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VC: vitamin C

QOL: quality of life

NIH: National Institutes of Health

ROS: reactive oxygen species

CPT-11: irinotecan

MM: melanoma

VEGF: vascular endothelial growth factor
UV: ultraviolet

DSS: dextran sulfate sodium

gp91rhox/. glycoprotein 91,4ox knockout
PBS: phosphate buffered salts

DOPA: dihydroxyphenylalanine

TUNEL: terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate
nick end labeling

TdT: terminal deoxynucleotidyl transferase
DNA: deoxyribonucleic acid

BCA: bicinchoninic acid

LDS: lithium dodecyl sulfate

gp100: glycoprotein 100

MIP-2: macrophage inflammatory protein-2
H202: hydrogen peroxide

SD: standard deviation

NADPH: nicotinamide adenine dinucleotide phosphate
HIF: hypoxia inducible factor

PHD: prolyl 4-hydroxylase

Colon 26: murine colon carcinoma cell line
SN-38: 7-Ethyl-10-hydroxycamptothecin
Glu: glucuronic acid

TEWL: Transepidermal water loss

HE: hematoxylin and eosin

BAX: Bel-2-associated X protein
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2 ST < OBEIL, BARREEIT O DADTFINIE CTInER R SN T |
FATHIE, FFRIE, UL, RERIER SRS D, TOPTHLEMEERZOZ2NN
MRIRIESE LTE X 20 C(VO) FRIENSIER ST 5,

1970 A, A T A « A=V 7R Fy Am o flits &I, GHE VC 23R
MABFEOAETEDE (QOL) &AFHFICAR THD L L5 12, —K], VC IZHt
MAMERIZ RN E A=Y U THEEDOFFBEE SN TN DO, HEREOENZ LD
T EARR S, KE - ARIBEREESI AR JERT (NIH) O~—27 LEY HIZE - T, 23
PARFRICRET 2 B & VC O A td TRIE Sz 39, Dk, sEME O —Eo EHfi7-
HIZE > THEHEVC RERERI, 260G AEIZET 2MENHE A TE TS 6, KL
2B D E AR VC AL, BIEE B2 TITbh Tl 79, —EIlH 277 LD VC
PGS TS,

—J . VCIEZT Aaerfge b Ebiv, Tz a2 KEEe Z I & LTRSH
BATEBY, B FTIE VC ZHWEMICEKRT 2 Z &RV LA D B AS)
(essential dietary components) &72->TW\5 9, VCIE, =27 —4~ U AlEA. framlE
M. AT = AROMEER 2 EL < OEBBERER M b TWD, VC OERNEIREIT, /M
ORI S AUMBEFRA~BITL, 73— R T U AR—F—0 b Y O MM VC R 5
VAR H =Ko THIINIZID A E i, BIEERIComT 2 10, E=—8%, Bl
HEWIN SN D, in vitro ([Z361F 2 VC OFUEFELFIE, MAEHIZ 10 mM PLEORE D %
LT 5 LEDPRBENTND W, VC OROFLL, FAFANHIHE SN TND Z LR
BENTWDEN, —EOLHERTIX, 5 g D VC 2R AOERT S Z LT, 1.1 g DRI E

NADZLERRIEBIFLTNG 12,



VC (%, 1&MEBHFETE (ROS) ZBRETHHMILEREZ TR L, £/, 2 Mgk EOHFETT
ROS #RAESHTnAF X P LTEATLZ AL TWS 913, HH&E VC IZ
BT HHEEZRIE. ROS OGRS RB I TN D 519, JEITHIRICE VTS, KBS A
ETNSRTRIBT DAV )T AEREEKTY (CPT-11) &mMl&E VC offic kv it
RIS Zh S % 7 L 72 BRIZ ROS S0l HHER D B - A3 7RI S 417228 19), 45 Kiik0 78 A MR O B85 12
F1F 5 ROS IZxT % VC DA H =R LTHOWTIEBA L TIEZRY, S 52, CPT11 & &
M VC Z 0l L2, EMAEEFRIHT 2 MHE VC ORI TH 72, £ ZTA
ST, DBATRRIZIST D ROS (X % @ & VC OHUEEZ R & WA HF L)
RICOWTHERR L, EDOA I =X LZHETTHZ LI LT,

