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A

THROFHN AVEBRETFTHNCE T, AR AR LEWVESZ R L TEY, 2K
D 11.7% ZEDTND Y, Fio, HIBHIOGE T, HROK 40% %27 27 »3
HOTED, BMAEICEWTHLMEOFRPSARETMLO Fy T Lo TVND
2, BDATENENCBIT RO 1L TH Y| 2018 F2ix, HARAD—4EDH
HIZBN A LB S D HERITBIED 65.0% . ZMEN 502% &#E Si, HARA
D2 N T A, BDAERIET D EESNTWD Y, AT, ABNABREFLCHKIT
FERBEIMLTND Z &b FTRIBFERNORRIIEE TH 5 Y, ARAITK
& <., luminal A, luminal B, human epidermal growth factor receptor 2 (HER2) -positive,
triple negative ® 4 DOV 7 X A FITHFAI I, KV T F A T UTiniz T
bivd Y, IBAARIEDOK) 70% % luminal A F L O luminal B 35O TEYD, 2
U5 1T estrogenreceptors (ERs) NGHETHDH Z &b, ANA LA MO
FHZERWBIRD B D L& 2 BT D ¥, Tamoxifen 1% ER BEHEFLAN AAZXT LT
T SN D REN BRI A b KD H> HD 1 25Th D O, ARN
C. cytochrome P450 (CYP) 3A4 35 X TN CYP2D6 |2 L B 251 F ., IEMEREY
T& % 4-hydroxytamoxifen (4-OHT) 72 & TNZ endoxifen & 725 Z & 3E ST
W% D, 4-OHT <° endoxifen (I tamoxifen & Lb#E L C 30-100 5D EWHL= A k&
FURMBIIMA, LA RV RAEAELESELZ EbMbATND ) —FH T,
tamoxifen @ 5 FLL EO BRI Z2RAIC L VEZ RTZ &b, ZOBFR S
QNI PEAL O IREI k3 2 VRIS D FESZ AR O HAL TV D 9,

Monocarboxylate transporters (MCTs) 1% 14 FEEIDT A YV 7+ — L X WS 5
N7 UAR—=ZTHY | FIZMCTI1-4 (T3 E DT/ VR W% pH KR
ICHET 2 2 AL INTND 19 MCTL (ZEHITIR FEBL L, Mk
WA T, R har FYUTIRLRET S Z ENMESNTND D, iz, AEEIC



T 2BRIMED 3.5-10 mM & SILTWDH Z ED, RN TIXEICHLERIRY A
HZHHETHEBEZ LN TWD, —J7, MCT4 IXFLERIZ 3T~ DB AN 22-28 mM
& MCTL T, RBAED TV AR—=2ThDHZ Enb, ERNIZEBNT
FLERREE DS WVRIE T CTHRE L . RIS OB THE T2 2 ENRIBINT
W5 12, T a— 23RO F L F -] TH % adenosine triphosphate (ATP) 7
PEEICIR O BEELRYWE TH 5, —MIC, MIldNICEY IAE T2 70 22— 23
FEIZ B W TR IC L D ARE S, ATP E BV E VBB EAIND, FEESN
ZENLEVERIT, RS TICBNTI b U 70O TCA [HE R L OE
BERZI LT ATP OPFEAIZEET 5, KT, SIS T Tid lactate
dehydrogenase (LDH) (2 &0 FLEEICARE S5, b MR O FLERR B 134 H
REDAF RN 72 5 F Tl 0.5-2.0mM & &N TWDH— 5T, BRI 725 T Cik
F20mM ETEARTLLEENTND P, IEFMMTIE, EHmZERair Lz
LBV R E AV L < ATP ZEAT 5, RHRIIC, RBCBFEL ool
SNZRVVEFHERL TIZ ATP OPEAICE TR LD bR TIEL TB D |
FLERPEAE BN RT 5 & STV 5 (Warburg 2h3)!'9, JT4E, 23 AN TREA:
SV HLIED AN PR S 7=t . OWIRNICER W A £, B HEERICH
FIA &SN D=L X —EEREE (Reverse Warburg Z158) MEE SN D, Zh
FTIZ, BRARENNA, 77U A —~7a EOkkx 7205 L OREHKRIZ BT
MCT1 £ XX MCT4 O EREBNHE SN TWD 108 PLELY | SLERIESAD

ICHEREH ZH > TND LB 5N TEHY | FFIZ Warburg 2R B LY
Reverse Warburg 2N~ D BJHINVRIZ S 41TV D MCT1, MCT4 A4 L 7= FLIE
EOFEIL, BNATRREENS & L THER SN Tns P29 b o R b, MCT
DOFLEZ BRI & LIHEE ASEDBFR AT T % 2D,

T DEGIRMFFEIZ BT, s AR 38T 5 MCT1 3 L O MCT4 O s



BB OLNE R | PEARICHET 2 2 L@®E S 2P, LirLaen
5. TORENZOWTITMA ORMDBILS N TN D,

ARWFZETIE, tamoxifen & MCT BHEAIOGEHIC L 2N AEEDE DM L&
Hfg L CHEA G217 -7,



%13 MCT PHEH] & tamoxifen O PEFHRFIZ IS 1T 5 tamoxifen D F% I %h 5

B e

FLEE 1T Warburg %535 K TF Reverse Warburg Zh R AZBAH# T 25 2 L 0v 6 23 AU
FADZ RN X —EHBICBWTEHERYWE TCHLHEEXLNTWD, EMEN
FRRRNAMCE 1 B LB OB KIX, IEBEO MBS A2 (EET 2 2 L3 @®E S h
TWD M, Lo T, FREIEIZH 53 2 MCTs OFHFEILNANKT 2 H 2
IRIRRERIG & L CHER ST D,

ZIVETIZ, MCTs &fHET 2LEME LT, ZrLF R0 LETF | o
cyano-4-hydroxycinnamic acid (CHC) 72 EVE SN TWH R, ZHuH O MCT
BLAEANTBFPESMELS . MCTs 74 Y 7 4+ —L3ERIRTH 5 2, T, MCT
FHEAIOBIFE AL, MCT1 2421 & LZBLEAINEEESR S ST g 2627,
FFlZ. BAY-8002 X°> 7ACC2, AR-C155858 |Iftldd MCTs 74 YV 7+ —AL LD b
MCT1 (ZxF LTV igEIRPEAZ A L CTE Y | inhibitory constant (Ki) fE23%4% nM @
SRARPAEFEAIE LCTHER SN TS, £72, AR-C155858 6 LTI STz
AZD3965 [T FMbIC AT 72 BRI 2317041 T % (ClinicalTrials.gov
Identifier: NCT01791595), MCT4 Z[HE T 2bEmE LT, ¥ or/mn7=2F 7R
AR T REDPE ST NDEN, TOBREFRNE DO TH -7 B, X5
2. MCT4 IZEWERIREZ AT 5 HEICOWTERSNATIZNA DD, Z0D
[FEIZITE S TR,

WIFEE TlE, ZHVE T bindarit H 2 VWNME 7 ¢ 77— R REWH MCT4 8
R EFEAITH L Z L2 RH L7239, F£72, 5-oxoproline (5-OP) 7% MCTI &
RORIEETHDLZELHLMNIL TN, LnLAans, 260 MCT
FIET DB, BARIIC S 2 5B OV TR S8 E 0,

% Z CAEETIE tamoxifen & 5-OP & 2 \ T bindarit 2 MCT BRFEAI & L THf
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9% Z & T, tamoxifen (2 L DRRMMIENRIC G- 2 D ELHMOITH 2 & L
7=,
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28RBS X OB ik

1 P

4-OHT X Sigma-Aldrich (St. Louis, MO, USA) X W A L7z, 5-OP B LW
fenofibric acid (FH ALk T4 (Tokyo, Japan) 7> S A L7z, Bindarit
I Cayman Chemical Company (Ann Arbor, MI, USA) L W HEA L7=, & DDk
FEITFFTHT S 22O R Y Kk b L <UXAEMRFH. 2 FAEMTFRO L D% Vi,

g2l

b b ER MRS AMIE & LT MCF-7 fifid, T47D Mz H L7z, 10%
fetal bovine serum (FBS; Cytiva, Tokyo, Japan) % 2 ¢¢ high glucose Dulbecco’s
Modified Eagle’s Medium (DMEM; Sigma-Aldrich, St. Louis, Mo, USA) % 528 1% &

LT L., 37°C, 5% CO M TDA »F2aX—XNTHHE LT,

%5 3T RNA filiH

RNA O#fiH1213 ISOGENII (= v 7 > 3 — >, Tokyo, Japan) Z{EfH L7, 6
well "L — bk (Corning, Corning, NY, USA) (Z MCF-7 #ifid % 2.0x10° cells/well %
7213 T47D Ml & 5.0x10° cells/well THEFE L, 72 K§f]#% (2 ISOGENII 1 mL/well
Nz, [EY L7z, ISOGENII 1 mL (Z%f LT 0.4 & & 72 5 & 9 IZ nuclease free
water Z 12, 15 FEE L <IRA L7, ZTO%KERTS oEfE L, =008
(12,000xg, 1543, 4°C) Z47-7=, ZOEHE ImLIZHLTA Y T8 ) — )Lz
FRINA ., BENER Lo, IR T 10 /0 FFE L7ctk, OO0 BE (12,000xg,
10 57, 4°C) L7z, EJEZWSIFREL, 70% =% /—/L 500 uL 0z, 05y
it (10,000xg, 3 57, 4°C) %179 LFE%A 2 [EiTo7, HIGEWBIBREL,

nuclease free water C RNA Z &% L. NanoDrop 2000c (Thermo Fisher Scientific,

12



Waltham, MA, USA)IZ & V) RNA JBEZHIE L7,

AT GRS

WHRE T ReverTra Ace (BLEER), Osaka, Japan) % FVT{T- 7=, Table 1 (Z
AR BRIR 2R L. 30°CIZ T 10 47, 42°CT 60 47, HefkIZ 99°C T 5 43 DI
ThUG ST,

Table 1 Component of reaction solution for reverse transcription

Component Volume
5%RT buffer 4 uL
dNTP Mix (10 mM each) 2 puL
Random primer (150 ng/uL) 1 uL
ReverTra Ace 1 uL
RNA (2 pg) Variable
Nuclease free water Variable
Total volume 20 upL

% STH RT-PCR

RT-PCR (3 KAPA Taq Extra PCR kit (H A = %7 1 7 X, Tokyo, Japan) (ZJX Y
1T o7z, Table 2 DARNZNE > THRIGHK Z S L, Scheme 1 (278 L7 5 TS
#1T> 72, Table 3 \Z8 LTRSS I N T 0w &7 MY A XDT T A ~—%Af
L. KJESIZIE T100 Thermal Cycler (Bio-Rad Labolatories, Hercules, CA, USA) %
fii il L 7=, TAE buffer (40 mM Tris. 40 mM FEEfZ. 1 mM EDTA) FIZikH 7= 1%
T —AT ) (=i Y — 2, Tokyo, Japan) |Z PCR FE¥) & 6xLoading Buffer

