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28 | TACO trans VS R
29 | 9-eis LF /A VR
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40 | Ho- ~12.33

0% 00000cis-0020000¢trans-0 0000000
OP20000000000D000D02000000000000000

10

20

30

40

50



(34) JP 5396274 B2 2014.1.22
oooDoo

0 gso
gbobooboboobooboboobbooboboMboDEXObDOOobDOonED
ooooooooboogao

10

20

30

O

40 -TOSODOODOOODOOOODOODOOODOOOODOODOODDODOOOOD
ugbooooobouoboboboboooooboboboobooooboboaobaoaon
ooooao
gobooboobobooobooboboboboobobobeobDO0oDbOobOoDbOoObOOO
gboooooobobobooooboobobobooobooobooboboboobooao
ooooooooboobooboooobooooboooooooOoboooboboooOoobooo
gboooooobooboboooooboobobobooboooooonNnboobooboo

oooo
% | BEEM AL IRYD DT FARER A A 1] BRAKHE F A4 Qs BHE
= T11(R2) YRR E AR
{(keal/mol)
41 | 0,CCH,CH,C00- -11.13
CH, Coo™
42 | HO~ R1 ~11, B3
43 | "O,00H,CH,C00~ W) 13, 67
44 | "0,0CH,CH,0~ He o R2 21 -12.89
i CH, CH,
45 | "0,CCH,CH,CO0~ -12. 28
Y,
46 CH, -10. 97
47 | ‘NH,Lys{NH,)CO0- CH,—OH ~12. 24
48 CH,~0-nCH,, ~12. 29
49 CH,~0C (0) nCH, ~12. 75
50 CH,~0~cholic acid
51 | Ho- CH,CH,C00 -8, 66
52 | Ho- R1 -8, 48
CH,CH,000"
R2
H,C o
CH, CH,
oooooo
O00ODO0O0OOEDDDOOOAutoDock 3.0.5000000000000000000O00O0
000000 onN000o00@O0000o0oooo)000o0o0o0oooooooan
0000000000000 00000000D00000D0000Do0O0O0o0ooOooooan
000000000 -TOSOOODOOO0OO0OOOOOODODOOOOOOOODDOOO
01000000 -TOSOODODOOODDOOODODOO0OO0OO0O0OO0O0ODOO0OO0OOOOOOOOOO
0000000000000 00000000D00000D000o0Do0o0o0o0oooooaDn
0000000000000 00000000000000000Do000o0ooOooooao
0000000 (@O0O0000O00O0n0)0DO0DO0O0O0Do0DO0O0o0ooooonoooooao
0000000000000 0000D0000D00000D000o0oo0o0onoooooaDn
0000000 0DO0O0O0oo0ooooooao
0200000000000000000000000EDOO0OOOOOODOOOOOOD
000000000000 D0D000D0000D0D0000DO000o0oo0o0onoDooooaD
030 0000000000@UD0000000000Dwans0000000DO)IODO
0000000000000 00000000000000000000000000a0
|
g
g
O
O
g
|
0



ooo
ooao
ogoao
ooo
ooo
oo

Suite 3A0

e e e e e e [ s [y [ |
£ SN i [ [ i e O Y e Y [ [

O

g

|
|

(35) JP 5396274 B2 2014.1.22

ooooDooooobooooooobobooooboooocsoboooooooooan
goooooooboooooobooboooobooooboooooooboooooao
gooooooooboicsouooooooobooooooooooobooooooan
gobobooooooobobonnoobobooobobobobooboooooobonn
OooOO0OD0OD0OO0OO00000O0O0oQoOO0ODO0OO0OAutodock0l O OOOODODDOOOOOO
0O (Ms201 OO O 11 IMMUNOCAPTURE KIT MitoScience LLCO 1850 Millrace Drivel

Eugenel] OR 974030 USAO httpO //www.mitosciences.com) 0 0 000000

uono
O

O 0Oooo
O 0Oooo

gbooooooooan

gboooobooobooboboooooooboboboboog
King TEO 19670 O O O O ODCPIPO D OPMSOD O OO OO OO
ubooouoboobobobooooobouoboboboaobooo
oooooooogood

O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo

Onopi0000o0oooooooocgoooooad

Z Do oDooogogoo=-o
Oo0oooogogoooao

Ooooooooooodg
OoOooomooogoogoOoao

O O oo

O O oo

O 0o o

O O oo

O

O

O

C Database

uono
o
oo
g

oo

OOo0ooogogdg
OOoo0ooood
OOoo0oo0oood

LTVSPWY-a -TOSO O

gboooobooboboboooooooboboQepuibnog
gboooooobooboboooooobooboboboobooao
oooooocoooboooobooooaon

O O oo
O O oc

projectD 0 65,0000 0 0 00 O0Q0OOODDODDODODOOOOOOOOOD
cooooooonNn@zovyoooooooooooooooooooao
oooooOoOooobOoooobooooobooboooOoilecooOonOonOan
obooooboobobobooonmoboboboobooobDobobao
woooooooooboooooooooooboooooboDon

obooooobgobobobooogoboboboboooobDobobao

LOoOooobobooooobooboooobobboooobooooobOboooonon

uybouobouoboboboboouobobuoboboboooobonb
ooooboooooboooboooobobooooboooooobooooao
gboooobobobobooooboobobobobobooobonn
o/00000000000DO0OCODODDOOOOOOOOODOODOGO

oooobOooooobooocooobbooooboooooobooooao
gboooobobobobooooboobooboboboboooboonb
gbooboobooboboboooboobooboboboobooobonn

gobooooagano

OO0 o0Doo|DoooDooggdooDoooggooao
OooooOooooDoDoooooooogogaoQg
o o0ooooOoo0 o0 oo oooo0=-o0000d

O

O

u
O
g
a

OooooooooooooooooooQgoao

e OO O o|dg

-Toshocooooano

g
OCOoO0OD0OD0OO0O0O0O0O0OerbB2000000000O00O0O00O0O0Oa -TOS
OO0OD0DDDO0O0OD0a -TOSOOOOOODerbB2000000O00O00O0ODODO
gboooobDobobobooooLwrvsPwo ooobooboboooao
utbooooboobobobooooobooboboboooboobobaa
goooOoooobbcl1oooboooooooooan

erbB20 0 00 0000DOOCOOOODOOOODODOOOOEFRYB/N MMTVD O O c-neu
gboooobooboobooooboboboobooooobooboboobooooboonn
oooobOooooooooeowooooooooooboooooooooonn
oooobooooboobooooooobooooao

gooon
good
-ToOSO DO erbB20 0 0000000000 DOO0O0O0OOO0O

10

20

30

40

50



Oooooooogogogooao

OooOooOooooOooOooOod
OooDooooogogood

O

OoOoo0oooaog
OoOoo0oooao

goao

(36) JP 5396274 B2 2014.1.22

gboooooboobobooboooboboboboooobooboboobooao
00000000000 SlamonD 01989)0 000000 0O a -ToSO O erbB2
ooooobOoooooooooobOobooooboboOooobboooobooog
gboooobobobobooooobobobOoMeF-7DOD0OOODOODOO