1T T, VC 2 2ligkDTF/E FCROS A RASH T nAx v ¥ MERIZL - T,
AR DOPUEEZI R A MR T 272D, AT ) —~FH~ TV ACBT2EHAE VC O%)
Ramat Ui, IFIZET D VC OMEIL, a7 =T VB A T = AROFICEE L
TVWDEN, AT=VAERICEGT AT 704 FOBEMEREE (2T 7 —~<: MM) 2% LT
mHE VC BARIETHRIIANATH L, AT /A MIKFGUSAOTLIZ S 5L TV D
72, S E S EMERKICI T D MM ITHT 5 @ E VC OZIRICHOW TRz, 51T,
YRELD MM (231 % @& VC OFUESZNRICHT % ROS OREIZ W T HRGE L7,
S BT, BAMMIBOYEFEZ A BT AN EE QR Z R L TWD 2, IMEHAEICKT2EH
B VC OMFIIAHTH D, VC I, 27 —7 U AGEICARRIRIZAS, 1A N R IR 5E K
1 (VEGF) Z#BETLAHEERSH S XVID #aZ—7 v o C K7 77 A oz R
ABF KT HHBIANTH D, £ I TH 2 BTIE, BAMILOBEIIZ 351 5 M8
AR % @ H R VC OFUIEE R RISV T L 7z,

JATHIZRICE N T, mAHE VC & CPT-11 O A& 5IC L 0 RIBGAS AN LEE, VC
I2& 2 ROS DA B LI M= T =7 o DR BT 19, 18T —7 ATRFD3

Rkl W CHERERI Z RIS Z b, 53 HTIE, CPT-11 &5 TH¥E S D KHE



FITH LT, mHE VC OFEMA EFEREGEGHEN RISV THES LT,
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X C(VO) 1%, HEoEKRE, &, B2 E0feEY v IV EThHaTd—47

VAERRICHBDILEY TH D, &I HVC ORIT, BERICGET D a7 —7 08
HEFFHA LIS CTH . BERICITEWRKEOERIERBIZBITA AT /)3 A4 FTORAT = AROA

FWZEEGT L2 EnHBILTND 10,

AT=0F, FurF—BickyFrrrnbERkEns, FryriEFusF—EiC
KU R=rE220) SIS N—"F ) 2D, F—="F ) 3fbick 1R
—EEWIZEL L, ENOREWVICHEET 52 & TRA~BEADII—RX T = U PpEA
IND, FICVATA VOFET TR, F—=3F ) UBRT AT A LGS LR~ A0
TxAAT=UDNEASN, SEIERFETIRC o TREHA T =N ELD 17,
FAT =R, BEAOENERICEERT7 V=7 VAN ERIT 55%E b5 T
Do SHIZAT = Ol b BEREENT, EEENR (UV) DoR#ETH52LTHY 19,
AT = BARODIRNABANE T, RERAORERENENZ ERRBEINTND 19,
AT ) HA ROEBMCE S THERIENZHLONAT ) —~ (MM TH5H 20, 1FEA
EOMMIL, KETELLZN, AT /A4 bOSAMHICLY D BB LORIZH R Hhd 20,
AEZIIT D5 MM OREERIL, 10 T AHTZY 1~2 ATHDHH, TFE, #HIEmces 5 &
ENTVD 22, MM 2S5IE S 5 BHAARILII 5 v Tide < | BEMFER L BRERRIC
STHITEZSNDEEZEZ LN TWD 2, RIERKNO—FlzdHiT 5L, & UV 5RE O Ml

ZETDAAD MM #8423, UV @E 0ROV #uRIcESRA ALY E L JEEIIC UV 253



H9 25 Z EDRBEN TN 20, RFO MM #idhT — 4 Tl, REp-oiriiiise &, UV IS
B SAUSS WEML T MM B3 AT HZ & Hhila i Tng 2, 51T, ERIIFEIZH MM
WHRHILD 2628, MM OEHERZRIGRIEICIT, PIRRE, (LR, BORIRIER &G
FDH 29, Lol AR EFFICHEIT S MM O F#ITE . FIRIEIC L D5 MM O
BIERITHRAF S % 30,

VCiX, A7 /%A NCAEBRSNIAT = BFEELL, BAZIREILTDHZ NG
NTW5 8D, 52, VO I 2 flifk/s EOFE/E T T, IHMEREHETE (ROS) ThoHE FrFkv
TR LK FE R ESE T e AR X N ELTERTAZ EbEILNTVD
919, ZD7uFF X FOEREFIH LT ATBRIZEIT S VCIEAREIL, EMAE
FRERIDNIT EPNRBIN TS T 5632 I, FEHAED TEBY ., KETIEHBEIC

R TON TN D, ZOMRFIEIL, KNICEIT 2 VC OMHFIRER R E 5 &AM
VC 74T L ROS £ KREIZHAEIE D, IEFMILL, 7% 7 —BIZX>TROS {5
D DRI, 52 T —B 7 EOTALIERIETED L~V MR T2eh VCIZE V3L
72 ROS 23, MAMIFE~EIRITHER L, 7R P—V A Z5[ERITEEILNTND 39,