(BioLabs, Tokyo, Japan) DIEGW) % 7 77 4 L, MARINE23ST (& -7 1 /L AF0

13



FeAliBER 4L, Osaka, Japan) % W CESIKEI 21T - 72, KEIRO 7L %2 R
b= F 20 LK (757 A4 7 A7, Tokyo, Japan) T 10 4344t L, LAS-100

(GE Healthcare UK Ltd., Buckinghamshire, UK) % TN REBIE LT,

Table 2 Component of reaction solution for RT-PCR

Component Volume
5xKAPA Taq Extra Buffer 2 uL
dNTP Mix (10 mM each) 0.6 uL
25 mM MgCl, 0.2 puL

Primer mixture (5 uM each) 04 pL

KAPA Taq (5 U/uL) 0.1 pL
cDNA (1 pg/10 uL) 1 uL
Nuclease free water 5.7 uL
Total volume 10 uL

Scheme 1 Procedure for RT-PCR
95°C 3 min

l
95°C 30 sec «—,

! 25 (MCTs) or 35 (ERs)

l

72°C 1 min —
l

72°C 1 min

d
4°C oo

14



Table 3 Primer sequences for RT-PCR

Product name Sequence Product size

forward |GACAAGCTTCCCGTTC
GADPH reverse |CAATGACCCCTTCATT 106

B-actin forward |[TGGCACCCAGCACAATGAA 186
reverse  |[CTAAGTCATAGTCCGCCTAGAAGCA

FRa. forward |GGTTCAAAGAGGGATGCTCA 650
reverse |CACAAAGCCGGGAATCTTCT

ERB forward |TACTGCATCAGATCCAAGGG 540
reverse |ATCAATGGTGCACTGGTTGG

MCT]1 forward |CCAGCTCTGACCATGATTGG 101
reverse  |[GGCGCCAGAGTACAGAGGAAC

MCT4 forward |GTTGGGTTTGGCACTCAACTTCC 112
reverse  |[CAGGAAGACAGGGCTACCTGCTG

e &N/ ERBLERMN

6 well 7L — KZ MCF-7 flifid & 2.0x10° cells/well ¥ 72 1% T47D fifid % 5.0x10°
cells/well THEFE L 7=, MIRFERE D 72 BERIHE, AT 4 U L ZWAIBREL, W
phosphate-buffered saline (PBS; 137 mM NacCl, 2.7 mM KCI, 8.1 mM Na;HPOy, 1.47
mM KHoPO4) (259 1 [EIPEF LTz, £ D%k, £ well IZ 1 mM
phenylmethylsulfonyl fluoride (PMSF) % #%fi# < 7= Radioimmunoprecipitation
(RIPA) buffer (Cell Signaling Technology, Danvers, MA, USA) #/l1z2. K ET5 %
s Lz, 20%, B RS L—_—Z BN CTHIaAER L, AL 5
15 Zy RS A L 0 it L7z, 0o (14,000xg, 10 77, 4°C) L72f%, Lk
BaB LzbDaiel e Lz, #2737 BIEE X Pierce® BCA Protein Assay
Kit (Thermo Fisher Scientific, Waltham, MA, USA) % H\ 72 BCA protein assay (Z &
DRE LT, D%, X2/ \7EH&EIZG U T 2xsodium dodecyl sulfate (SDS)
> 7NNy 77— (0.1 M Tris-HCI (pH 6.8). 4% SDS. 10% 2-mercaptoethanol (2-
ME). 20% glycerol, 0.004% bromophenol blue (BPB)) & % & TIRA L. 4°C5RA:

TlZBWT—MEE L=, BH, Z0O% 7% 10% SDS-polyacrylamide gel

15



electrophoresis (PAGE) C4rBE L, #:%5 (B 15V, 9047) L7z, #5%, 1% A
X A IV EH PBS/T (0.05% Tween 20 & ¢e PBS) Z VT my X7 (5
B, 1) 21T7-o72, 2D, 05% AF L3I /L7 PBS/T %M\ T Table 4 ™
B ICHRRIR 2 ER L, 49°CRIFTPICBWT—BiRE 5 Lz, EH, PBS/T
T 10 i oPeid % 3 Al 3K L, horseradish peroxidase (HRP) ik 2 IRHi{K %
Mz, S|IRTI1IRREHRE 9 Lz, 7Zeds. 2 IRPUIKRITIL goat anti-mouse 1gG Hiik
(southern biotech, Birmingham, USA) & 7213 mouse anti-rabbit IgG HTIK (sc-2357;
Santa Cruz Biotechnology, Dallas, TX, USA) % 0.5% A% A /L7 PBS/T ZHHW
T 4,000 AR L CTHA L7z, dRE DR, FOPBS/T 2 AT 10 3 [W O P
Z3MEYIR LT, E0%, @t HHEE ECL %7213 ECL prime Z HW\ T
b5 &+, ImageQuant LAS 4000 3 A7 A (Cytiva, Tokyo, Japan) % FH\C
N RERRE LTz, "4k L7223 R Imagel (US National Institutes of

Health, Bethesda, Maryland, USA) % F\\CREAT 247 - 7=,

Table 4 Antibody
BE 5 Xy ks (A=) ERN RS
MCT1 sc-365501 (Santa Cruz Biotechnology) 1:250
MCT4 22787-1-AP (ProteinTech Group) 1:1000
B-actin MAB1501 (Millipore) 1:1000

% 78 ['“C] L-lactate #igis FE5R

24 well 7' L — R Z MCF-7 #ifid % 5x10% cells/well £ 7213 T47D Hifd % 1.6 x 10
cells/well L7202 X HICHERE L, 1% 2~3 HRRIZLT v A 2iTo 70, HiER %=k
£ L. pH 7.4 |ZFi% L 7= Hank’s balanced salt saline (HBSS) buffer (137 mM NaCl,

25 mM glucose, 5.4 mM KCl, 0.44 mM KH>POy4, 0.34 mM Na,HPO4, 4.2 mM

16



NaHCOs3, 1.2 mM CaCly, 0.8 mM MgSOa4, 10 mM HEPES (pH 7.4) or MES (pH 6.0))
500 pL T 2 [\ L7z, pH 7.4 HBSS buffer # [RZ L7, PLEH % & HBSS
buffer 500 uL Z 1z 10 /3[4 > F 2 _X— s &2 To72, £ F a2 X— g,
HBSS buffer # &2 L. BLEAIZ & Te['*C)-lactate I (pH 6.0) &N, 5 5[
A FaX—|F Lz, £0O#%, ["“Cllactate IFRZBREL, K L7 pH 7.4
HBSS buffer | mL T2 [BIBEF L7, e, MIEAFKR (1% SDS, 0.2 N NaOH)
500 L Z N2 CHIR 23R Lz, S0 9B, 10ul 2 X 87 EEICHH L
7o RV OMBRMRRIZY o F L— 3 TV AL, &3 TIUIC
Ultima Gold (PerkinElmer, Waltham, MA, USA) 3 mL %/l 2. LS6500 Liquid
Scintillation Counter (Beckman Coulter, Fullerton, CA, U.S.A) T#&H > 7 /L D fikt

EVEZHIE L, MW AR B2 R LT,

98 TH MR TSR

AR ATT 1L 3-(4,5-di-methylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
(MTT) % H\ T MTT assay (& & Y @i L7=, 96 well 7L — K Z MCF-7 ffifid %
4.0x10°% cells/well & 7213 T47D FHfE % 2.5x10* cells/well & 725 X HIZHEFEL, 24
R Lo, 0%, AT 4 U LEWSIREL, B3 BMR S ET k%
Nz, 48 BpffEsaE Uiz, 728, iEHIZE D dimethyl sulfoxide (DMSO) &
FEIX0.2% LA & L7z, Bk, MTT &R3E (R ALFAF9E 7T, Kumamoto, Japan)
% PBS T 0.5% L7225 X IR LT MTT IR &4 well D 1/10 B & 7225 L9
WM LTz, 1A o F 2 — &, B Z W5 IBRE L, 4% well (2 DMSO
200 uL Z W0 2 e &2 AR S W7, MOV fR & el L%, EIE 590 nm (2
F1F D W HE % Infinite 200 PRO multimode reader (Tecan, Ménnedorf, Switzerland)
ZRWCHIE LTz, 50% FHIIasEFEREL I B (ICso; the concentration of drug that

exhibited 50% cell viability) (& SigmaPlot 12.5 (Systat Software, Inc., San Jose, CA,

17



US.A) ZHWTHEH LT,

&

99 IH REHIEAT
MEHA B 2L, unpaired Student's t test £ 7213 Dunnett’s test @ 9 Hii L 7= 4

Dz L, p<0.05 ZHAITAETHD & L,

18



538 RBRER

%5 1 I ER GRS AN R B9 2 ERs 36 KON MCTs DO FEHLAEAT
FTHIOIT, A L7z MCF-7 flifiads X O T47D MifilZ351F % ERs D5 B %
RT-PCR IZ X Vil L7z, ZDOfEFE, MMl T ERa 38 L OV ERB OIEHL &
e L7z (Fig. 1), F£7=. T47D #ifld CiX, MCF-7 fijid & iz L C, ERa, ERP
DENFEHLNRFRD DTz, 728, triple negative LY AMIE TH %5 MDA-MB-231
AR TIE, WThoRB bR SN oTo, WIT, A LomHifgizisun T
B35 MCTs % RT-PCR 72 5 OMNZ western blot (2 X D 3l L7=, FDOFES,

AIIIZ BT, MCT1, MCT4 OB MRS Sz, £7-. MCF-7 fila Tl

MCT4 73, T47D H#IIZ BV T MCT1 OB E W T & ARE S 7= (Figs.

2a,2b),

ERa 700 bp =

650 bp
600 bp =
E R B 600 bp =>
S40bp 500 bp—>

GAPDH
106 bp 100 bp =
< A o
& & & @
& A\ »

v.‘
O
Fig. 1 Gene expression of ERa and ERp in breast cancer cell lines by RT-PCR
Gene expression of ERa (650 bp) and ER (540 bp) was assessed by RT-PCR.

GAPDH (106 bp) was used as a housekeeping gene.