OsmmO 000000000000 DOOO000a -TOSOOOODO@I12AHO0O00O0
oooobOooooobooooobobOoboooobobocOooobboooobooog
5000000000000 0o00bbe -TOSOODOOOODODODOOOOD

ugbobooooooboboboabaoao

goboboooovwoboobooooboiomobobOobO0oboO0obOOoooDgnn
Oooo0O0ODODOO0OO0O0O0O0OooooOoOD0ODDOOFRYB/N MMTV-rat c-neud OO O er

bB20 00 0000000000000 000000000 (Guyd 01992)020 0000 3
-BP000a -TOSOOOO0O0O0O0O0O0O0O0O0OOODODOOODOODOOOOOOOOODOO
00(@128)000000000000000000000000000000000
000000000000 0O00O0O000O000O000a-TOSOOOOO0OO0O00O00O
000000000000 0O000O000003-BP00O00O0O00O0O0O0O0O00
0002000030-40%0 0 0000000000000000000(C@OO000
pd 0.05)0 000000

I:II:II:II:II:II:II:II:II:II:II:II:II:IDDDDDDD§DDDDDDDDDDDDDDDD

OooooooQgooao

O

OooooooooooooooDooooooooogdg

Ooooo0oogoood

oooao

ooobobOooooboooooobobOboooobooO0oobbOO0Oa -TOSO OO 3-BPO
(C120o0)oooooooooooooDoOoOooOooooooooooDoooooog

ugod

goo
3-BPO
O

goo

OOo0ooogooogaog

O0OCerbB200000O03-BPOOOCOOOODODOOOOOOOOOOODOODO
Ooo00OD0ODOO0O000O0O0O0OooOOoOODOlamond 019890000 0O O O erbB2

0000000000000 0DO0O0O0O0o0oDOO0OAKE siRNAODODODODO

o -TOSUOOOOOOODODOOOODODOOOO0OOOOOoOooOoDODOoOooooDan

ooooboDooob0obae -TOSOODOOOODOOOODODODOOOODOOOODOO
O00Oa -TOSOD OHER2-O (DO O OOD70%)OOOHER2-OO OO @ODDDOOS30
oob0OoOO0o0oO0obOO0OO0OHRKER-20000000CO0OO0O0DODOOOOODODOOOOO

HER2-O O DODOOOoOOoOOooOobOoboooobooooobobobobooobooobao

oooooooobooooobobDbootboe -TOSOOOOODOOOODOOOODOO
ooob0OO0OO0o0o0ObOHER2Z-OO0DODOOOOODODOOOODODOOOOODODOOOO0OO0
1000000000000 000OHER2ZDDODODODODODODOOODOOoobDOoDOnD
0D -TOSOOOOOOODOOOODODOOOOODODOOOODOOOODOO
oooO0O0OHERR2ZDOODOOOOOOODODDDOODOODO@WODODDODODODDDODDOOO
Oo0o0DO0OO0O030)00a -TOSODOHER2ZOD OO OODODODOODODOOOODO
gboboooooobobobobobooobooboboboboooooobonn
ooooooOoOOoO0oOo@ooooo) Do -TOSOOOOOOODODDDOOOOO

ED0O0C0CO000D0OO0OO0O0O0boOO0o0o0b0Dba -TOSOOOOOODODOOOODODOOOO

O

OOoo0oooao
O0Ooo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oo0ooao
O0Oo0oooao

O
O
O
O

O
O
O
O

OoOo0ooogooogoo
|
|
[

O Ooooo

1000000000 D0OAU$S0,00000000a -TOSODOOOOOO

gboooobooboboboooooooboboboobooao
oooobOoooooooooooboooooooboooooao
gbooooboobobobobobobdae -TOSOODODODOOO
gTosioooooooDooooboooooboooooDon
ooooobOoooooboooooooboooooooboooooao

-TOSO O O

10

20

30

40

50



0 a -TOSO

O
O

Q

OOo0ooooo0ooooooo0ooDooo4gogoooog

oood
ogdod
-TOoSO

[

O Ooogoooo

u
O
g
u
OO
20010
uon

Oooooooooood
Y = S Y o

(37) JP 5396274 B2 2014.1.22

gbobooooooooobooboboboooboooboobobobobooo
ooooOoooboobooooobobDboobtao -TOSOOOODODOOOODDOOO
goooocoooooooooobobooooboooooboboooobooo
gbobooooooosoupmMoOoDbOobOooooogoboboboboo
ugbobdobooobobooboobooad

goo
stbofbogobooboboboobooobooboboboboooboboobaonn
gooobOocooboeoc0oobobOOOOO0ODbDOOCOOOODOOOODDOOO
gboobobooooooooboboboboobooeg8soobobobon

Oooooogogo

g
O
O
g
u
O
g
g
O
g

O

-Tosbhooooobooboooobooooooboobooooboo0ooo0oooOOboO0Odao -TOO

oooobooooooboooooobobooobobobo0otboe -TOSOOOOOOOOO
Udbfdo -TOSOUOODDODOOOODODOOOOODODOOOODOOOOODOOOOO
a

u o

00000 0obo0oboboboooobgobgozeo2s0bo0booooooognn
ooooooooobOoooooboooooobooooooboooooDnDooo2002

el 000OoobOOoOO0oOoOXxoooooobooooobzeo207DObOOoOoOoOobDOOOO

OoOoo0odgdao

O
t
u
O
g
u

0050 80

OoooooooooooooooogQgoQg

oood
ood
20050
0oda
oood

oooboooooooboooooobooooooboooooao

ao

ooobooOoooobooooobooboooboboooOooboobozo03020 000
goopbzoo3t2000000b0oobOo0oooboobocoooobobooooboogoan
oboboooooboboboboobooobobobobobooDb2o003d 90
CoO0ooODoOoO0o203090 000000000000 0O0O0ODODO (Novogen SASO

ooobOoooboobooozoos03anoooooooooooOooooboooOooDboonoaO

gboboooooboobobobobooooobobao

oo
sgooooooocoooboobobooooboooobooboooooOooboooOoooboon
4 I I A A A N 6 I I W W
gbobooooobobob20b0boboboooooboboboboonn
ugbooooogan

od

1200 0000000000DOCO0OO0O0DOOOoOoOoODOOOoOEso)Tnnano
-Toeshooooobooooooobobocoooboooooooosooooooonn
coooOoOOoOoObvsoOOoOooOOOODOOOOODOOoOo@ObODO4DDOOOOO

oH)yoooooooooooooobooooboooooooooooboooooDooo

oood
oood
20060
oood
oood
oodaod
20060
oood
ooo
ogdod
20070
oood
oodod

oboood

uo
sgoooooooco0ooooboboooobooOooboobooOooobOoooooboon
OO0O0O0D0OO0O0OEGASOOOSoblecWA)OODODDOOOODDOOODXRTODOOOO
ebo000ooooODoOooooOooOooobooboOooooobooog

od
ln10googbobobooooboobobobooboooobbo400noonDO
obobooooobooboboboooboobooboboboooooboobobaa
oooooooooaon

od

4000000000 ipodermalD)D 000 0O0O0O0O0OOQOOODDOOOa -TOS
ubobooooobobobobooouobooboboboboboooobobobada
goocibooooboooobooooobooboooooboooooooooao

