUEH intiBit Y Rtivity of Id-1. It was also found

that the compositions referred to herein inhibit cell invasion, i.e. cancer metastasis, through

restoration of E-cadherin and gamma-catenin expression. Thus, in one embodiment, the

25  compositions comprising the at least one of y-tocotrienol or é-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 treatment 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



end, the inventors conpared the anti-proliferation capability of a
chenot herapeutic drug alone, or co-treatnent with tocotrienol.

Remar kably, it was found that conbined treatnent of a

chenot herapeutic drug and tocotrienol, Fut not tocopherol, such as
gama-t ocopherol, resulted in higher % oportion of apoptotic cells.
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di sruption o uncti on e arrest, opt osI s.
suchQ Délfawabzzimep i s used for the treatnent of various cancers, anong

Lhem ray gpant 1, el anone, - odoki n Lyophame,, sar.corm,  and ke S8l be e
tumor mass or masses and finally to eliminate the tumor completely. Thus, reversing cancer
means to cure the cancer, i.e. to eliminate any signs of cancer in the animal body. “Inhibiting”
or “arresting” cancer means to stabilize the tumor. A stabilized tumor indicates neither

25  improvement nor worsening of the disease.
[0077] The part of the composition comprising at least one of y-tocotrienol or
6-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 d-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.



15 [0075] In another enmbodinent, it is referred to a nmethod of
inhibiting or arresting or reversing of cancer by adm nistering a
conposition conprising at | east one of y-tocotrienol or

6-tocotrienol together with

(2R, 3S)- N-carboxy-N-tert-butyl ester- 3- %%enylisoserine 13-ester wth
5, 20-epoxy-1, 2, 4,7, 10, 13- hexahydr oxyt ax- 11- en- 9- one- 4- acet at e- 2- benzo
ate, tri®/&d at én tl(e[m@tép(égémjnmtmg @y arresting or reversing of cancer, the cancer can be in
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(Docetaxel). In stl Il anot her enbodinent, the present invention

refers eempaadssh watergolbHized fanmoef @ enmpasttiongeerre éabercigman be obtained, for

example, by formulating it into a solid dispersion. Other methods of formulating water-
25  dispersible or water-soluble tocotrienol forms are disclosed for example in US 5869704,
[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 matrix comprised of a pharmaceutically acceptable water-soluble polymer(s)

and a pharmaceutically acceptable surfactant(s).
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25 [0085] In one embodiment, a dosage form can comprise a solid solution or solid
dispersion of at least one y-tocotrienol and/or §-tocotrienol or a mixture of at least one
v-tocotrienol and/or é-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 (Ty) of at least 50°C, or at least 60 °C, or from about 80 °C to about
180 °C.
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2,? ﬂy| g:H aggr a e/Hycg pr!ﬂnyg CU| térg/Fatq ?.{Iopo grr{lgrlsoxs)o y&yﬂroxyalkyi acrylates),
poly(hydroxyalkyl methacryiates), polyacrylam1des, vinyl acetate polymers such as
copolymers of vinyl acetate and crotonic acid, partially hydrolyzed polyvinyl acetate (also
referred to as partially saponified "polyvinyl alcohol™), polyvinyl alcohol; oligo- and

25  polysaccharides such as carrageenans, galactomannans and xanthan gum, or mixtures of one
or more thereof.
[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  orfrom 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 receiving
higher HLB values.
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pol yoxypssRY! e shloftms QRRIEHABE heflin can be provided as dosage forms consisting of
several layers, for example laminated or multilayer tablets. They can be in open or closed
form. "Closed dosage forms" are those in which one layer is completely surrounded by at
25  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 inner 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
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propylene glycol esters of fatty acids, starch derivatives, surfactants, sucrose esters of fatty
acids, calcium stearoyl di lactate, lecithin, or enzyme digested lecithin / enzyme treated
lecithin.

25 [0098] Cold water 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.
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i en oil. The m xture can ftermar

ari 48 1 Beds%) i ShlaiRer s e L FrEr g 0 SQ%‘?‘%&E&I%’EHM%

referregnd %ﬂ‘@l{ee'cﬂm%@ﬁtlgﬁs Rt RiREhiBYs RERYe Q' R0 hetfh.t Aa9t KAGRP ! m&hbd of
liquids as starting material. Afterwards, gelatine, corh starch,

sucrose fmlatagc&rdhyborpmmmm camabe wsddedhin bnene rvduidireert the meod of
tocotri enal b‘ m xture § aﬁra dried.into dF% beadle&s. 27 1
[00100] B RN SH‘%‘r rful SEPEHE i CHFPISFOWPERE it 168U P o iglTent or
del i ver p.teéotiififo] alvan € (2R OFPN et oS -hidnlisdrerifd, r UkAltRAtYestotst BRsAr with
t he animal body via subcutaneous, intramuscular or intraperitoneal

(i.99) ﬁ.%oeprwﬂs’l 4., 18r18hexabydremytatl kead- eRsshgesiatefrspgeaine gl ydbydrate
Iersrbgm Wﬁ})giﬁgggﬁk :’gﬂé‘iig (ﬁlégl{ﬂgfaﬁ{lﬁgi{)@ dﬂ ﬂ'ﬁﬁlge@&n@rﬁ?%oléaﬁ Cr’:ll‘boxamlde

fornula(Dmmﬂm&ﬁﬁlol] Thus, in one enbodi nent the conpositions
referred to herein are, adg?nlstered in_ the formof as a tablet,

beadl et [0P3 J(sE{ ‘?)mtj‘é}tm% legtratjuely dpscribeds horpiaqmay susably rher Rgrtagedom, the
oi ”Iaﬂé%ﬂ&e aﬁE&b&e efeﬁ{eﬁw Qﬁﬂ@d@'ﬁoﬁroﬂ ImBRGRRS %Laafsﬁsaﬁ&ﬁlgu?mclo

Encapsu ated f or exanpl e can I nclude conpositions encap
i n phos phwln. i bds, foiO:xEu@@leZl}e tennst“r:dnhplasmg hé'mchsim%ft "canteenipgg sentshall be
I nventi ?er;\dre%];)glgs?vetly and w1h10ut llmlta 101, ufi(?cﬁ 1ona11y, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible
25  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



any of the conpositions or fornulations referred to herein. Any known
met hod of fornmulating such conmpositions can be used. Thus, in one
enbodi nent the nmethod of nmanufacturing such a conpositions conprises
m xing at | east one y-tocotrienol or Ng-tocotri enol with

(2R, 3S) - N- car boxy- 3- phenyl i soseri ne, §ert-but yl ester, 13-ester with
15

5, 20- eporgativediditationGem8ving aah pulrjostynatter fibnetheeons regaptiests af evlzthee or pot

?1:5% tS“ ! dratg%ﬁﬁ{f%%ﬁﬂ@ﬁ%ﬁ%ﬁ?ﬂpdazol e- 4- car boxani de

( Dacar bq@@mz Gt081P} odihents BaRiihifMse follbWsdg @himssind ndBSEmithRtxBRpEIsNn
may suitably be practiced in the absence of any el ement or el enents,

|i mit at iaddition, where fepturener, aspents epibeimvicaton yrecﬁegqﬂb@é agtermyofidagiush groups,
Thus S hgtrqs%bﬁ‘f%d % t}}e St %v?lf @:Pgr? %Tgnalt ﬁ}ehlgv%nt on 1 Hg 'tlr?egebyA 0%91?6 %' 1nI nl%’ls’ of

etc. € read expansi ve onal

t he terlﬁﬁymlmmﬁddﬂﬂﬁsﬂf@é@yﬁﬂneﬂﬁr@bﬂmbaﬂﬂkbﬁﬁ@ wsed as terns of
description and not of |limtation, and there is no intention in the
use of such terns and expreSS|ons of excludlng any equivalents of the
features shown and descri begyej but it is

recogni zed that various nodi gl ca | ons arzéggﬁbb{a 25 within the

scope off0a1dé&] i nverih ither follawimgdexpEhintentsi tthes hotipdoliferatine exffettoofl thdalifferent

al though th ent jnvention has be eC|f|caII di scl os b
pr efBr r depoBhEBHERb fCeisal | Spmesngiing MEAGREcell ke Ty awweéngt wad found
vari ati o ofy ﬁlleeelgkﬁvﬁﬁlﬂlf?']’isg%me%dbﬁd1nhhﬁ{ ﬁiegprjaﬁfe?ét{bndbisﬁhfgiﬁﬁqt OB cad€er

resorted to by those skilled in the all, that such nodifications
and var icellsd. ﬁlhs pateacy eaisl lbbwemh daoh memertvithn tHeheT3 bapg thef modtipptent. Detailed

i nvention. 15120104 The |nvent| on has _been described broadly and
gener | c &y qfe isifecEqE n-ToF revealed fhaty vildrtregbmenteaf ﬁxﬁdt“%@@@ﬁemcceﬂ lines

gr oupi ngésu{tgt“ uc\Mo:anBfrh égt%sge&ﬁ{ch%ﬂ'aﬁ&l Ot &it t]’?é)dg lﬁll%nt 1Qt§1 (])oro—

t he i nventlion. eneric description e I nven
w thsa paeisad tcarrs &8h asdgdtorEBGFR. rMbatwlﬁh: aamaumm of H‘m& as&u iyaetvatioatdfeNF-
fromthe_genus, regardl ess of whether or_ not the excised material _is

speci f i B V§reraeq p r\ﬁ-‘ér@é’reﬁ the[ Beatspt. @HEFiOérﬂf&a{I%éPﬁ‘gtYa‘?kSRﬁctﬁﬁ nhibyter,
fol | ow %98561625”50%?0@% al met :s,ﬁngltiﬂ‘\‘/xtg g%‘&) {Teagmggt 1}1 18&&1 mﬂfﬁE She v-T3-

feature aspe e nventton escri

Mar kush i gr@sP gpoptesid ROsEdigtel Ith@dgh U'NKhﬁ%ﬁdlimg\béthwE?CIﬁ%ﬂﬁﬁnt ﬁlqte, fe&¥@ment
invention is ali)so t her eby descri ed in rms of any individual

nenber  alsoswebigragiu theobxpressinar sf di-cadheridaycashing rod pupﬁmakl tMENKALession of

00106] 1. In the following e erl nts
ant 10 or BlePHEAR] amRpiSc i oeloREIG, P oFSUTNg i cUBI® ofngell invasion.