19



(a) RT-PCR (b) Western blot

o

45 kDa—p

MCT1 200tp—

101 bp 100 bp =
40-48 kDa

MCT4 200bp—

112 bp
s245kDa  100PP=

B-actin 20tr~> 45kDa—
186 b
43kDa 100 bp =
@’0 @0

Fig. 2 Messenger RNA (a) and protein (b) expression of MCT1 and MCT4 in
ER-positive breast cancer cell lines

(a) Gene expression of MCT1 (101 bp) and MCT4 (112 bp) was assessed by RT-
PCR. B-actin (186 bp) was used as a housekeeping gene. (b) Western blotting of
MCF-7 and T47D cells for measuring MCT1 (40—48 kDa), MCT4 (4245 kDa) and

B-actin (43 kDa) protein expression.



F2 T ER GRS AR 3510 2 AR IC RIS 5 MCTs 7 A Y 7 4 — A
DHEE
ATE CHRILDHERR S 4172 MCT1, MCT4 @ 5 5, FLEEHEIZ B\ CTHULA 7
FEZH S TWDT A Y 7 — L WET D7D, SRR TR L 72
['“C]-L-lactate 2 N CHLERH XX T 2 LEFER AT o 72, £ OFEFR, MCT
FHEEIRAIFALEH] CHC 5 mM 72 & N MCT4 IR IBAFEF bindarit 1%, Lo
FLEAHS &K 50% PR L7z, F7z. CHC 0.1 mM £fF FCix, MCF-7 fifaic
BT 20% PLE L72— T, T47D Ml CITA BEREEDREL RS 8o
7=o EHIZ, MCTI BIRWIBAEHA] 5-OP 1%, WHliiEIZ 31T 2 FLERH % 2 49 20%
FHE L 7= (Table 5),
Table 5 The inhibitory effects of various MCT inhibitors on the uptake of L-lactate

by ER-positive breast cancer cells

Cells Treatment % of Control

MCF-7 CHC5 mM 453 £22°
CHCO0.1 mM 732 £6.1°
5-OP 10 mM 765 £39°
Bindarit 100 uM 45.0 £ 0.8 "

T47D CHC5mM 508 £18°
CHCO0.1T mM 108.7+ 5.3
5-OP 10 mM 875 24"
Bindarit 100 uM 516 + 1.1°

Effect of MCT inhibitors on the uptake of ['*C]-L-lactate in ER-positive breast

cancer cells. All uptake studies were performed at 37°C, pH 6.0, for 5 min after
preincubation in the absence or presence of each MCT inhibitors at 37°C, pH 7.4,
for 10 min. * p < 0.01 compared with control using Dunnett’s test. Each value

represents the mean + standard error (S.E.) of three independent experiments.
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% 3 IH  MCT BLEAIN 4-OHT ORI h f~5 2 552

MCT FHEAI72Y tamoxifen OFHIIAN TG 2 DB LGNNI T L7290
tamoxifen DIEMEIRFHY) TH 5 4-hydroxytamoxifen (4-OHT) & fFFH L 7= A
PR Z T LTz, MEHIHESL D 4-OHT HUMIEFRIZ351F 5 4-OHT @ ICso &
P L7= & Z A, MCF-7 fifld TliE 12.4+1.4 uM, T47D flfE TIiX 15.1£1.0 uM &
B Sz, VT, PHLEFEER & [FEROIREIZI 1T D 5-0OP, bindarit O 73
4-OHT ORHAZh R 5 2 D B DWW THIME L 72, 5-OP & O HRFIZIT 4-
OHT O ICsol&, TN ZFH 122402 uM, 14.3£1.0 uM & 72 1) | 4-OHT DFEHIN
R A 52 7o 7=, —J7, bindarit & OPFHIZIS T 5 4-OHT D ICso 13
MCF-7 ffilid T 18.2+0.6 uM, T47D MifEiZ3\ T 21.0£0.1 pM & FHH S, 4-

OHT @ 1Cso DA ERFER DT Hiviz (Fig. 3)s

MCF-7 T47D
120 120
—e— None,IC;, =124%14 —e— None,IC;, =151%1.0
§1oo 1 -0—5-0PIC;, =122£0.2 | 9100 A i -0—50PIC;, =143%1.0
§ ---- Bindarit,IC;, = 182£0.6" | § C—=~ --¥-- Bindarit,IC;, = 21.0£0.1"
S 80 O 80
(<] o
2 g
= 60 = 60
3 3
8 40 S 40 -
> >
3 °
S 20 — S 201
0 0
0 20 40 60 0 20 4 60
4-OHT (uM) 4-OHT (uM)

Fig. 3 Effect of 4-OHT combined with MCT inhibitors on ER-positive breast
cancer cell viability

The sigmoid curve and ICso values (uM) of 4-OHT cell growth inhibition were
determined using the MTT assay. * p < 0.01, compared to the control using
Dunnett’s test. Data are presented as the mean + S.E. of three independent

experiments.
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HATH T 47T — FREWN 4-OHT ORI RA~G 2 5 5

Bindarit & 4-OHT O HFHIC X 5 4-OHT ORI F D525 MCT4 DL
IZEDbDTHD I EEMAET D72, fthd MCT4 ZPAET 23 a4 VT,
EORDMEEAIT) 2L & L, BHEETIE., W< 201D T 47T — hR3E
YHs MCTLIZH, MCTA IS@ERMEZ AT HFAI THLZ L2l E L TWND
30 ZZ T, fenofibric acid (7 = / 7 4 7T — b OIEMACHM) 2 T,
MCF-7 Ml 351 2 FE s okt 2 FE LA L7z & 2 A, itz A5
WZRHET 5 2 RS iue (Fig 4a), & BT 4-OHT & OPFHIZI T 2 E/lazh
FEFM L7= & 2 A, fenofibric acid & DHFFIC LV 1Cs ITA FIZH K L=

(Fig. 4b),
(a) Uptake study (b) MTT assay
120 '
120 - 5 —e— None, IC;, =96+01
’—o‘ % 100 — é —O— Fenofibricacid,IC5=19.1 £ 0.6 *
S G
£ 100 - c
3 3 80
5 80 1 s
N3 * N3
= < 60 A
% 60 E
§' 40 - .f_é 40 A
2 -
g 20 4 8 20 A
i
a0 0 : . .
Control Fenofibric acid 0 20 40 60

4-OHT (pM)
Fig. 4 Effect of fenofibric acid on the uptake of L-lactate (a) and 4-OHT-

induced cytotoxicity (b) in MCF-7 cells

(a) Effect of fenofibric acid (250 uM) on the uptake of ['*C]-L-lactate in MCF-7
cells. Uptake studies were performed at 37°C, pH 6.0, for 5 min after preincubation
in the absence or presence of fenofibric acid at 37°C, pH 7.4, for 10 min. (b) The
sigmoid curve and ICso values (uM) of 4-OHT cell growth inhibition were
determined using the MTT assay. * p < 0.01, compared to the control using
unpaired Student’s t-test. Data are presented as the mean + S.E. of three

independent experiments.
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At B

RT-PCR OfEFR LV | FERICHEH L 7= MCF-7 fifdds J O T47D iz B0
T, ERa, ERB OFHLNFRD Bz, S HIZ, triple negative I3 AMIILTH 5
MDA-MB-231 fifidlZ 3\ T, ERa. ERP OFRHLIMER Sz inoTz, Fiz.
MCT1 3 L ' MCT4 D3 EL%A RT-PCR, western blot (2 XV FHii L7z & Z A,
MCF-7 #lifa 72 & ONZ T47D AR IV T, il k7 2 AR — 2 OIEBLOERE S 41
72o FFlZ, MCF-7 #ld TiZ MCT4 78, T47D il TIE MCT1 23388425 2 &
PRI S LTz, ZALD OFERIT in vitro FEBRRIZI T DBE#R, S HITHLA ANHEE
FHARIZ I 2 MCTs FBLO A & [FIER O % 7~ L7z 2239, ez B80T
ERs 72 5 TNZ MCTs OFBEIRFER SN2 En b, Zivb Mz Tl
ik U7 AL A O CILEB R ISR T A E R AT T2 2 L & Lz, 2D
FER. MCTI1 ERAOBAEA] 5-OP, MCT4 #IRWIFAEA bindarit 72 5 UNZ MCT
FEIRAYPLE A CHC OWTHOBEEA S . [MCl-FLEs % 4 [ L7z, CHC (%
MCT1 (2%} 2 Ki {4 0.17 mM, MCT4 Z%f9 % KifE2% 1.0mM THDH Z &
5. ARBRE TIEMCT1 ZBF L, SiRE TIEIMCTI BXU'MCT4 Z[HET S
ZENESNTWS P, MCF-7 il 3\ T, CHC 0.1 mM /% 5-OP 10 mM &
[FIERIZAI 20% DFLFEFREZ/R L7z, —J7, CHC 5 mM [XFLEEHRIE 2K 60% FH
E L., ZOHEEE X bindarit 100 uM & RIRE TH -7, 77V DY A Tx)L
PRRERIIE 2 VN 72 EBRSRIC BT, bindarit 100 pM 1 MCT1 1I21E & A E 8%
B2, MCT4 Z@RICIHET 22 ERHLNE SN TS 0, Lzdio
T, REFETITEIIMCT4 Z#HEL TS EEXHNDHZ &5, ER B
3 ARIENZ 50T 2 FLERT S 1S MCT4 23 POy e & 2 - T D 2 L AVRIR S
iz,

fEV N TAS ER BMERLS ARSI 1T %, 4-OHT BMBRERIC K 5 FBllazh R 4

FHMEE L7 & Z A, 4-OHT @ ICso 1% MCF-7 #iE Tl 12.4+1.4 pM, T47D il T
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1 15.1£1.0 uM & R S 37z, Tamoxifen 13 5 4[] 20 mg/H THRAT 5 Z &8 —
RETH D Z & D, JEEHLRRIC 4-OHT 78 & OIEMEH Y 5 uM LA E D2 E
TEMT 2 2 ENMESNTND Y, ARFHIRW T, B S 7z 1Cso 1 3ERIR
IZBITDRATERICEBNT, ANEEX ONDEGENREZ KL TS Z &
MR S 7z, WRIZ, 5-OP %7213 bindarit & 4-OHT Z0fH L, &MlaoEr=R
CRIETHEBLZTIM L 2 A, 5-0P OHFRICB W THERZETRD o7z
—J57C. bindarit O HIE 4-OHT @ ICso Z K S 72, % Z T, bindarit JfFHKF

BT 5 4-OHT ZAHMN R OREI N MCT4 OFLEICL 2D THD Z L 4K
AET 572, MCT1 &l L C MCT4 ORLENREZ G T2 RN TN D
fenofibric acid & IV T, S HRHMFE1T-72 30, ZOF5E., fenofibric acid I
FLEAHE S A FLE L, 4-OHT & OPFFAEECRB VT, AEIC ICs ZHIR S 7=, LU
EX V. MCT4 %4 U7 FLlgH % OBHE S 4-OHT DR MAEZ0F 2 8055 <& 25 A
REMEDN R STz,