10

20

30

40

50



(38) JP 5396274 B2 2014.1.22

O
O
O
O

gboooooboobobooboooboboboboooobooboboobooao
Ooob0b0a -TOSOOOOOOODODOOCTODOOOOOODOOOODOOO

O
OJ
O
O

g
oooob400000C0CO0O0O0O0DOOCTOODOOOOSODOOOOODOOD
oooobOooooboooooboDbba-TOSOOOOOODODOOOODOOO

OO o0goo
O Oooo
O 0Oooo

god

-TcshOo0oooboocoooboosocog D O0OODOOOOODeogmsda -TOS O
2,30 0000300 00nooooboon gbooooooognon
ocoooopoo@ooooo)yyooooao

O
O
O
O
O
O
O
O

uoobOooooboooooobboooob0oba-TOSODOOOODOOOO
ooooooooobooogd ooooobooooooao

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
O
O
OJ
O
O
OJ
O
O
O
O
O
O

OJ
O
O
O
O
O
O
O
O
O
O
O
O
O

O oOooo
O 0Oooo
O o0Ooo
O 0Oooo
O o0Oooo
O o0Ooo
O o0Ooo
O oOooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Ooo
O oOooo
O o0Oooo
O o0Oooo
O 0Oooo
O oOooo
O o0Oooo

OJ

O

O

O

O

O

O

O

O

O

O

O

O

(]

O Oooo
O Oooo
O 0Oooo
OO oo
O Oooo
O Oooo
O 0Ooo
O Oooo
O Oooo
O 0Oooo
OO oo
O Oooo
O 0Oooo
O 0O oo
O Oooo
O Oooo
O O
O O
O O
O O
O O
O O
O O
O O
[ |
O O
O O
O O
O O
O O
O O
O O
O O
O O

OoOoo0oooooouUoooooooooooe oOooooQ
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

Ooooooooooooooooooogoog
Ooooooooooooooooooo

OoooooooooooooooogQgQg

Ooooooo0ooDooo oD oo oooooooDoDooogooooaog
Oooooooooooooooood

oooooooog

Albayrak T, Scherhammer V, Schoenfeld N, Braziulis E, Mund T, Bauer MK, Scheffle
r 1E, Grimm S. (2003) The tumor suppressor cybL, a component of the respiratory
chain, mediates apoptosis induction. Mol Biol Cell. Aug;14(8):3082-96.

Allen FH (2002) The Cambridge Structural Database: a quarter of a million crysta
I structures and rising. Acta Crystallogr B 58(Pt 3 Pt 1):380-388.

Allen RG, Balin AK (2003) Effects of oxygen on the antioxidant responses of norm
al and transformed cells. Exp Cell Res 289:307-316.

Alleva R, Tomasetti M, Andera L, Gellert N, Borghi B, Weber C, Murphy MP, Neuzil
J (2003) Coenzyme Q blocks chemical but not receptor-mediated apoptosis by incr
easing mitochondrial antioxidant protection. FEBS Lett 503:46-50.

Aratri E, Spycher SE, Breyer 1 and Azzi A (1999) Modulation of a -tropomyosin e

xpression by a -tocopherol in rat vascular smooth muscle cells. FEBS Lett 447:91
-94.

Armstrong JS (2006) Mitochondria: a target for cancer therapy. Br J Pharmacol 14
7:239-48.

Arya P, Alibhai N, Qin H, Burton GW, Batist G, You SX and Alaoui-Jamali MA (1998
) Design and synthesis of analogues of vitamin E: antiproliferative activity aga
inst human breast adenocarcinoma cells. Bioorg Med Chem Lett 8:2433-2438.

Astuti D, Hart-Holden N, Latif F, Lalloo F, Black GC, Lim C, Moran A, Grossman A
B, Hodgson SV, Freemont A, Ramsden R, Eng C, Evans DG, Maher ER. (2003) Genetic

10

20

30

40

50



(39) JP 5396274 B2 2014.1.22

analysis of mitochondrial complex Il subunits SDHD, SDHB and SDHC in paragangli
oma and phaeochromocytoma susceptibility.Clin Endocrinol (Oxf). Dec;59(6):728-33
Azzi A, Ricciarelli R and Zingg JM (2002) Non-antioxidant molecular functions of
a -tocopherol (vitamin E). FEBS Lett 519:8-10.
Barnett KT, Fokum FD, Malafa MP (2002) Vitamin E succinate inhibits colon cancer
liver metastases. J Surg Res 106:292-298.
Bayley JP, van Minderhout 1, Weiss MM, Jansen JC, Oomen PH, Menko FH, Pasini B,
Ferrando B, Wong N, Alpert LC, Williams R, Blair E, Devilee P, Taschner PE. (200
6) Mutation analysis of SDHB and SDHC: novel germline mutations in sporadic head
and neck paraganglioma and familial paraganglioma and/or pheochromocytoma. BMC
Med Genet. Jan 11;7:1
Berridge MV, Herst PM, Tan AS. (2005) Tetrazolium dyes as tools in cell biology:
new insights into their cellular reduction. Biotechnol Annu Rev.11:127-52
Berridge MV and Tan AS (1993) Characterization of the cellular reduction of 3-(4
,5-dimethylthiazol- 2-yl)-2,5-diphenyltetrazolium bromide (MTT): subcellular loc
alization, substrate dependence, and involvement of mitochondrial electron trans
port in MTT reduction. Arch Biochem Biophys 303:474-478.
Birringer M, Drogan D and Brigelius-Flohe R (2001) Tocopherols are metabolized i
n HepG2 cells by side chain w -oxidation and consecutive [ -oxidation. Free Radi
c Biol Med 31:226-232.
Birringer M, EyTina JH, Salvatore BA and Neuzil J (2003) Vitamin E analogues as
inducers of apoptosis: Structure-function relationship. Br J Cancer 88:1948-1955

Birringer M, Pfluger P, Kluth D, Landes N and Brigelius-Flohe R (2002) lIdentitie

s and differences in the metabolism of tocotrienols and tocopherols in HepG2 cel
Is. J Nutr 132:3113-3118.

Boersma AW, Nooter K, Oostrum RG., Stoter G (1996) Quantification of apoptotic c

ells with fluorescein isothiocyanate-labeled annexin V in Chinese hamster ovary

cell cultures with cisplatin. Cytometry 24:123-130

Breen GA, Scheffler IE. (1979) Respiration-deficient Chinese hamster cell mutant

s: biochemical characterization. Somatic Cell Genet. Jul;5(4):441-51.

Briere JJ, Schlemmer D, Chretien D, Rustin P. (2004) Quinone analogues regulate

mitochondrial substrate competitive oxidation. Biochem Biophys Res Commun. Apr 1

6;316(4):1138-42.

Burstein HJ (2005) The distinctive nature of HER2-positive breast cancers. N Eng
1 J Med 353:1652-1654.

Burnell JN, John P, Whatley FR (1975) The reversibility of active sulphate trans
port in membrane vesicles of Paracoccus denitrificans. Biochem J. 150: 527-536.

