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5-FU
ALE
AZT
BP
CDDP
CR
D-MEM
DPYD
ERK
ETI
FBS
FITC
FOH
FPP
GGOH
GGPP
ICs0
MAPK
mTOR
N-BP
PAM
PBS

Pl
PVDF
RIS
SDS
SNP
SQ
WST-1
Z0L

BEFER

: 5-fluorouracil

- alendronate

: 3’-azido-2’,3’-dideoxythimidine

: bisphosphonate

: cisplatin

: complete response

: Dulbecco’s modified Eagle’s medium
: dihydropyrimidine dehydrogenase

: extracellular regulated MAP kinase
: etidronate

: fetal bovine serum

: fluorescein isothiocyanate

: farnesol

: farnesyl pyrophosphate

: geranylgeraniol

: geranylgeranyl pyrophosphate

: 50% inhibitory concentration

: mitogen-activated protein kinase

: mammalian target of rapamycin

. nitrogen-containing bisphosphonate
: pamidronate

: phosphate buffered saline

: propidium iodide

: polyvinylidene difluoride

: risedronate

: sodium dodecyl sulfate

: single nucleotide polymorphism

: squalene

: 2-(4-Indophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt

: zoledronate



F W

DAL, 1981 D AFRIZIIT DFECIRR DO L1 Th 5, 2012 FITiE, BIECEMD I 5D 1ITH
72%%) 36 HABPATHL LTV D, B2 ThH, BEDSATHRNEC RO RAD—DTHY
[1]. AFITB O TIIEER 1L T ANEIENA THLE LTS 2], SECROEWEHIL, P10 B RER
NZ UL, BWIRHCIIBECEIT L TWD 2 ERE N0 TH D [3].

BEN AL, FRRFEANCR T RN A FE IR A O 2 FEEEICRBITE, RA TIPS AOEIG N %
DOHLHLOD, TVTETIIRE LEBRABRKEEZ EDTND, BENSADIERIL. MOBEERA L
[FERICANEIOBIBR, LA AR A T 03 AL FRTE B OVBURBEIE S B S L < ITHAA b CTiThbi
Do FRZAACTFRIEZ, AT, L NIRRT CIREWZ A X 7 THWHNTEY . 08
TR REAEE RESELAT D, BlAX, R CIHEERDS A Th 5 KB A TIHEFHEIEOESNH R E L
<. KIBBAEBWSNTH%O 5 FATFRIT 70%E 2 ORBAGTIIRENICH LTS 2, L
L3 B, D AWtk O 5 FAETFHRITH 35% & KA CIRIRRURIEARTS 400 & 1T SV,

Z DRV O BN & LC, A AL CIESRAI O ME B B Bt O b as etk 7 &
DOEWEHDOBEAZENRKE W E, HHTEL3EA L DN ERET b b, BIEDAICKHT 208 A L%
FEOFNER ORIER OV A7 2 HAI TS 2 72D O3 IR T Cnd [4,5] HOOD,
RIZERISRAICE S TS B OIFIFIELRV, £, BIENALFHRIEIZILS-7vAr yF 2L (5-FU)
KR AT ZF 2 (CDDP) #FrE, a2 b ARSI/ LTV HEANTIZ E A EFLELZ2 [6].
S HIZ, Song & [7] 1%, 5-FU JTF CDDP Z & Te—RIRIEIZ AR TR BV Do ToHEITRIE D A
FH Tl 5-FU LTV CDDP LIS TIE & A EME— B o 2G5 TW D R & FR L ate IRIBK
DAIELIRNZ & 28E LT\ 5, 7205, 5-FU 1 CDDP NER O BIE A BE Tid, KIZAH
IRIRRIEDFAE L TN L2 D, L7eido T, BN ADIRERGR N Lo ol2id, sk
ERRIECBUT D AER L RIEDOMAEDOBERNZI LT 5 & & bIo, BEMP AT L TH R H
Te IR Z WO DB B D,

Z ZCADIIETIE, BEN AALHRIEICR T DB ANEL BIE LIRSS 2 R & LT 5FU KO
CDDP % W2 B D AL FHRIEIC K D IR R OFRT TRICE R BIE A RE T 5 & L bio, Sl
MIMEFFREOFIER & B LT B AR AR R — R REY (BPs) OFHAMEICOW TG LT,



®1E b MESAHIEERICRIT A 5-FU R CDDP M HET AR FOBER

B =
EE D ATEREIZIBUNT, 5-FU L TNCDDP & W =8 AALFRIEDN IR TSN TW A S DD, R£-E1E
FRGRIIA T+ TH D, TOHERE LT, ZORAAEFEREIIBEIEOMAZENKE L, iz el

RERISILVBELFIETHZ BT o5 8], ZOMAZENAELCLERO—> & LT, TEEHGE
B MR 2 A8 A E B OB AN EOENR E 2 S b, T72bb, RENAMAIIZIW T 5FU
& CDDP |2k} T 22 HET DI T2 LT 5 2 Eid. BENAALFRIEOERNE Z m &
5 ETIHFFICEETH D,

5-FU 2 1* CDDP DSz M 8 % JAE T HEIRIZ OV TIE, BRI OB ST b, filx
3L b MR VEESHIEH Ok HEK293 a2 61T 2 Skt 7 o AR — % —T&H % ABCC5 & >/ 7 B Di
TR, 5-FU OFIFANEREEZ D S8, ZHICE Y 5-FU ISR DMEZ 5 & 232 LSS
T [9, £/, 5-FUDREI#EZE CTHH YL a2V 7k Krsh—+E (DPYD) @ mRNA X
37 BB R, 5-FU 250 AALSFIRIEZAT o TV D RIBH A BEE ORI & AOFRBM: 2
T2 EBHE SN TWA [10,11], — /7. CDDP Dz 1%, DNAEERE ¥ o 37 B T& 5 ERCCL
DORICE>TRTFTHZENmbNTWS [12-14], 2D X 512, 5-FU K1 CDDP Dz M 4
DRFTEE R AVLS OB AT BN TN OPHE SN TWDE DD, 2D KRFNEED AT
% 5-FU TN CDDP D&% TR LG D NA A~ —H— LR D0 E I T OWTEL, 1FEAEH BN
IZSFL TR,

ZZTARL FY R T o AR—2— DNA BIEBIE 2 /< 7 B QNS AR SR & & T 35 O FERE
PESZ U R7EICER L, SO B M RTEDS AMIIRRICIS 1T 5 2 b 35 FifHD mRNA FHLE L | Mo
5-FU % 7213 CDDP Ji&s2E & O BE M W TRt 21T - 72,



B2 MERUOHE
1) Wl

5-FU X Sigma-Aldrich Chemical Co. (St. Louis, MO, USA) L ¥, CDDP [FFn Gl T3S (KIK)
FVIEALT, AT NAKUNMKETL X, Z#E 4 Tronto Research Chemicals, Inc. (Toronto, ON, Canada)
& O Cayman Chemical Company (Ann Arbor, MI, USA) LKV EEA L7 b D& W=, 72, M4 EROH
EIWCHWE 2-(4-1 > R 7 2= )L)5-24-V ANV T = =)V)2H-T 5 7 U 7 A4 (WST-1) & 1-% b5
VEAFNT 2 F V=T N ATV, WTIBRAE R ARTEIIZERT (BA) KVEEA LT,

2) MR R OERaRG 21k
b B A SRR OE33MIUIZ. DS 7 7 —~ /S A A AT 4 AR (KIR) L WHEA L.

RPMI-1690 53k (Life Technologies, Carlsbad, CA, USA) % W TH:#E L7, 72, b MERT LA
A SHIBERR KYSE30, KYSE70. KYSE140 K OfN KYSE150 fifid [15] %, & =—=< 1A = AT E
o7 (KBR) X0 BEA L., 5531213 Dulbecco’s modified Eagle’s medium (D-MEM, Life Technologies) %
iz, 725, MIBaOR#RIZIE Y VA (FBS, lot no. 133570 &% () 348777, Life Technologies) % #%
TR 10% & 705 K 5 1Thnx 7o, #lREIE 37°C, 5% CO, 5 FC 25 cm? 5588 7 7 A 2 THE ATV, 3 F
7old 4 B ZEITHEIRITHE AR LT,

3) M HEE N E

AR AR OWE L, WST-1 k% v iz, #ifidz 96 7 = /L7 L— I (Corning, Corning, NY, USA) |
5x10° cells/well/100 uL D THEEFE L, 37°C, 5% CO 5/ FTO0, 6, 12, 18, 24, 36, 48, 72 (' 96
REHIRF B AT o 7o, FAVENLORERIEGEE L7214, MR IR % 110 ub © WST-1 ¥R & A H7E 1R (WST-1
TR 10 L+ K538IK 100 pl) (ZAH# L, 3 RFRHIBOIG S W7o, SRt 7 = LV OWSLEE (WER R 450 nm.,
SR 620 nm) &, ~vA 7 r 7 L— KU —4— (SpectoraFluor™, Tecan, Seestrasse, Switzerland) % >
THIE L. Mfascz Bl U, £z, MfagsEdh#ii, o Ref oAmiatia 100% & L TR L, Milaofs
INEEE, BLFoRX S8 L7 [16],

(t;-1p) log2
logN; -logN,

T No KNI, ZNENHER to KONt BT D%k (% of 0h) 2R LT\ 5,

EVNSSE

4) SRR REEME SRR

#f% 96 7 = /L7 L— k (Corning) (Z 5x10° cells/well/100 uL O#EE THERE L, 37°C. 5% CO &M T
T 24 RsfHlEEaE Lo, £k, Mfassik a4 W5 L, 5-FU £7213 CDDP & AR A ML, 72 Iefifss
Fth OMME A WST-1 12 X 0 lE Lz,

5-FU & Of CDDP OHIfEHEFEIHIfERNC RIFETF A 7 2 VRO MKE7L O 8E,  Fad & RERIS IR
il 24 BEEIT21C, A 730 (100 uM) F721% MK571 (50 pM) Z s L7= 5-FU £ 7213 CDDP & A k5%

TR A AR V& T, 72 RIS 1% . WST-1 154 W Ciltia oz JlE Lz,
3



SO%HEFEHNHIHEE (ICs0) DFLHIZIZ Microsoft® Excel ™ V)L 3—HfEZ IV R BRI L7 [17],

EZE  x 1-C
I G TN A
728, E MO Enax 1 ZZNENAINNAETER (Y of control) K& O KHIIAAGFERZ/R L, C RO yIZTNE

FUHIRERE AR T DM L e N 7 A FREE R LT D,

5) U7 /L% A A RI-PCR

AR A 2x10° cells/dish D% C 60 mm K72 ML (AN 7, BUR) (ZHEFE L, 37°C, 5% CO, {4 1 C 48
MEEs %, 4 RNA % GenElute™ Mammalian Total RNA Miniprep kit (Sigma-Aldrich) %M\, 7w k=
JAAZHES THlI L7z, 42 RNA(Lug) 1%, PrimeScript™ RT reagentkit (¥ 77 7 /34 4, &) KO —< L
A 27 7 — (i-Cycler®, Bio-Rad, Hercules, CA, USA) % W\ Cs G 41T > 7=, WG GNE, 40 pb DL
ISEIE A VY, 37°C T 154y, 85°C TS5 b, RUNT4°C OEMETIT- 72,

U7 V4 A 5 PCRIZIZ, 7500 Real-time PCR system (Applied Biosystems, Carlsbad, CA, USA) & SYBR®
Premix EX Taq™ (% 71 7 /31 A7) %\ 72, PCR UGS, 95°C T 10 P OYIZA M 95°C T 5 ),
60°C T 34 BPOMELULE 40 A 7 MTolz, £z, MRIGH#, 95°C T158), 60CT 14, 95°C T
15 B ORISR T 21TV PCR EEM) A ffEsE LT, 7235, PCR BUSKHIZ W= 7T A ~—REd41iX, Table
1-11Td, NIRRT & L TACTB 2 vy, HAYES 7O mRNA F8Hl &L 229E s L TR LT,

6) HERHFHIALER
O FEEREIEL, & COEAME £ EHEFZE (SD) TR L7z, 7o, FHEIMENTIZ, Pearson’s correlation
coefficient (r) % VTR L 7=,



Table 1-1.