ARIOFER S, MCT4 OBLED tamoxifen DF%HHAE R % Jk55 X ¥ 2 Al HE
PERRBE N, ZRODORRIZT 4 77— FREHIBVCHREGRES -2
EM D, MCT4 ZBHET 2o T H tamoxifen O RHIA 2 5 73 855
T LRSS SN D, A, MCF-7 fifldicds T, MCT4 ZfHET 5 A ¥
FURENTHD U NAZTF L 4-OHT OPFRIZ LY . AFER L RIERIC 4-

OHT DOFAMIZh T WHT T2 = & NG Sz P, N BWT, N
AR F 1L 4-OHT OB IARITHELZ 527002 EDRBEI N TV D, AR

TIE 4-OHT DIV IAHIZ OV TIHEETE THWRWIZ LD SR OIRFIA L
T D, F£72. Tamoxifen 72 & OFLA/NLE VIITENWER & LT, IREHREE
ZHlEEITZENHE SN TE Y, tamoxifen (2 X % nonalcoholic
steatohepatitis (NASH) 7234 U72B8IZ, tamoxifen & 7 ¢ 77— M &2 L TIAE
Zofffoe L 7T2IEBI 8 RS ST % 3997, A% ABAET VT PRV in
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vivo DX tamoxifen & Z 315 D MCT4 % fHEET 2 EEIK L 2N tamoxifen D HLEES

BRI LT ED L D RN RE G DD eFMeBat N EEN 5,
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FSHI k&

ARETIEL, B AMRIZIT 2 MCTs BEZFHNT 5 & & bICHLEEEEIZ T
DB 2 5 MCT 7 A Y 7+ — L& e Lz, TOfiR. ER BIHEFLA A
HIAE T MCT1 B L OYMCT4 2% BLL TH Y, 2, MCT4 BILEEEIE IR W
THILDH R R 24 5 AlRetE & R L7z, & 2T, MCT [LEA ORI 2
4-OHT ORI R 2 7l L7z & 2 A, MCT4 FHLEA bindarit & 4-OHT O #&H
R zh S 28 S ¥ 7, X512, MCT4 2RI % fenofibric acid & 4-
OHT O ff AL bindarit & RO Z R L7z, 26 ORERI S, MCT4 OFH
FH 1T 4-OHT DR zh R A4 855 S ¥ 2 wlhett &4 R L7,

Bindarit MCT [ sop |

inhibitors
1 1

Estrogen

Signaling
(88

intracellular

ER-positive breast cancer cells extracellular

Tamoxifen
(4-OHT)

Decrease | Cytotoxicity | No change

Fig. 5 Summary of section 1
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%2 % Tamoxifen |2 & 2B RAME T2 X I = X L OfEH

FH1HE M5

AT L 0 ER BERLS AUMIRRIC 351 2 FLIRHR I Z A -3 5 MCT4 & [HE
% Z & T, 4-OHT OFRGMIAR RN HES T 5 Z LR ahiz, ZORKZH L
(29 2728, tamoxifen MFPEFLAY AFLREIC ISV TRIBBERBHRE SN TN D
hypoxia inducible factor-1o (HIF-1a)) (275 H L7 3%, HIF-l1a [3IKEEERAE (B
722 5:0F) ICB W TEORANDFEINIIEGRTD 1 2 ThHh D, EFEREA
DAREEFIRTE & 72 5> TV D FIRTIX HIF-la OEWREREARBO N TEY . &
IZIR A DT F—EERIE L L TEX LN TV LIFER ORI HET 5
TEBRHEEINTVD Y, IHIZ, MIRNILEBED RIS BBERE KT 5
XA, gAY TS LEZX LN TV MCT4 ORI Z IEICHIET 5 Z
EMD, AN OIIEREOFEIC LG T2 B2 b TS 0, Fi-|
HIF-la @83 ERa & AR 5 Z 3 fE S TnD 2 &6, HIF-la &
HNABEOEGFEOMEIZHGIEENEET S TND 29, L L b,
tamoxifen MHPEFLAS A & HIF-1o O BEMEZ RIE T 2 @S ITREATH Y . A~
R HZ, RETIE, MCT4 OHEIZ L 5 HIF-1o OFEELIE K2 4-OHT OF%
RN R OWFF O — RN & 725 D TIEZR2\W A E TR L, HIF-1a 2% 4-OHT OFHH
fZh AT - 2 55T DT, siRNA & V72 knockdown 36 X OMKERSE o4 T
(I TR L 72,
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28RBS KL OB ik

F1E OE2H B1IHEEFEKOLOZMEH LT,

B2 TE fE A

B1E E2H F2HEFERROLOEMMH L,

72¥, IREEFRSME, BIONIX KRG E Y v b (A&t v~5,
Tokyo, Japan) |Z X U #53&E L, MCF-7 #ild TIX 1% 02 514 T, T47D Ml Tl

5% O2 SRt T THR 21T 2 72,

B3I A8y MRBLRT
HE 2 56 HEMBCAT o7, Zads, M L7 P41 Table 6 (2

RLUTz,

Table 6 Antibody
BE 5 Xy ks (A=) ERN RS
MCT4 22787-1-AP (ProteinTech Group) 1:1000
HIF-1a sc-10790 (Santa Cruz Biotechnology) 1:200
B-actin MAB1501 (Millipore) 1:1000

MR AEFRITIE 1R F28H FH8HEEFERIIITo 7,
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55 1H M FLBATE R B O R

FONFLER SRS XL LB T v A &% v b (Cell BIOLABS, Inc., San Diego,

r&‘

CA, USA) ZHWTHIE L7z, 6well 7L — KT 2.0x10° cells/well & 725 K 951
MCF-7 ffa 238 L7, 24 BEfftR. AT 4 U AZWSIBRE L, Kal3E % 5
ST HIE AU U 48 BERIESEE Uiz, Hi#84. assay buffer & TRl & [a]
WL, ®E7 e b a— e > TllaNFLEE &2 JIE LT,

956 T HIRRN pH ORIE

MR N pH ORIE (213 pH A2 PMED HO R 3T d> % BCECF-AM ([A] AMb5200F
ZEFT, Kumamoto, Japan) % L7=, MCF-7 fifld% 6 well 7L — KT 2.0x10°
cells/well &£ 7225 K 9 ITHEFE LT, 24 RffEfE, AT 4 U L2 WBIBRE L., ik
MMz SHIT 48 FFHIERHE L7, #58%, MPBSIZL Y 1 EIWEHE L, HED
PBS Z# ImL iz, B/NLAY L— =2 L OHIl@Z RN LT, 050 B
(10,000xg, 5 min, 4°C) 1%, RIEZW5IBRZ% L. HEPES buffer (5 mM glucose, 20
mM HEPES, 5 mM KCI, 153 mM NaCl) %1z T, 1x10° cells/mL iRtk &
L7z, Tk, 37°CT3 WA > % =2_X— k L721%. BCECF-AM % 1 uM & 72
HEITIFIML, SHIT109MA v FaX—k Lz, 20k, =m0
(10,000xg, 5 min, 20°C) L7=D5H ., EyFEZWG(FRZE L, HEPES buffer I mL |28
BT 5, ZE 2B IRL, MEERE Lz, 2 OMEEER 100 pL %

L BE (10,000%g, 5 min, 20°C) L., EyEZWSIBRE L, > 7 1121 HEPES
buffer % 400 uL Il %72, Z#L% 96 well black plate (Corning, Corning, NY, USA)
12200 uL B L, @6 525 nm bkt i 5= 488 nm & 72 (3 bt i = 439 nm Tl
E L7,

PEARIZ DOV TIRHIIETR TR 100 uL % 3040 B (10,000%g, 5 min, 20°C) L.

FiEEWSIBRE L, pH & 6.4, 6.8,7.2,7.4,7.8, 8.0 [ZiH4#& L 7= Calibration buffer
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(10 mM NaCl,1 mM MgSO4,10 mM Na-MOPS,130 mM KCl) % 400 uL iz 7=, =
AUIZ nigericin & &P 10 pg/mL & 725 X 512, 10 5/ A o FaX— KL

oo ThaH U7V ERROSMETENEERIE LT,

%5 73 HIF-1a knockdown
siRNA %z V72 knockdown (& Lipofectamine RNAi MAX (Invitrogen, Waltham,
MA, US.A) ZHWTITo72, M~ siRNA OE A TR 7 0 b a— Wiz ie
W, UNR—=A T U RAT 27 v a AEIZEVITo 7, siRNA DEA 24 Eifil#
AT 4 UL ZWGIREL, FREL G AT 4 7 AP T A8 KA o F 2
— kL., EBRIEM L7z, HIF-lo B{5712%F9 % Silencer® Validated siRNA
(siRNA ID No.42840) . negative control & L C{#f L 7= Silencer® negative control

siRNA 1%, Ambion #t: (Austin, TX, U.S.A.) L VA LT-,

&

Hr

WEHHIA B Z 1L, unpaired Student's t test £ 72 1% Dunnett’s test D 9 Hii L 7= %

08 IE  HiEA

-+

DEFEHL, p<0.05 ZHHMICHEETHD & LTz,
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538 RBRER

13  ER BEMEFLAS AMIRIC 35T D HIF-1a & > /37 B HEL & O

F A IZ MCF-7 filliads X OV T47D Mz 315 5 HIF-1a # 737 FEBLE D
2T 2 western blot (2 X 0 i L7=, ZDfEHE. T47D ffu & tbfig L C. MCE-7
HIMIZ BN T HIF-1a & > 787 B O EWIRB RS Hiviz (Fig. 6), LD RH
2OV, FFICEEHE L2V BR Y HIF-1a FEBLAEE® 5372 MCF-7 filig & v

TiT-o 717,

HIF-1a

Fig. 6 HIF-1a protein expression in ER-positive breast cancer cells

HIF-1a protein levels were analyzed by western blot analysis in ER-positive

breast cancer cells.
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852 T MCT BRFEAIS HIF-1o & > 37 R8RS KON AR E R RIS
R DR

WIZ, MCT1 B4R IFLSEA] 5-OP & MCT4 #& 4R f9BH%E# bindarit 2% HIF-1a #
VNI ERBRIZ G- 2 5B LTz, £ ORER, bindarit BEERICB W THE
7¢ HIF-1a OB R DGZRD S (Fig. 7). S BT, MCT BHE AR FF O #l o
NEBEREREEZ M L72 & 2 A, bindarit [ZBAZF SN LR SR E 2N S &
7= (Fig. 8), —Ji. 5-OP BEE& | HIF-1a L& O NCHBREMEICEEL 5 2

o T,

Control 5-OP Bindarit 160 -

HIF-1a .