Cardone MH, Roy N, Stennicke HR, Salvesen GS, Franke TF, Stanbridge E, Frisch S,
Reed JC (1998) Regulation of cell death protease caspase-9 by phosphorylation.

Science 282:1318-1321.

Cheeseman KH, Holley AE, Kelly FJ, Wasil M, Hughes L and Burton G (1995) Biokine

tics in humans of RRR-a -tocopherol: the free phenol, acetate ester, and succina

te ester forms of vitamin E. Free Radic Biol Med 19:591-598

Choudhry zZM, Gavrikova EV, Kotlyar AB, Tushurashvili PR and Vinogradov AD. (1985

) Pyridoxal phosphate-induced dissociation of the succinate: ubiquinone reductas

e.FEBS Lett. Mar 11;182(1):171-5.

Choudhry ZM, Kotlyar AB and Vinogradov AD. (1986) Studies on the succinate dehyd
rogenating system. Interaction of the mitochondrial succinate-ubiquinone reducta

se with pyridoxal phosphate.Biochim Biophys Acta. Jun 10;850(1):131-8.

10

20

30

40

50



(40) JP 5396274 B2 2014.1.22

Christen S, Woodall AA, Shigenaga MK, Southwell-Keely PT, Duncan MW, Ames BN. (1

997) gamma-tocopherol traps mutagenic electrophiles such as NO(X) and complement

s alpha-tocopherol: physiological implications. Proc Natl Acad Sci U S A. Apr 1;

94(7):3217-22.

Church SL, Grant JW, Ridnour LA, Oberley LW, Swanson PE, Meltzer PS, Trent JM (1

993) Increased manganese superoxide dismutase expression supresses the malignant
phenotype of human melanoma cells. Proc Natl Acad Sci USA 90:3113-3117.

DeFrancesco L, Scheffler IE, Bissell MJ. (1976) A respiration-deficient Chinese

hamster cell line with a defect in NADH-coenzyme Q reductase. J Biol Chem. Aug 1

0;251(15):4588-95.

Devaraj S, Hugou 1 and Jialal 1 (2001) a -Tocopherol decreases CD36 expression i

n human monocyte-derived macrophages. J Lipid Res 42:521-527.

Don AS, Hogg PJ (2004) Mitochondria as cancer drug targets. Trends Mol Med 10:37

2-378.

Dong LF, Wang XF, Zhao Y, Tomasetti M, Wu K, Neuzil J (2006) Vitamin E analogues
as anti-cancer agents: the role of modulation of apoptosis signalling pathways.
Cancer Therapy 4:35-46.

Esposti MD, Ngo A, Ghelli A, Benelli B, Carelli V, McLennan H, Linnane AW (1996)
The interaction of Q analogs, particularly hydroxydecyl benzoquinone (idebenone

), with the respiratory complexes of heart mitochondria. Arch Biochem Biophys. J

un 15;330(2):395-400.. Please specify the different types of ubiquinone

Fariss MW, Nicholls-Grzemski FA, Tirmenstein MA, Zhang JG (2001) Enhanced antiox
idant and cytoprotective abilities of vitamin E succinate is associated with a r

apid uptake advantage in rat hepatocytes and mitochondria. Free Radic Biol Med 3

1:530-541.

Fresno Vara JA, Casado E, de Castro J, Cejas P, Belda-Iniesta C, Gonzalez-Baron

M (2004) PI3K/Akt signalling pathway and cancer. Cancer Treat Rev 30:193-204.

Galli F, Stabile AM, Betti M, Conte C, Pistilli A, Rende M, Floridi A and Azzi A
(2004) The effect of a - and y -tocopherol and their carboxyethyl hydroxychroma

n metabolites on prostate cancer cell proliferation. Arch Biochem Biophys 423:97

-102.

Geschwind JF, Ko YH, Torbenson MS, Magee C, Pedersen PL (2002) Novel therapy for
liver cancer: direct intraarterial injection of a potent inhibitor of ATP produ

ction. Cancer Res 62:3909-3913.

Gottlieb E, Tomlinson IP. (2005) Mitochondrial tumour suppressors: a genetic and
biochemical update.Nat Rev Cancer. Nov;5(11):857-66

Grandage VL, Gale RE, Linch DC, Khwaja A (2005) PI3-kinase/Akt is constitutively
active in primary acute myeloid leukaemia cells and regulates survival and chem

oresistance via NF-k B, MAP kinase and p53 pathways. Leukemia 19:586-594.

Gu LQ, Yu L, Yu CA. (1990) Effect of substituents of the benzoquinone ring on el

ectron-transfer activities of ubiquinone derivatives. Biochim Biophys Acta. Feb

22;1015(3):482-92.

Guthrie N, Gapor A, Chambers AF and Carroll KK (1997) Inhibition of proliferatio

n of estrogen receptor-negative MDA-MB-435 and -positive MCF-7 human breast canc

er cells by palm oil tocotrienols and tamoxifen, alone and in combination. J Nut

r 127: 544S-548S.

Guy CT, Webster MA, Schaller M, Parsons TJ, Cardiff RD, Muller WJ (1992) Express

ion of the neu protooncogene in the mammary epithelium of transgenic mice induce

s metastatic disease. Proc Natl Acad Sci USA 89:10578-10582.

Hartshorn MJ (2002) AstexViewer(TM): An aid for structure-based drug design. J

10

20

30

40

50



(41) JP 5396274 B2 2014.1.22

Computer Aided Mol Des 16: 871-881.

He L, Mo H, Hadisusilo S, Qureshi AA and Elson CE (1997) lIsoprenoids suppress th

e growth of murine B16 melanomas in vitro and in vivo. J Nutr 127:668-674.

He DY, Yu L, Yu CA. (1994) Protein ubiquinone interaction. Synthesis and biologi

cal properties of 5-alkyl ubiquinone derivatives. J Biol Chem. Nov 11;269(45):27

885-8.

Hosomi A, Arita M, Sato Y, Kiyose C, Ueda T, lgarashi O, Arai H and Inoue K (199

7) Affinity for a -tocopherol transfer protein as a determinant of the biologica
1 activities of vitamin E analogs. FEBS Lett 409:105-108.

Huang LS, Sun G, Cobessi D, Wang AC, Shen JT, Tung EY, Anderson VE, Berry EA (20

06) 3-nitropropionic acid is a suicide inhibitor of mitochondrial respiration th

at, upon oxidation by complex 11, forms a covalent adduct with a catalytic base

arginine in the active site of the enzyme. J Biol Chem 281:5965-5972

James AM, Cocheme HM, Smith RA, Murphy MP (2005) Interactions of mitochondria-ta
rgeted and untargeted ubiquinones with the mitochondrial respiratory chain and r

eactive oxygen species. Implications for the use of exogenous ubiquinones as the
rapies and experimental tools. J Biol Chem 280:21295-212312.

Kelso GF, Porteous CM, Coulter CV, Hughes G, Porteous WK, Ledgerwood EC, Smith R

A, Murphy MP (2001) Selective targeting of a redox-active ubiquinone to mitochon

dria within cells: antioxidant and antiapoptotic properties. J Biol Chem 276:458

8-4596.