tocot i ?xﬁgﬂesﬁ@ﬁﬁb%cé{ﬁéﬁg o{rqb@da%m@shchu&a NGRpURS #REMIBERC 0 e ¥@Sificant
u

enhanced in the presence of y-T3, demonstrating a synergistic effect between tocotrienol
isoforms, such as y-T3 and chemotherapy drugs (Docetaxel and Dacarbazine) against
melanoma cells. Since previous reports and our lethal dose 50 (LDsg) study (data not shown)
25 indicated no toxicity after treatment with tocotrienols extract (LD5,=>2000 mg/kg), the results
from this study suggest that T3 isomers can be used as a safe and effective anti-cancer agent
either 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,



that all the eight vitamn-E isomers can inhibit the proliferation of
mal i gnant skin cancer cells. The potency vari ed between each isomner,
with the y-T3 being the nost potent. Detailed study of the effect of
y-T3 reveal ed that y-T3 treatnment of tE two nel anona cell |ines
resulted in induction of apoptosis, whifth was associated with the
downr egul ati on of the pro 15 survival factors such as Id-1 or EGFR
Meanwhi |@A) supplomentedivids 2 giwoldda glutaeing v Gial ehlfNpunx € Graad d s penicillin

observed, after th Leat t.~ 1 Rhibjtion of  JNK gcti.vit i.fi.c.
"o bi ¢ arer e EEh RGPy HeRly Bartoalit bk by R ihhiitor
t r eat menBigna8idRh) Werd digolielan Mimhethylsilghis @l PY OFtieStréSmBR o Rktiofs were
t hrough JNK signalling pathway. In addition, y-T3 treatnent also

rest or ediiifd iaxpitessediinfo ehteiadhedesired poregniwionsand suppressed the
EXPrassighy (@;j 40 ?E SEn GI*HéE@fenBﬁ?ﬁ {o%ofgﬂér&'%lsﬁﬂ%g%vei‘ig 'ekﬁact&f" s bhiffed Bom
ce nte Ingly, cetaxel - or

inhibiti-on o i nvasi on. res

Dacar baziahe oilngingdolaap pfe@iicncadSinfaone) separbiiorsiegimdlo garudepdiande@PO)
in the presence of y-gS, denonstratjng a synerg%stic ef fect hetween,
t ocot ri dffs Was RBehasit o feyala buppinKepeneddashast Ksingdle eprigpeondtng egiignol

and Dac I | : i revi
our | o R 2t 3ORIRE stk ANATRUGE) ofFrs T RoREEN A FerliRHRE 2257 by
t oxi ci t yhigh peforinaedd lighid ciwbinbtdeedpbly( HPNQ) pesithgecired (2050ea}000 ny/ kg) ,

i ci t hig ot Heno) £ 1 kg)
the results fromthis study suggest that T3 isoners can be used as .a
saf d0and0@Fl0dcthild ant iCellawiebitygaidy and; timercorssnespsriment cdiopicgltvighlity

W th ot e, CHEPLARS G edl i 900 90 hOBULIEAL TRRL B0 JIBL LAJAN o6.we

mel anona. errals and experi nen condrtion

[00108] platd.. TheMidlia vt tiedl theatddneih diffdrént@shidmtratiGanst the @itsmanH isomers for
chem cals - Anel anotic nel anona mal i gnant nel anoma ( G361)

C32), | | , .
cel | s (Afdus. fRBekiheltreatmepd) 20 yhbe 3rfﬁ:i)5n1i)7@F€f‘i thiazelheyh-2 &-iphenyl yetrazolium

medi um rec - lLLavi t rogen, S ; o
Cunpl RO BHE T 2o e OB b RER w BAdRRE e Wbgied o3 C for 2
and 13% pediThel foiazaf tkRRIOMLES theRtre-3udpehdedi 2002.] JPIDRISTXEhd the intensity at
Dacar bazi ne (Cal bi ochem) and JNK i nhibitor (Signa-Aldrich) were

di ssol vé#sinm dvavembasirad! ffoxiJAEK (DB stide, tellsawmenpresiotaed onh Hendd of

di luted] re.mediumto obtain the desired concentrations.
00100) SPRRSLISTEE StFF Bt oula 3o BR Ly BhTeh Ao Rare Heid basiteiedndx 0
purifi edefldy @8e kel With dHEr&E BAYGSratibiLoiSEE QNERIN BliRERRY LR were subjected
separation technology. Crude palmoil (CPO feed was purchased from

Kual a LaorpUrT eedppiodjicBeidnaassaygithegindinateddimeppot di 6. fosdlat isbamois >100 uM,
i soners 85 L@e riageren e standard, the gﬁit of T3 and T isoners. was,
ver t¥i ed'P ¢ ewﬂ_ 7 I as ﬁ’ieaﬁﬁn%'érqoé"i‘%?a ISF BT WY S EPEYF |51H§e times 1n

(HPLO)  RgfIcant welf MHGhe fidAl BEhes showed the means and standard deviations.
[00111] To test the effect of y-T3 on the cytotoxicity of Docetaxel and Dacarbazine, cells
were co-incubated with y-T3 and Docetaxel or Dacarbazine. After 24 hrs, cells were
subjected to western blotting and MTT cell proliferation assays.

25  [00112] 1.1.3 Flow cytometry - Cell cycle distribution was examined using flow
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.



10 [00110] 1.1.3 Cell viability study and tine course experinent -

For cell viability study, 1x104 cells resuspended in 100 pl nedi um
were plated into each well of a 96-well plate. The cells were then
treated with different concentrations g)é the vitam n-E isoners for

24 hrs. After the treatnment, 20 .td of-~3-(4, 5-D net hyl

t hi azol - 2-yl) -2, 5-di phenyl tetrazolium brom de (MIT) solution was
added i h0@18acH-Ml | arldatrige-ipedsion wesay  nilabigebthvasioB 748sfHorw#d pérformed

hrs. The for. t ‘e th - ded i 0 f .. DVBO
Dha t no SPHTARE: P SFARELY piFldet HEdulH SRt BEREGRROM, bt ReUt e pre-
cel |'s wek®@bpegid & eauedrvé REVAQ 6D afedivBP @@l SwitiRfut $-ThriSorRérk ¥ 240nd Neells

addition of vitamn-E isoners. For tine course study, 5x103 cells
wer e t r éasel)’Wdshsptnfiékine 500 pbof eertimafrécoREMIf | GdBecoutairng 6-1E% lsoiime serum

and were _subjected to MIT cell rFEr oliferation assay at the .indicated
t i med poithumin (Bp &b yergthep gadsdsiortpe uprerchagber off a 8 o perewiag ingerhdMildpage,

ri pl o rapg P20 dhap RS SRt SRRl SRRERIT D ML A BedtBrd, M)
devi at i oivge hlu@dd 1] ofTnviasish Buffer edohefiingf fibtodextian(10h R/} @heXRBMI Y1640

of Docet axel and Dacarbazine, cells were co-incubated with y-T3 and
Docet axétpriemeniedmitizi fe FO weie apldedhinsthedewpk cligarusr ag aishempdgiractant. Cells

nest er n RO G ARG A T 08 hesBE 81 6L RPN 8P 8@ iord Al RYEAELE frctbdion
Fl ow cytonmetry - Cell’ €ycle distfibutfon was exam ned ‘Using Tl ow

cyt ooret pyrioBinsefth Wwere edthinedverich MAfMV@stle dtdiyingr sobdstioni gEEchen Scienkfid). i Non-
70% et hanol, at 4C overnight, and then resuspended in PBS. After,. .

i ncubat iRdeg cdlls anpthedpden phihe nser) were seraped offeyigh p setitme e rdlhiny gsions

20 g9/ m,pr G @Hﬂﬂlﬂeﬁ (i)'ydaﬁ]i)}(agé-k%lgﬁlfh%t[) P BDeSHfa i%%de&%egg %feeém%tcﬁe%l Susing

37C. Cells were then exam ned LRIl " cytoneter and the resu
wer e anaktyadidn usiffeg (BOllodsi Bedsafll Wk p afdBeab¢ oall Riuotiensan, estvimatetiabased on

Vi ew, . Data e expressed as the percentage of cell cycle

distri bcg%ioél?‘ﬁnf:‘_ﬁm\t,\ﬁé "Bhtire population. 30 [00113] 1.1.4

Mat i 5 gelpd1n¥psitans assayyestdvhtvldtdgs - iIDARHGoReRhaVe beRldsefiR previously
according to a previously published nethod with nodifications.

Bri ef | yandatelknowarie therast. Briefliybesdaisates wers ereparddrvesuspavdings 4t pebetis imiysis

D o YN TPLLRER H, 26 B St e SRl S actitpRn e
al buni n sb@,SA)ml\%m:l i@pﬁohﬁm, agféégg% Fregpéﬂﬁﬁ BN Shn D APREN Bt Asdfon TG, For

size insert (Mllipore, MA) manual |y coated with Matrigel
(0. 5 nyhndlyar BEviBinoswitenden. BhwBostar™MayoteirFi edragtienir ki Wasf upgdy agradein

buffer containing fibronectin 0] and. RP 6 l,ement.e
ui 170 105 L RsP v e i PRy PRty bl (R Rse HPROETRRG Boual
CelI's wRbent REUPRESE 0 34§ Has B4dddl ontd) PNIERSHINMLEIvhESHmide gel for
conditions. At the end of incubation
electrophoresis and then transferred onto a polyvinylidene difluoride membrane (Amersham,
Piscataway, NJ). The membrane was then incubated with primary antibodies for 1 hr at room
temperature against E-cadherin (BD Biosciences, Bedford, MA), o-catenin, p-catenin, vy-
25  catenin, Id-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 (Serl80)/IKK beta (Ser181), phosphor-SAPK/INK (Thrl183/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 -actin and histone

H1 were assessed as an internal loading control for total cell lysate and nuclear protein lysate

respectively.