(% of control)

B-actin

Relative protein expression

Control 5-OP Bindarit

Fig. 7 Effect of bindarit and 5-OP on HIF-1a protein levels in MCF-7 cells
HIF-1a protein expression levels were analyzed by western blot analysis in
MCEF-7 cells. * p < 0.05 compared with control versus each group using
Dunnett’s test. Each data point represents the mean + S.E. of three independent

experiments.
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L-lactate accumulation
(umol/mg)

Control 5-OP Bindarit
Fig. 8 Effect of bindarit and 5-OP on L-lactate accumulation in MCF-7 cells

L-lactate accumulation was measured using a colorimetric lactate assay kit
according to the manufacturer’s instructions. The levels of L-lactate were

corrected for the protein content. * p <0.01, compared to the control using
Dunnett’s test. Data are presented as the mean + S.E. of three independent

experiments.
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%5 3 IH  Bindarit 25fIEN pH (2 5- 2 % %

MCT4 (X H" & g a ik 425 F 7 U AR—FTH2H W, & Z CRIAIZE W
T LTI FLESA B AE R OH MM, MCF-7 fifdiN® pH 125 % % 2RI
OWCHH L7=, ZFOfE5%, bindarit BRFRIC LV HIIEAN pH 2ME T3 B 2378

Bz (Fig. 9).

Intracellular pH
N NN
~ M M O

o
[

6.6

Control Bindarit
Fig. 9 Effect of bindarit on intracellular pH in MCF-7 cells

Intracellular pH was measured by BCECF-AM. Data are presented as the mean

+ S.E. of three independent experiments.
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%5 4 TH  Bindarit 25 MCT4 & > /37 ERBUC G 2 5 5%

HIF-1a 728 MCT4 % IEIZHf#I9 5 Z & /35, bindarit Bg#E I L % HIF-1o & > /%
7 EFEBLR DI RN MCT4 D F /3T EHEBUE 2 2 B2 LTz, £ Dk
R bindarit BREEIL, MCT4 OFEHRLZAZITHERSE L Z LAVRENT (Fig.

10),

Control Bindarit 180 -

*

160 -

140 -

MCT4 , 120 -
: 100 -

80

60 -

40

20

0

B-actin
Control Bindarit
Fig. 10 Effect of bindarit on MCT4 protein expression in MCF-7 cells

Relative protein expression
(% of control)

MCT4 protein expression levels were analyzed by western blot analysis in MCF-
7 cells. * p <0.05 compared to the control using unpaired Student’s t-test.

Data are presented as the mean + S.E. of three independent experiments.
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%5 5 T HIF-1a knockdown F§iZ351F % 4-OHT ORGHIELNR

RAZ HIF-1a D & 23 7 EFEBLO AL AN 4-OHT ORISR A~G- 2 5 58 %
MRET 572, F 7 HIF-1a @ knockdown %4772, Negative control (2331
C. hypoxia mimic T& % cobalt (X HIF-1a ¥ > X7 ERBE BRI, —
J7. HIF-la siRNA ZLER 235V T, control 35 KON cobalt BRER 1235 1) 5 HIF-1a
LR BT BRI S iz (Fig. 11a), £ 2 C. AFHFITBIT 5 4-
OHT ORI R 2 G I L7z & Z A, 4-OHT @ ICs 1T A EIZIK F L7z (Fig.
11b),

(a) Negative (b)
g L 120
control &l HlF-1s

Control Cobalt Control Cobalt

—@— Negative control, IC5, = 25.9 + 1.1 yM
~O— siHIF-1q,ICs = 18.6 £ 0.9 uM *

60

40 |

Cell viability (% of control)
N
o

o

20 40
4-OHT (uM)

Cobalt : Hypoxia mimic

Fig. 11 Effects of HIF-1a siRNA on HIF-1a expression (a) and cell sensitivity to 4-
OHT (b) in MCF-7 cells

(a) Expression of HIF-1a protein levels after siRNA transfection was analyzed

by western blot analysis in MCF-7 cells. (b) The sigmoid curve and ICso values (uM)
of 4-OHT cell growth inhibition by MTT assay in MCF-7 cells. * p < 0.01 compared
with control by unpaired Student’s t-test. Data are presented as the mean + S.E. of three

independent experiments.
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%6 H KEEREFHERHCBIT 5 4-OHT ORHINEZhF

RITEIZFU T, HIF-1a knockdown 7% 4-OHT ORMAah B2 s S /-2 &
DL IRICIEERFZ S FI2H I D HIF-1o D FEED 4-OHT ORI B~ IE
TREZFN L 7o, MCF-7 flfaicis T, IREHRESEM TICds T 5 HIF-1a FEH
% westernblot (Z X VFHMIi L7 & Z A, HIF-la # VX7 B3 A EICE KL
(Fig. 12a), £7-, 2% HF3H 5 1 IHTHIF-loa OIXWREINTRD Hiiz
T47D HIIEIZ BT b [AARIC HIF-1a OFE B K F80 Hiiz (Fig. 12b), 2
T, ERBRZERMTIZBIT 5 4-OHT OFGHldh Rz L7 & 2 A, WMl TH

B 72 ICso DR VRO BT (Figs. 12¢, 12d),
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(a) MCF-7 b} T47D

HIF-1a HIF-1a
B-actin “ B-actin
AN R4 N -3
&° Q°+\ ° %
S P &
c d
() MCF-7 (d) T47D
120 120
- —e— Control,IC;, =14.0%0.2 - —e— Control,IC;, =17.2£0.1
8 1004 —O— Hypoxia, IC5, = 16.0£0.2 * 8 100 +—-B - —O— Hypoxia, IC5, = 24.2+0.8 *
™y
g 80 5 \Y
X - X
£ z
2 40 2
B B
3 2] 3
0 - 0 T T
0 40 60 0 40 60

20 20
4-OHT (uM) 4-OHT (uM)

Fig. 12 Effect of hypoxia on HIF-1a protein expression (a, b) and cell viability
of ER-positive breast cancer cells treated with 4-OHT (c, d)

ER-positive breast cancer cells were exposed to hypoxic conditions at 1% O in
MCEF-7 cells (a) or 5% O2 in T47D cells (b) for 72 h, and HIF-1a protein levels
were measured by western blotting. The sigmoid curve and ICso values (uM) of 4-
OHT cell growth inhibition under hypoxic conditions (1% Oz in MCF-7 cells or
5% Oz in T47D cells) for 48 h were determined by the MTT assay. * p <0.01,
compared to the control using unpaired Student’s t-test. Data are presented as the

mean *+ S.E. of three independent experiments.
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At B

AREFETIL, AE TR B L7z MCT4 OBAE 7Y 4-OHT ORGSR 28557 5
A=A LEP LT H720, tamoxifen DIFPE(LIZEEID Y | 23D MCT4 D%
Bl i % HIF-1a ICEFH LT, MEEE T o7,

FTEOIT, HIF-la OFEBLE A western blot |2 XV FHli L7= & Z A, T47D ##
fia & i LC MCF-7 i CIIm W RELA GRSz, ZOMKBRITHE 1 = 53
i % 1 B RT-PCR |Z X % ERa HBLORER L WitHZ R L, Bk 5EL TW
7= ), WU MCT BREAIZWE#E L7-BR 0 HIF-1o & v /87 ERBIEZ M L- &
Z A, MCT4 FHEA bindarit BEEE 2B W THRICHE K Lz, 2 OFEOMAEPNFLEE
EREEIBEEICHNT 2 &0 S OITHIEN pH (30803 2 A 28580 ST,
MCT4 [ ZARBFPEDO AL E R TH Y | ieE 7 v b b & bIfast~Hk
HTAEFDRIB SN TND W, LR -> T, ARGFHIEBW T, bindarit 23 d
HA~DHBB LT v b OPZHES 5 2 & T, MIlNOILEEREES Y
RKLZEZDOTEHRWNEEZEZ LIS, Hunt ik, MlaNOIBESEINTSHZ L
THIF-la DFBUERNAEL L Z E2RELTEY D, AREHTBN TS,
WNOFLEEEN T 5 Z L2k Y, HIF-la # 237 ERBEENE K L2 &2
MRS ND, — 7, KRFHIRBW T, AREREENH AL TV LHIZHEAD LT,
B 72 MR AR I I ERR S 7R Dy o T2 Invive DRRFHZI T, IEF KR CIMam
pH 1% 7.3-7.4 THDH—J7, NEEHME CITMAEN pH X 6.9-7.2 L EFMMEID b
HEAV pH ICHHIE TE 5 Z EAVREN TN D %0, & 512, PN FLEE B OB K%
IEFAIICRBNTT R b= X285 07T, ML, 78R F— A28
AT WZ EbImESNTWD ¥, LIERY | AR AMIEZ A4 ROk
FITCIE. MR EOFEPMIAEFERIIRE S REL B RN EHES
X7, F7z. bindarit BEEERFO MCT4 ¥ > X BRI EZFM L= A, A
BRI BBE ORI S e, ZORAE LT, Ml O 3L O &7 % [R1kE
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% 72812 HIF-1a. @ upregulation /1 L C, FLEEZHEH 2 MCT4 DI HL B4 1Y
KREETWDZ ENBLINT,