Kim R, Tanabe K, Emi M, Uchida Y, Toge T (2004) Potential roles of antisense the
rapy in the molecular targeting of genes involved in cancer. Int J Oncol 24:5-17
King A, Selak MA, Gottlieb E. (2006) Succinate dehydrogenase and fumarate hydra

tase: linking mitochondrial dysfunction and cancer. Oncogene. Aug 7;25(34):4675-
82

King TE (1967). Preparation of succinate dehydrdogenase and reconstitution of su
ccinate oxidase. Methods Enzymol 10: 322-331.

King, T.S. (1967) Preparations of succinate-cytochrome c reductase and the cytoc
hrome b-cl particle, and reconstitution of succinate-cytochrome c reductase. Met
hods in Enzymology, 10, 216-225

Ko YH, Smith BL, Wang Y, Pomper MG, Rini DA, Torbenson MS, Hullihen J, Pedersen
PL (2004) Advanced cancers: eradication in all cases using 3-bromopyruvate thera
py to deplete ATP. Biochem Biophys Res Commun 324:269-275.

Kogure K, Hama S, Kisaki M, Takemasa H, Tokumura A, Suzuki I and Fukuzawa K (200

4) Structural characteristic of terminal dicarboxylic moiety required for apopto
genic activity of a -tocopheryl esters. Biochim Biophys Acta 1672: 93-99.

Kogure K, Manabe S, Suzuki 1, Tokumura A and Fukuzawa K (2005) Cytotoxicity of

o -tocopheryl succinate, malonate and oxalate in normal and cancer cells in vitr
o and their anti-cancer effects on mouse melanoma in vivo. J Nutr Sci Vitaminol
51:392-397.

Kunisaki M, Bursell SE, Clermont AC, Ishii H, Ballas LM, Jirousek MR, Umeda F, N
awata H and King GL (1995) Vitamin E prevents diabetes-induced abnormal retinal
blood flow via the diacylglycerol-protein kinase C pathway. Am J Physiol 269:E23
9-246.

Maehara Y, Kusumoto T, Kusumoto H, Anai H, Sugimachi K (1988) Sodium succinate e
nhances the colorimetric reaction of the in vitro chemosensitivity test: MTT ass
ay. Oncology 5:434-436.

Makishima M, Umesono K, Shudo K, Naoe T, Kishi K and Honma Y (1998) Induction of
differentiation in acute promyelocytic leukemia cells by 9-cis retinoic acid a

10

20

30

40

50



(42) JP 5396274 B2 2014.1.22

-tocopherol ester (9-cis tretinoin tocoferil). Blood 91:4715-4726.

Malafa MP, Fokum FD, Mowlavi A, Abusief M, King M (2002) Vitamin E inhibits mela

noma growth in mice. Surgery 131:85-91.

Malafa MP, Neitzel LT. Vitamin E succinate promotes breast cancer tumor dormancy

- J Surg Res 93:163-170.

Martin-Nizard F, Boullier A, Fruchart JC and Duriez P (1998) a -Tocopherol but n

ot [ -tocopherol inhibits thrombin-induced PKC activation and endothelin secreti

on in endothelial cells. J Cardiovasc Risk 5:339-345.

Morris G M, Goodsell DS, Halliday RS, Huey R, Hart W E, Belew RK, Olson AJ (1

998) Automated docking using a Lamarckian genetic algorithm and empirical bindin

g free energy function. J Comp Chem 19: 1639-1662.

Morton LW, Ward NC, Croft KD, Puddey IB. (2002) Evidence for the nitration of ga

mma-tocopherol in vivo: 5-nitro-gamma-tocopherol is elevated in the plasma of su

bjects with coronary heart disease. Biochem J. Jun 15;364(Pt 3):625-8.

Munteanu A, Zingg JM, Ogru E, Libinaki R, Gianello R, West S, Negis Y and Azzi (

2004) AModulation of cell proliferation and gene expression by a -tocopheryl pho

sphates: relevance to atherosclerosis and inflammation. Biochem Biophys Res Comm

un 318:311-316.

Negis Y, Zingg JM, Ogru E, Gianello R, Libinaki R and Azzi A (2005) On the exist

ence of cellular tocopheryl phosphate, its synthesis, degradation and cellular r

oles: a hypothesis. IUBMB Life 57:23-25.

Nesaretnam K, Stephen R, Dils R and Darbre P (1998) Tocotrienols inhibit the gro

wth of human breast cancer cells irrespective of estrogen receptor status. Lipid

S 33:461-469.

Neuzil J, Dong LF, Ramanathapuram L, Hahn T, Chladova M, Wang XF, Zobalova R, Pr

ochazka L, Gold M, Freeman R, Turanek J, Akporiaye ET, Dyason JC, Ralph SJ. (200

7) Vitamin E analogues as a novel group of mitocans: Anti-cancer agents that act
by targeting mitochondria. Mol Aspects Med. Feb 23.

Neuzil J, Massa H (2005) Hepatic processing determines dual activity of vitamin

E succinate. Biochem Biophys Res Commun 327:1024-1027.

Neuzil J, Tomasetti M, Mellick AS, Alleva R, Salvatore BA, Birringer M, Fariss M

W (2004) Vitamin E analogues: A new class of inducers of apoptosis with selectiv

e anti-cancer effects. Curr Cancer Drug Targets 4:355-372.

Neuzil J, Tomasetti M, Zhao Y, Dong LF, Birringer M, Wang XF, Low P, Wu K, Salva

tore BA, Ralph SJ. (2007) Vitamin E analogs, a novel group of "mitocans," as ant

icancer agents: the importance of being redox-silent. Mol Pharmacol. May;71(5):1

185-99.

Neuzil J, Weber T, Gellert N, Weber C (2001) Selective cancer cell killing by a

-tocopheryl succinate. Br J Cancer 84:87-89.

Neuzil J, Weber T, Schroder A, Lu M, Ostermann G, Gellert N, Mayne GC, Olejnicka
B, Negre-Salvayre A, Sticha M, Coffey RJ, Weber C (2001) Induction of apoptosis
in cancer cells by a -tocopheryl succinate: Molecular pathways and structural r

equirements. FASEB J 15:403-415.

Nishikawa K, Satoh H, Hirai A, Suzuzki K, Asano R, Kumadaki I, Hagiwara K and Ya

no T (2003) a -Tocopheryloxybutyric acid enhances necrotic cell death in breast

cancer cells treated with chemotherapy agent. Cancer Lett 201:51-56

Oostveen FG, Au HC, Meijer PJ, Scheffler IE. (1995) A Chinese hamster mutant cel

1 line with a defect in the integral membrane protein CII-3 of complex 11 of the
mitochondrial electron transport chain. J Biol Chem. Nov 3;270(44):26104-8.

Osaki M, Oshimura M, 1to H (2004) PI3K-Akt pathway: its functions and alteration

10

20

30

40

50



(43) JP 5396274 B2 2014.1.22

s in human cancer. Apoptosis 9:667-676.