10 period,- inserts were stained with Diff-Quick staining solution
(Fischer Scientific). Non- invaded cells on the inside of the insert
were scraped off with a cotton swab. Cell invasions were then

exam ned by a phase-contrast mcroscopg. The invaded cells were
extracted using extraction buffer (M11ipore, Bedford, MA) and the
cell nunmber was estimated based on absorbance at 595 nm 15 [00114]
1.1.5 We¥léph Bi2oResully --Ameprplifesetiqy offast of wiamipd® Semarsdescri bed

revi ou n n r f |
D o RS RR 1 WP FSHLY s f ¥EB g M5B .20
Tris- HCho (a@ﬁl @) QM) Qrﬁﬂfdﬂﬂiﬁrfnhg'\ﬂﬁﬁ} ,poﬂrﬂ@\lm ré@ui\'ﬁso/(sl‘iiﬁﬁéﬂyﬁﬁphﬁh@m-g it8mers
SDS, rotinin, pg/ M | eupeptin and 1 mmol /I

phenyl rrsgm,ﬂcgm @rppresﬁerdutbr: md@]feranon of gigo|canger seldy €530 leandr GER)i (Bigure 21A).
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pol yacryl am de gel for el ecFrophoreS| s and t hen transferred onto a
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L emper af 376 TAgH: peo-Eeadneri - LEb 5 osti Z‘Riéic’d'siéff)?é T
a-caten (ﬂ)’ §ﬁ Ef“gtsﬁﬁé' e?ﬁe%%ﬁgs% Fﬁ% s1 &QE&& "Hjuﬁi’uc th 1nhéb1t101% cell cycle

phospho ave VI ITen

muspy e @ﬁfﬂbﬂltloﬁ\@f&ﬁe (:é:fﬁnﬁrﬂh Qr Uzitiudt E‘Pﬁ&@é’rﬁﬁﬁt weld) anaiyzed 8/ flow cytometry.
phosphor - |1 kB-al pha ( Ser 32/ 36), phosphor-l KK al pha (Serl 80)/1 KK beta

(Ser| 81$pnmq0@nhohefﬁm@w Qmeug With 6B ife,sullt@‘a)l anGeducARIGE SUMKG 1 NEL pBpyetion,

5A5 | h I |
Ao | otk M pebhod f AasRHY stECHnetle frelimerbbrieme 224, CoRS Sy with
vi sual i ﬁﬁ%&iﬂt @ﬂ(ﬁ@egﬁ_ﬁ&gﬁ@r At fbh bf‘ﬁro%é(@ﬁm ('ﬁ@eéssrk)émhs PAR‘Pa-Eﬁw}ilenced

NJ). Expression of in and histone "Hl were assessed as an
inter na y rmampnqamfrtbﬁ cleayed productgeydre Ww@ @rféﬁ%@ﬂihémateérmiedﬁferent

I tl 0l1 1.2 R | if t
of 0ot SRR [, MOt Rie) o mameusrd douafe® il StePrnsc
vi tam ng 1%té1§s°%fe9maé dbé&!éia@i%déﬁg n%ﬁélg%oﬁé?ster?tomth% 8kt 89 yM3 aRstnfedr on
varyi ng time points. The results showed that vitam n-E isoners

si gni f i mhrtitign sﬁmﬁimslsfeditlbhe proliferation of skin cancer cells (G361
and C32 Figure 2 5The|nh|b|t|0 of eII oliferation S
signifi ﬁ $ﬁ T3 ciybirestates g By va pasra a?tﬁiy%r Beraw,*ﬁm%rras

h d .
Shoved st sEociEnl A AR PR M sty 1BF RS A Al cpppiges
t hex(or dagtritiftabl @t e ts@ppreidreet NFScB/ activhBa® whs 2ofsddel&h FhENF-«B activities of

~a- Th(3-T~-y-TES-T.
C32 treated with v-T3 at different dosages were measured by examining the translocation of

NF-xB subunit p65. As illustrated in Figure 23A, y-T3 treatment suppressed constitutive NF-
kB p65 activity in a dose-dependent manner. The effect of yv-T3 on NF-kB signalling was
further explored by examining the expression of other upstream regulators, such as phosphor-
25  ixBo/B, ixBa/B, phospho-IKKo/p and phosphatidylinositol 3-kinase (PI3K). Translocation
of NF-xB to nucleus is inhibited by the IkBa/B protein, which are degraded through
phosphorylation by IKKo/f. The IKKea/p is in tumm phosphorylated and activated by the
PI3K. In y-T3 treated C32 cells, a dose-dependent decrease in the level of the phosphorylated
ikBo/B were observed (Figure 23A). This is associated with the decrease in the level of

30  phosphorylated IKKo/p, IxBo/B, as well as an inhibition of PI3K p85 and NF-«xB p65



[00117] To study the mechani smresponsible for y-T3-induced growth
inhibition, cell cycle 10 distribution of the cells with or w thout
y-T3 treatnent were anal yzed by flow cytonetry. Consequently,
treatment of cells with y-T3 resulted # an induction of sub-GlL cel
popul ation, indicating the presence of“apoptotic cells after the
treatment (Figure 22A). Consistent with the result of flow

cyt onet myglezrdtanglatétom. dhessrrendispadieatd that y-13 suppwesdd MB-kBARBvitashrough the
evi denced ., by tgg_appe rance. of tEfI§| aved products, were observed

in C32 dephosPharyatienangd qasuehutation of{x -T3 dosage (Figure 22B).
Meanwhi e - 43 | at i L r I :
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translocation of NF-KB subunit p65. As illustrated in Figure 23A
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dose-deg&Qd%p%mnanner. The effect of y-T3 on NF-KB signalling was

further ﬂ?g eg'by exam ni ng the expression of other upstream
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t hrough, phasphoryl ation by |KkKal (3. The Kaj (3. i.s i,n_t.urn

phosphoPy ESaaR SRR bung Ak diosphddSEnhS o Embith" s a1 dipep Jun
a dose- dapRAgesnt rdesteageaTRt hembeneds O APg PRAEBPMeYdctivedd transcription
iicBal/ (3 were observed (Figure 23A). This is associated with the

decr eas &ctass fpdulags, gane SRPITSSiIpM s JINEFAIE aprsapriatxfiolagical irespapges, inglydipg| cell
i nhj i1 i f K - : | t]
oelE 1 BB B P A\, el P BB Run LR BETEL 63 4 R0

the depgeaphar yoaédsenirAnNiac phesghétylation OhctiviBey [viere[ 06823100 [Rigwas 24B).
found that y-T3 treatnent al so downregul ates a nunber of the ke

pr ot ei nMeaptihile, phasphoydatieryof el devyestispmesffeckassl surhotgr A SEiZopr %iun were

skin ca I i I S l.d- j
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downr e04baid 98 BB SRR G 145 Ml Mol TR 00U SR, YWl 5% rs
together with 20 pM of SP600125 decreased the percentage of apoptotic cells 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 (ICsp and 1Cgs) 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



10 [00120] Activation of pro-apoptotic pathway by y-T3 treatnent -

The c-Jun N-term nal kinase (JNK) is an evolutionarily conserved
serine/threonine protein kinase that is activated by stress and

genot oxi ¢ agents. JNK phosphoryl ates t amno termnal of all three
Jun transcription factors and ATF-2 ers of the AP-1 famly. The
activated transcription factors nodul ate gene expression to generate
appr opr iimttieition ohdiged &y €3 portbe spmbac blidiahly cdlis|added mitgrtiat invasiamahamber
cell death. When C32 cells were treated with varies dosages of y-T3,

a dosag@erqéifefrient [hete readls i lcﬁfﬂréﬁﬁth%'gﬁh’ér%hi%tf? apniBie the fpvagion ghyldty of
detecte elVlg W%!F | ation of the JNK
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could protect cells fromy-T3. As shown in Figure 24A “co-treatnent
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Therefore, it was exam ned whether y-T3 could suppress the invasive
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met astati c cancers. Restoration of E-cadherin expression in cancer
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y-catenin protein expression were up-regul ated whereas E-cadherin's
repr essQPC‘Et%iqr)D%FbéZ]éﬁ\M‘fm @é&ﬁ’l wagaignificantly lower than that treated with y-T3 or

Docetaxel alone. Using western blotting, it was further demonstrated that y-T3 co-treatment

with either Docetaxel or Dacarbazine enhances cell apoptosis through activation of pro-
apoptotic proteins (cleaved PARP, caspases 3, 7) and down-regulation of pro-survival
25  proteins (Id-1, EGFR and phosphor-ixB) (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



10 after treatnment with y-T3 (Figure 25A), although the expression

for (3-catenin remained constant at all treatnment dosages.
Separately, the nesenchymal markers (vinentin, a-SMA and tw st) were
all down-regul ated after treatnent Witgl y-T3. These results suggested
that the inhibitory effect of y-T3 on tancer cell invasion may act

t hrough induction of the E-cadherin, y-catenin protein expression;
and supperetsifont tieShai 1-13 vilmbittrhaljgraniSialaaoaia togll Shvasich Y OdsBdhtion of the
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The abothe mRlseplpiasehangsmbinvelyad wasmehgleal ghatvime i waspiopesedrtbat wlrgay

30 inhibits el anoma cell proliferatiaon odgh nodul .at i of ..bot.h

or o- sur GTBIoVER . cpmiresiep AR pihsior et RHE Tl BBl B i fekched o
( caspas gepkirP fdvaiRY Shat NEAMMYgh Bitioh o MBGF derDs (EHRA) 3ths ddfeldtlte whth' 23
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i nhi bi t&{{ﬁ ef fect was al so associated with suppression of expression
for mesE{HRYhalt way bekeveditkel exg gossitic ongehamem\yythighny-T3 megdiate its

with th .ndi ng, t - T3,,enhanc t he .anti-cancer t of . .
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apopt osirglanbmaacupyating itsablec s pas&O30f darcBogei@dsis in melanoma. Separately in

other cell lines, it was previously demonstrated that ectopic Id-1 expression in prostate cancer
cells (LNCaP) resulted in increase of NF-xB transactivation activity and nuclear translocation
of the p65 and p50 proteins, which was accompanied by up-regulation of their downstream
25  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 pS0 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.



10 PARP. It is worth noting that y-T3 was previously denonstrated to
abol i sh NF-KB activation induced by epidermal growth factor (EGF)
and ot her pro-inflammatory cytokines. Al though the nolecul ar
mechani sm i nvol ved was not cl ear at thg% time, it was proposed that
y-T3 may act through a conmon step in“the suppression of NF-KB. The
experinmental results referred to herein reveal ed that
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i nduced NE: xB.inactiyvation in ski ancer cells. (Figure B),. [Q0127
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experinents re restoration
increased E-cadherin expression (Figure 25A), which was associated with reduced Snail

protein expression and invasion ability (Figure 25B). Catenins (a.,y), a family of cytoplasmic
cadherin binding proteins, link E-cadherin to the actin cytoskeleton and are thought to be
25  essential for normal E-cadherin function. The experiments referred to herein demonstrate that
v-T3 only up-regulated the expression of E-cadherin and y-catenin, but not a-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, y-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



10 E-cadherin and y-catenin expression, together w th suppression of
snail, a-SMA, vinmentin and tw st, may account for y-T3's inhibitory
effect on nelanoma cell invasion. The results referred to herein
provi de first evidence to suggest that é’at can al so be a potenti al

agent for suppression of malignant noma cel |l invasion.