Sequences of oligonucleotide primers designed for real-time PCR

Function and gene Forward (5'-37) Reverse (5°-37) Reference
ACTB TCATGAAGTGTGACGTGGACATC TGCATCCTGTCGGCAATG 16
Transport
SLC22A7 TCTTCCATCGTCACTGAGTTCAAC AGAAGCCCGCATTCAAACAG 16
SLC224A2 TCTACTCTGCCCTGGTTGAATTC ATGCAGCCCAAGGGTAACG 16
SLC22A3 TAGCCCCATTTCTGCTCTTTC AGATGGATGCCAGGATACCAA 16
SLC23A2 TCTITGTGCTTGGATTTTCGAT ACGTTCAACACTTGATCGATTC 29
SLC3TAT ACAAGTCAGCATTCGCTACAATTC TTGCAGGAGGTGAGGAAAGC 16
ABCBT TTCCTTCACCCAGGCAATG ATGAGTTTATGTGCCACCAAGTAG a
ABCCT CAGTGACCTCTGGTCCTTAAACAA TTGGCGCATTCCTTCTTCC 30
ABCCz ACTTGTGACATCGGTAGCATGGA AAGAGGCAGTTTGTGAGGGATGA a
ABCC3 GTCCGCAGAATGGACTTGAT TCACCACTTGGGGATCATTT 31
ABCC4 GCTCAGGTTGCCTATGTGCT CGGTTACATTTCCTCCTCCA 31
ABCCS CGAAGGGTTGTGTGGATCTT GTTTCACCATGAAGGCTGGT a
ABCCE TGTCGCTCTTTGGAAAATCC AGGAACACTGCGAAGCTCAT 31
ABCGZ2 TGACGGTGAGAGAAAACTTAC TGCCACTTTATCCAGACCT 32
ATP7A AGATACTGGGACACTGGAGAAA AGGTCATCCCTTCCACTTTCA 16
ATP7B TGATTTATAACCTGGTTGGGATACC  ATGAGAGCACCACAGACACAGA 16
DNA repair
ERCCT TACAAGGCCTATGAGCAGAAACCA TCTCTTGATGCGGCGATGAG a
ERCCZ2 CTGGAGGTGACCAAACTCATCTA CCTGCTTCTCATAGAAGTTGAGC 33
ERCC3 TATCCCAGGACACACAGGAAAT TCACCTTGAAGCTATAACCTTGA a
XPA TGCGGCGAGCAGTAAGAAG TCATGGCCACACATAGTACAAGTC  a
RADS5T TGGGAACTGCAACTCATCTGG GCGCTCCTCTCTCCAGCAG 34
BRCAT ACAGCTGTGTGGTGCTTCTGTG CATTGTCCTCTGTCCAGGCATC 35
BRCAZ TGAAGAGCAGTTAAGAGCCTTGAA ACGGTTGTGACATCCCTTGATAAA a
HMGET CAAGCGAACAGCAGGGTTAG CAGATTGAGTCATTTGCTCCTCTTA a
HMGEZ2 TGAACATCGCCCAAAGATCA TCAGACCACATTTCACCCAATT a
MLHT GATTACCCCTTCTGATTGACA ACTGAGGCTTTCAAAACA 36
MSHZ CAGTATATTGGAGAATCGCA AGGGCATTTGTTTCACC 36
PMSZ2 AGTCAGCGTGCAGCAGTTATT GACCATTTTGGCATACTCCTTCT a
RPP25 AGAATGGTGGACAGTGGGATT TACTTCAGGTGCTCTTCGTGAATG a
Metabolism
GSTPT CTGCGCATGCTGCTGGCAGATC TTGGACTGGTACAGGGTGAGGTC 37
GCLC GGCAAGATACCTTTATGACCAGTT TGCAGCACTCAAAGCCATAA 38
GCLM TGACTGCATTTGCTAAACAATTTGA  CGTGCGCTTGAATGTCAGG 39
TYMS GCCTCGGTGTGCCTTTCA CCCGTGATGTGCGCAAT 40
DPYD AATGATTCGAAGAGCTTTTGAAGC GTTCCCCGGATGATTCTGG 41
UMPS TAGTGTTTTGGAAACTGTTGAGGTT  CTTGCCTCCCTGCTCTCTGT 42
MTHFR CGGGTTAATTACCACCTTGTCAA GCATTCGGCTGCAGTTCA 42

a, Primer sequences were designed using Primer Express® software. ACT7B was used as internal standard.
Cited from Table 1 of “Minegaki et al. Oncol Lett, 5, 427-434 (2013)".



B3I KR
1) b NEIEAAHIIE OB

5 O b MREIED AMIERIZIWN T, MIFROEINRRIX 20 726 25 Weff &Ml Z & I T OHED
D B, ML, KYSE30 M’ 20.1+1.41 R & A b4 < . OE33 Al A% 25.0 £0.90 MFfH & fx
HLEN o7 (Table 1-2),

Table 1-2. Doubling times of esophageal
carcinoma cell lines

Cell line Doubling time (h)
OE33 25.0+£0.90
KYSE30 20.1% 1.41
KYSE70 21.81 0.51
KYSE140 23.311.07
KYSE150 20.6+0.53

Each doubling time represents the mean + SD (n = 6).
Cited from Table 2 of “Minegaki et al. Oncol Lett, 5, 427-434 (2013)".

2) b MRIEDAHMIRFED 5-FU J U CDDP a1k

5-FU @ ICso fifiiE, & MEIEA AR TR E <HHE L (0.524-30.2uM), CDDP IZEBW T HIAEKTH
72 (217-195 pM), E7z, WTNOFEMIZIBWTH, OE33 Ml 1Cs ik I TH V. KYSE30
HINLOD 1Coo 1T b B A TR L 72 (Table 1-3),

Table 1-3. 1Cso values for 5-FU and CDDP in
esophageal carcinoma cell lines

IC5g value (uM)
Cell line 5-FU CDDP
OE33 0.524+0.08 217+0.33
KYSE30 30.2%8.29 19.5% 3.67
KYSE70 13.1£13.3 5.27+0.36
KYSE140 1.88+0.38 3.09% 0.67
KYSE150 4751 1.46 14.01£1.02

Each value represents the mean + SD (n = 4).

Cited from Table 3 of “Minegaki et al. Oncol Lett, 5, 427-434 (2013)".



3) AN T mRNA R B & & 5-FU & 5\ T CDDP &2 & D BE%

%, DNA B NS ARHNC BT 2 #4851 mRNA 8B EIE, MM B I MHE L T
We, AT A R T AKR—4%— (OCT)3 % 2— K95 SLC22A3 mRNA %, OE33 #lifid THOAFEHL
MEBH BTz, F72, KYSE30 &K NKYSE70 HEfIZ R Tl ZAIMMERD# % > /X7 & (MRP) 6 % 21—
9% ABCC6 mRNA ZEILFEH Hiv7pin- Tz (Table 1-4),

Table 1-4. Expression levels of mRNA in esophageal carcinoma cell lines

Expressionratio (24 x 104)

Function and gene OE33 KYSE30 KYSET70 KYSE140 KYSE150
Transport
SLC22A7 0.11x£0.03 0.07x0.02 0.01+£0.003 0.0310.02 0.121£0.07
SLCZ22A2 04981 0.15 0.161£0.03 0.231£0.03 0.871£045 04710.38
SLC22A3 36.329.24 ND ND ND ND
SLC23A2 76.1+13.8 36.6+6.39 59.8+4.66 61.1£43.8 92.91£64.0
SLC3TAT 125+ 26.6 131+ 10 179+ 23.4 252+ 135 244 £ 147
ABCE7 0.5310.14 0.160x 0.027 0.25£0.086 0.541£0.20 0.79+£0.5¢
ABCCT 7471113 37.0£38 246+ 329 123+ 7586 67.8+£36.6
ABCCZ2 0.05+ 0.01 2571089 1.36 £ 0.07 0.3810.18 0.381£0.23
ABCC3 80.5+15.1 10.2+28 60.7+ 862 40.6+233 123+ 86.7
ABCCH 26.1+2.17 289120 52.1+£5.53 189+ 105 92.5+£51.3
ABCCH 8.06+1.30 62.1+17 65.3818.60 2282106 28.76+19.2
ABCCE 1.79+£0.12 ND ND 0.05£0.05 0.041£0.04
ABCGZ 6.251£1.29 4.64+0.21 1.66+0.34 2471089 33.1z183
ATFP7A 8.6611.27 7.9910.70 46811.20 6.09 £ 3.61 15.41£7.98
ATF7B 1.91+0.25 1.89+0.73 22112047 572477 337289
DNA repair
ERCCT 219+ 66.1 143+ 36 96.31+13.2 241+ 131 206+ 175
ERCCZ 43.914.57 35.1+£8.0 21.0£2.52 4791224 52.2+226
ERCC3 8231115 79.31£19 57.4+£6.31 134+ 97.9 185+ 104
XPA 91.4116.0 107+ 17 193+ 14.8 481+ 290 283+ 164
Rad57 3.84+1.03 284+037 3.87+1.09 6.09%3.07 472175
BRCAT 80.5+158 61.1+£25 65.3+4.586 188+ 1186 151+ 78.8
BRCAZ 110+ 204 111+ 4.0 435%3.74 281+ 165 204+ 108
HMGET 3521729 359+18 51.4+3.98 79.91+47.8 37.6£19.1
HMGEZ 509z:87.3 1340+ 1350 1343+ 129 1980+ 947 1367+ 679
MLHT 2751455 21.31£18 2391183 2821184 70.9£36.8
MEHZ2 185+ 39.8 540+ 39 331+ 235 338+ 154 272+ 114
PMS2 253+322 342+42 77.1+128 123+ 816 67.0£428
RFFZ25 275435 6.32+0.99 0.13£0.03 74.9+59.9 0.744 047
Metabolism
GSTPT 2444 + 425 2926+ 644 3421+ 380 5784 + 3549 7249+ 3978
GCLC 5211051 387112 45.0£4.30 10.8 1 4.41 9.05£5.39
GCLM 8.381 2.61 313143 75.1+10.8 33.0x154 321zx£222
TYMS 540118 163+ 3.1 2511+ 138 81.8+£32¢9 216+ 102
DFYD 5.81+2.03 624+6.5 0.82+0.29 1.23+0.87 124982
UMFS 856%174 69.0£3.9 162+ 20.8 183+ 108 185+ 73.2
MTHFR 5.78+1.85 10.0+2.4 18.6+2.72 25.6+23.2 23.7+£15.3

ND, not detected. ACt = Ct (target gene) — Ct (ACTB). n=3.
Cited from Table 4 of “Minegaki et al. Oncol Lett, 5, 427-434 (2013)".
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5 FRIAD RIS AMIRIZ IS 1T 5 OCT2 2 21— R4 % SLC22A2, £ 4 X C kT AR—F —SVCT2
% z1— N9 % SLC23A2, P4 /{7 B % 21— N9 % ABCBL X ) DNA {61 % > /374 Rad51 % == — K
9% RAD51 ® mRNA ZEHLE 1T, ZH L 5-FU O ICso fill & FRVEDOFBIRIE (r<-0.7) 2R L7, 72,
MRP2 % =— K9 % ABCC2, DNA X A~ v FEMEICED D ¥ v /37 E % 22— R % MSH2 W ONZ 5-FU
DB % DPYD @ mRNA FEBLEIL, ZEAE 4L 5-FU @ ICs E & 3RV IEOFBEREfR (r>0.7) 27~ L
7z (Table 1-5, Figure 1-1),

(x10%) (x102) (x10%)
1.0 sLczzaz 10, stczzaz 1.0 ABCB1
¢ L
& 0.5 0.5
E .
ko r=-0.790 r=-0.788
c 0 0
e} 40 0 20 40 0 20 40
5  (x109) (x10) (x102) (x10%)
>
o 30 8.0 6.0 8.0
< RAD51 MSHZ2 DPYD
= .
D: L ]
E 15 4.0 30 L&
i\‘\'\' ‘
r=-0.756 r=0.913
0 0 0
0 20 40 0 20 40 0 20 40

ICsq value (LM)

Figure 1-1. Relationship between ICso values for 5-FU and mRNA expression levels in the
esophageal carcinoma cell lines

The ICso values for 5-FU were obtained from growth inhibition studies (Table 1-3). The mRNA
expression levels (2-¢t) in the cells were evaluated by realtime RT-PCR assay using SYBR®
Green. The threshold cycle (Ct) values were used to quantify the PCR product, and the relative
expression level of the target gene was expressed as 24¢t.  The ACt was calculated by subtracting
Ct (ACTB; as an internal standard) from Ct (target gene).