. BARGEINEICE T D ROS I, HFHERE 0 i &, BSAMBROMEICE S35
TENHBILTND 39, JATHIEICI N T, TY X AZ TR A NT UhifgET Y

7 (DSS) IZ LW FERSNAEBEGRN A~ D BT HEMARE VC OFRITK LT,
ROS L A4FHREROB G- RIE ST D 19,

VCiZ, A7 =VAROMFICEE L TWDHR 10, GHEVC BN AT =AU %
AZ A O MM 2FIIAHTH D, & 51 MM IEEIHEERIC HFRIET S 2 & h
5. ARETIL, g2 2 MM Ik 2 @A & VC ORRIZOVW TR L7z, 51
JEATIFFE 19 (12 K 0 | m & VC OHFIESZI RISV T ROS AFHERDBI 528 /i S 7z

e, AFRIZBWT S, ROS RUFHFERD B G- b L7z,



F2H EBREE

1. ZREW

AWFFEIL, Mo~ v 2 (C5TBL/6 J 5 7 ilfn) % H A= 2= /Lo —kAeth (Shizuoka,
Japan) "BEEAL TfTo7z, ¥V A2, B16- AT /) —~%BIE L, BAZHER I, S
5T, IHFRERDBN R A2 LT 5 7212, glycoprotein 91rhox /< 7 77+ (gp9lphox’) <17
2 (Jackson Laboratories, Bar Harbor, ME, USA) % /-, A L7~ 7 A%, RBE
23+1°C, {BFE 50+£10%. 12 FFfEI O BARE 1 7 /L (light: 8:00~20:00) DOEEE T, [E LS
FOKZHBICERSE72, 1RBOBUEE, ~ U ZADERENEEICRD KX HI2mT, Xt
. SHE VC &5, MM &5, &H& VC + MM D 4 71— 71281) 4T
m=6/ Z7NV—"7) . TXCOEHWFERIT, SEEFRERFRFEY RIS (KRE 52 66

) \ZHE > THERE LTz,

2. MM B XU VC REDOHE

B16- % 7/ —~iffiflatkiE, HAL KAl E AT 8 T ia &R o % — (Miyagi,
Japan) 7 OEEAL72, MM MildZ RO X 9 128538 L7z 39, B16-2 7/ —~ OMIfakIL, 5
~ 15 MR LA L7z, T X CToOMaIE, 10%0 Y i & L-Z7 v I a2imL iz
EMEM (Eagle's minimal essential medium) CTHFHE L7-, Z D%, MITEHOICT A b
E, A AT TAIRTA NADPFIEL RN & &R LTz, = 7 ATEHIRNIER 217 5
72, 0.25% kU 72 2-0.02%EDTA (Ethylenediamine- tetraacetic acid) T 1 2y [HJALEE L
Ttk VT arorzy N EBARILLT-, U 7Y AL L 7MY 2 Y L . Phosphate
buffered salts (PBS) ([ZF#M# L7-, 5% L7- MM X, MM 2R SE 572D~ T AD
JRATERIRPTESS (1 x 106 #lif3 /100 pL) L7z,
VC (Fuso Pharmaceutical Industries Ltd., Osaka, Japan) DHEZRET 572D 1, 4,

8. £7213 12 glkg D VCIRIK DR~ 7=, ZDFER., 4 gkg UL EDOHAETEWIRLZED



AOMEZ RS LTzT=D, ARBFETIE, VCIREROKGEE 4 glkg & L, 14 HEREA&RS L

7oo S HITHREMICITIARBE K ZKRE Lz 19,

8. M¥EY > 7 )V OTREL & FAARK DO TREX

HRRR M ORI DI H-BRIE S 15 A BT~y h LB # —/L (5 mg/mL) (Naclai tesque,
Kyoto, Japan) % 50 mg/kg & 722 X D ITHEENK L L T~ U ATHEE L 721, ~ 7 AD.0
I~ 1 mL OIHE 2B L 7= % > 7 L% 4°C, 3,000 X g T 10 sy Lot L, LiEE sy

(4% Z Bz, MEEREERI I, HPIE, /N, SREE DMK > 7L 28 LT,

4. KRG

PREL L 7k 2 #E 1.5 em x £§0.8 em W7 DM > 7L Ll NIV LT AT E
R (4%, Wako Pure Chemical Industries, Ltd., Osaka, Japan) (& ClEE L7z, [EE L
7-#Hf% 1% Tissue-Tek® optimum cutting temperature Compound (Sakura Finetek, Tokyo,
Japan) &AW THAMEAH L, 5 ym DEXTI 7 2 h—2A (Leica Biosystems, Nussioch,
Germany) ([Z C#IZ4To72, Y Fafy 7 x=L7 7= (DOPA) [GVEMIIEIL, 4L
WoOFa L F—EEEEIEDLAT /YA POT—I—THY RO XS ITYME LT, 0.1%
L-Dopa (Sigma-Aldrich Corp., St. Louis, MO, USA) % PBS (Zi&fif X+, 37°C (2T 3 ¥
MG S 'z, €Dk, PBS T3 [El x5 739k L, 70%D=4 / —/LChiksEx i L v
TEMLIzbE, =TT =a—THALZOLEEEMBECBIR L %60, Ibilc, &
FARRED A IX, 1 IRPUAR L LT, AP ERFERAIHLR Ly-6C (1:100; Bio-Rad laboratories Inc.,
Hercules, CA, USA) (23 2 HUATHRZEREA LT-DL 37, 2 kP E LT fluorescein
isothiocyanate-conjugated anti-rabbit (1:30; Dako Cytomation, Glstrup, Denmark) %)
25°C |2C 2 B &8, TR M=V RF, 7HR b= A% v + (Takara