Down-regul ati on of epithelial markers (E- cadherin and y-catenin) and
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a key role in the progression-of cancer cells to nmetastati st age.
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pathways, and demonstrated the anti-invasion and chemosensitization effect of gamma-

tocotrienol against PCa cells.
25 [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,



inhibitory effect of gamma(y)-tocotrienol was nost potent, which
resulted in induction of apoptosis as evidenced by activation of
pro- caspases and the presence of sub-Gl cell population. Exam nation
of the pro-survival genes reveal ed thag t he ganma-tocotri enol

i nduced cell death was associated with %uppression of NF-KB, EGF-R
and Id famly proteins 15 (Idl and 1d3). Meanwhile, gamma- tocot ri enol
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(EGs 5S4 emmtlﬁqg%g con%ﬁledh@ﬁ?&f tﬁg@ltghﬁpﬁ%e?@ﬂi%e s ERES & MTT assay at
SP600125 (Sigma-Aldrich), were dissolved in dinethylsulfoxide

( DVBO) . tliléhﬁd]tcateditlrrmrponstolfdﬂsdﬁos theas@metiib ol 80l uMy 160 M mell e disedad tocatment

obtain _the desired concentratio 00134 For th foll vvln
experi néﬂ%agetﬁ%? h EXRETNERIOV RS ’?HS@te‘iﬂae‘f h%ﬁh%}r&ﬁlcaﬁes% randyihe ergyul ru

used as QR/S&T thD ffka ALV AAGRT debiatiogs, [00135] 2.1.3 Cell viability

st udy and time course experinment - For cell viability study, 5x103
cel | s r g¥i8pEndedest theldfzcpdf m‘ﬁﬁilonmme/\aanﬁopﬂcayeﬂnonmm@,mﬂs mtd prefinaubated

96- vel | late. The cells were then treated with diffe
coné@nt Wa& Tohd f((rz?ohrszhpforggddxg@n 0f @8 angd \yO g of Docetaxel Aﬂer 24 hrs, cells were

subjected to western blotting and MTT assays respectively.
[00137] 2.1.4 Flow cytometry was carried out as described above under item 1.1.3.
Matrigel-invasion assay was carried out as described above under item 1.1.4. Western
blotting was carried out as described above under item 1.1.5.
25 [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 uM, 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 LNCaP and PC-3 (Figure 9A). The dose to suppress 50% cell growth (ICsp) 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



10 the vitam n-E isoners for 24 and 48 hrs. After the treatnent, 20 |
of MIT solution was added into each well and the cells were

i ncubated at 37C for 2 hrs. The formazan crystals were then
re-suspended in 200 pl of DVBSO and theéntensity at 595 M were
measured. For JNK inhibitor study, celis were pre-treated with 20 M
of SP600125 for 8 hrs prior to the addition of vitamn-E isoners.
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0C |
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carried out as described above under item1l.1.4. Western blotti ng
was car ppisat samensordeSer (YoED wpuwesiigdtad sinemihey Bré in 2engrd cbBgferzd anore

Results.- Anti-proljferation.effect of vitamn-E i s [ 00139] PCa
cor s gty aaltedlanf e ie sl e RS, o
i ncy@asiad 407058 % audy! tR¥nedRandh raBEMsiTE 160/ -8 aithcBl ghywiBShtitian defl1Qcle
varying time points. The results showed that vitamn-E isoners did
not af f dstritsitignidfithartllsy witheorpwahodter- a3 iteatment donf4 hnomwesd aplyrsd atyeflow
epithelial cells (PZ-HPV-7), but si g}ﬁlﬁl ficantly_ suppressed .the

C

prol i f eFPEPTEHY of OBapeip igAepECs cely ithe-BA(ICsTad rapiied (ip a8 ipdicsien of
50% cel 1:n4: . I I

Yo the PARGE e popbain AU 1l kechic of Mip AT RS, L BOALIHP Mo
sensi ti Y@AJ. oTlichprapoaisinhof apodiotid oellsof{subiEl Viat@aen)ninkreasdniar 8 dobadependent

LNCaP cells. The 38 _inhibition of cell praoliferation was )
si ght f i BaRRery VearHopefiie, rihough 1-33 messpreviorsty sepqsigdtip dpduge| Gl apgit in some

T3 . . SO ¢ nhibiti .
A ¢ hought Eliad" ANt o0 35,806 o O pRRRAIACH pr B b BB S ested
( Fi gur ew@h)y-T3 has hEbébsepled eCumsstergtivgtt fhiedadiictiyn bif glile G 1tded poplilationt o1 flow

y-T3 in PC-3. Separately, y-T was al so found to induce 5 apoptosis in
LNCaP ceyipmetiy, actigsien stfnpiogaspeds v, 73 § dhrdd wiell ashBORY, apayiasnesdl bhiethe
{ ﬁgoo\r/glaéélp%g an:c ERF g{ef’cci)%as/leclé Fclé &%&??e?edoﬁl\s”e}v%d\{g%'cqy 2ehe RORLP wfitHrdi erérrl]try-T_’:

y- T2p6- dsags fd32P lirs Bowhedsulation- of #oB-2 Twad-8lko bR cel FRe URNkeatment, although
experinments, the nost potent isonmer for PC 3 ﬂjy- T3) was investigate
si nce t hayeHression Yeneotaflestsds wligheld Ikslyedue to the lack of p53 expression mn PC-3

cells (Figure 10B). Meanwhile, these y-T3-mediated activation of the proapoptotic proteins as

well as the change of bcl-2/Bax ratio were in a dose and time dependent manner (Figure

10B), consistent with the effect of y-T3 treatment on inhibition of cell proliferation. In
25  addition, activation of these pro-apoptotic genes after 1Csq y-T3 treatment (Figure 10C) were

only observed in PC-3 and LNCaP cells, but not in PZ-HPV-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-xB is

known to be constitutively activated in PC-3, the possibility that y-T3 induced cell apoptosis
30  attributable to the suppression of NF-kB activation was considered. The NF-xB activities of

PC-3 treated with y-T3 at either different dosages or at ICsy for different period were



i nvasi ve and resistant to chenot herapeutic agents conpared to LNCaP
cells. 10 [00140] To study the mechani smresponsible for y-T3-induced
growmh inhibition, cell cycle distribution of the cells with or

wi thout y-T3 treatnment for 24 hrs were gmal yzed by flow cytonetry.
Consequently, treatnment of cells with §-T3 (1C50-95) resulted in an

i nduction of sub-Gl cell population, indicating the presence of

apopt ot ineaswrcll by akaremingic trapsioertion of NEyuB subundy)6s. Kb elystrefedrin FoguroflA,
apoptotic_cells (sub-Gl fraction) increased in _a dose-dependent 15
manner . YVt frﬁatﬁm ﬁ'@PY?ﬂS?‘LSﬁ%‘WWF gév%w i ¢ dpeterendentignd ditee-
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in flow cytometry, activation of procaspase 3, 7, 9 as well as
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change of bcl-2/Bax ratio were in a dose and tine dependent nanner
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NF- KB activation was con5| NF-KB activities of PC-3 treate
W t 5 y- $idrvaal, eheiln eioudarégh&tmntmabobage@cmtedawnhﬁﬁe vfIGrindudddegreonth paestaad
were 39 rreasured by exam ning the transl ocation of NF KB subunit

p65. AsPIAR™Yrated in Figure 11A, y-T3 treatnent suppressed
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such as phosphor-l iBa/ (3 and.iKBaJ(3, 5 In y-T3 treated PC-3 cel | ? a
ti me- depeHdE R DYHEPSY ge@&@%égﬁnt%é@%%@p orvlaifs thegrinogprmpipgl of all three
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the 1 ncrease In veI (nane I n sone
Fi gur esJactas mmelhlat@geramxprdsmbm to genendte hpprisprig6 biologicdl @esponses, including cell

;L? :1 \S;: ? g‘lal.éﬂ‘lﬁﬁglbg’lg eszl crieeat Sl \tﬁ‘lerll nPdég e?lst\gglrte eaIe?a §v1tgp\5a%sé§e osaNglfa_sK(;Bf v-T3, a
dosage- and time-dependent increase in JNK phosphorylation activities were detected (Figure
12B). Meanwhile, phosphorylation of the JNK downstream effectors such as ATF-2 or c-jun

25  were all upregulated by v-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 JNK 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



dephosphoryl ati on and accurnul ati on of IKBa/(3. 10 [00142] It was

found that y-T3 treatnent al so downregul ates a nunber of the key
proteins that are involved in the devel opnent and progression of
prostate cancer. As shown in Figure 11B, EG-- R expression was
significantly suppressed to al nost un ectable | evel by treatnent

wi th increasing dosages of y-T3. Simlar effect on Id-1 and 1d-3

pr ot ei npeeemhgaaSapopbaerosts coBpmed tEGEt Reatad with pidtabine, f@rfirtyngthet INK
essential ,for cancer cell growth and 15 survival, their

downr egGPté‘faPBﬂn??éN)eH%qUé%egdgi"étTédn%GFﬂaP%%O%}& T3-i nduced growth arrest
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that is activated by stress and ngot oxi ¢ agents. JNK phosphoryl ates
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y- T3. %0144] As descri be above for the skin cancer cell lines, to

f ur t her cleaynifar mrerd ﬁm siampoTh%mesulteﬁndﬂnt% that y-Tatis ableitm n;lnH’BtHerinlms‘ﬁm ability
apopt osi l's, it was investi at ed whether inactivation of