Cited from Figure 1 of “Minegaki et al. Oncol Lett, 5, 427-434 (2013)”.



—J5. CDDP O ICs fEi%., ABCC2, MSH2 % (O} DPYD mRNA #Bi & & ZnE i EOFBEREE (r >
0.7) zsd7- (Table 1-5, Figure 1-2),

& (x104) (x10-2) (x10%)

< 30 ABccz 6.0 | MSH2 8.0 , DPYD

= . .

Q@ o

5

@ 15 e 4.0

wn .
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3

o r=0.719 . * r=0.863
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=
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Figure 1-2. Relationship between the ICso values for CDDP and mRNA expression levels in the
esophageal carcinoma cell lines

The ICso values for CDDP were obtained from growth inhibition studies (Table 1-3). The mRNA
expression levels (2-¢t) in the cells were evaluated by realtime RT-PCR assay using SYBR®
Green. The threshold cycle (Ct) values were used to quantify the PCR product, and the relative
expression level of the target gene was expressed as 2Ct. ACt was calculated by subtracting Ct
(ACTB; as an internal standard) from Ct (target gene).

Cited from Figure 2 of “Minegaki et al. Oncol Lett, 5, 427-434 (2013)”.



Table 1-5. Pearson’s correlation coefficient between ICso
values for 5-FU or CDDP and mRNA expression level

Pearson’s correlation
coefficient (r)

Function and gene 5-FU CDDP
Transport
SLC22A1 -0.189 0.333
SLC22A2 -0.764 -0.574
SLC22A3 ND ND
SLC23A2 -0.790 -0.302
SLC31A7 -0477 -0.132
ABCBT7 -0.788 -0.215
ABCCT -0.150 -0.530
ABCCZ 0.992° 0.706
ABCC3 -0.659 -0.179
ABCC4 -0.470 -0.315
ABCCS5 0.573 0.234
ABCCE ND ND
ABCGZ2 -0.244 0.398
ATFP7A -0.199 0.451
ATF7B -0.485 -0.314
DNA repair
ERCCT -0.638 -0.041
ERCCZ -0.533 0.019
ERCC3 -0.439 0.187
XPA -0.463 -0.284
Rad571 -0.756 -0.523
BRCAT -0.653 -0.274
BRCAZ -0.455 -0.049
HMGB1 -0.341 -0.507
HMGBZ 0.010 0.125
MLHT -0.369 -0.269
MSHZ2 0.9132 0.719
PMS2 -0.363 -0.365
RPP25 -0.486 -0.561
Metabolism
GSTPT -0.401 0.121
GCLC 0.032 -0.321
GCLM 0.287 -0.011
TYlMS 0.183 -0.211
DFYD 0.881 0.863
UMPS -0.522 -0.379
MTHFR -0.319 -0.074

ND, not detected. 2p<0.05 and bp<0.01 significant correlations
between ICso values and mMRNA expression levels.
Cited from Table 5 of “Minegaki et al. Oncol Lett, 5, 427-434 (2013)".
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4) 5-FU X O CDDP J&SZMEIZ RIETF A 7 2L DN MKS71 D%

KYSE30 Ml 5-FU &ML, F A T3 LV ORIAEIC K > TR 235 L7-, L LS, X
AT 2 VORIRFRLEIL, MOMALD 5-FU BRI R L RIE S eh o7, £7-. CDDP OEZ ML, ¥
AT LV ORIRFLEIZ X 0 2T OMINE T 30-40%F5 % OIFFF 378 Hiv7= (Table 1-6),

Table 1-6. Relative sensitivity of the esophageal

carcinoma cell lines to 5-FU or CDDP with or

without gimeracil

Relative sensitivity (fold)

Cell line 5-FU CDDP
OE33 110+ 0.37 0.579+0.06
KYSE30 230+0.13 0.710+0.03
KYSE70 1.16+0.19 0.687+0.05
KYSE140 0.989+0.15 0.691+0.10
KYSE150 1.19+0.16 0.788+0.25

Relative sensitivitiy, the ratio of ICso value for 5-FU or CDDP without
gimeracil to those with gimeracil (100 pM). Each value represents the
mean + SD (n =4).

Cited from Table 6 of “Minegaki et al. Oncol Lett, 5, 427-434 (2013)".

MK571 @ 4fEix, OE33 fifa M 8 KYSE150 Mo 5-FU &M 4 JE) S ¥7-, £7-. KYSE70 & O*
KYSE140 #2317 5 CDDP Dz i MK571 OIAFIZ X 0 J55 4 B8 A 23538 Hii= (Table 1-7),

Table 1-7. Relative sensitivity of the esophageal
carcinoma cell lines to 5-FU or CDDP with or

without MK571
Relative sensitivity (fold)

Cell line 5-FU CDDP

OE33 0.0680 £ 0.01 0.852+0.28
KYSE30 0.961+0.06 0.974£0.09
KYSE70 2.36%1.36 0.617 £ 0.06
KYSE140 0.8131+0.16 0.803+0.04
KYSE150 0.73110.11 1.0810.26

Relative sensitivitiy, the ratio of ICso value for 5-FU or CDDP without
MK571 to those with MK571 (50 pM). Each value represents the
mean + SD (n =4).

Cited from Table 7 of “Minegaki et al. Oncol Lett, 5, 427-434 (2013)".
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BaH B

EEN AT, FERFINCRE LR A LR A D 2 FIZKIES NS, AEETe T o7 il Tiis

ERADKI %RV LRV E22oTIRY , B 73— B ENY A7 RFL LTHLAT
o L RBAE, AIITIB T HEIG 1T % & DT DOBCK TIEEIEN A DK E STk

0. EESCE RETEICE Y Ny FEIERENY ZZRF L SN TWA[8], WM Iz
Tt 5-FU L ONCDDP IEEBENAICKT 2 a2 20BN T EAIDO—>Th S [8, 18],
AWFZETIE, b MEED A HSKHIREE & U TR BRES A K ORIk 2 2 €4 4 Je O 1 FE
FRBIR L BRIV T2,

S5HEO b MRIED UMD 5-FU K& TN CDDP sz MEiT, AIRER TR & 70 /&2 38 L7z (Table 1-
3), 72 ThH. OE33 MDAz M ITiR b @< . KYSE30 M DS MITik bIKR - 72, F7-. Mg
NIRRT T OFED D Bz b OO TOMBIE TK 20-25 K] TH Y (Table 1-2), Hih
AHNESZNEIE E DR E RFIEITFE O bIieinolz, Lehi o T F5INIRER] D 2 TIRESE M O FLE TR0
T & PHDAT & DR MERUE R A DI EN AR S 47z,

Mt L7z 5 MO BTE M AAIIRRIZIB UV T, 5-FU O ICs X, ABCC2, MSH2, DPYD ® mRNA ¥
BEZENENEOMBEREMER (r>07) 24 L T\ = (Fig. 1-1, Table 1-5), ABCC2 & UNDPYD %, =<
FPE - 7 v AR—2 — RO 5-FU OREEHEZ 72— R L TV DHBETFTHDH2H, Ziuh mRNA 3
BLEDOHIRA 5-FU AT STV D ATREMR B 2 Hivd, —J7 T, DNA OERIZED % MSH2
1L, B RGBS A HIGHIREE Cd 5 SWA20 fIfEIE TNZ & b= $HAS AU HIGHERERE T & % Hela MEfaIZ 35
WTSIRNAIZ LD 7 v 7 X0 3 5-FU DS MEICE B Z RIS 72 LRSS Tns [19] 729
5-FU B2 & EREICRE L TV D ATREMEI RV E B 2 b b,

5-FU @ ICs fiEii%. SLC22A2, SLC23A2, ABCB1., RAD51 & mRNA ¥Hi& & T A DHBEEE (r<
-0.7) &7z (Fig. 1-1, Table 1-5), SLC22A2 |33 DOAIRINEL VAL G- L TW D HI T4+ 7
VAR—H —F%a— R 5EEFTHY [20, 21], SLC23A2 iFE X 2> C ZHIfaNIZEY At k7 > R
R—F—SVCT2 %2 — RTHBETTHDH-H, ZiH mRNA FBELEDOH KN 5-FU OHRIFIANELY iAA
ZHRSE T D AMREME B HEZR S LD, FRIC, SLC23A2 1, 5-FU it KM ASBREERIZ B8\ T2 D38 H
BOWOPHEE SN TS [22] 72O F g "4 A~—h—DBMTH 5 EE 2 BN D, —J7 T, ABCB1
TP b T VAR — 2 —F a— RT 585 ThDH I L, RADSL #51r DNA B & L 37 K
DOIEFFEBLH DNA IS 4 5 2 23 kT 2MHEICE G52 2 EimE SN Tn5d [23. T7bb,
ABCB1 &% U* RAD51 DFEBUH KIFFM Dt b 2 £ HT & B 2 DAL, mRNA FEBLE 5-FU @ 1Cs fifl &
BOMBMEZR LT 20D LWV FERIT—E L T\ e, Ko T, ABCBL & UF RAD51 ASE 1 5-FU
DEEMEICEIS- L TV D ATEERIME N & B2 b s,

VAT TF D ICs fllE, ABCC2, MSH2 KT DPYD ™ mRNA RH & & N ZEDOMBEREE (r>
0.7) %R 7= (Fig 1-2, Table 1-5), 4 TIZ, ABCC2 3L 27T F L O b T o AR — & — L L THERE
THENH T L [24]. B M AFHRRIZISV T DPYD mMRNA O3 EL &)Y CDDP Dz & FaRE4 25 = &
[25] 23#iE STV ABCC2 KT DPYD DIEBLEN T AT T F RSN ET 5 2 L 3R < BEbi

%o E77. MSH2 1Z A AR OMHEEDS VB IZBWN T, 0 DOIEEMRICIIT D MSH2 % o378
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FHURENZVNIE AT T F AL DPUEEIRITE W EHEINTWD [26] HDOD, MSH2 33 2
TFATED AL DNA BIEEZBEET L 2L blE 27 ShTEY, —EDORMIHELN TR,
DT LTH, BENSAMIEIZE T 5 ABCC2, MSH2 J O DPYD @ mRNA &I, W1 b 5-FU,
CDDP Ozt & BAF 7 BERIR 2R L7 Z &0t BIENABE O 5-FU KU CDDP % W (b
FAEIZKTT D BMED TR AA A~ —T1— & 72 0 155 FIREMED R S U7z,