eV C, bindarit (2 X % HIF-l1a & > /37 B3 BLEOH KDY 4-OHT OFABIELN
FACH 2 DR LT 5729, HIF-1a knockdown 5:ff T3 L OMEREFHE 4
ETIZIBIT % 4-OHT ORI R 2 5 fh L7z, < OfEF. HIF-lo knockdown (Z
K% 1Cs0 DR T I L OMREE R S T IZIB W T ICso DI RBFER S T2 Z &b
4-OHT (2 X 2 MM BT HIF-1a & > /87 ERBBIIKGFT D 2 LRI SR
77o 23U OFERIL, tamoxifen MHMEFELN AL BE 2B\ T HIF-10 Z > 737 B3]
ENHEKTLOMELXFFTHLOTHLEEZOLND ¥, EFEOAZT TV v
2N R DHEDS . BN ARERIZISIT D HIF-1o OIEBLE DO RIS AEE O
TR AR & AR OEREEBREL TV Z EBHLNE SR TnD ¥,
F7z. BB AMBAKTH D SGCT901 Ml 2 7o fiit Cld, HIF-la % /37 &
HHBEOWKIZMEN, VAT TFUR5-FU, BV 7 URTFy T RIT~vA Y
NCTHPEZ BT 5 Z L ARBEN TS 9, ZNLOWRELZEE 25 LAWK
ST 5., tamoxifen DRI DOHEF & LT MCT4 OFLFEIZ L % HIF-lo D
B Ry BRBIEOM KBRS RB I NS, ITHFEOBRIF TIEZ < OB AM
FElZ 3BT, HIF-lo DEWIEENRD 511 TH Y, HIF-la DFEEZ HAYE LT
PLER DOERE DD 64T D ¥, it HIF-1o DFEBUE KITE R L 72 tamoxifen
i P FL S AHERERRIZ 33N T, 23 A 7 LA 7% HIF-1a O3 HLIS K OMR G- A il 3
HZEIZED, 40OHTIZL DI F= KU 7 ROS #HR S, 4-OHT (Z FHEAE
gL EnWEENT O, Fe, Sra—R0WViALERET DL 2-
deoxyglucose <CfifEh & 392 dichloroacetate 73 FLA% A/ flIE OO HaFE 2 il % &
EH1Z, HIF-lo FEZHI L, MIEERAASEIEIESE L Z LR ENT
W5 LR XY | HIF-1la DFEAIZ T2 Z & T, 4-OHT OFGMlIdzh R
2 EFRA D AR R ST,
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AR, DSAMUINEREE D RSB SEAI M E DG 24 L T, 23 A DENEA( L
IZHGT2EBZ6NTEY . HNAMIIZE Y EEIN D ILEER L OFLEERE
2B % MCTs IXZ DIERKICE DS Z EARB I TS ¥, ZhE T, il
PET Ml (Treg) (T H CAREEBEOMENCEET 5 & STV, ITEN
A/NBREE FIZBIT D Treg 8, =7 =7 X —T HOERZIKTFEE5 2 &1
X0, REZRNOORELRIRIGELZENHONZEINTZ, £, IO
Watson D5 Tl, Treg BNHMEEZ =R /LF—L L TEMETE 2 Z 20856
& 7p ot 3, Treg Z 8 DHEHMIRDZ <2, MCT1 ORELBEH LT D
ZENSMCT1 ORREIZ LD | Treg IEMAL Z ] TX 5 2 L3 fHEEL XD 9,
L2rL7223 B MCTL 1323 Al LIS S IEFE R R BB O b TS 2 &
15, MCT1 FHEAIOME I LY | oMKW TS ZDRENET D Z &
TR END, Lo T, Treg CORAMIE & OERNICEREZ KT+ 4 —
By N EFEIRIICILZET % & 9 72 drug delivery system (DDS) $ L OV —#F ¢
YIMROBND, ABHITTIE, MCT4 OFL# X HIF-1o O % >3 7 BB &5
BREHES Z LT, 4-OHT OFANZNRZIXT S 25 —J7 T, MCT1 OFHE
HIF-1lo OFBlE 7 6 ONT 4-OHT ORI RICE B4 G- 2 IinoTz, b0

FERND MCT1 M & LR ATREEIEOEENFETHDL EE XD,
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FSHI k&

AREFETIE, MCT4 BLEH bindarit & 4-OHT OFFHIZ L V. 4-OHT ORI
MK T2 A = X LIZDW T, tamoxifen MHPEFL2S ARG IZ IS W TEIZEE L,
232 MCT4 OFBLFREICBIE T 5 2 & 3t STV 5 HIF-10 1255 B L TRt
1ToTo, ZORER, bindarit [ZMARS~OFLEEOPEH Z Il L, MfEN LIRS
RO KZ/ LT, HIF-la # N7 EEMRIEL LRI, £,
HIF-lo & /37 ERBLE D ZEALD 4-OHT ORI FNZ G- 2 55 B4 7 L 7=
&2 A, 4-OHT ORMINEZN ST HIF-10 knockdown Seff N IZ B W TR X 11, K
FRF AT FICHB W TS L7z, BLEX D MCT4 BAEHA bindarit |3 HIF-1a % >
IR ERBLBEDOMRZ LT, 4-OHT ORAIEIEZ KT S 5 AetEA R &
7= 37,

Bindarit MCT [ sop |

inhibitors
1 1

lactate

Estrogen

Signaling
(88
\ -I- intracelluy

ER-positive breast cancer cerllsl extracellular

Tamoxifen
(4-OHT)

Decrease | Cytotoxicity | No change

Fig. 13 Scheme of section 2
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RIFEICIB VT, MCT4 OFLFIC LY | PEA SHIZA LIRS HIENICER T 5 2
& C, HIF-lo # > /N7 EHRBEDPHE K L, 4-OHT ORI N2 555 S & 2 /]
REMEZ R LTc, NS AU IR C d> 5 BxPC-3 Ml 2 W72 e TAFZE L 0 |
B o 7V o — ZJRFEICKAF L C HIF-lo QR BT R T2 2 06, #
fash o 7 v a—ZAREMETT 5 &, HIF-1a BELOK FIZ SRR 5 Z ERE X
b Y, F7o, HIF-lo X DORBLOEKIZHEN, 2 b R 7 EEREZ i
L TR AEET D 2 LB TWD ), & SICITE, FilGas A i
T 2D HT-29 MIfBIZ 31T 2 MFHI B W T, B o 7L a— 2 REME T T2
LTk ML) CEMEOFIENEKRT D Z L3l S 9, BiEE T
1, FEFE R T L CHEIE S 2 BN AR OAEFICHE L-m 7 /v a— A (25 mM)
FMFFTHREEIT-> TE T, — ., AERNTIEZ V2 — R REDK S mM Atk
THDHZENDL, AERNOEMZ KB LK 7 L2 —2 (5.5mM) & TOM
A&1TH 2 & T, HIF-loa OFRBELOET LAY Y Vb ORG24 T
TN TE L EZ 2720,

UbEDZ et AN O R F—EEREOZIZ LY . BSAMOAE
BIZHRT D MCTs BLEDODREN BT 5 O T SR A LT, ARE Tl
K72 =AM TICEBT % MCT BLEAIF L O 4-OHT OOFHZIRIZSWT
R4 Wt 21T o 7,
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28RBS X OB ik

551 R

H1E FE2H FIHEEFEHEOLOZMHEH LT,

%20 fE M

B1E E2H H2HEEFERObOEMM L, k. FEBRIZIL MCF-7
MlaZ A Uiz, AR7 L 22— 2 T O/GET T 1 AMATIS low glucose
DMEM (Fnyt#fi3#E, Osaka, Japan) ([ZA& 8 L CHE L. FEERICHW T,

WISy MRBLRT

3
¢

F1E OE2H 6L RMRICIT o,

¥ 4TH RNA HiH

1% 28 H3EEFERICAT- T,

Rl

3
il

BOH2H B AHERRRICIT T,

%5 6 I Real-time PCR

Real-time PCR /£, KAPA SYBR Fast gPCR kit (H K> = 17 ¢ 7 A, Tokyo,
Japan) Z W\ CTiTo 7z, MU %E Table 7 D L 5 (2B L, Scheme 2 [Z/7 L7
FIFCRISEAT > T2, RS F LU HIIZIE LightCycler®480 System 11 (Roche,

Basel, Switzerland) % fif ff L 7=,
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Table 7 Component of reaction solution for real-time PCR

Component Volume
2xKAPA SYBR 2.5 uL
Template DNA 1 uL

Primer mixture (10 uM each) 0.2 puL

Nuclease free water 1.3 uL

Total volume 5 pL

Scheme 2 Procedure for real-time PCR
95°C 3 min
!
95°C 20 sec «—

!
56°C 20 sec

!
72°C 20 sec —

40 cycles

B, A LTI A4 ~—04% Table 8 |2 L7-,
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Table 8 Primer sequences for real-time PCR

Product name Sequence Product size

forward [ GACAAGCTTCCCGTTC

GADPH reverse |[CAATGACCCCTTCATT 106

MCTI forward [CCAGCTCTGACCATGATTGG 101
reverse [GGCGCCAGAGTACAGAGGAAC

MCT4 forward [GTTGGGTTTGGCACTCAACTTCC 112
reverse |CAGGAAGACAGGGCTACCTGCTG

-MYC forward [ CGAGGAGAATGTCAAGAGGCGAAC 174
reverse [GCTTGGACGGACAGGATGTATGC

SODI forward [ TGGCCGATGTGTCTATTGAAG 143
reverse |TCCAGCGTTTCCTGTCTTTG

SOD?2 forward [GGTTGGCTTGGTTTCAATAAGG 121
reverse [CGTGCTCCCACACATCAATC

SOD3 forward [GATCTGGCAGGAGGTCATG 159
reverse |AAGAAGGCGTCGAGCTTG

Nef2 forward [ AATGAGGTTTCTTCGGCTACG 139
reverse [CGTCTAAATCAACAGGGGCTAC

MR AEFARITE 1| F28H FH8HEEFERIIITo 7,

%8 IE AN ATP E0OHIE

AR ATP &3 [Hlfao ] ATP JIEFIE™ Ver.2 (HIEE—x » I, Tokyo,

Japan) (2 X W HIE L7z, 96 well 7L — ~{Z MCF-7 il % 4.0x10° cells/well T
BREL, 4B LTI, 20%,. AT ULERSIBREL, EEEMx, &
HIZ 48 WFfHRE R Lz, BB, AT 4 UL &ZWSIREL, ATP HIERHE L A
T4 T LEEETRAS L, 100 plwell Nz 72, Ziz 22°CT 10 43 A > % =

NR— R L., BHERE L, 728, FERPIZEEN 5 DMSO IRETE 02% LI

L7,
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HERHIA E 221X, unpaired Student's t test, Dunnett's test & 72 |3 Tukey-kramer's

test DO B L7-bDOEMHL, p<0.05 ZHaMICAETHDL E LT,
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538 EBRER

WOLTE BRI O v a— APERED HIF-1a # >3 7 BRBEICE 2 5 P58
B P O 7 v a0 — RJEE S HIF-1o & > 3 7 ER BB R IE T8 %

western blot (Z X U Gl L7z, £ DORER, K7V a—ALKETIZBWT, AER

HIF-lo ® % 237 BB EOK T 2O biv/e (Fig. 14),

120 -

MCF-7
c
L2 100 |
HIF-1a a
o
&3 80
(-] %
c c
< 8 60
B-actin e m— °%5
Q o 40
o <
2
-
o X s 2
Y\‘Q’ \9 k.

High Low

Fig. 14 Effect of glucose condition in the culture medium on the expression
level of HIF-1a protein in MCF-7 cells

HIF-1a protein expression levels were analyzed by western blot analysis in MCF-7
cells. * p <0.05, compared to the control using unpaired Student’s t-test. Data are

presented as the mean £ S.E. of three independent experiments.