INK wi t H?Eb%@ksr ?I’idep‘?“rqﬁ‘?tﬁ?tﬂéﬁlr CRPBYG 5 coul d protect cells from

y-T3. h L
2o Wi of a8 1%%5%%15 W@ Br B %&g@p%}gﬁ%@% ot of QRN dbrted

JNK' act chdragteristics lo§ rsetastativetanckisn &sstotition eﬁslédadhwnMprwlouant @gecrogells

thal> T g5 1 PaPORT ah RSt e Jov R oL spBRn S Bron

[ 00145] isEtdregite®wistr hdhOgradd MirRbiirs Oihd ocﬁ%rb%ﬂd%‘iéaﬁh&lﬂatmgplh%ﬁ%% ¥ P8a
has been shown to have anti-proliferation effect on many cancers, it

i s not progeassioh. nterestifglyt & verarfownd thet Rcadheris and §-Chipaimeprotes) expresson were
exam ned whet he ppress th vasi ve abilit f th
ot ost at rFa liereds el TR ey Rm e Gpfigreithed afer freatment
mat ri gelithyasi @Ginas 13w, ‘aith freungrdstidh 6t -B?lcatéﬂiﬁq{eﬁl%n(eh RBtafCai3all
cells for 24 hrs Showed an east 2.5-tinme lower invasion
capabi | treatmeniodsagaadcnt mmd';mmmr Owaigtd th@dﬁlﬂuﬁn @she v chémiresh BE-3 cells, there
decreased in the nunber of cells invaded ] ]
was no expression detected. Separately, the mesenchymal markers (vimentin, a-SMA and
twist) were all down-regulated after treatment with y-T3 for 24 hrs.
[00147] Effect of y-T3 treatment on Docetaxel induced apoptosis - To test if y-T3 can act
synergistically with chemotherapeutic agent, the effect of y-T3 alone or in combination with a
25  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.



through the matrigel layer. This inhibitory effect on cell invasion
was not the result of cell 10 growth inhibition induced by y-T3 as

t he nunber of viable cells added into the invasion chanber were the
sanme. These results indicate that y-T3 js able to inhibit the

invasion ability of PCa cells, i ndepe‘ﬁ{jent to their cytotoxic

effects. [00146] Down-regul ati on of E-cadherin expression is one of
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Restoration of E-cadherin expression in cancer cells 15 leads to
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can act SP"s"f ygﬁ"gtﬂo ¥y with chenot herapeutic agent, the effect of

y-Tgpal 'II{‘ thd @Eder?ﬁﬁén%nﬁo Ml B héeirPRlyaL ARG suAR8 that 248 NuPfressed

Docet ax vva conpar e wn in Figure 14A, the percentage o
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proteins (l1d-1, EGFR, .iiB and NF- KB p65) (Fi gure 14B). .The | evel of
apop? ot Congisientswith previeysaierultsorhitsined WitB ctlYFéSE‘ycer Hpest ¢iEgring it P status, the

Coce o b A ST b9 AR AR08 Sl e
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y-T3 inhibit cell invasion by restoratl on of the E-cadherin,
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8 e T O 2B ks
suggest sigpadssipn afid NF-XB. phiss esxpetimmemal Stepyitse asfengd acd | hdrtine sewdateld  that
differ eg(t)WI(]:rilgllﬂa’Elglg of EGF receptor (EGF-R) was correlated to y-T3 induced NF-xB inactivation
(Figure 11B). This finding may explain why y-T3 was able to suppress NF-kB activation by

EGF treatment in KBM-5 cells. Interestingly, the androgen-independent prostate cancer cell

25 line PC-3 was found to be more sensitive to y-T3 treatment than the androgen-dependent
LNCaP cells. PC-3 cells were found to have constitutive NF-kB activation and are in general

more resistant to chemotherapeutic 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 y-T3 as well, it is possible that y-T3 may

30  preferentially target the cells with higher malignant phenotype.



specificity and potency. 10 [00149] In the experinents referred to
herein it was denonstrated that y-T3 suppressed constitutive NF- KB
activity through inhibition of I KB kinase activation, |leading to
apoptosis in PCa cells. It was al so d%mnstrat ed that y-T3 induced
NF- KB i nactivation also downregul ates™he level of bcl-2 in a

dosage- dependent and ti ne-dependent fashion. Consequently, this
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findings, the results referred to herein strongly suggest that Id
gene f athe %}ltlrﬂ?llﬁéﬂ]@ﬁéaﬁbﬂtﬂw&f LIﬂjg‘,tsfiaéglrf,;featment alone, and co-treatment with y-13 was

compared. Remarkably, it was found that combined treatment of Docetaxel and y-T3, but not
v-T, resulted in higher proportion of apoptotic cells (Figure 14A). This finding indicates a
synergistic role of y-T3 with the chemotherapeutic agent.

25 [00152] Furthermore, it was demonstrated herein that restoration of E-cadherin and
y-catenin expression, together with suppression of snail, o-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 (a-SMA, vimentin and twist) are some of the most frequently reported phenomena



10 regul ators of NF-xB that is targeted directly by y-T3, and
inhibition of NF-KB signalling pathway nay be responsible for y-T3

i nduced anti-proliferation. [00151] It was al so shown herein that
c-Jun N-term nal kinase participates in y-T3 induced apoptosis. Wen
PCa cells were treated with y-T3, a series of nolecul es associ at ed
with INK pathway, such as c-Jun and ATF-2 (Figure 12A), were
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proteins, link E-cadherin to the actin
combination with chemotherapy for treating advanced stage PCa.
[00154] 3. The following experiments provide explanations as to the anti-proliferative
25  effect of gamma-tocotrienol comprising compositions on breast cancer (BCa) cells and the
underlying 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 Idl 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 JNK signalling pathway and



10 cytoskel eton and are thought to be essential for normal E-cadherin
function. It was found that y-T3 only up-regul ated the expression of
E- cadherin and y-catenin, but not a-catenin. The expression for
(3-catenin remains static, simlar to evi ous experinments using
garlic derivatives. Al though PC 3 cel do not express a-catenin, a
key nol ecule for functional E-cadherin expression, y-T3 m ght
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agent, such as Docetaxel. Interestingly, in cells that treated with
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ganmma- t BYB chelg togin. P;P%a@'?leéaﬂéle}?’c&ewllslm%(ldh’é'achti@an MRAel ges contributed
downr eQH}r @EéWC%ohgl(Hﬁkﬂﬂt @Jsgd on previous protocol. Docetaxel (Calbiochem, Darmstadt,

Germany), JNK inhibitor SP600125, Erk inhibitor U0126 (Sigma-Aldrich, St. Louis USA)
and B-aminoproprionitrile (APN) (TCI, Japan) were dissolved in dimethylsulfoxide (DMSO).
25  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. pe-Id1 or
pcDNA (a gift from Prof MT Ling, IHBI) was transfected into the cells using Fugene 6
reagent for 24 hrs before gamma-T3 treatment. 24 hrs 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 tocotrienol and tocopherol

isomers have been used as described above under 1.1.2.



[00155] 3.1 Materials and experinental conditions 10 [00156] 3.1.1
Breast Cancer cell lines, cell culture conditions and chem cals - The
human estrogen-dependent BCa cells (MCF-7), human

estrogen-i ndependent BCa cells (I\/DA-I\/E 23 1), androgen i ndependent
prostate cancer cells (PC-3) (ATCC, R Xvil | e, wer e mai nt ai ned

in their respective nedi umreconmended by ATCC (I nvi trogen, Carl sbad,
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Fugene 600163hg8nk6 f or E&mﬁm bef §pexygutaeidyiransienasganediatody hr degrguggine
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above und 1.1.2. 45 [00159] 3,1.4 Celg Vi ablllt and ti me cqurse
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dosage flopre8cdncs migpswmpe bo gtaseslatbdi ti on of vitam n- E i soners. 5
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Triton X-10 for 60 mn on ice. Sanples were
blotting was carried out as described above under item 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). cDNA was synthesized using the
SuperScriptTM First Strand Synthesis System (Invitrogen) and was then amplified by PCR
25 with Id-1 specific primers (forward primer, Id1-S, 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 dehydrogenase 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



centrifuged, the supernatants were renoved and incubated with 5 |
RNase A (10 pg/m) at 37C for 40 mn, and 1 m of anhydrous ethanol
was added. Tubes were placed at 20C for 10 20 m n and then
centrifuged to pellet the DNA. DNA sar‘r}‘)I es were anal yzed by

el ectrophoresis at 80 V for 3 hrs on a %agarose gel contai ning
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20 [00167] To study further the mechanism of gamma-T3 induced apoptosis, it was at first
investigated if the programmed cell death in MDA-MB-231 cells is caspase-dependent. As
shown in Figure 16A activation of procaspase 3, 7, 8, 9 as well as PARP, as evidenced from
the appearance of the cleaved products, were observed in MDA-MB-231 cells treated with
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 bcl-
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-T3 downregulated the pro-survival signalling pathways in BCa cells



231, particularly for gamm-T3, which showed a dose-dependent

i nhibition. Based on the 1C50 values in MDA-MB-231 cells incubated
with various isoners for 24-hr, the order of inhibitory effect is
gama- T3>bet a- T3>del ta- T3. Since MDA-MB: 231 cells are considered 10

to be nore invasive and resistant to chienot herapeutic agents when
conpared to MCF-7 cells, for the subsequent experinments, it was
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addition, activation of these pro-apoptotic genes by gamm-T3
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and apoptosis.