DPYD BH5EAITH % F 2 273, DPYD mRNA &0 b vy KYSE30 Al 5-FU szt & ik S
7= (Table1-4,1-6), Z DFERIL. AEI AHINIEED DPYD mRNA JH &L, 5-FU B2 & sV FHBIRE
BRERTENOHE [28] L —HLTWD I &b, BiENAMIIZISIT S DPYD MRNA 73 5-FU OF%)
PETRIRT-L 705 Z EARIB I N, o, FA T UIETOMAKIZIN T CDDP O ES 2 855
ERIZZENS, FDOAD=ALIRHTH S H DD, CDDP 2SN 2 5644 % 72121 DPYD @
TEERVELTH 5 AR HEER Svf-, — 7 C. ABCC2 fHEHITH 5 MK571 13 5-FU & Uf CDDP DJi
ZHEAHR ST D O L PAESLZA, OE33 &KUY KYSELS0 M3\ T 5-FU &Sz 2 ey S &, &
512 KYSE70 & OF KYSE140 #fifialZ35 T CDDP JES - 58 S 25 & W\ ) R FE O b7z (Table 1-
7)., L7z23>7TC, ABCC2 DEZMETHI AL A~—D—L LTOFHEXMEN D EE X N5,

Lk, & MESEAARIRERRIZFU T 5-FU (2% L C DPYD 23A 782 % T4 % 3 A A~ — T —
LB AHENE L & BT, 5-FU L2k L Tid SLC22A2 J% TF SLC23A2 73, CDDP (5% L Tl MSH2 72331 A
~— I — DA & 72 D ATREME R STz,
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FEE5HEi /NME
b NEED AR A VY, 5-FU &KUY CDDP ORI ZIET DR T 2R LT & 2 A, LLFORER
15T,

1. 5-FU DRESZMEE, SLC22A2, SLC23A2, ABCBI1, ABCC2, RADS51, MSH2 & Uf DPYD ® mRNA %E5i
& RVBIVEZ R LTz,

2. CDDP 0O#sz1ElZ,. ABCC2, MSH2 KX DPYD ™ mRNA Z&Ei& & i8WFEBAMEZ R LT~

3. XA TFIIL[EIRHMLEIZ X 5 DPYD OFEZEIL., 5-FU OS2 H#5R X H-7-,

PLEDFERIL, DPYD NEIEMN AALFHIEOH WA FHIT D31 A~—h—& LT b A J172 6

THY, SLC22A2, SLC23A2 KT MSH2 iIZ oW T H BT RN & L THEM L 2 2 AlEetEZ2 R~ LT
W5,
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FE2E MENACERERRERTREIZRBIT 5 SLC23A2 DB LR & BRI R D RE

BLIE WS

P tE Ch L% I Cld. MRNOBLETSISORMIEE THY | BbA F L AZXVFHEX
NDIEBEOIRZLEST S Z E A BTV [43,44], Tsukaguchi & [45] (%, 1999 4F(Z 2 fE¥E DT K
U MEFFEE X I C TV AR—F—THDH SVCTLRNSVCT2 27 rn—=27L, Zhb kT
AR—2 —FiEZ M e S I C AMaNICIR D ATMEE 285> 2 L 2B BN LT D, SVCTLIEEID
. BB EICHRBE L, X X COELERIN, Bl TORRINEZIT> TWD DT L, SVCT2 1
BH DB 5P LRI L, OB LEITTIRRE A HERF T 2@ X 2 > T\ 5 [45-48],

SVCT2 # =— R LCU % SLC23A2 ™ SNPs |%, VU >\l [49], SHSEHSN A [50]. KRG A [61] KLY
B A [52] OREERIRE OREMESTRSE ST 5, £72. Abdel-Latif © [53] (X invitro IR\ T E X 2
> C DORTALE BB AMIKIRRD 5-FU KO 275 F ez VAR5 = &, Karasawa b [22] 1%
cDNA ~ A 7 a7 LA FEHTIC LV . 5-FU MifPE RIS AL SLC23A2 mRNA FEE & AVEAK & bk LK
LAV THD L 2T THHE L TnD, S5IT, % 1 EIZIV T SLC23A2 O mRNA FEHLE )3, 5-FU
DRESEE @V Z A5 2 L 2R LT D, BLbEDZ &5 SLC23A2 D SNPs 13, RIED A EH
(281 % 5-FU KUY CDDP (2 & % 23 AALZERRIEDIRINR O FHNIFIH ARETH 5 AIREMD B A b .,

Z 2 CTARBICIE, RS THIN T £ LT SLC23A2 @ SNPs OF AMEZ ST 5 HAY T, 5-
FU &% " CDDP % & Lo b L & iad 7 L7 B AR N EIE N AR TN T, SLC23A2 @ SNPs O
A & D AALEIRIED 5542550 (complete response: CR) =R, I T4 ONC EEZRFBINEH & DB %
Rt L7z,
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B2 MERUOHE
1) faEEst

ZHNFETIZ, HRAOBENAVBEIZEB T 5-FU X1 CDDP % & (LA HUR MR A TR O 1R
R, BERRAEATNCTZEZ THITE DS F~—T—ZHONTT 5720, —HOWERTHT
W5 [54-60], T HOHIEIE, BTHERFICKIT 2MEEEROERELZIT ., EFHEFERS DT A
RTA U EIESF L CTITo 7o, F72, EGEEIE, 2D ORBK OEROFIED 725127/ 2 DNA %
RET D Z LICHE LTS, i8I0 DNA BT 217 5 BRi, FEEMP RFICHT 2 B2 07GE
372 EC. DNA fENTIZESAERGR RO T A R T4 L EIESF L TITo72, 728, DNA #2417 9 milc
FETOBENSEBCLDA T r—b Fartr b bk,

2) XHRHEE
2003 4E) 5 2006 A0 R4 K2R A ER B RPEIZ T 5-FU/ICDDP Of AL i S & 52 ) 7= i
NABF A/ EXRE L, BEOEREEILITO®mY TH 5,

[EIBERE S A (UICC) 12X D TNM 434HC T1-T4, NO-N1, MO-M1 TH 5 Z &
85 I AT CThHDH Z &
ECOGIZRITHNNT 4 — LV ARAT—HAN0-2 THDHZ L

BHE. B ROV IO R NN T L

IR AACTEIRIEOIRIRIE S N = &

HERGIHENENZ &

M TRE R OIEMAESE N BN T & (RO B DIEERL)

AT —LRarty KBRAFHETHLI L

© N o g k~ W D

3) muhan

12— A%, 5-FU @ 5 HREFHGEAEEIRNEES: (-5 H B & (V8-12 H B, 400 mg/m%day), CDDP O i
TEFARNEE S (LB B X OV8 H H, 40mg/m/day) W ONZHURFRIEST (1 H 1181 2Gy, 5 HFELERGRS ; 1-
5HH, 812 HHKU 15-19 HH) 22Ha v, 2 BRORIEHI D%, 2 a—2AB%179, ZL—R3 %
721 4 OMIREESHE L7456, FEMEEICEIE T2 £ IR e U, RENER X & O
ERifT Uz, £27 L= R 2 LLEORBDGED b HE . SET D £ CIRMITIEN L, B EtEniR
DL ATE, BEOREIZ G CDDP Of G- &4 Jlm Uiz, BRI, (LFRkIcfE o EiE
7RI FEEME S U < ITFEMIEEEDN R BT A IR L7228, BRI SOV COIRRIZEFE LT
W,

4) SNPs D3R
SLC23A2 ? SNPs MDEIRIELUEL, LLTF @y & Lz, £9. AL DOBERRE SN THDEH O [49-

52]. 7> NCBI @ SNPs 57— 4 ~— 2 (dbSNP) |2 C~ A F—7 L VOB 40%LL 10> & 0> % 38R L
17



7o 7B, T LIVHEORIEE 40%IZ5%E L7z DI, 5-FU & U CDDP % & i e b A HUR BRI IE D 522 28%)
469N TH Y | 7 L— N 3LLEDLF RIS IEDFEBBLD 82.9% TH L5720 Th %, Bk &
L7z, intron2 _LIZIEET 5 rs2681116 A (8 rs13037458. intron 3 0D rs1715364, intron8 oD rs4987219
AWTNT exon 11 _EoD rs1110277 @ 5 FEFE A 34R L 7=,

5) BETHOHE

rs13037458, rs1715364. rs4987219 K TN rs1110277 OFENTIZIZL, Ik 1 > DNA % TagMan® Sample-toSNP™
kit (Applied Biosystems, Foster City, CA, USA) (2L 0 7'a b a/UZfE> T3 2 2 & TiTo72, Zih
SNPs |%, TagMan® MGB probe-based PCR X T} StepOne™ real-time PCR System (Applied Biosystems) (Z & >
TIRIE L7=, rs2681116 (% QlAamp DNA blood mini kit (QIAGEN, H) Z vy, I+ 5 DNA Z i
BAA VT hy—Ar U AIRIZ L ST LT, 152681116 % &t efiddl % TakaraEX Tag® (& 1 7 /34 A7) KO
GeneAmp® PCR system 9700 (Applied Biosystems) % F\ 7= PCR{EIZTHIME L7z, Z @ PCR S
7T A ~—BANTLL IR,

Forward: 5’-CCAGTTGTGTTTCCTTTTCCTTTTCT-3’
Reverse: 5’-GTAGAAGGATCACATAAGCCCAGTAG-3’

PCR inid, 94°C, 3 43— (94°C. 20 #—61°C, 20 #»—72°C, 30 #) x 35 %1 7 )L —72°C, 5 43—4°C
TITVN, PCREY) (131 bp) 13 3% 7 # v — A VESKIKENT L 0 AR —0D 0 RTHDH Z & iR
L7z, PCRZE#i%, BigDye Terminator v1.1 cycle sequencing kit (Applied Biosistems) & Ut ABI PRISM 310
genetic analyzer (Applied Biosystems) % f\ > —74 > A K& %1T->7-, DNA EZ4iZ sequencing analysis
software v3.7 (Applied Biosystems) % F N CHEAT L 7=,

6) RIMEM DR

5-FU & CDDP % i3~ AL Fhidfiiao F2aadkam i, Ak, nNEROHEERTH D,
N SALSE U RRIRIEIC X D M. National Cancer Institute Common Toxicity Criteria & 5528 51T
W% B ARERRIEBAISE 7 L — 7 OFAEZ L0 Gl U7z, TRRBRIAARE DRI T# 2 M (R
70HB) ETOMIZEIBLI-EWERZaMEmEL L. 7L — F3U LA EEAR MRS S UCHHE L7,

7) FEERFEDOHIE

TR OFRFLAY 723/, Ohtsu 5} OY Kumekawa o D J7¥EICHE~ 72 [61-65], T 72 b, (bl
AR T 1 A ARIS, PBBEC K2 RN HIIER O CT A3 v A2 & THADRED LRho
7286, CRE L7z, ZOfHlE, 1BRETHINABETLINHZLITRYIEKL, 3NAKE THEN
D B2 Te 8B CR L HEE LTz,

8) ZETFHAR
IR, WBEBIEN DM O OBEBEIC K VT THE T, b LIFEHSBHMK TE CoMME L

770
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9) T — X fRHT M ONFEEHFALER
BoNT-T—XI%, T + ERERFZE (SD) TR L7, oRIROKGHEITIZIL, Fisher’sexacttest, 4=
TEHIBR D LEH I 1 log-rank test & FV N, fERRER 5% (MIMRE) 2 A E5H0 & L,
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B3I KR
1) BEEER