Pham DQ and Plakogiannis R (2005) Vitamin E supplementation in cardiovascular di

sease and cancer prevention: Part 1. Ann Pharmacother 39:1870-8

Pollard PJ, Briere JJ, Alam NA, Barwell J, Barclay E, Wortham NC, Hunt T, Mitche
11 M, Olpin S, Moat SJ, Hargreaves 1P, Heales SJ, Chung YL, Griffiths JR, Dalgle
ish A, McGrath JA, Gleeson MJ, Hodgson SV, Poulsom R, Rustin P, Tomlinson IP. (2

005) Accumulation of Krebs cycle intermediates and over-expression of HIFlalpha
in tumours which result from germline FH and SDH mutations. Hum Mol Genet. Aug 1
;14(15):2231-9.

Quin J, Engle D, Litwiller A, Peralta E, Grasch A, Boley T, Hazelrigg S (2005) V
itamin E succinate decreases lung cancer tumor growth in mice. J Surg Res 127:13

9-143.

Qureshi AA, Mo H, Packer L and Peterson DM (2000) Isolation and identification o

T novel tocotrienols from rice bran with hypocholesterolemic, antioxidant, and a
ntitumor properties. J Agric Food Chem 48:3130-3140.

Ralph SJ, Dong LF, Low P, Lawen A, and Neuzil J (2006) Mitocans: mitochondria ta
rgeted anti-cancer drugs as improved therapies and related patents. Recent Pat A
nticancer Drug Discov 1:305-326.

Ricciarelli R, Zingg JM and Azzi A (2000) Vitamin E reduces the uptake of oxidiz

ed LDL by inhibiting CD36 scavenger receptor expression in cultured aortic smoot
h muscle cells. Circulation 102:82-87.

Safford SE, Oberley TD, Urano M, St Clair DK (1994) Suppression of fibrosarcoma

metastasis by elevated expression of manganese superoxide dismutase. Cancer Res

54:4261-4265.

Sanborn BM, Felberg NT, Hollocher TC (1971) The inactivation of succinate dehydr
ogenase by bromopyruvate. Biochim Biophys Acta 227:219-231.

Sanner MF (1999) Python: a programming language for software integration and dev
elopment, J Mol Graphic Mod 17: 57-61.

Sanders G., et al (2001) Preparation of tocopherols, tocotrienols, other chroman
and side chain derivatives that induce cell apoptosis for therapeutic use as an

tiproliferative agents. 2001: PCT Int. Appl. WO 2001058889. p. 120.

Scallet AC, Haley RL, Scallet DM, Duhart HM, Binienda ZK (2003) 3-nitropropionic
acid inhibition of succinate dehydrogenase (complex 11) activity in cultured Ch
inese hamster ovary cells: antagonism by L-carnitine. Ann N Y Acad Sci 993:305-3
12.

Scheffler IE, Yadava N, Potluri P. (2004) Molecular genetics of complex I-defici
ent Chinese hamster cell lines. Biochim Biophys Acta. Dec 6;1659(2-3):160-71. Re

view.

Seo, B.B., Kitajima-lhara, T., Chan, E.K., Scheffler, I.E., Matsuno-Yagi, A., an
d Yagi, T. (1998) Proc. Natl. Acad. Sci. USA 95, 9167-9171

Shah SJ and Sylvester PW (2005) y -Tocotrienol inhibits neoplastic mammary epith
elial cell proliferation by decreasing Akt and nuclear factor k B activity. Exp
Biol Med 230: 235-241.

Shiau CW, Huang JW, Wang DS, Weng JR, Yang CC, Lin CH, Li C, Chen CS (2006) alph
a-Tocopheryl succinate induces apoptosis in prostate cancer cells in part throug
h inhibition of Bcl-xL/Bcl-2 function. J Biol Chem 281:11819-11825.

Shun MC, Yu W, Gapor A, Parsons R, Atkinson J, Sanders BG and Kline K (2004) Pro
-apoptotic mechanisms of action of a novel vitamin E analog (o -TEA) and a natur
ally occurring form of vitamin E (6 -tocotrienol) in MDA-MB-435 human breast can
cer cells. Nutr Cancer 48:95-105.

10

20

30

40

50



(44) JP 5396274 B2 2014.1.22

Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG, Keith DE, Levin WJ, Stuart S
G, Udove J, Ullrich A, et al (1989) Studies of the HER-2/neu proto-oncogene in h
uman breast and ovarian cancer. Science 244:707-712.

Stapelberg M, Gellert N, Swettenham E, Tomasetti M, Witting PK, Procopio A, Neuz
il J (2005) a -Tocopheryl succinate inhibits malignant mesothelioma by disruptio

n of the FGF autocrine signaling loop: Mechanism and the role of oxidative stres

s. J Biol Chem 280:25369-25376.

Sugawara M, Huang W, Fei Y-J, Leibach FH, Ganapathy V and Ganapathy ME (2000) Tr

ansport of valganciclovir, a ganciclovir prodrug, via peptide transporters PEPT1
and PEPT2. J Pharm Sci 89:781-789.

Sun F, Huo X, Zhai Y, Wang A, Xu J, Su D, Bartlam M, Rao Z. Crystal structure of
mitochondrial respiratory membrane protein complex 1l1. Cell 121:1043-1057.

Swettenham E, Witting PK, Salvatore BA, Neuzil J (2005) o -Tocopheryl succinate

selectively induces apoptosis in neuroblastoma cells: Potential therapy of malig

nancies of the nervous system? J Neurochem 94:1448-1456.

Takeuchi H, Kim J, Fujimoto A, Umetani N, Mori T, Bilchik A, Turner R, Tran A, K

uo C, Hoon DS (2005) X-Linked inhibitor of apoptosis protein expression level i

n colorectal cancer is regulated by hepatocyte growth factor/C-met pathway via A

kt signaling. Clin Cancer Res 11:7621-7628.

Tan AK, Ramsay RR, Singer TP, Miyoshi H. (1993) Comparison of the structures of

the quinone-binding sites in beef heart mitochondria. J Biol Chem. Sep 15;268(26

):19328-33.

Tasinato A, Boscoboinik D, Bartoli GM, Maroni P and Azzi A (1995) d-a -Tocophero
1 inhibition of vascular smooth muscle cell proliferation occurs at physiologica
1 concentrations, correlates with protein kinase C inhibition, and is independen

t of its antioxidant properties. Proc Natl Acad Sci USA 92:12190-12194.

Teague, S. J.; Davis, A. M.; Leeson, P. D.; Oprea, T. (1999) The Design of Leadl
ike Combinatorial Libraries. Angew Chem Int Ed Engl, 38, 3743-3748

Tomasetti M, Gellert N, Procopio A, Neuzil J (2004) A vitamin E analogue suppres

ses malignant mesothelioma in a pre-clinical model: A prototype of a future drug
against a fatal neoplastic disease? Int J Cancer 109:641-642.

Tomic-Vatic A, EyTina JH, Chapmann JM, Mahdavian E, Neuzil J and Salvatore BA (2

005) Vitamin E amides, a new class of vitamin E analogues with enhanced pro-apop

totic activity. Int J Cancer 117:118-193.

van Nederveen FH, Korpershoek E, Lenders JW, de Krijger RR, Dinjens WN. (2007)

Somatic SDHB mutation in an extraadrenal pheochromocytoma. N Engl J Med. Jul 19;

357(3):306-8.