[00172] Because Id1 transcript and protein levels were previously shown to be regulated
directly or indirectly by the Src, Smad1/5, LOX and Fak signalling pathways in BCa cells, it
was further examined the effect of gamma-T3 on the upstream regulators of Id1 in BCa cells.
25  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-T3 treatment
(Figure 17C). Meanwhile, immunoprecipitation assay revealed using anti-Src antibody
revealed a decrease of interaction between Src and Smadl1/5/8, which is likely due to the
suppression of Smadl/5/8 protein level by gamma-T3 (Figure 17D). This possibly led to
30  decreased binding of Src-Smad complex to Src-responsive region of the Id-1 promoter,

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



expl ored by exam ning the expression of other upstreamregul ators,

such as p-1KBa/(3 and IlicBa/(3. In ganma-T3 treated NMDA- MB-231

cells, a dose-dependent decrease in the level of the phosphoryl ated
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increase 10 in the level of |KBa/(3, a® wel | as an inhibition of
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[00173] leﬁpgg‘%g%%ﬁg}i@'g%m‘ﬁ‘ﬁ?‘gﬂwpﬁ@spro; apoptotic signalling pathways
in BCa Rﬁjlbﬂ B@OALA atbhe of -MUPKMERRT BhthdlaykivBasRt (abMSiatk® W gamma-T3

evolutionarily conserved serine/threonine “protein kinase that 1s
act i vat edubsd apoptests imB&agelst oxi ¢ agents. JNK phosphoryl ates the

0 GRS SR TR BB BT T e
nodzed at getiand Wxdiffeeat aiindl) i8e€idiha ceowtBhaprs| aftekibéodmadiaeahogens. Although
responses, including cell mgration and cell death. Wen NDA- MB-231
cel | s waitegenagivatpd protein kinase (MAPK/ERK) pathway was found to be activated by
gamma-T3 in MDA-MB-231, as evident by phosphorylation of Erk1/2, Mek1/2 and Elk1
(Figure 18C), their activation may not be directly required for gamma-T3 induced apoptosis
because inactivation of MAPK. by specific inhibitors, U0126/ PD98059, were not able to
25  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



wi th varies dosages of gammma-T3, a dose-dependent increase in JNK
phosphorylation activities were detected (Figure 18A). Meanwhil e,
phosphoryl ation of the INK downstream effectors such as ATF-2 or
c-jun were all upregul ated by gamrma- T3 supportl ng that JNK 10

signal ling pathway was activated by ga ﬁm [00175] To study the

i nportance of JNK activation in gamma-T3 |nduced apoptosis in BCa

cel | s, iithitvawyiaffees b gall advasimet wes niohdot iegalt iodrcetlf groik wihithtion induced by
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conpared to that treated wwth gamma-T3 al one, confirmng that JNK

act i vat imsiepengdgntie fh?@@pdbﬁ%t!: ffffﬂctsgamm T3 induced apoptosis. [00176]
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To test if gamma-T3 can act synergistically with chemotherapeutic agent, the effect of
gamma-T3 alone or in combination with Docetaxel was compared. As shown in Figure 20A,
the percentage 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-

25 T3 or Docetaxel alone. Using Western blotting, we further demonstrated that gamma-T3 co-
treatment 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-aminopropionitrile (APN) attenuated gamma-T3 induced apoptosis
Co-treatment of gamma-T3 with p-aminopropionitrile (APN; a non-specific inhibitor of

LOX) almost completely restored the expression of Idl and at the same time inhibited the



characteristics of netastatic cancers. Restoration of E-cadherin
expression in cancer cells |leads to suppression of netastatic
ability. In BCa, down-regul ati on of E-cadherin expression 1is
correlated with high-grade tunmours and_poor prognosis, indicating
their roles in BCa progression. It wad®so far not possi bl e to detect
MDA- MB-231 as it is an E-cadherin-negative 10 hurman BCa cell Iine.
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suggested an 1 nduction of caspase-independent apoptosis. These

f i ndi ng¥S&)ewandispeetdein dimethyhadplsagdreétigma Aldrich, St Louis, MO, USA). Solvents
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. Briefly, cDNA encoding the luciferase gene was cloned into the pLenti-

6/V5. The construct was co-transfected with the packaging mix into HEK293 and lentivirus

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



5 invol venment of other mechanisns |eading to Idl induction during
gamua- T3 and APN co- treatnent. Figure 20F sunmaries the anti-cancer
pat hway for gamrma tocotrienol in breast cancer cells. [00184] 4. In
the foll owi ng experinents the ganma-tocotrienol (y-T3) in vivo
antitunmor effect for prostate cancer %bca) tunors was investigated
together with its pharmacokinetic, 10 tissue distribution and
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Propgr ﬁfégdllﬂg r&?sﬂ—?g §§—%a19ée ﬁ@édi@lﬁlooyhslaﬁp%kﬁéz% incubated at room temperature for
30 min, followed by centrifugation at 4400 rpm, 4°C for 30 min. Serum, as the supernatant,
was separated from plasma and stored at -80°C. Tumor, liver, kidney, spleen, lung and heart
were harvested. Part of the tumors was fixed in 10% neutral buffered formalin solution. The
remaining of the tumors and all the isolated organs were immediately immersed in liquid

25  nitrogen and store at -80°C.
[00190] 4.1.4 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 y-T3. Five mice were sacrificed at
different time points (10 min, 30 min, 1 h, 3 h, 6 h, 24 h, 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.



athym c nude mce (4-5 weeks old, 18-22 g) were purchased from The
Jackson Laboratory 5 (Bar Harbor, Mg, USA). Mce were housed in
Departnent 1, Biological Resource Centre (Biopolis, Singapore) under
standard condition (20.82C, 551%rel at je_%\;e hum di ty, 12h i ght/dark
cycle) with rodent diet (Harlan Laboratories, Inc., Indianapolis, IN)

and chlorinated reverse osnpbsis water supplled in pat hogen free
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determ ned by increasing doses on different groups of mce until the
hi ghest wde $eoknputhemdt pamingl together with the first layer. The organic solution was evaporated
using Buchi rotavapor R-205 (Flawil, Switzerland), and the dried residue was reconstituted in
1.5 ml of heptane, filtered, followed by HPLC analysis.
[00193] 4.1.7 Determination of y-Tocotrienol level by high performance liquid
25  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 um, 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.



nortality is found. Briefly, ninety C57BL/6 black mce (ten for each
group) received single dose i.p injection containing 1, 2, 4, 8, 12,
16, 20, 30 and 40 ng of y-T3 in 100 | injection 5 volune. The wei ght
and survival of mce were observed for io days, followed by

eut hani zed by CO2 inhal ation. [00192]5 .1.6 y-Tocotrienol Extraction
from Seruns, Tunors and Organs - Seruns were thawed and sonicated in
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incubated with Dako REALT EnVisionT/HRP, Rabbit/Mouse solution for 1 h at 37°C. The
reaction was visualized by Dako REALT DAB" chromogen. Mayer's haematoxylin (Dako,
Glostrup, Denmark) was used as counter stain. Standard inverted light microscopy (Nikon,
25  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).



bl ank. M ce were sacrificed by cardiac bl eeding and the serum was
extracted by nethod described above. Serum | evel of the biomarkers

al bum n, creatine, alanine transam nase ALT, 5 aspartate

am notransferase AST, urea and al kal i ne, phosphat ase ALP were then
measured by the colorinetric-based d %ction kits pur chased from
RANDOX | aboratories Ltd. (Crumin, United Kingdom. [00195] 4.1.9
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adm nistration. Signal intensity was quantified as the sumof all
det 2¢t ey-T3hwot Boia gmuwth $2 wive hwashavestgited Ashyinin mrdsgnick voare ahegrafigdowish PC-
3-Luc cells and were divided into control (DMSO), y-T3 and combined (y-T3 plus Docetaxel)
treatment groups. Dosage for y-T3 (50 mg/kg/day) was selected because it provided a
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
25  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).



[00197] 4.2 Results - Pharnmacokinetics and single acute toxicity -
Because y-T3 inhibited proliferation and induced apoptosis in PCa
cells in vitro reported herein, the antitunor effects 5 of y-T3 on
PCa growth in vivo was |nvest|gated I% was started by studying the
phar macoki netic behaviour of y-T3 in p Asma after intra- peritoneal
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downregulated after treatment with y-T3 or with y-T3 plus Docetaxel. Meanwhile, y-T3 also

induced the level of cleaved caspase 3 and PARP (Figure 31), suggesting that more cells
underwent apoptosis after y-T3 treatment.
[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 E-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 progression. 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-, v-T3- and combined y-T3-



critical to understand if this is due to drug clearance or specific
deposition to internal organs. 5 At first, y-T3 level of each of the
vital organs frommce that treated with 50 ng/kg/day y-T3 for 10

days with HPLC anal ysis was determ ned, As shown in Figure 28C,

spleen and liver was found to have t hed hi ghest |evel of y-T3
deposition at the end of the treatnent period, although y-T3 was
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The hydroxyl moiety, found in all tocochromanol molecules which mediate vitamin E’s
classical antioxidant properties, is generally believed to be unrelated to y-T3’s antitumor
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, Id-1, which is constitutively expressed by
the PCa cell line PC-3, was repressed by y-T3 treatment leading to the suppression of NFkB
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.



in addition to inhibition of tunor growth; y-T3 may possess in vivo
anti-netastatic activity. 5 [00203] 4.3 The experinents referred to

in this section denonstrated that y-T3 suppressed the growth of
prostate tunor in nude mce, which is éjgue first report on the in vivo
anti-tunmor effect of y-T3 against prostate cancer. Study of y-T3
antitunor effect in vivo are limted because of the [ack of highly
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the repression of PCNA, Ki67 and Id-1 (Figure 30) expression.
Fur t her oiderafons agghindpetipatofiaperiesis-on of apoptosis in
[00210] 5. Evidences 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
25 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 yv-T3 can down-regulate the expression of
prostate cancer stem cell markers (CD133/CD44) in androgen independent (AI) 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 y-T3 treatment. More importantly, pre-treatment of PC-3 cells with y-T3 was



PCa cells in vivo was observed. The exact nechani smresponsible for
y-T3 i nduced apoptosis 5 is not fully understood. The results of the
experinents referred to herein support the process of apoptosis as

an i nportant mechani sm of y-T3 antitur’r% effect in vivo (Figure 31).
The inplication of these observations’ts that y-T3 nay be used in
synergy with other anti- proliferative agents agai nst PCa. [00208]
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cancer HPfr B ficantly hanpered by y-T3 treatnent. More
irrportaﬁﬁﬂ/@ pre- t%rc%%rrent of PC-3 cells with y-T3 was 58 found to
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AL RINEELENE SN T I AR T e
exper i megisAleeQREHI M6 well-plates and treated with different concentrations of y-T3 for the
indicated time point. At the end of the treatment, MTT (Sigma, St. Louis, MO) was added
into each well and incubated for 4 hrs at RT. DMSO was then added into each well to
25  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,
Auburn, CA), Bcl-2, PARP, cleaved caspase 3, 7, 9 (Cell Signaling, Technology Inc,



[00212] 5.1.1 Prostate cancer cell lines PC 3, DU145 and bl adder
cancer cell line 5 M3+ UL (ATCC, Rockville, MD) were naintained in
RPM 1640 nmedium (I nvitrogen, Carlsbad, CA) supplenented with 1%

(W v) penicillin-streptomycin (Invitrogen, Carlsbad, CA) and 5%

fetal bovine serum (lnvitrogen, Carls , CA). Al cell types were
kept at 37C in 5% CQO2 environnment. [00213] 5.1.2 Tocotrienol isoners
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Secmdaﬁﬁlea}ﬂﬁﬂtb@ﬁﬁ/ﬂ@gﬁiﬂﬂﬁf ofkptedids was counted at day 14 of the assay or at the end of
the treatment. Each experiment was repeated in triplicates and each data point represented the
mean and standard derivation.
[00219] 5.1.8 Flow cytometry - Flow cytometry analysis of the CD44 positive cells
were performed with procedure known in the art. Briefly, cells were incubated in PBS
25  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 serum



nouse or rabbit 1gG and the signals were visualized using ECL plus
western blotting system (Amersham Piscataway, NJ). 5 [00217] 5.1.6
Sem -quantitative RT-PCR - Total RNA was isolated using TRI ZOL(r)
reagent (Invitrogen, Carlsbad, CA) followi ng the manufacturer's
instruction. cDNA was synthesized by i ng Super Scri pt T™M

First-Strand Synthesis Systemfor RT (Invitrogen, Carlsbad, CA) and
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i nj ot edripite0l ANETE Mo fitm if y-T3 affect CSC marker expression, the change of CD44"
population in PC-3 cells after y-T3 treatment by flow cytometry was examined. After 24 hrs
of y-T3 treatment (5 pg/ml), the population of CD44™ PC-3 cells was found to decrease
comparing to untreated control (Figure 1B), which is consistent with the westemn blotting
results.