BE 49 4 CEYFH 645 £ 7.4 3%) DRNTHERTHY . TONFRIZENE 46 4N KM A TH-
72 TNM Z38EOWNFRIZ, T2 16/6/15/12 (TUT2/T3/T4), 22/27 (NO/NL) KX 41/8 (MOIML) Th 7=,
LS BRI IE % D CR 313 46.9% (23/49) Th V. £ D 5 F/ELF3IT 42.9% (21/49) Th o7z, EEER
HIMERIAD . FNR KO AIBROFAERIT, TIEI 42.9% (21/49). 14.3% (7/49) } 11 16.3% (8/49) T

277,

2) CR L SNPs & DB

Table 2-1 121, B L7z SLC23A2 o 5 FiEHd SNPs & CR % L OBtz /R LT, HEHFIICHE T
I8 o T2 b DD, 152681116 (p=0.114) (2T 7 LV AR T 2 88RE . 1 ONT 1513037458 (p=0.085) (=
A7 LIVERAT DHRF BT, FZEI CRENEWENAFED b/,

Table 2-1. Association between SLC23A2genotypes
and the clinical response in 49 patients after
treatment with a definitive 5-FU/CDDP-based
chemoradiotherapy

Total CR non-CR pvalue

rs2681116 TT 9 7 2 0.144
TC 27 11 16
CC 13 5 8
rs13037458 AA 12 9 3 0.085
AC 31 12 19
CC 6 2 4
rs1715364 TT 4 1 3 0.758

TC 25 12 13
CC 20 10 10

rs4987219 GG 2 1 1 0.480
GC 15 5 10
CC 32 17 15

rs1110277 GG 2 0 2 0.438
GA 19 8 11
AA 28 15 13

The rate of the complete response (CR) was 46.9% (23/49). Frequencies
in patients with CR were compared with those with non-CR. Significance

was assessed using Fisher’s exact test.
Cited from Table 1 of “Minegaki et al. /ntJ Med Sci, 11, 321-326 (2014)”.
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3) REWIT# & SNPs & DB
Figure 2-1 |2/, SLC23A2 o 2 fE¥HD SNPs (rs2681116 & X rs13037458) & i 714 & DRz R~ L
77, 152681116 |2 T 7 L/ (p = 0.142). rs13037458 (Z A 7 L/L (p=0.056) #HT &1L, ZnEh

FT&5SBMERDSEE O b,

A) rs2681116 B) rs13037458
1.0 4y 1.0
L os 081"}
5 .
—_ 06 - TT 0.6 - | '""LI — AA
g == |- :'_
'; 04 ettt —— CT 04 ' L‘L,L
% " b 'I e e L a3 AC
0.2 ce 024 s cc
p=0.142 p=0.056
0.0 T i I T L} L} 0.0 T L} T T 1 T
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Survival Time (months)

Figure 2-1. Association between the SLC23A2 genotypes of rs2681116 and rs13037458 and
long-term survival in 49 patients following treatment with a definitive 5-FU/CDDP-based
chemoradiotherapy

Long-term survival was possibly associated with these genotypes (the log-rank test).

Cited from Figure 1 of “Minegaki et al. /nt J Med Sci; 11, 321-326 (2014)”.
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4)  EEREIEM & SNPs & D BEEM:

Table 2-2 1, SLC23A2 @ SNPs & 7' L— R 3 LLEOAME . DNE £ 21T NBRORIE & ORE%
ERL T 5, rs4987219 K UF 1s1110277 @ SNPs %, FH 2 HMERED (p = 0.025) ROON%E (p =
0.019) & A EZRFABEREERANGED BT,

Table 2-2. Association between SLC23A2 genotypes and severe acute leukopenia, stomatitis,
and cheilitis in 49 patients after treatment with a definitive 5-FU/CDDP-based chemoradiotherapy

Leukopenia Stomatitis Cheilitis
severe notsevere p severe notsevere P severe notsevere p
rs2681116 TT 4 5 0.540 2 7 0.291 1 8 0.250
TC 13 14 2 25 3 24
cC 4 9 3 10 4 9
rs13037458 AA 6 6 0.446 3 9 0.399 1 11 0.070
AC 14 17 3 28 4 27
cC 1 5 1 3 3
rs1715364 TT 1 3 0.123 0 4 0.832 0 4 0.344
TC 8 17 3 22 6 19
cC 12 8 4 16 2 18
rs4987219 GG 2 0 0.025 1 1 0.168 1 1 0.105
GC 3 12 3 12 4 11
cC 16 16 3 29 3 29
rs1110277 GG 0 2 0.612 2 0 0.019 1 1 0.062
GA 9 10 2 17 5 14
AA 12 16 3 25 2 26

The rate of severe acute leukopenia, stomatitis, and chelitis were 42.9% (21/49), 14.3% (7/49), and 16.3 (8/49), respectively.
Frequencies in patients with these toxicities were compared with those without. Significance was assessed using Fisher’s
exact test.

Cited from Table 2 of “Minegaki et al. /ntJ Med Sci, 11, 321-326 (2014)”.
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BaH B

5B 1BV T RED AMEFRIE OB 2 Hllr 3 2 D —o & L CRE OBk 1T 5 DPYD
MRNA ORBEHENA M TH L REM 2R Lz, ZOFMIEIL. RGERAICBT 2 8Y i ~T7 kb
2% % KRAS DG T & FRRICHE R Th D DB AN, LA LR, DS AALRRIERTHT
(ZHEFHAA% > DPYD MRNA HELEAFHET 5 2 & 1L REEO SV AR E VL T 570K 5 TIERU .
Z 2T, PRy B O E LS LT iAWz 7 b DNA ORG24 & & IZRHiET 2
TEREZ bND, Bl ZIEKRIBAATIZ, UDP VL7 1 U IRtifles 1Al ORIBEE T, AV /T H
»ORWER TH 5 AMERBD DV 27 WENZ ENRESN TV,

ARFETIL, SLC23A2 ® SNPs Td 5 rs2681116 } 1) rs13037458 %, 5-FU & U CDDP % & pfb it
LT T 5 BENABE Z THITE 5 AREM S R &7z (Table2-1), £7=, ZiuH SNPs X, BT
% & LT AEARD Sz (Fig. 2-1), [F—OBRERETO CREIX, RMTFHREAEICHET &
WY HEE B LTWD [59], 1> hry 2 IfFET D rs2681116 K UF rs13037458 DAEFNZ DWW TiEA
HegkETHDHN, ZHHDOSNPsIZE Y SVCT2 DI E 72 ITREIC LT NE L TRV, TORBE, v
4 32 C E£720% 5-FU OHIINZER RS A L L, 5-FU X° CDDP O MEIC B E KIT L T D LHfEE &
nNo,

A2 ha 8 ITIHET D rsd987219 £ 72T Vv WL IT(FHET B ¥ ) =~ AZER O rs1110277 X, %
NENZ L— R 3 U EOEE R A mEBAE E 72 IX0NK & AR EZRTZERHLNE RS T
(Table 2-2), SVCT2 iZMAAN~D B4 2 > C BV iAAE A L CRIKIAN OB LIRTTIRREDOHEFF 241 - T
D [47]. DS AALSRIERIER O ERHLRE CORMERIUTIT., MRANOBRILE TIREOELNAEES LT b
[66], F7=. 5-FUIC X 2 BEBEHNHIZMLA N L ADHKIZE VAT THEY [67]. X I CRUEX
Y EMNBEA NV ADEKRTAELD -7 Y R-2°,3-UFT 4 X 2 F I VN K D AMERBUOIE DR IE R A
KFESEDZENR~TRAZ N invivo IZBWTCER STV [68-71], L7223 ->T, ZiLH SNPs 23
v 22 C OMIKENELY IAAREIZE G- L, Ml OB LEICIREENELILD Z & TR EIEIC K D
BITEFMR R L TV D ATREMENE 2 S D, rs4987219 & rs1110277 (2B T, ZAEE 7R 2 ik 2 &l
ERMRAE U Z &0 B, 2D SNPs A3 SVCT2 OBislE M M IE T BN TR AT C b D FTREME DM
gZ3nb,

ZHVE TITSLC23A2 DEA T RIZT I 7 W2 B 41 9 SNPs (T S Tuiauy [72], £72,SLC23A2
D45 SNPs 2R T RHANZEI L T LM E R TV, ARFHZEW T, 5-FU XU CDDP % &b
TR DA N Sy OV e & OB VRIB S 7z 4 FEFED SNPs 1%, A > b OZRS LE=
UV EDY ) = ABERTH ST, BIZITIERICEET DGR 7 Th D IRF4 DA > b a UIFHE
9% SNP (X, IRF4 OEREEMZZE XG5 Z ENHEIN TS [73], £70. PHEXY I EHEa— R
LCW5 ABCBLEfE - DY/ = ABHEIT, 7 I VBER DRV OO 3 RUEIZE Y #2038
JEANOWFEENENST D2 LT, 20RO T +—IT 4 TR E b RIS 5 lEe
PHERHE I TS [T4], L7z -> T, ARFHIIBWTRD iz 4 fEEHO SNPs 73, SVCT2 DFsHL
U< I3HSREIC IR A RIE L TV B TREMEDN B 2 Bz, 7272 L, ZH 5D SNPs 7% SLC23A2 i {51

FOMOBIRTERLFERIGEBE LT D 2 & RSN, TOERRICL 2EEEEOKRTEZ IS 4
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FXED SNPs CTRIBERICEM L TV 2 ATHEME b R ETE 7220,
PLE. SLC23A2 @ SNPs (%, 5-FU }2 (X CDDP % & T oL SRRl O A 50 e OV 2t % T4 5 F
FE L 72 0155 ATREMED VR ST,
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FEE5HEi /NME
5-FU &% 1" CDDP % & T b U B i TRED Bl N AR ICEBIT 5, CRE, EMITHRIFONCEE
7REIWERZSEL & SLC23A2 @ SNPs & DR A MET L, UL FORER AT,

1. rs2681116 } (N rs13037458 1%, Wi iLh CREROEMTH A2 TFRITE 2MEHALZH D Z EER LT,

2. rs4987219 K U8 rs1110277 1%, L EIULFRHRRERGT T4 O B 72 A I BRI X OV N DO FJE
CHERBEERDLZ EE R LT,

PLEDREFIL, SLC23A2 Difn 2RI N BB D AL UL T TG O CR R, EWIFH%IFONC
BIWER OFEOFRNFIH FRE Td 5 AREM: 2RI LT 5,
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BIE b MAESAMKRRICHN T B EAR AR — N REY OHFRINHZhR

BLIE WS

PN AK 2GR, B, AR EOEKALI A SR»0D Z ML TN D, BI%
LA ORINCEST D3R MI, " ANV—T NRAZ V== TR EOFEEZEANTDH LT L
DIRAICEFESNTETCND, LNLRRS, BRRBRCTO Fe vy 777 b, BRRBRCIE Tl cx
ROVEWERD BB T 270 &L BiEKOBRFRICEL S M AIIKR & LTh Ry, 2Dk
PRRTHEBRRIC A D U A ZEEET 5 BHAY T, ZRMEDORIES LTV HBEFDOEIE LK > T\, Jl
DB DB 72 G802 TR b7 T\ g [15), ZD—fFlh, U R4 RTHY |
IREEAAK L U CTREH STV, FUERIERZ RO 2 L A A SN FIEEREIEOTRRIEE L THY
HATNS [76],