Vraka PS, Drouza C, Rikkou MP, Odysseos AD and Keramidas AD (2006) Synthesis and
study of the cancer cell growth inhibitory properties of a -, y -tocopheryl and
y -tocotrienyl 2-phenylselenyl succinates. Bioorg Med Chem 14: 2684-2696.

Wallace, A.C., Laskowski, R.A. and Thornton, J.M. (1995). LIGPLOT: a program to

generate schematic diagrams of protein-ligand interactions. Protein Eng 8, 127-1

34.

Wang XF, Dong LF, Zhao Y, Tomasetti M, Wu K, Neuzil J (2006) Vitamin E analogues
as anti-cancer agents: Lessons from studies with a -tocopheryl succinate. Mol N

utr Food Res 50:675-685.

Wang XF, Witting PK, Salvatore BA, Neuzil J (2005) o -Tocopheryl succinate induc

es apoptosis in HER2/erbB2-overexpressing breast cancer cells by signalling via

the mitochondrial pathway. Biochem Biophys Res Commun 326:282-289.

Weber T, Dalen H, Andera L, Negre-Salvayre A, Auge N, Sticha M, Lloret A, Terman

10

20

30

40

50



(45) JP 5396274 B2 2014.1.22

A, Witting PK, Higuchi M, Plasilova M, Zivny J, Gellert N, Weber C, Neuzil J (2
003) Mitochondria play a central role in apoptosis induced by a -tocopheryl succ
inate, an agent with anticancer activity. Comparison with receptor-mediated pro-
apoptotic signaling. Biochemistry 42:4277-4291.

Weber T, Lu M, Andera L, Lahm H, Gellert N, Fariss MW, Korinek V, Sattler W, Uck
er DS, Terman A, Schroder A, Erl W, Brunk UT, Coffey RJ, Weber C, Neuzil J (2002
) Vitamin E succinate is a potent novel anti-neoplastic agent with high tumor se
lectivity and cooperativity with tumor necrosis factor-related apoptosis-inducin
g ligand (TRAIL, Apo2L) in vivo. Clin Cancer Res 8:863-869.

West KA, Castillo SS, Dennis PA (2002) Activation of the PI3K/Akt pathway and ch
emotherapeutic resistance. Drug Resist Updat 5:234-248.

Wu Y, Zu K, Ni J, Yeh S, Kasi D, James NS, Chemler S and Ip C (2004) Cellular an
d molecular effects of a -tocopheryloxybutyrate: lessons for the design of vitam

in E analog for cancer prevention. Anticancer Res 24:3795-3802.

Xu RH, Pelicano H, Zhou Y, Carew JS, Feng L, Bhalla KN, Keating MJ, Huang P (200
5) Inhibition of glycolysis in cancer cells: a novel strategy to overcome drug r
esistance associated with mitochondrial respiratory defect and hypoxia. Cancer R
es 65:613-621.

Yabunaka H, Kenmochi A, Nakatogawa Y, Sakamoto K, Miyoshi H. (2002) Hybrid ubiqu

inone: novel inhibitor of mitochondrial complex 1. Biochim Biophys Acta. Dec 2;1
556(2-3):106-12.

Yamauchi J, Iwamoto T, Kida S, Masushige S, Yamada K and Esashi T (2001) Tocophe
rol-associated protein is a ligand-dependent transcriptional activator. Biochem

Biophys Res Commun 285:295-299.

Yang F, Yu L, He DY, Yu CA. (1991) Protein-ubiquinone interaction in bovine hear
t mitochondrial succinate-cytochrome c reductase. Synthesis and biological prope
rties of fluorine substituted ubiquinone derivatives. J Biol Chem. Nov 5;266(31)

120863-9.

Yankovskaya V, Sablin SO, Ramsay RR, Singer TP, Ackrell BA, Cecchini G, Miyoshi
H. (1996) Inhibitor probes of the quinone binding sites of mammalian complex I1
and Escherichia coli fumarate reductase. J Biol Chem. Aug 30;271(35):21020-4.
Yano Y, Satoh H, Fukumoto K, Kumadaki 1, Ichikawa T, Yamada K, Hagiwara K and Ya
no T (2005) Induction of cytotoxicity in human lung adenocarcinoma cells by 6-0-
carboxy-propyl-a -tocotrienol, a redox-silent derivative of a -tocotrienol. Int
J Cancer 115:839-846.

Yoeli-Lerner M, Yiu GK, Rabinovitz 1, Erhardt P, Jauliac S, Toker A (2005) Akt b
locks breast cancer cell motility and invasion through the transcription factor
NFAT. Mol Cell 20:539-550.

Youk HJ, Lee E, Choi MK, Lee YJ, Chung JH, Kim SH, Lee CH and Lim SJ (2005) Enha
nced anticancer efficacy of a -tocopheryl succinate by conjugation with polyethy

lene glycol. J Control Release 107:43-52.

Zhang JG, Nicholls-Grzemski FA, Tirmenstein MA, Fariss MW (200l1a) Vitamin E succ

inate protects hepatocytes against the toxic effect of reactive oxygen species g
enerated at mitochondrial complexes I and 111 by alkylating agents. Chem Biol In
teract 138:267-284.

Zhang JG, Tirmenstein MA, Nicholls-Grzemski FA, Fariss MW (2001b) Mitochondrial
electron transport inhibitors cause lipid peroxidation-dependent and -independen
t cell death: protective role of antioxidants. Arch Biochem Biophys 393:87-96.
Zhao S, Konopleva M, Cabreira-Hansen M, Xie Z, Hu W, Milella M, Estrov Z, Mills
GB, Andreeff M (2004) Inhibition of phosphatidylinositol 3-kinase dephosphorylat

10

20

30

40

50



(46) JP 5396274 B2 2014.1.22

es BAD and promotes apoptosis in myeloid leukemias. Leukemia 18:267-27.

50

78 [ EPAN-E

MDA-MD-453 6 B MDA-MB-453 24 5/ 100 1 mmm wH@RE
A B [ 13305 3 *
- R E 88 N HRE g
(3¢ 100 g3 2 S ;
N
50 1
i N
g 0 0
2 W 8 8 & & o w 8 8 & & =
& 2T 28 R B 0 ey @ o
Z ™ = = - ™ s = - Q o o o. o8& wm
A =383 ¢ F 383 ¢ R 3§ Rgos
n & B k) & S 3 3 30 N
o 4 g s = = = 3
N 3 H] = & & 2L 2 &
2 & & 8 &b =9
3 MCF7 24 ¥R NeuTL 24 I R R
i c B & -+ N+
T - 100 oooo

o o —_ 3 siRNA
a8 88 & 3 W 8 8 & & 2 g x
FRE 4 532 2 K B & & 3 50
253 s E & t s =3 & N
A I I i
& B 5 &8 % ° g =
= < I
8 g N
0
7] o —
oooao o <] z &
Ea] Ly 5 2 s
=S =] =
a-T08 38p & = s 2 3
El £
A gmaang ez s & g 2 =
1001 12.5,M o-TOS 100125, 3-BF S
B 50.M o-TOS - B 100uM 3-BP L
: .
I+ 504 504 >
) 7 l
g 7 , |
N EHBRE KRR EEREE  EERE
I
L C L mkne L=
@ % [C3112.50M 0-TOS 1007 25,0 3-BP
EEEN B 50,M o-TOS B8 100:M 3-BP
m - .
E 504 - 50
Q
g I L
L 7 iizm Ml
ERBRE  EBRF ERBRE  EBER



gooao

gﬂ T2 3% m3Ei
2572 =2r8S
*
B
o 0uM MitoQ
g 100 4 240 MitoQ
iR ® 54 MitoQ
n
S 50
=
=
°
04
;: 0 50 100
R
14} 3-BP (M)
5 ¢
||1 o 04M MitcQ
1 1 4 20M MitoQ
Y 2 5 uv MitoQ
n .
50
0
0 25 50
TTFA (4
D
E © 0 MitoQ
100 4 21V MitoQ
. © 5 MitoQ
50 Y
25
@-TOS (um)
-
=
<
2
kS
A
8
2
€
&
£
NS
N
|
oL
N