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-T3
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/ml of y-T3 for 48 and 72 hrs. Downregulation
of CD44 mRNA was also observed in cells that treated with y-T3 for 72 hrs. These results

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

Interestingly, the downregulation of the CSC marker expressions by y-T3 are not the result of



prostates of the mice. Organs were replaced and the abdonen was

cl osed. To detect the biolum nescent signal of the cells, mce were
anest heti zed and then injected with 80 ng/kg of D-luciferin solution
by i.p. (Xenogen Corporation, Cranbury, NJ). Signal was captured by 5
Xenogen VIS 100 series inaging systenﬁi1 Tunors progressi on was
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of effect was also observed in a bladder cancer cell line (MGH-U1) (Figure 3B, C & E),

suggesting that the observed effect of y-T3 on CSCs is not restricted for prostate cancer.
[00225] Gamma-T3 significantly reduces the tumorigenicity of prostate cancer cell in vivo -
25  Since CSC is suggested to a play role in cancer initiation, it is possible that y-T3 treatment
may inhibit the tumor formation ability of PC-3 cells. To test this hypothesis, PC-3 cells
constitutively expressing the luciferase reporter gene (PC-3-luc) were first pre-treated with 5
pg/ml of v-T3 or vehicle for 24 hrs. Subsequently, equal number of viable PC-3-luc cells
from treatment and control group were injected orthotopically into the SCID mice and the
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-



comon apoptotic markers (Figure 1E) both failed to detect a drastic

i nduction of apoptosis. [00223] y-T3 inhibits prostasphere formation
of PC-3 under non-adherent culture condition - The ability to form
prost aspheres in non-adherent culture is one of the characteristics

of 5 prostate cancer stemcells. To fuﬁ?her exam ne the effect y-T3

on prostate CSCs, prostasphere formation of PC-3 cells were studied
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pretreateltk Rér&2oth downregulated by y-T3 treatment (Figure 1). It was also observed a
significant decrease of CD44 in androgen independent prostate cancer cell line DU145 and
25  bladder cancer cell line MGH-U1 (Figure 4). Interestingly, it was not possible to detect any
significant decrease in cell viability or increase in cellular apoptosis (Figure 1) after y-T3
treatment, indicating that the dosages of y-T3 that was used in this study is capable of
targeting the CSC population, but is insufficient for inducing apoptosis of the non-CSC cells.
This further implies that y-T3 may have specific effect against CSC.
30 [00229] The ability to form spheres in non-adherent, serum free condition is a key property
of stem cells. Recently, spheroid formation assay was used as a method to identify and to

enrich the putative CSCs. In the experiments referred to herein, all the 3 malignant cell lines



3-luc failed to develop visible tunor (Figure 4). The significant
decrease of tunor initiation rate indicates that y-T3 can reduce the
tunorigenic potential of highly aggressive PC-3 cells, whichis

| i kely due to the decrease of CSC populgtti on after 7-T3 treatnent.
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and to enrich the putative Cs. In the experinments referred to

her ei n, rergsenhéiednipn eifegirgtchempirug) wiish has demonstrated significant improvement in
patient survival. The IC90 dosage of Docetaxel for DU145 is 1.01 ng/ml. However, in this

25  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 v-T3 treatment not only
downregulates prostate CSC marker expressions, but also effectively inhibits the CSC
properties.



63 PC-3, DU145 and MGH U were able to formspheroids in
non- adherent culture, suggesting the presence of cancer stemlike
cells within these cell lines. According to the results, 7% 5.4%
and 1.4%of cells from PC 3, DUl45 and6 Ul respectively (Figure
3&4) were capable of form ng spheroid:" Since prostaspheres are
enriched with CSC (6.25% and 12.2% 5 of CD133+, CD44+ cells in PC3
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expr essP@nday But3hmeskeifacenal gavagei milithe ad tiel (3@ and 30 weeks, animals are

sacrificed. The prostate along with the male accessory glands, i.e., the ventral and

25  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 THC with an ABC kit (StreptABC Complex Kit; DAKO,
Mississauga, 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



properties. 64 [00232] The results illustrated in Figure 6 (A) show
that the expression of AKT is downregul ated using a | ow dose (i.e
between 0 to about 5 g/m or about 2.5 g/m or about 5 .xg/m) of
gama-tocotrienol, suggesting de-activation of AKT signalling

pat hway. Previously, lentivirus-mnmedi ated expressi on of

constitutively active AKT in dissociated 5 prostate cells results in
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i ntraepi I t i

| Dob 3 AARBbUEL s, FEORLF AbPeh S She B80S kb Mar e DRRR. o
expr essihiyologicAlciradidg aﬁd scO¥st Whs egamishagm &i:sedtuuﬁing: :ﬁclhlﬁwnﬂﬂslﬁittems of
(i.e. between O to about 5 g/m or about 2. or _ about é

of gammé %r@e@tcmoawd?bse@fe@g‘&% ﬁﬁ@ssa‘ébw\fa’ﬁdéﬁersm @Eémtelegacalpsfé%f @@e rade
(gai i I I
Faqur at ad Bl PREGREKLY, e R Aire, LARRR LM PERRHy Fabc, IR definie
di f f er ebbuadarion Gﬂ Grinde zeIzéISd1f{ethﬂ3t¢é]i), 6inghy; espandte omifmtn flendsdbowehy picked,

E. ek Ot preBSiPa Bk i Lo 2 AR Sh SN TBEBH] Shbdecnio), single,
(Gabri Ls%dﬂa?(e 1uxﬂ6ﬁﬂ1scmerec?tgla%lis an&@h@&tﬂiya&ré[ﬁ?é'cﬂgé’ S&ﬁ:ﬁ’l@eﬁ ﬁcrlﬁﬁfcrﬂalmasses

no. 3, ‘Greenberg e al., Proc 'Natl Acad
voI 92, GipGeniBat (4d3y dfﬁfmmha%ﬁ) @Eipiforin InMsYs Wlétragged m@tﬂmged@s(aﬁd(fﬁs)ed

no. 43" Bt e SinorBigiaopf pindef spe oot i oLyt vic

vol . 9, 'ﬁSbl 236 cBiral S8&r&RN (Rh®wn Usedombddcarindiid) ﬁff(PQIn'dﬁ&ﬁ'érﬁlaY@r @naplastic
conducted according to standard Ep@gt ocol s approved by Aninmal Care

Conmi t ; 6w cineandtBaseHh gn Weesmpe mtoia Gﬁfhlﬁsbgm@\/mdf éhel“minvinp pattera/Grde”)
Foport e e e aBste lielt G SRARLHE T BICL SEBNaRT RSN RUEEY dpe pav

one exeqH addringXetehireni, dorived ayi addlisg &feepﬂlln‘dﬂﬁpéttdm GE ggal¥Bumber to the
tocotrienol per_day for 30 weeks via oral gava At the end of 10,
20 &nd 3@%@&&5 awriﬁﬁlp@baf df oulyonp patey. Waﬁrﬁéerpﬁﬁg%&%f Heowegravanderivsd
mal e acg t

B R b W B
separ at ednyprﬁs)ng gamnmpa’tdmdthcngcomaéno(s baragikewre pApammacihdplelis tataignohond not
devel opHe eﬁwh@é\gﬂ ate intraepithelial neoplasia (PIN) devel opnent

and mi cFoY [ 00237] Protocols for IHC with an ABC kit

(Strept ABC Conpl ex Kit; DAKO, M ssissauga, ON, Canada) were

preformed foll ow ng the standard Chronogranin (polyclonal 30

anti body, frombD a Sorin, Stillwater, M, USA) was used at 1:500

di l utions.



[ 00238] To study tunor devel opnment, sonme nodifications were adopted
according to the established diagnostic criteria previously reported
(see above references referred to under 65 item®6). According to

het erogeneity and nultifocality of the glinical standard for CaP

di agnosi s, a close-to human geneticall9 engi neered (GE) nouse
standard system for histol ogical grading and scoring was established
in this study. The architectural pattdsims of adenocarci nona observed
wer e assessed by five different GE histological grades: GE-Gade 5 1
(very well differentiated), single, separate, uniformglands closely
packed, 1wt h debinpbdiion batifriking giSleadtionSoddeodotfivwll lor dithERfian ianl €2 35)-
single, separate unlfornlqlands | oosely packed, wth irregular

edges; GE- Gr dHEarBoxyPagaylispesiingar i ped- bhidestirs t ob-esicrar oHith ec §aP€poxy-

singke, sepgr i | and Sr

cir cgmscr i bea %ﬁéqilloﬂgrﬂe?cr |‘%§>§?%€En?%%%s%{s% @a@ﬂ@ﬁ:@&% é(/’poor |y trihydrate
differentiat QB))ceta::-reﬂbamd/mf (i A¥ess Ghsethiytdminalgdediinyilideddinnd aadg g satpsamide
fused 10 gla?ﬁ ade 5, nongl andul ar solid, rounded nmasses of
celI's, cri briParap itecture with foci of central necrosis (known
as conedocar0|nona) and undifferenti ated anapl astic carcinonas.