AEIEF T, BENANCBIT DHHIARE L LT BPs IC%H L7z, BPsid, J CIBHEE, ~—V
= v MR, BDADEERER EOFREICK LA BREA S TnD, BPs IZZ0OMEPICE ENLE
FRTOFMET, 2D I N—TIZHETED [17, BRIFETE2EER2VE o BPs 1%, ATP 7
T ZIAEH SV IO T R b= AL HEE UERIN A S [78], — 7. EFREFEATLE
T RO A BPs (N-BPs) 1. BREAIIRICISIT 2 A a U O EERMGHERE TH L 7 7L
xvew ) g (FPP) GakEERZIHE L. £ NROREED FPP KOV 7 =V 7T = w ) Vg
(GGPP) ZAkiE St 2 Z LIZL D TR F—L AT [78], Z4LH FPP RTNGGPP D X H 7oA V7L
A NS DOAELE, HGH, /b FE 72 TEE BT D MilaN & 7 F RIS B S LT D, IT4F, N-BPs
DNFLS A [79-81], filizs v [82,83]. KIGA A [84]. BA A [85] K UNHISZIRA A [86] D5 fic K5k 2 #1if
T2 Z LM invitro LV invivo ICBWCEEH SN TW5, L7 -> T, BEN AT E N-BPs 23
HHLOBO /GG T DA OB L LTET b,

ZFZTARRI TR, B, B RO R BPs 23 N AEAS AKINERIZ 6 L C BRG] R
EETAHNENPER SN, FDOR T =ALITHONTY invitro I8V TRF LT,
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B2 MERUOHE
1) Wl

7 Lr Rarfg (ALE), =F Fua U@ (ETI) KOV & Fa @ (RIS) (% LKT Laboratories (St. Paul, MN,
USA) &b, F£7=, /"I Fa g (PAM) KT L Re % (ZOL) X Toronto Research Chemicals & ¥ [l
ALz, £, 77V —) (FOH) &7 7 =147 =4—/ (GGOH) % Sigma-Aldrich L VA L
Too AT L2 (SQ) WEH LA TS GER) LA LIZLOEHWE,

2) fff

KYSE30, KYSE150 i TNZ KYSEL70 fflifdl (b = —~ A = AAFFEEW N 7)) [15] OEGFERITIL,
10% FBS (lot no. AWD12933, Thermo Fisher Scientific, Waltham, MA, USA) & # D-MEM % fvy, 1L
[FARICAT o 72,

3) AHfEFEMEIERR

BPs #LiE % D& AN O A FERIL, CellQuanti-Blue™ Cell Viability Assay kit (Bio Assay Systems, Hayward,
CA, USA) %MW THIE L7z, MifnE 96 7 =/ 7 L— |k (Corning) |2 5x10° cells/well/100 pL DL THE
FEL., 24 RFfEITRICHE & A2 BP A Db DI AT A, 37°C. 5% CO, &ff T 72 Rl & 21T - 7.
R AW 5%, 110 uL @ CellQuanti-Blue™ /A & H 152K (CellQuanti-Blue™ 73K 10 uL + Flfakss
% 100 uL) =L 4 RS S8 72k, v 7 r 7 L— kU —4%— (GENios™, Tecan) 2L V& ¥ =
O SETRE (FhiEi R 535 nm, HIER & 595nm) ZHIE L7z, 7235 1ICso EDOF X, 56 1 7 L [AERIC
To7,

BPs OHINAHAIPLE /E I KIET SQ, FOH W TNZ GGOH D528 T, fifuk[AKE CellQuanti-Blue™ 4% ]
o, 723, FOH KUY GGOH 1%, Z#-Z4L FPP KUY GGPP D iufEeZzi M O FIEXA T v | MlluiIC
B0 iAE =%, FPP XN GGPP IZA#A X 5[87], Az 96 7 /L7 L— NIEERE L, 24 R[] 37°C,
5% CO, £t FCHi#E L7=#. SQ (20 uM), FOH (10 uM) %7213 GGOH (10 uM) Z ¥ L 7= BP &4 k5%
% 72 WAL E L7z,

4) Caspase-3/7 IEMEDHRIE

BPs &L{&E#% 0> KYSE150 #lfdiZ331F % Caspase-3/7 1&14:1%, Caspase-Glo™ 3/7 Assay (Promega, Madison,
WI, USA) ZHvy, 71 b auZfg> CTRIE L7z, #ildZz 96 7=/ 7L — K (Corning) (ZHEfE (1x10*
cellsiwell) L. 24 Wi 37°C, 5% CO, 5:fF FCR&E L=, =D, ALE (50 uM), ETI (1 mM), PAM (50
uM). RIS (50 uM) E7-1% ZOL (50 uM) SAERERIEAZIRM L, & HIC 24 B ®R 21T - 72, T O,
Caspase-Glo™ 3/7 #JE (100puL) &% ¥ = /VICIRIN L, 2 REM =R TS S /7214, 96 U = LT L —
NIz e&B L, v 7 e L— KU —4— (GENios) (ZTH ¥ = /LOIENFREZRIE LT,

5) 7AxFLr VICKDT KR h—v 2O

KYSE150 #fiid % 1.5x10° cells/well T6 7 =/L 7L — k (Corning) (Z#&FE L. 24 FE##4 12 ALE (50 pM).
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ETI(ImM), PAM (50 uM), RIS (50 uM) F721% ZOL(50uM) Z ML, 48 REEALE L7z, 1HilE Kk %5
L7zfilaa2CEI L, Zvd LA A Y FATTF—b FITO)HEE 7THFL v V(T RFL UV,
BioLegend, San Diego, CA, USA) K= wik 7 1 2w A (Pl, 50 pg/mL, Fit) % S & B2,
FACSCalibur™ (Becton Dickinson, Franklin Lakes, NJ, USA) (2 CHIALOEERE 2T Liz, T — & OFRAT
%, CELLQuest™ Ver. 3.3 (Becton Dickinson) (2 C{T- 7z,

6) ARG OME

KYSE150 i 60 mm B4 10 (EAST) (CHERE (3x10° cells/dish) L. 24 FF55##% . ALE (50 uM),
ETI (L mM). PAM (50 uM). RIS (50 uM) £ 7=i% ZOL (50 uM) % 24 B 7= 13 48 W ALE L=, BP AL
B DML, 70%T % / —/L % A T-30°C IZ CTEEZATV . PI/RNase buffer (BD Pharmingen, San Diego,
CA, USA) T 15 M=|IRIC TGS D Z & T, Midd DNA Z4f L=, Pl O LR IL,
FACSCalibur™ (Becton Dickinson) (= Cifll L. CELLQuest™ Ver. 3.3 (Becton Dickinson) % U TH#tfr 24T

>77,

7) Western blot %

KYSE150 #lfl % 2x108 cells/dish 0>% ¢ 100 mm 572510l (JEAYT) (SHEFE L. 24 K5 37°C. 5% CO;
T TR Lz, 0%, ALE (50 uM), ETI (1 mM), PAM (50 uM), RIS (50 uM) = 7=1% ZOL (50 uM)
% 24 WEfEALEE L, CelLytic™-M (Sigma-Aldrich) Z N THRIBEDN D # 2 X7 piigy Zfhi LTe, 67z 4
VX7 EATIE, Lowry i [88] ZHIWCER L, 10pug & 10% K7 S UkifES N U w7 A (SDS)-R Y 77
VLT 2 RESIKENCHW -, BRIKENED X RT3, R E=0F V74T 4 R (PVDF)
fi (ClearTrans® SPPVDF membrane, fiiJt) IZHZE L, 1% AFXAI Ny (FX) &H U »EEEEEAA
Kk (PBS-T) ICCL1IHM  RIE TR T 22 Tru R I aiTo7, 70 v % 7% 0 PVDF &L,
PBS-T {ZC 2000 52 AR L 7=~ 7 At Cyclin D1 Hi{& (Cell Signaling Technology Japan, H#5) % 72131000
AR L 7fi~ 7 AB-actin HUE (Fk) 12T 4°C, A— =T 1 M TRIUERIEZAT 272, £ D,
D SHRA LA F U X — B THEGR L7291~ 7 A 1gG ik (GE Healthcare Japan, #U) T 1 IKffH],
FIRIC T RPUARS BT o T2 A b AX—®LD (Ff) 12XV PVDF A BFATIC T 5 43RG &4,
VersaDoc 5000 MP imaging system (Bio-Rad) (2 C/3 K& L7z, 7235, CyclinD1 OFEH &L, Wi 4
ImageJ (National Institutes of Health) % F\NCHEHNT L, B-actin Z PNAEHE S > /7 & L Cyclin D1 &% 4fi
kL7,

8) LAl FHIALEE

BON - EREIX, 2R + ¥R (SD) TR Lz, 2 BN RO, ThEh
Student’s t-test 3 ONC —TEALE S HOHT (ANOVA) 4 0 Tukey honest significant difference test & V>, fakk
R EWAT (MHMRE) 2 AEEDY & LT,
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B3I KR
1) b NEEDAHBIRROBIEIC R B AR AR R — b RS oD 5

D BPs Th 5 ETIE, Mt L7z 3FEO b M EED AFIIKKIC B THITEIHIER IR & 72
notm, —J5. H Mo BPs Téh D ALE KT PAM, N H =480 BPs TH % RIS KT ZOL 13,
IR EE AR AR 70 MR A E ] 2 7= L7z (Figure 3-1),

A) ALE
150 |
100
50 1 D) RIS
150
0
- I S T D 100 {
NI ARV
< 150 B) ETI 50 1
=
© o
100 { sggaiedaead) PN v o
2 SENECECEENS AN
>
5
50 E) ZOL
N 501 )
L T TN I L 100
SO &8 NSRS
C) PAM 50
150 ,
0
100 A N
RO IR A
50 1
A KYSE30
@ : KYSE150
0 W : KYSE170

3 : > I 2
O89S NN S8

Concentration (uM)

Figure 3-1. Bisphosphonate-mediated inhibitory effects on cell proliferation in esophageal
squamous cell carcinoma cell lines

Cells were treated with culture media containing various concentrations of alendronate (ALE),
etidronate (ETI), pamidronate (PAM), risedronate (RIS), or zoledronate (ZOL) for 72 h. Cell viability
was determined by CellQuanti-Blue™ assay. Data are presented as the mean + SD (n = 4).
Cited from Figure 1 of “Minegaki et al. Dis esophagus, in press”.
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BPs O AMARHEFEANHIVEFH OFREE I T ED [ CTHIE L, W I OMAZIZIS W T H ZOL D 1Cs fEA i KR
R LTz, 602, HIRENCH W T Y BPs OREEEIZZEATED B, 72/ Th KYSEL50 #lAEiE BPs (2
b EWESZEE R LT (Table 3-1),

Table 3-1. 1Cso values for bisphosphonates in esophageal
carcinoma cell lines

IC5g value (uM)
Bisphosphonates KYSE30 KYSE150 KYSE170
Alendronate 530+ 1.6 1541 0.061 8.36%1.2
Etidronate NC NC NC

Pamidronate 59715 3.33+0.64 35.0+4.8
Risedronate 163+ 16 0.461+0.18 234+ 39
Zoledronate 298+062 0.364+0.050 6.15+1.8

NC, not calculated. Each value represents the mean + SD (n = 4).
Cited from Table 1 of “Minegaki et al. Dis esophagus, in press”.
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2)  KYSE150 iz i1} 5 B AR AR F— b REWC L DT R b — AFHE

ETI ZFR< A&TD BPs (X, 22> hra—/ L&l L KYSEL50 #lfiEo> Caspase-3/7 iEtE& A EIC LR SF
7= (Figure3-2A), S 512, 7xF T2V BHEMIRO S, ALE, PAM & T ZOL @ 48 BEREJALEIZ L Y
AREIZEH L, RISIZOWTIL 48 FFE TIIA B EFRRO bR o7z b DD 72 REfLE THEID
B U7, —J5 T ETI @ 48 FERALE X T 2% 0 VIO LERIZEEE L 720>~ 7= (Figure 3-2B),

Z
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Figure 3-2. Evaluation of apoptosis after bisphosphonate treatment in KYSE150 cells

Cells were incubated with alendronate (ALN, 50 uM), etidronate (ETI, 1 mM), pamidronate (PAM,
50 puM), risedronate (RIS, 50 uM), or zoledronate (ZOL, 50 uM). After 24 h, caspase-3/7 activities
were measured by Caspase-Glo™ 3/7 assay kit. (B) Cells were treated with ALN (50 uM), ETI (1
mM), PAM (50 uM), RIS (50 uM), or ZOL (50 uM) for 48 h, or RIS (50 uM) for 72 h (inset). Then,
floating and adherent cells were harvested and stained with annexin V-FITC and propidium iodide
(P1). Apoptotic cells were detected using flow cytometry. Data are presented as the mean + SD (n
= 3). Significant differences between mean values were determined by Student’s £test (B inset, 'p
< 0.01) or analysis of variance (ANOVA) followed by the Tukey honest significant difference test (A
and B, **p < 0.01 compared to control).