= ROS #i8
0 20

A
i
o
~
=
2

(47)

O

EE

RIGEE

O

JP 5396274 B2 2014.1.22

ooo

190
z 2504
< 160+
&
= 1604
g 1304
2

100 100

Cerl 100 300

100 30
. e
® 204
2
E 104
2 D

0 3 6 0 2 4 6
29 vF—t (mM)

oooao

BEKRI OWPHERT Y ML U0 ERES SV a-T0S £ L&Y HEIER



(48) JP 5396274 B2 2014.1.22

ogoooad oboood

BEKII OWPEHLE-TSOY Ay FESHEEER

#EEII OO KTy b
12811 % a-T0S DFEE
WBEERICEST S
BAGT I/ BEED
ZRS

E:TOSDRY =)L
E LEAIE 1] SDHC
$Jazy kDY
FRE C42 L DHEOD
KEMHE (RAR)

goooao

HEMERAICES T A RENARDZRTRET LU U AL FORRILERARIZT S
HEK N O HAERYT v bAD ¢-T0S DILFHER

g o}

ToE g e =i

T : il - i - -

CA2ix, KFRBEENTIR/AEOHEUZRILT S, ¢-TSORXI L LEOREEIC
BETHEARI O FOybLBEY Ty MRFSh Y DT/ BEE N 2RT.

ooooao ooooao
HEK I QD HEKRT v bAO U0 BEEES & Ua-T0S % HET 2B HEE I O0d s a-T0S DY A FESEEER
. - 4 . r "k ©0od
Kiry MBS
a-TOS DfEE
Koy FOEEE s
KAy # -
Y- TERUS Egjéigé %m.
HEE || OB 2RSH e
IZEsTRERER '
48 (CRBHD
#HR) €77, :TOS MRS
Ky FORAIS DEYIE I3 73
HER/LTWVD Il SOHD# T2 =%
UbQ &t L 12 =N O R
a-T0S DS B D128, D135

LDMDKE
)

#HE

7

aTocopherst Succinae (a-TOS)
UH (1B IBELR Q, BB BT
o Y. THRILE—
(keal/mol) (keal/mol}
Hyli0, CHy
’ e
C UbQS 14,76 ‘1413
il | / \\ N
oo ’ ™ a-TOS| “14.10 1539
I
s\ /s

Utiqinanes (Ubiqs)




(49) JP 5396274 B2 2014.1.22

gooao goooooan
17 FIG.10 (cont.)

< . e} 5 : STOCRIS 23247
1RGEASAL, JOGISET
9 a s 0.27-5.38,-110426,-2, 286305, 7
0y

P —

g
10»

1 10 100 3 T A
-log Ky, 0 %-&‘mﬂ e }""
(E— B e ERMLE) o |1.72,396,673117,1, 258212, 6 —s

PO (SAPR—— ]

103

gboboobooon
FIG.10

mold, SOF, SHexbase
136,149-1622.1.70.261218, %

discuss C—

L.}
Lo

cacmamay | i | S R i ,,J\
s S S
291 AL?‘r?Jﬂ.-ﬁJS}JQ].”lﬂ‘.‘ - |

cioatific: QRIS JY©/‘- S "
1.&5&‘1% ° n;\

. ¥ |PubChew: ama1s 05
— ] 5

8| sn| e e .

al?, ELF, EMILES, fixibase
. -1.28-713-189.68.08,-3, 294.23,3

i —— . 8
., i
-
{mslar to: pue, saesezs sl aigng i KNG AT AN

2
270828
o
disqrs
S
I e
° ey e \J
L3
discuss.
4

Reuk
lzanie 1af
4wt

1

163680

[
ditcus

fref puci?, BDF, SMILES, fesfione
1.72,4.86-11 31,160, 200321, 4

\
10}

mal2, ST, SMILES, flexiiuor
(47,4 45,12.42,0,50, 701594, 4 |

it o BN S g

S
l =
o
q\,D \
o P
ogoooooan ogoood
6
FIG.10 (Cont.) ;O avka—1L i
. XFF Ra-TOS ‘ g
1’y T
F3 /)\/
- 8 =
10 S0EKS 9068 (P/”"’ I @,
e, ST SMILES, fecloe ‘oos z
36171052096, 10418,1.72 274165, 7 o % % zr A
:ﬁ ﬁnihsh‘-mmmmmmgﬁ L ~ ¥
e 0 @& e
start O sive SO 0 5 10 15
LB (B)
select distinet b id from substanoe s, protasnee p,cataog tem i, whese s.ub_id=
s e cical i - 5o K 20 o) o e mcud%ﬂ 28571 ad

sub_id = o.mub_jel Bamif 5,500

3418 1’

FRE a- TOS g



(50)

ogoooad

- HARMERY (X

6

| E=R =By
A o-TOS

B ohkOo—L B
o 3-BP
4 o-TOS

JP 5396274 B2 2014.1.22



(51) JP 5396274 B2 2014.1.22

gbooooogooan

(51)Int.CI. oo
oooo 35/00  (2006.01) Oooo 35/0 0000 ooooo

(74) 000 100100158
0DooooooO

(74)000 100138900
00O0ooo0oooo

(74)000 100162684
0DooooooO

(7000 0O000000000000O0
00000000000000000000000000000000000000000000
0o0oo

(72000 0000000
0000000000000000000000000000000000000000

ugog godood

Ge)DOO0O OODOOoOobDOOOOOoOobboooooobooon
OO00o00ooooooooooooooooog
gO00oOodooooooOoOoooobooboooooo
British Journal of Cancerd0 00000 Ovol.8900p.1822-1826
Clin Cancer ResO O OO OO Ovol.80p.863-869
Biochem Biophys Res CommunC 0 0 OO0 Ovol.32600 p.282-289
The FASEB journalD OO OO O0Ovol.17, no.20p.256-8
Surgeryd0 00O 0O0OOvol.138, no.200p.391-7
BBRCO O OO OO O vol 3240 p.269-275

(58)000000(Int.cl.O0000)
00000000000000000
0000000000000000000
00000000000000000
s]s)sisls]s)=lsls]sl=
000000000000000000000
000000000000000000000000000000000000000000



	biblio-graphic-data
	claims
	description
	drawings
	overflow