49



F2H AR N a—RAEMETICET D MCTs OFE B

W, BEBIE O 73— ZPEEE DED MCTs DI G- 2 5 #EIZHO0
C real-time PCR IZ K VW §FAli L7z, T OFER, Moo — AL i L <, K
TNa—RZTH I ET, AE%Z MCTI mRNA EOH K, X N MCT4 mRNA
BOMK T2 U7z (Figs. 15a, 15b), £7-. MCT1 ORIGRTICEE S5 5 Z &2
WS TND -MYC O mRNA 27l L72& 2 A, [R7 v a— AT
BWT, BREICERIANHEA L (Fig. 15¢),

(a) MCT1 (b) MCT4 (c) c-MYC
1.8 ; * 1.2 - 3 1 -
1.6
1 4 2.5
< 1.4 <
2= o ] <A
€212 4 x 20.8 - *% 532_
£E 4 I8 E 2
23 2506 5 915
< g 0.8 4 <o & 8
oz °:2 o
=% 0.6 4 3504 1 <2 17
G204 o8 23
=T =702 = =05 A
0.2 1 ©
0 0~ 0
High Low High Low High Low

Fig. 15 Effect of glucose condition in the culture medium on MCT1 (a), MCT4
(b) and c-MYC (c) mRNA levels in MCF-7 cells

Gene expression level were analyzed by real-time PCR. * p <0.05, ** p < 0.01,
compared to the control using unpaired Student’s t-test. Data are presented as the

mean = S.E. of three independent experiments.
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B3 UL a— APEEEOEORHIAN ATP 825 % 5 B

FENT, Bt o 7L o — AR EE OE WO DS O = kL F—EAEIC RIE T
B O T L MIRN ATP &2 81E L, ZORR, &7 a— A%k
LT, K7V a3 —AEFIZB N THMIEN ATP &IZZLIZRO B2 h

7= (Fig. 16),

120 4
100 -
80 -
60 -
40 -

20 -

Total ATP level (% of control)

0

High Low
Fig. 16 Effect of glucose condition in culture medium on intracellular ATP levels

in MCF-7 cells

Data are presented as the mean + S.E. of three independent experiments.
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BAE KT a— A& TFIZBT S MCT EHR & 4-OHT O ff RO Ml
I, RT3 —ZAGMEFIZE VT, MCT BLEHSIAY 4-OHT 0 7% e 2h S~
5.2 B8 FE L7, MCT BLERNCOWTIE, &2 a— AT LR
5-OP 10 mM, bindarit 100 uM THE} L7z, Bindarit (£ 7 /v 32— A5 FTO
Weat & RIRRIC ICso Z R EH 7z, —J5, 5-OP 1L 4-OHT D ICso & A BT T &

w7 (Fig. 17),

120

—&— None,IC5, =15.7%0.2
-0—5.0P,IC;, =127%0.2"
--¥-- Bindarit,IC5, = 27.4 £ 1.5™

100 H

©
s
c
8
S 80
3
X 60
>
2
= 40
8
Z 2]
)
o
0 ‘
0 20 40 60
4-OHT (uM)

Fig. 17 Effect of 4-OHT combined with MCT inhibitors on MCF-7 cell viability
in low glucose condition

The sigmoid curve and ICso values (uM) of 4-OHT cell growth inhibition were
determined using the MTT assay. * p <0.05, ** p <0.01, compared to the control
using Dunnett’s test. Data are presented as the mean + S.E. of three independent

experiments.
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HSTH AR V3 —REMETIZERT D 5-0P & 4-OHT F IR Ol i 72 fig

AIEOFE R %521 T, 5-OP10mM & 4-OHT 10 uM O FFIZ 31T 2 M e
%% L7z, Control & Fbigz LT, 5-OP HUHBRER TII R & R4 5 2 4-OHT
O HIMIRT T ~EE L 5.2 5 2 LA RSz, X 52 4-0HT & 5-0P Of)f
L 4-OHT 12 L D HIpalEF 2 #0325 2 & 338 bz (Fig. 18),

Fig. 18 Confocal microscopy of cell morphology during exposure to 4-OHT and

5-OP in low glucose conditions in MCF-7 cells
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% 6HE (K7 NVa—AFKMETFICEIT % 4-0HT 38 XU 5-0P FHAREOHMRN ATP
O g
Tamoxifen |FMEAN ATP ®A K FSHL 2 EnHEINTNWD 9, Z2Z T,

K7V a— A& FIZBIT 5 4-OHT & 5-0P OfF A HIEAN ATP B 2L 5
ZHDTEIRWNEE X, at 21T o7, Control & 5-OP HUMBRERHEA [k L7z
& A, 5-OP HMIRFR LML ATP &I k% 52 72 o7, —J7, 4-OHT 5
uM B KOV 10 uM I ZHIIAN ATP &4 A EICIR T S E 2 & & b2, 5-0P 2 0F 3
% Z LT ATP DK TR S u7z (Fig. 19),

120 -

001
N )
60 - el ot
ny wht
B
0
5 5 10 10

4-OHT (uM) - -
5-OP (mM) - 10 - 10 - 10

Total ATP level (% of control)

Fig. 19 Effects of combined 4-OHT and 5-OP on intracellular ATP content in low
glucose conditions in MCF-7 cells

*p <0.05, ** p<0.01, compared to the control group; T p <0.01, compared to the 4-
OHT 5 uM group; f p <0.01, compared to the 4-OHT 10 uM using Tukey-Kramer's

test. Data are presented as the mean + S.E. of three independent experiments.
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B KV a— A5 TR S 4-0OHT & 5-OP OfffAMER{LA L AR
WG 2 D

Tamoxifen |[ZHIfIZ L CTIMEA P L AR X 52 L RHMbATWDS ), £
T, FIEADIKZ Va3 —ZAFEMETICEIT %5 4-OHT & 5-0P OFFHMAEN ATP &
IR T SEHFICEIEA B L AOBKAEEGT 5 EOFHIZNET, LAk
L ABEBAR IS RITTRHEICOWTHRF 21T o7, ETM(EA b L ADHKR
WZPENZE OFRBLHEINT 5 2 & DA STV % superoxide dismutase (SOD) 1-3
® mRNA &ZFHii L7z & Z A, SODI1 3 XU SOD3 OZETFRD Lo 1z
(Figs. 20a,20c) —C,SOD2 mRNA #|% 4-OHT HMIRFERIC L W HREIC EH L,
X 5|2 5-0P DPFFIC L » THIK L= (Fig.20b), < Z C. SOD2 O#xEFHE RS
K4 % Nuclear factor erythroid 2-related factor 2 (Nrf2) ¥ EL %[RRI FEAn L 72 &
Z A, SOD2 & [AFRIZ 5-OP OFFRIZ L W B RT 5 2 & 2VRr &z 9 (Fig.
20d),
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(a) SOD1 (b) SOD2
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Fig. 20 Effect of combined 4-OHT with 5-OP on SOD1 (a), SOD2 (b), SOD3 (c),
and Nrf2 (d) mRNA levels in low glucose condition in MCF-7 cells

*p <0.05, ** p <0.01, compared to the control group; T p <0.05, 1 p <0.01
compared to the 5-OP group using Tukey-Kramer's test. Data are presented as the mean

+ S.E. of three independent experiments.
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F7o, eORFIT, 4-OHT ORIz R 20855 S ¥ 72 bindarit 73 SOD2 & L OF
N2 ([25- 2 2 EIZOWTEMIE L=, £ O#EF, 4-OHT IRFEIZ L D SOD2 D%
BLOBE KRR Hi7=—J57, 4-OHT & bindarit OFFH X SOD2 DR B L 5
Z7emo 7 (Fig.21a), F72. Nrf2mRNA & % [F£EIZ 4-OHT & bindarit OFH T

IZHE K L7Ze Do 7= (Fig. 21b),

(a) SOD2 (b) Nrf2

1.8 1
1.6 1

1.6 1 *k TT

1.4 1
1.4 4

«t
1.2 T+
1.2 1
1 1
1
0.8 1
0.8 4
06 - 0.6 -
0.4 4 0.4 -
0.2 - 0.2
0 - 0 -

Control Bindarit 4-OHT Bindarit+4-OHT Control Bindarit 4-OHT Bindarit+4-OHT

SOD2 / GAPDH mRNA
(relative to control)
(relative to control)

Nrf2 / GAPDH mRNA

Fig. 21 Effect of combined 4-OHT with bindarit on SOD2 (a), and Nrf2 (b) mRNA
levels in low glucose condition in MCF-7 cells

*p <0.05, ** p <0.01, compared to the control group; T p <0.05, 71 p <0.01
compared to the bindarit group; I p < 0.05 compared to the 4-OHT group using Tukey-

Kramer's test. Data are presented as the mean + S.E. of three independent experiments.
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FAf B

AT E TOMET D, HIF-1a Z & /737 B BLEOH KRS 4-OHT O R 20 R
2P SH D FREME A R L7z, HIF-la (3EEHAF O 70 a2 — AR EEIZEVIEBLA
WMARTHZ LMD ATEETOEMEY 7V a—XREEL 1S & LRI L=
—AEFHIC TS Z LT HIF-la ORBEZLTSED T LailBhic, SHIZ, K
FAMETIZEBWT, MCT FLEAI & 4-OHT 2 0FH3 % 2 & T, 4-OHT DR A0
NA LT DD TIEBRWERHA LT, MEtEiTo7,

73— APRE DES HIF-1o DX 287 GRBEIZE 2 5B OV TCGE
fliL7cl ZA I N a =25 FICBNT, FERBHOK FI/RENT, £
7oo REMTIZBWT, MCT1, MCT4 @ mRNA EZFHMEL7-& 2 A, BHER
MCT1 DK E MCT4 DX F AR STz, S HIZ MCT1 OFBLARE T2 &
ENTVD c-MYC ORBLZFHME L& 2 A, K7V a—AKHTICBWTHE
IZHAR L7 8, MCT1 1K 7 b 2 — A EFICB W TR KT 5 Z L85
NTEY, KEFHIBWTHREROBMEZ R L ), £72, MYC X7/ /va—
APRFE DR FIZENREESE KT 5 Z L ITZ, -MYC FH RO K S HEFEN
BE, I Far R THEBIOHMEOHINIH ST 252 ERREINTNS
66-68), X BT, MCF-7 il & FAW = BFHI W T, B o0 7)1 22— R R E DK
Tzl EROEENMET T2 ENREINTND 9, DLEXDARSEMET
T, IR DR T 72 5 B Y i ko ERIC I 2R 7 h3vET, 3
M =X F—IRE T DAY Y AL 2 IR 6 LT MCT1 OFRF 2V
PRI BT 525 5 Z EPmmeai,

REMETIZBNT MCT BLEHRE 4-OHT 0 L7-E 2 A, MCT4 BLEHA
bindarit |35 7 /b = — A5 TORGES & RIARIZ, 4-OHT OFRGHIERNR 2 gy &
iz, TAUIAPEICEHIT D MCT4 OFEZ I LN FLER SR O KRIZ X
% HIF-la & /37 BRBLEOHRICER T 5 b DIELELZ SN D, —J7, MCTI