Based on the nost preval ent GE histol ogical grade (the "primary

pat t er n2G adé’sg of amdmphstiere conpkisms ot lpase vad efrt-taGhtrienst al &a@icciailenoi together

pattern ("seco ern/ rgde" th new scaring.,syste

for 16 by adiimd 2t pt Ereles-REErmm e e amane d st 1 itk .20
secondary GEefsade, Zmﬂm@m-hbiah?ﬂiok?/@ﬂel 1%9@5&4%&@8@%&5&5@9 hadhydrate
the score was derived by the doub ]g grade nunber. As i 1lustrated

in Figure 8, (Rpestaxeddand/erh(>)cotdyosthy a@hnolwdrﬁ@myéldﬁge)@adwleaﬁ caboxamide
tocotri enol ?%%@ar@zﬁe:):ggr t%f r%%%%ﬁ?rg % ha%n}tc%ﬁ{i)éa'i & %{1 b?tmgs?r revglsz&g of

devel op PIN. OSI dn conpri si ng
y-tocotri enokafr.3-t ocotri enol and (2R 39)

N- car boxy- 3- phenyl i soserine, N-tert-butylester, 13-ester with
5, Zé-epoxy 5

1,2,4,7310, 1??1[)0%@ flgﬁ)ﬁ'y t2a)§v'lfleilen? Mt 45 CRLRY Gt REO PR eonsisting of

tri hydrat e cet axe
(52)-5-(di nentayalrmmamqbrystamz lcalyzler deolepi margtag olieerd camrehoysustate intracpithelial

Dacar bazi ne f a co osition conprising at | east one of
e T o heqlisit biadder Cafe et CEer Snd B cpirr.

(2R, 3S) - N-carboxy-N-tert-butyl ester-3-phenylisoserine, 13-ester with
5, 20-
epoXy- 142, 4, Theosaaf ﬁeixrawdlrmhgbﬂm priregers@gofenelaromt, atheredn Bercooatosition

hyd d/ . . ]
triydrate (ORcelansl L ndLobe 1 ocoricnal or docouicagl KRl qeth GRIS)N:

carboxy-N-tert-butylester-3-phenylisoserine, 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)imidazole-4-carboxamide (Dacarbazine).

25

5. The use of claim 2 for inhibiting or reversing of prostate cancer, wherein the

composition comprises at least one of y-tocotrienol or d-tocotrienol together with
(2R,38)-N-carboxy-N-tert-butylester-3-phenylisoserine, 13-ester with 5,20-epoxy-
1,2,4,7,10,13-hexahydroxytax-11-en-9-one-4-acetate-2-benzoate, trihydrate

30 {Docetaxel).



(Dacar bazine) for the manufacture of a pharmaceutical for inhibiting

or reversing of cancer. 15 3. The use of claim 2, wherein the cancer

is selected fromthe group consisting of nelanoma, prostate cancer,

col on cancer, |iver cancer, prostate ig%raepithelial neopl asi a,

bl adder cancer, breast cancer and lung cancer. 20 4. The use of claim

2 for |nh|b|t|ng or rever5|n% of nmel anoma, wherein the conposition

conprisés at Theayse @heclaim 2 tioi GRIPUIAG| 0o FeBTHRE Gifr Preat| cansglet Waerein the

with (2R, 3S) y - | i.S0

Wth 5 20 ep(g)t#)}qp%ﬁgt?xg)&};n%%%&t RULY LS LEY S RAGRY | dr SRRl fodefid] Wit

hexahydr oxyt G(XR;BS)Neﬁb@f}eNélteﬁGﬁt)&éﬁerZ} plemziisdseringd, I il Byegteat with  5,20-epoxy-

(Docetaxel ) and/ o .

(52) - 5- (di metlf a&oﬂéﬂgﬁéﬁ%ﬂrﬂwwaéh@;ﬂﬁn@&fa%?ﬁéata%%nﬁ%zem de  trihydrate

(Dacgrba2|nek a§;é0 The use of claim2 for inhibiting or reversing

of prostate cancer, wherein the conposition conprises at |east one

of y-tocotrienol or 6-tocotrienol together with

gng?gg; Xy_carﬁ%x%}n'\ﬁots{%{o%‘gféﬁﬂﬁt S i BRI 058 b Whimd & 55 Chned e

1,2,4,7,10, 13shesanyslis &ﬁ%ﬁﬁhoﬁﬁﬁﬂ&%ﬂ%mﬂn@ﬁﬂ%ﬁh&k%f@ﬁﬂﬂ&ﬁhﬁ

trlhydrate 30 (Docet axe . The use of claim2 for inhibiting
reversing of breast cancer mhereln t he conp05|t|on conprlses at

Iea one of t ocotr.i eno to ot eno et her

Goailey B Carbs, Rt Oéufwis?f TRbpd BB i Ot didims g 5 7, hsein
5, 20- epoxy- the comﬁosmon comprises more than 10% of v- _tocotrienol or S-tocotrienol or a
1,2,4,7,10, 13- hexahydr oxyt ax- 11- en- 9- one- 4- acet at e- 2- benzoat e,

trihydrate SHIM%%eﬂtfa)}’éP“}OmWOlTﬁféd cotasesienplorbagtd anaithg 106l veishugd the
of any one Ofoﬁ%ﬁxﬂ& 2 to 6, wherein the conposition is a
y-tocotrienol ‘6-tocotrienol enriched formulation. 10 8. The
conposition of claiml or 7 or the nmethod of any one of clains 2 to

7, wherein the conp osltlgn conprises nore than 10% of  y-tocotrienol

or 62t ocot ri di§IcoBPOgtioRPL £hgie 1ot §ta § ebihiciwR g 2anans ot JRkRY 7 i) Wherein
based on the tﬁ@&cﬂﬁpd@’ﬁioﬂ%@ns%@? ! oo BB 8 hild 9 %coﬁ‘li_’en%l inl ?atfooéfppS'Yt WR&ein
of claiml or 7 to 8 or use of any one claims 2 to wher el n

t he conposi t iYors lespmi Kes y-tocotrienol and 3 tocotri enol |n aratio
of 1 : Y wherein Y is less than 10.

10. The composition of claim 1 or 7 to 9 or the use of any one of claims 2 to 9, wherein

20 the composition further comprises o+tocotrienol and/or B-tocotrienol and/or -
tocopherol.

11. The composition of claim 1 or 7 to 10 or the use of any one of claims 2 to 9, wherein

the composition further comprises a substance selected from the group consisting of a
25 green tea polyphenol, a organosulfur compound, a protein-bound polysaccharide, a
polysaccharide peptide isolated from Trametes versicolor or Coriolus versicolor, a

red carotenoid pigment and combinations of the aforementioned substances.

12.  The use of any one of claims 2 to 11, wherein the pharmaceutical is administered in
30 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.



10. The conposition of claiml1l or 7 to 9 or the use of any one of
claims 2 to 9, wherein 20 the conposition further conprises
a-tocotrienol and/or $-tocotrienol and/or a- tocopherol. 11. The
conposition of claiml or 7 to 10 or tg§ use of any one of clains 2

to 9, wherein the conposition further conprises a substance sel ected
fromthe group consisting of a 25 green tea polyphenol, a

or ganosul fur conpound, a protein-bound pol ysacchari de, a

pol ysacghar i [ ' r ' 1 .
oo dheRBB U5y AL L2 T A S S BHARLAL Pl Gl
af orenent i oned agidnat @netesin al2rum heyelisenceiitraioy io bibodfof @h anital betveeeh hbout
wherein the pharmaceutical is admnistered_in 30 an anpunt. of i
bet ween aboutd-1é° i Bad- 8bSGEVersoRPoMy 100abl te b for §ﬁ€)‘l Wd}‘.”‘%l@om%ﬁﬁ*ﬁnd
per §0-kg aduyl,&r between about 10 ng and about 500 ng total
tocotrienol w.% content per 60-kg adult. 68 13. The use of any one
of clains 2 to 12, wherein the pharmaceutical is admnistered in an
anmount tqQ obtain a r.u evel .concentration in blood of an ani nal

ot ween Aoyt 15 of S0l i ersih CHATTIELS AUBIITD. o 30 myl L for each

i ndi vidual tocotrienol 5 isoner. 14. The use of claim 13, wherein

the animal is a mammal . 15. The use of claim 14, wherein the manmal

i s sel edfed flhemseloé clpimulst, odrestia ttheygrapfmal 19 seleetadh fropi the gronp eonsisting of
mouse, rat, %ﬁm% dog %quc%}- %g.myheou%e oftany one of clains 2 to
15, Wherei n CHEAPHARHIS VS s *Uo8i280&f%d in a water

solubilized form 15 17. The use of any one of clains 2 to 16,

wherein the pharmaceutical is admnistered as tablet, or gel, or
dragee, 16r sUdeappetianermeafcldips Aipdd: wheresy the Pharmageuticg} isjagupisigraddn a
formul ati on i ed form 18. The use of any one of clains
2 to 16, mhegé?%%?ﬁ@ﬁgﬁggﬁg%eutical is adm nistered 20 intradernal,

or subcutan or intraperitoneal or oral. 19. A nethod of nanufacturing
oSS on ] agons i 45 PEPH S o dical £ %8 a
(2R 39)° N Cat ety o2 5B 6A M s80 SR LidGinebrelblel BHLIKLIGS (& ointhtngUrShjectable
with 5,20-epoxy-1, 2.4, 7,10,°13- hexahydr oxyt ax- || -en-9-one 25

4- acet at e- 2- f@madation, ortin phoagswated (ot et axel ) and/ or (5Z2) - 5-

(di met hyl am nohydr azi nyl i dene)i m dazol e- 4- car boxam de (Dacar bazi ne).

18. The use of any one of claims 2 to 16, wherein the pharmaceutical is administered
20 intradermal, or subcutan or intraperitoneal or oral.
19. A method of manufacturing a composition according to claim 1 comprising mixing at

least one y-tocotrienol or §-tocotrienol with (2R,38)-N-carboxy-3-phenylisoserine, N-
tert-butylester, 13-ester with 5,20-epoxy-1,2,4,7,10,13-hexahydroxytax-11-en-9-one-
25 4-acetate-2-benzoate, trihydrate (Docetaxel) and/or (52)-5-

(dimethylaminohydrazinylidene)imidazole-4-carboxamide (Dacarbazine).