Cited from Figure 2 of “Minegaki et al. Dis esophagus, in press”.
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3) KYSE150 MiIfalZ 3517 2 MlpafE B RAE T 8 AR AR K — F BRI D58

TR BPs Tdh D ALE KT PAM 0 24 IRERALEIE, KYSEL50 ffEICI T 5 GOIGL HIDEIA %4
BIHEMEE, G2M HIOEIG A /BT SHT-, F72. BPs O 48 WFEALEIZ 35U TIEE #7207
TRLF=MRTH2 RIS L ZOL TH GO/GL HIZIS1T 2 M AN L, S #1 O G2/M Mo J7 %
7RO TN ORI Uiz, —J5C, ETIHZ KYSELS0 Ml OMiaE A B A B a KT X720
- 7= (Figure 3-3),

A) 24 h
100 ; ] : Control
:ALE
W ET
80 . : PAM
O:RIS
60 - 5 :zoL
2 40 =
o =
© 207 =
> —
° =
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o :ALE
- W ETI
(—g 80 - i £ : PAM
o — O:RIS
OC_) 60 - % B:zoL
40 =
20 = .
0 —

GO/G1 S G2/M

Figure 3-3. Cell cycle distribution after bisphosphonate treatment in KYSE150 cells

Cells were treated with alendronate (ALN, 50 uM), etidronate (ETI, 1 mM), pamidronate (PAM, 50
uM), risedronate (RIS, 50 uM), or zoledronate (ZOL, 50 uM) for 24 or 48 h. Then, cells were fixed
with 70% ethanol and stained with propidium iodide. DNA content was detected by flow cytometry.
The data are presented as the mean + SD (n = 3-4). Significant differences between the mean
values were determined by analysis of variance (ANOVA) followed by the Tukey honest significant
difference test (**p < 0.01 compare control).

Cited from Figure 3 of “Minegaki et al. Dis esophagus, in press”.
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JER

4)  KYSE150 fifdiZdsi) % B AR AR — FREMIZ K % Cyclin D1 7 > /37 B BLEA~ D
ALE, PAM K T* ZOL AL 24 Wil O KYSEL50 AlfiZ 331 5 CyclinD1 # X7 EOFRBLEIX, AE
2> Uiz, —J5C, RIS KOETI ALiE % OAIE CIIA B /2B WIEERO Hve - 7= (Figure 3-4),

CyclinD1 == & @& W - =

B-actin e s w———— — —

150 1

—
o
o
L
—
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0 T
o (\“0\ ?\\?/ ?j\ ??\@\ ?\\CD ,Lo\z

Figure 3-4. Cyclin D1 protein expression levels detected by western blot after bisphosphonate
treatment in KYSE150 cells

Cells were treated with alendronate (ALN, 50 uM), etidronate (ETI, 1 mM), pamidronate (PAM, 50
uM), risedronate (RIS, 50 uM), or zoledronate (ZOL, 50 uM) for 24 h. Then, total protein was
extracted from the cell, and western blots were performed. B-actin was used as an internal standard
protein. The data are presented as mean = SD (n = 4). A representative blot from four independent
experiments is shown. Significant differences between the mean values were determined by
analysis of variance (ANOVA) followed by the Tukey honest significant difference test (*p < 0.05,
**p < 0.01 compared to control).

Cited from Figure 4 of “Minegaki et al. Dis esophagus, in press”.
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5) KYSE150 ffdiZF51T % B AR AR — N RIEY) OHRIEGREINHIEIC KAE T A S o o FRpkig B
W DR
SQ %, A TD BPs OHIIEFEMHIER ISR E RIF S 2o 7z, Fi2, FPP ORIBMATH 5 FOH I,
PAM K Of RIS OABRAIEFEANHINE 2 D3 I8 ¥z, —J7. GGPP OHIBKATH 5 GGOH (X, #Ft
L7242 C o BPs OMREAFEINHITER % A B2 S8, & =1fto BPs Th 5 RIS KT ZOL (2B T
X, RS OHEFEIHEIVEF 21 2E 52 2%k S8 72 (Figure 3-5),

O:0uM J:25M @A:10uM B :40uM
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Figure 3-5. Effects of mevalonate pathway intermediates on bisphosphonate cytotoxicity in
KYSE150 cells

Cells were incubated with culture media containing 2.5, 10, and 40 uM alendronate (ALE),
etidronate (ETI), pamidronate (PAM), risedronate (RIS), or zoledronate (ZOL) in the absence or
presence of squalene (SQ, 20 uM), farnesol (FOH, 10 uM), or geranylgeraniol (GGOH, 10 uM) for
72 h. Cell viability was evaluated with the CellQuanti-Blue™ assay. The data are presented as the
mean * SD (n = 3). Significant differences between the mean values were determined by analysis
of variance (ANOVA) followed by the Tukey honest significant difference test (**p < 0.01 compared
to control).

Cited from Figure 5 of “Minegaki et al. Dis esophagus, in press”.
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BaH B

1 EEROE 2 TEICBWT, AAMKEO DYPD mRNA BEHEOHIE, WRNCEES ) LB 5
SLC23A2 @ SNP fiE#T s, AL FHEDHEINER O LM E TRICE DRt A "2 L7z, 2 2°C, 2N
R BN & TSN D BEFACIT 2 B2 RIBR T IEN 2T UL, B A OIRERGEE L7
WEEBZBND, LLRRG, BIE, BENAALTIRIEICT D “IBEIEOMNL 2 B R L7 ER
BROETINATON TV D DD, WIS IRITREN TH Y RKIZa v o AOELNTZAZN7RIE
PREDHENTIZIZE > TR [6], L7228 T H2 R BIED MBI OBIFEITEE Th 5, AMET Tl
ATEFAD N-BPs 73, & MAEIED AMEHRIZ I TREERAA R ER 269 % 2 &£ 2R L7 (Fig.
3-1, Table 3-1), F7=. fx® BPsZxt L TS MED = KYSELS0 AIREIZEH W T, Z4LH N-BPsIZL 57
N b= AFFENED ST (Fig. 3-2), & o T, N-BPs N2 A2 BIEMN ANBHERDGA & 72 5 Z & VR
e X7,

N-BPs (%, KYSE150 #fijluo> Caspase-3/7 {EPEI TN 7 R o V BBPERII DR 2 Z N Zrul ok &4
7= (Fig3-2), %7=. N-BPs %, flu/E % GO/GL 1T 1L S+ (Fig. 3-3). A& A T % Cyclin
D1 O % /37 ERBEZ D ST (Fig. 3-4), ZAVE T, BEDBALSNOD AHIRLIZISW T, N-BPs 73
TRV AEFETHZ L0 laEE A2 R/ [79, 84,89,90] &, TR h—URAEFHETSHZ
L LICHIfR M 2 95/l [91] &8s 2 e S Tnd, F72, FlxiX ZOL 1%, FE/
FafitiZs AR Tl GO/GL W CHifa/E 2 {E 1k &5 [83] — 4 C. D% < O AUMIEkK T S #TiF
IEEE5Z EBNRESN TS [89,90,92,93], F72ih, N-BPsIZ L 24 A M AEIHIER X, 7&K
M= ZADOFEDIHIE BT, TR b= A0S & O TR RENFET 5 B2 b b,
ARFHIR W T, BENAMILTIZ, N-BPs |Z Cyclin D1 O3 2+ 2 2 & THIlE 2 GO/G1 1
THFIESHETT R M=V AZFETHE NI AN =ALEHGTHIENRHALNE ST,

RIS I Caspase-3/7 ifME A HI Kk &4 (Fig. 3-2), 72 REFLERHCI T 2% 2> V BEHile R 2 4812 E5-
X7z (Fig. 3-2Binset), L2>L7eh3 5. RIS D 48 RFALE X7 R > > V EEila OB & 2 kS ¢
(Fig. 3-2), 24 BEREJALIE 3thod N-BPs & (X572 0 Cyclin D1 O & > /37 B3 B & AB) X W72 - 7= (Fig.
3-4), ZOFER & —E LT B REMIZIZIBUV T RIS 1, 48 FEFALE TIE 7 R b— ZADOIRETH 5 DNA
ZWRAL B, 72 BEEALE C DNA ZWT b &85 Ll ST s [94], ZD X 512 RIS THRUGA
FEWVEIK & LT, N-BPs [l CORMAIPNELY IABEEDZENE 2 Hi D, LB N-BPs OHISUAFET D N
JAIE, EHEP pH TH D 74 128V T, ALE KT ZOL TIZIEIZHE L TW5 DTk L, RIS TIHAIZ
HWELTWD [95], MKEOFERIL, —XAICIEOHBEEZA L WA HFA L DHNRENT &6, RIS
IEMLD N-BPs L 0 & H 0 IAZ R EE MRV ATREME AN B 2 B D,

N-BPs (X, A N1 U RIRIE DO E B2l Td D FPP ApkiEFR [78] 1 ONC GGPP Gl [96] % BHE
T5HZENHESINTWD, MIEND FPP < GGPP /K Z (%, Ras, Rac. Rapl ifTNZ Rho &\ - 72{&
BFEG X NI EDOT L= U BD &85 [97, 98], AWFZEICEHVL T, SQ X° FOH m3tfriL, Al

AL D BPs Bz MEIZIE & A BB L 227~ 72 DIZxF LT, GGOH IZ N-BPs Ofiifid Mt 2 12 IE 72T
B L7z (Fig.3-5), 45 OfEFRIL, Be 2RO EowWs & —8 LTV [97,99], AIEA M

KRIZEIT 5 N-BPs Oz THIaN GGPP DR ZICKEKT 2 Z & ZRIBL TS, Ras A—/3—7 7
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RV —DO—D2ThDRapliE, 77 =77 = )b VIR FIZ EE 7 MAPK/ERK #8388 2 15135

ZEMNEBATN S [100, 101], Tsubaki & [102] 1E., N-BPs Tl 5 ALE 73, i gsEEfiaiZisuC

ERK & mTOR BRI AHIHI L7 R b —L RZFHES 2 2 & W Z DT R b— v ZFHEIL GGPP ORI

ICE > TR TDHZ L EME LTS, £7=, Cyclin D1 @33 L, MAPK/ERK < mTOR f&HiZ L~ T

EICHEI SN TS ZE MG SN TWD [103,104], L7223 -> T, BENSAMKIZEB W T, N-BPs 12X

DT R b AFEAONCABE A O 121X, MAPK/ERK K TOF mTOR ¥ 7' /L OFLEN S LT
AIREMEDMEZRR SN D,

BPs (. FEIAKRSGFEEDO B R U UEEFFERTH Y . AN T LA T EEGITF L— MEBWETERL
THZENMBNTWS [105], —H T, BT LA F 0%, MIENICBIT 5 7 UnEdt o R
Ay Yy —E LTHET S 2 ERE<HMBATWAZ 2D, BPs (K- THIKA IV IA A
VIRF L— MEEIFEA DY 7T IREITEE KIXT 2 & T, b MRED AMBIEROHESE S HNH S
et b Bz bhd, AElL F—Ro BP Th D ETIIZBWTIEE MEED AHIIEEIZ 6 2 H5E
PHIER GRS B Zehn- 7= (Fig. 3-1, Table3-1), F7=. Inoue & [106] (%, ZOL Tikbt b HFEMRA MM
BRIZKH A HaEEmsER SR bz b oD, I T AFL— ITHE T ) a—Lz—7 LY
7 X VUEEEE CIIAIRIE I~ DR BTG NN Z EHEL TWD, L7edi> T, ARFHIBW TR
¥ 537 N-BPs OMIBBAFAEINHIE X, MRS LS 7 A F o b DF L— MEBIDTERIC L v 5] &
B2 SN THDAREEITERW B 2 b b,