58



BERAIPEEA 5-OP 138 7/ 0 — AR & 135272 0 | 4-OHT DRG0 R 4 1
e, TIT, BRI a—ARKMETIZRBNT, 5-0P OOFHICL Y, 4-OHT
DA FE 0 BT D AT =R BT OWTHRFAEITS 2L & Lz, it
MH, MR EOBIE AT oL 2 A, 5-0P BHIREIC X5 Ml ~D KX 725

BITHE I NS0T, Fi2. 4-OHT BRI L ClllafEE L2 < i =
L. 5-0P ODHFIC LD | ZDORPIETR I D Z & 3RS S iz, Tamoxifen (X
WEFEARAFHCHIEN ATP B2 KT SE5 2 ENHE I TVWD 9, 72, MCTI
PHEAI AZD3965 (X HMIRER CII L b 2 7V —77 T, W(bkry U ek 2 #il
THAMRAVI L OMMAICE Y BEFICHEL S SR Z ERmESh Ty
% 19, 4-OHT I3MALr9 Y AL OIENR AT 52 &b AREHI BN T
fili i L7- MCT1 FLEH] 5-OP & 4-OHT & OFFHIZ &L 0 4-OHT O F% kT 5
ZENRBIZOND, EIT, MIEANATP &ICEFEH LTEHMEL7Z& 2 A, 5-0P H
MURFR TN ATP BICH BB (LA 5 2 o7, F72, 4-OHT HIMIRFE X
IR ATP B2 A EIIR T S, TORRITRERAICHE KT 5 2 L3RS
iz, 52, 4-OHT & 5-0P OHFAIL 5 uM B E V10 uM OWFT IO PR
WTh 4-OHT BMIRER & bel U CHEIAN ATP B2 B ITIR T S22 &b,
5-OP |3 4-OHT DOfffal ATP DK TR 2R3 5 "lgetE R S iz,
AZD3965 13X MCT1 Z[HE 9% Z & T, MEFERIEMEOLE & Ml AR I 24 2
2 by R 7O NE CBAEHOBFIEHALIC SR D Z ERIRE ST
52 L6, 5-OP BUMIREE CIL ATP BB L B X W2 ERB X b 1,
F72. 4OHT (Z7 v MIFI ha v RFU T LT, 2 hay R U TIREM O
i RS 5 2 & TRIL U VERMEN R AL SEL T ENTEN TV D
L EE Y | ARFHIB VT H MCT1 BLEAZ AV 72BEH & [FBEIC, 4-OHT &
5-OP OHFIZ LW MCT1 6 L OLIY Y Uik z fLE 2 2 & T, PRHRRN
AT S ATREMED R ST,
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Tamoxifen |% ERs #&HUEHICIN A | ffalxh L CEBEA L A& 52 5 2 &R
WS TS 9, 2T, 5-OP A tamoxifen |2 X DL A kL A ZHEHR L T\
HDTIEZR W) EHEZ L, Bb A b L A BEER 712DV T real-time PCR 12 &
DEH L7z, ZO/ER, I har FUTE{EA ML A& KT 5 SOD2 OFEL
1% 4-OHT BMUIREEEIC LV AEICH KL, 5-OP OfFMIZ LY mRNA &3 KT
LA RENTZ, S HIT, SOD2 DRI ZFE T 5 L S TWD Nrf2 DFEHL
A L7z & 2 A, SOD2 & [AIERIZ 5-OP OPFHIC & 0 FEBLHE KT B fi#[7) A3
MR ST %), 73 HIRE 2 HTET % SODI1 6 X Ol i 2 i 1 JI7E 3% SOD3
® mRNA FEHEIZEITFRD B/ hr> 72, Reactive oxygen species (ROS) (&7
IZI b2 RUTIZBWTEAIND Z LT %, ROS OFEFEI ML FEE
H25ZERMEsnNTns ™, £z, tamoxifen (XX b KU ToOh v w
LA A #2FE & mitochondrial nitric oxide synthase (mtNOS) ZFffi+ 5 = &1C &
D, I RUTEEA R L ARSI, MlAEHELHET 52 E0RIES
NTwW5sb 9, L7edai-> T, tamoxifen 2SMJIC/EA T2 ik, I har R
U 7123V T ROS OFREAA U, Ml fiE S d 2 & THIIIN ATP &AMK T
THZEMEZOND, £72, L bary RUTIZBWTILRRIZE L E BRI
SNERERIZIB VT, EE/L NAD/NADH OFEAEIZEbD D Z b xL
X—EAEICEADLZERMLNTWSD, X hay N TIZET b AEBEEICD
WTH MCTs G T2EZ2 6 TEY, MCF-7 Mildd I k= KU 7IZiX
MCT1 OFBLAHE S TND 3, £, HIF-lo FEEEOHKIZI ha > R
U7 ROS il 42 Z ENMEINTNDZ LD, @73 — A5 L il
L T HIF-loa DFEPMET LIEARSRMZ, B A N L ADOREEZZ TR0 e A
b P, LEXY | 5-0PIEMCTL ZfiE T2 LIcky, mxvF—pEt%
ML, I b= RY 7 ROS R EH5H Z & T, 4-OHT ORI R % & o
DT EN MRS Tz, T2, 4-OHT OFGHIEARN R A4 855 S 72 bindarit 2 VT
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EHRHMEE T o728 2 A, 4-OHT & bindarit OPFHIL, SOD2 35 L OF Nrf2
mRNA OFEHLA K SH 72705 72, MCF-7 fllid 2 W 72 /a3 0 C L tamoxifen
(2 & 2B R Hiig b # & 5 N-acetyleysteine (NAC) OFFHIZ L D KT
THZENMEIN TS @, FiIE LY | bindarit £ HIF-la OFBLEAZHK S
HDHIEMRBINTNDZ ED D, HIF-lo OFEBHEKIZHV 4-OHT (12X 5
k= KU 7 ROS OHRZIHIT 5 Z LIk 0, 4-OHT ORI F % 555 &
W5 AR R ST,

fame LT K7 a— 2% TFIZBWT, 5-0P 13 4-OHT Ik A b R
UTRALA b L AR S BRMISR A2 HR$ 5 Z LAVR S iz, Z ok
13X AZD3965 Z FIW 7= BEH & AR OB 27~ L7 Z &6, MCT1 FHEHI & 4-
OHT DO, AR ABIRICBWTAHMA TH D Rt rm ST, S%iE, il
?D MCTI PHEAIE I a2 RU T AR E LIchis AEDOMAE DOEIZ X D8
LD RIS ORI LEE N D,
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FSHI O FLo

HIF-lo OFEBEITEFHT O 70 a— ZJEFEE OB R T 5 2 &5 5
NTWD, KETIE, EENO 7 a—ZREIZEVEZ L a— 25Tk T
% HIF-la OFIEDOIK T 25, MCT HEH| & 4-OHT OOFHZIRIZ S 2 % 58I
DOWTHRFT L7z, ZOREFR, MCT4 [HEH bindarit 13 7 /v 20— A5 T & AR
(2 4-OHT DRI R 2 6i8s S ¥z, —J7. MCT1 [HLEAI & LT L7 5-0OP
1% 4-OHT OFMIAZN R AR T 5 Z BN Erode, £z, BEA N LR
BIEEAR IZ DWW TRl L72 & 2 A SOD2 38 K OY Nrf2 D38 BL A B K X 2 ][]
WNHER ST, O ORERENS, 5-0P X 4-OHT IZL 5D b=y RU TEE LA
L ADEER%EZIT LT, 4-OHT ORI RZHTRT 2 Z ENH LN E oo T,

Low Glucose

Bindarit Tamoxifen 5-OP

T (4-OHT) T

¢ intracelly

ER-positive breast cancer cells extracellular

Decrease | Cytotoxicity Increase

Fig. 22 Scheme of section 3
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TR EICBIT AN ABERS LOEELCTEITFELAEINL TnD Z &

5. FHLELD ATRIR O EOIEAL 7R S NS HTHLIREIER OBRE N KO Hi T
W5, MCTs 1373 AFMAE I R0 72 Warburg 205235 L OY Reverse Warburg 2 342
BT 25 Z L OIRFIER & L CTHEH STV 5, AW TIE, ER IR
A% LTI &40 5 tamoxifen & MCT [HEAIO Az FIZEH L. MCT [E

FHIH tamoxifen ORI RIZ G 2 5 HEIZ OV THRFT LT,

%1 3FTlX, ER BB AMIEICIB VT MCTI B L OYMCT4 235 HL L TR
V. FFIZ MCT4 DFLERHE ISR W THODH 22 EZ B Ao T\ D Z & DRIZB S 11
7. F7o. MCT4 BREIFAEA] bindarit 35 & O fenofibric acid 1% 4-OHT D&l
IR EZFII ST, ZHDHDOFERI D, MCT4 ORED 4-OHT ORHMAazh R %
JHE8 S5 ArREME A R LT,

55 2 B CIX, bindarit O HAIREEIZ LV | HIF-1o O % /X7 ERBLENHIK
THZENAHESNZ, £, TOF L LT MCT4 OHFIC X 5Lk
BEOWRNPEGT 52 LRSIz, S HIT, 4-OHT O IE HIF-1a
knockdown (Z &V #i5 L | AREER SN TIZH W THREI Lz, Liehi-> T,
MCT4 [HFFZ & % tamoxifen D EGHIILLN R DJRES I3 MCT4 BLEAI DOBREE I & %
HIF-la BEBLEDOIKRITER T 5 Z & 3R S 47z 37,

%3 BT, AIEIZIWVT HIF-1a DFEHL 4-OHT OFGIAR RIZEE A 5
AHZEEBEZ, HIF-la DF 37 BRBLE LT ST L 2 — 254
TIZHT D MCT BLEAI & 4-OHT OPFHR A7l L7z, £ OfEF. MCT4 [H
FHANLATE & [FERIZ 4-OHT ORGSR A4S S 7z, —J5. MCT1 BEHID
DFHIX 4-OHT ORI R 2R 2 Z 2 A Lz, Fo2ib o Fo—
DELTI hayr RYTITHTH8{EA B 2D RNFEFE LT 5 Al gEMED
RENT,
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ZNE TON AN D MCT HEA Z W TZHRET Tl odins A%
& DOPFMZNR 2T L 72 131F & A 1T TV 2Ry, A58 Tl 4-OHT @
R RO HEFRITIE MCT4 TiX72 <. MCT1 IZERIRME: & & D 7= FLE A 23 %)
ThDHILaMDTHRM LTz, HIF-lo IR AMBOAFICEE R EE Z L2 L
TWDZLEDPMESNTVDZENE, AFEITADNADHIL BT, DO A
MR IZ BN T HZ OISR S 4L, 4% D MCT LEH %2 FV i FE o —
Bhlind Z LR SN D,
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