Koto % [107] i, b MHERAHERIEMIGZ V72 in vitro TOMFHNZ LY. N-BPs TéH 5 ZOL 28 5-FU K
U CDDP DO/ E 28R S 5 Z L 2 fiE L T\ 5, £/, ZOL L, ANLAMIAD S 2 7Z
F UM AR ST D Z ERME SN TS [108], 52, ALE X° PAM %3, 5-FU % 5-FUMP 2%
BT DR THDHHRARYRIIL N T AT 2T —BOEEEZ K S, ZORER 5-FU O 5Em i)
VEH % HE98 S 5 ATREME S S Cuvd [109], L7272357C, N-BPs i, b MATEM AUMIERIC S LE
M CHIBRHESEIHIEA 273977217 T2 <, 5-FU, CDDP &\ =i AAI O+ Z Lick v, M
F TR 2SI ORI S CE D LB b D,

Pl b, N-BPsidt hEENAMIEEIZ U ClasEmGIER 2 "3 2 LB LN Eleote, ZD R
HE=ALE LT, A CREREOEIZ L % Cyclin D1 OS2 L TRt H 8 2 GO/GL 1§ T
IESH, 7R M= RZELS 2 EDURB I NIz, Lizhd> T, N-BPS IERIEN AN 2872 2 1S
LR VIGD RN B R bID,
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ORI /NME
b MEIEDS AR OB % BPs DRI OV TRET 21TV LUFORERZ137,

1. B ROE Ao BPs 1%, b MEIED AMIFEREIS 5 UM FE kil E A 278 LT,

2. N-BPs OFAMJEHEFEMNE] A 7 = X LT, ANa UERRREE D GGPP & kB A2 56D < Flfa & s 1k 2 £
IT R BN—VADFEETH D AR AR LT,

PLEDOFEFIE, 55 RO =0 BPs 23, RIEN ARG TE 2 Al ReME 2 /4% mE R
R TH D,
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N

BIAED AT D D AALTFIRIEIE, TR - IR R SIRA K HIWe TRy . 2ORZMEIIE
WRAICKRE SEET D, LLanb, R UHEERNPATH D KB ATIZ, 2o 5 FAFREN
# 70% EVRREAAE D) 233 LW OIKE LT, RIENA T 5 FEEFEDKI 35% TH Y . RIE+Hm LT
FUWEE,

BIEDR B FIEDIRFEAE N BENER & LT, EHOFRERLEEROMAZERRKE W, AT
ELHEANB DIV ERFET BND, BEBAHT 2 BAACFREOHIER OEWERO Y 2 7 % 5%
AN T 5 72 D OFFFEKE TN TN TV D b OO, RIZEERIEAIZE > TV D b OIIAFE L7V,
Fim. BENAMEFEEREIES- 7oA T 2L (5-FU) RN A7 5 F 2 (CDDP) Zfr, 2ty
PARH IR ONTODRANIIEE A LFELRY, LR - T, BESADIRERMGEN L7 Hic
&, BEDN AEFIREICB T 2B MMER LMD AZOERZH LT 5 E & HIT, BENAIC
XU CHB BT 2R 2 O 20BN H 5,

Z ZTCAMIFE TR, BIEP ARSI 2EAZEEZE LIRS 285 Z L2 A E L
T 5-FU & CDDP % W o BB 3 AR L DR R OFRT T HNCA B 2 Rk o & &
HIT, BEBAACEIEOGEN E4 B L2 AR AR R — N REY (BPs) OF MM\ TRt
L. LT Offima 157,

1w b MAES AR B 5-FU KON CDDP &z M2 Bl 4 % -0 2R

BENAMEFFEOBAZZF| R T ERO—> & LT, FEHkT Iz T 208 AMEE S OB
AN MEDFIENE 2 b D, ARBFFRICEBW T, 5-FU X O CDDP (2% 2 &3z %, 5HEOE M &
DY AR TR E ZRFED B O DI, WIZ, Ziub e MEEDS AMIREREIZ IS 5 5-FU X U CDDP
WX DL . HE N T o AR—F— DNAEEBIE & o /37 B ORGEiEESR 2 3 T 35 FlEHORE
REME 4 L7 D mRNA RBLE & OB OWTHRFET L, £ OfER, 5-FU 021X, ABCC2 (HE
it~ Z 2 AR —%—: MRP2), MSH2 (DNA 3 A~ v FEEEIRT) &' DPYD (5-FU OfUHIEER) @
MRNA FEHE L TNV IEOFBNMEZ R L (r > 0.7), SLC22A2 (B T4 b T 2 AR—H —),
SLC23A2 (B % X C F 7 v AR—4—) ABCBL (PH5 4 /37 B) & ORAD51 (DNAEHZIK ) ¢ mRNA
& ADOHEMEEZ R LT (r>-0.7), £7- CDDP D& %i%, ABCC2, MSH2 2 Tf DPYD @ mRNA #3i &
ERWVIEOFERMEZ R LT (r>0.7), LAEDZ &)v6, 5-FU Y CDDP i 7 D&z & FHEAMEZ A LT
ABCC2, MSH2 X U* DPYD mMRNA 23 3 AL FEIRIED A2 FRIT 55 A~ — I —DfEfli & LT
Ez oz,

ABCC2 PHEAITH 2 MK571 D[REIFFALE L, b MATED AR D 5-FU J Y CDDP Jisz M 4 H7@ L
ol b OO, DPYD BHERITH 5 ¥ A 7 2Lk DPYD mRNA O3EBLE N i & @ fii Cd - 72 KYSE30
AR 5-FU B M2 iR S B 7z, LLEOREREI Y . RERAMIIZISIT S DPYD @ mRNA FEBLE) &
ERAACTFIRIED A DTN TR A OIS Tdh V. SLC22A2, SLC23A2 K TY MSH2 (25T
HEDOGEME 72 V1GD 2 EBRER I NI,
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2% ED AR RIEMA TR 235 D SLC23A2 Ditifs 1-28 L I sh 3 oo B

B2 I C OF{bRElE, Bt A ML RIZK D FE SN DGR EZILET L 2 LMo TS,
F7o, BX 22 CEMBNICEY AT b T o AR — & —SVCT2 % 21— N4 % SLC23A2  SNPs |, flix
DRAFREFR LT 5 Z EPRE SN TN D, I HIZinvitro IZBWT, EX T2 C VBN AMlifakk
? 5-FU } U CDDP JgsMEA #1835 2 &, 5-FU MRS AUl o> SLC23A2 mRNA FEEL &AMk &
HE UKL~V TH D Z & invivo IZBWTER LA kL A73 5-FU O EIHIFEEICE G35 Z L3 Z i
PGS TS, BLEDZ & 75, SLC23A2 0 SNPs (LB A AR IZH1F % 5-FU J 1 CDDP |2 &
D D IACFIREDOIRRRARICREBE L T D AR B 2 b D, £ 2 TAMGETCIE, 5-FU X U CDDP %
DAL BRI A AT L2 49 B0 A AR NDRIED A 25t g & LT, 5 FifHo SLC23A2 @ SNPs
(rs2681116, rs13037458, rs1715364, rs4987219 [ (N rs1110277) & ALFRGRRRIE D225 (CR) 3K,
T 3% ONCEES A RINER & OB 2 G Lo, (LR IRERT T O CR RE ORI T3,
MEHRICAE TIE 2V b OO rs2681116 i ONZ 1513037458 & FHEA AR D b, F7-.
rs4987219 % U rs1110277 1%, ZiVEAVEFEL A MEKBAE (p = 0.025) X ONANZ (p = 0.019) DIIE &
AEZRBEHEMENGED SNz, L -> T, 246 SNPs 28 SVCT2 D B4 2 > C OV AR BEIZEE S LAE
FHATREORIMECENERIC B LT Z LR EN D, DLEX Y | REN AT HBERBRIEOR
ZPET T SLC23A2 0 152681116 K UF rs13037458 73, Z2MET T rs4987219 K& UF rs1110277 25FI HI Fl e
T D ATREMED RIR STz,

3% b MAEASAHIEERIC R 4D B AR AR R — bR IR O TR R

I B/ OE =MROEARAR R — FREY (N-BPs) 725, FLANASCHIN A7p &% T2 BLRE)
BEHZ B W CHRSIEIHER 2~ 3 2 LD fE SN TN D, L7zd> T, BEBSAMIEIZIB W TE N-
BPs 2SHTHLOTIN ATEMEZ AT 2IAIOBAl & L TRIT bivd, ARFHTIE. b MEED MBIk
4% N-BPs OAIFBEFEIHIVEFE N Z D A T = X W iidt LTz, 4FEEO N-BPs(7 L > Fa g, /3
SReVEE VE R UBEOY L Re ) 1, 3FEEO b MERED AKIIEERIZ T LR EHRARY 72 e
BGEEIER 278 LTz, £72. 245 N-BPs 1%, b FEEBAMBRRD B 28— 37 &% ER & &
HELHIT, TR —VADIEETHHT 2T VRO RAR R SE7-, S 512, N-BPs %
AR EHIER 7T % Cyclin D1 O X w37 BB A A B S, Ml 4 GO/GL i T Ik
STz, Ko T, N-BPs ORED MM 2 M FEIHIERIC, 7R b — 2 OFFE L OHIIE
WO IENBE 325 Z L2VRR STz, I, N-BPs OMIBEHEFEMHIER A 1 = X AOfEH 24T > 1=,
N-BPs O ER X, MM CTA N e VEBBREOHIKCH L 7=V T =1 Y Vi
(GGPP) IZEMEIND T T =V T =A— N a i FSE5H 2 LI 0 IREEAICIH Sz, Liedio
T. N-BPs OFABEFEMMHIVER 1T, FINEN GGPP OFHBIZEEN L T\ A Z EAVRIB SNz, Moz b
725 N-BPs [FEIED AL LHIIEGEIIHIE 2 A L, £DA D =X L0E, Ao Uit O
FIZHAS < GGPP DFEVEIZENVAE T 5 GOIGL #i CoMaEIE L, KOT A b —Y ADFETHDH &
DT EBBZ BN,
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LU EAMFZEDOFERN G | NEFHHELIR O AR 203 WTRE 72355 Z B4k > DPYD mRNA O3EBLRIZ LD |
RATReZed A gk 7e & % Fv 7z SLC23A2 @ SNP HIEIZ L 0 03 AL DA 0 L OV et %
TRITE D AMREMEDNRIZ STz, & 6T, BIENACFIREDOGIINER L RMEDMR & T S v/
H1ZIE N-BPs % 28 AALSERRIEIC IS 5 BB DS AN 2 B IR IS O RTRENE 2SR STz,

D OWFRREIE, BEBACFIREOME AL BE LT, IR OIERIZ D723 5 B FE
WA RIC R b DB X BILD,
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