Biomedicals, Tokyo, Japan) % AW CaHli L7=, 77 b—3 AL, 2072 RESS



8l 2 ORI O K H % "] EEIZ 9% TdT-mediated dUTP nick end labeling (TUNEL) %% H
WTATo72, TUNELIEE, #—IF A 702727 —8 (TdT) TR =3 R%&EBZ
L7cfifa o7 4% o U AR (DNAW b (3-OH DAN i) Z i+ 57 oIcfH S
NDOFETHY, R ICHOCBME TBIEN T& 5, DOPA i, 4FdEk, B LW
TUNEL Bt o¥0 L, gty 7 ~ 7 =7 Image J (National Institutes of Health,
Bethesda, MD, USA) % FWCRHAIL  BAEZA(Z 5 Ao U 7 24 L, BA7AFE (mm?2)

B2 OFME DIFEE A2 L Lz,

5. YTZARZyTuyT 47 LB

FAEAEER 5> 100 mg AOK RIS TH )TN ZATE DS, ik EERSE (KURABO,
Osaka, Japan) (Z{2{& L. /~> K &% — (POLYTRON PT 1200 CL; Kinematica AG,
Littau, Switzerland) % I\ CHE T4 X (20,000 x g, 60 £2) L=k, &K% 8000 x
g T 10 /il L7z, Wiz EfEZEY H L, Bicinchoninic Acid (BCA) k2 XV &
AEZlE L, EHEEE —& (6 mg/mL) #§# L72¥ 2 7/1iE, lithium dodecyl sulfate
(LDS) sample buffer (Thermo Fisher Scientific, Waltham, MA, USA) £ X ' sample
reducing agent (Thermo Fisher Scientific) |8 S T L, 70°C T 10 FrfEmzL L
T U RAZ OV T b Lis, 2Dk, 7 Vi 4~12% BIS-TRIS Bolt gel (Thermo
Fisher Scientific) %\ T 200V OEEE T 18 MERIKEN 21T - 7=, BXUKE Sz ¥
> 737 &% iBlot 2 Dry blotting system (Thermo Fisher Scientific) ZFH\ T, 25V DEE
JE%Z 6 NI T= et e—AFEZRKE L 5% AF LIV TRy XU T E2ITo0z,
Ty X 7% Ped L 25°C T 1R 1 btk L LT MM O~ —4—T&% % glycoprotein
100 (gp100) (1:1000; Abcam, Cambridge, UK.) BXO~27 17 7 —PRIEME S R 7 E-
2 (MIP-2) (1:1000; R&D Systems, Minneapolis, MN, USA) ., u—F 7 ar ha—)L

ELT?»B-T7 7 F v (1:5000; Sigma-Aldrich Corp., St. Louis, MO, USA) % Z i E 1 is



X720, horseradish peroxidase THEF% X 17= 2 HTIA (1:1000; Novex, Frederick,
MD, USA) CTULE AT -7z, EHARIL, (LFRARETCH LA L) A X —F—H
(Wako Pure Chemical Industries, Ltd., Osaka, Japan) THLEE L 72D 5 JED {4 2 Multi-

Gauge Software Program ver3.0 (FUJIFILM, Greenwood, SC, USA) TH5 L 7=,

6. FRERE DI HERERE

BAEO BT R — b L7z BIFIE, P O ER AT D721, GFHERBES » K
(Neutrophil isolation kit; Cayman, AnnArbor, MI, USA) % L T4k L7, #F ek
%, MmEREEAE (Sunlead Glass Corp., Koshigaya, Japan) Zf#H LT 1 mm? O 4 3H5E

L7z,

7. JREAR KONV BE L7 dFHERICRIT 5 VC R E
UIEL B3 KOV BE L=t ek VC JREE X, T VC HIZES » b (Ascorbate assay
kit; Cayman) ZfE/H LHIE L7z, 4FFERO VCIREIL, Lo X 5 IZHRE S hvzfiladkic

ESNWT, BEEBOMIYE 20 ORE S L TR LT,

8. N F DIBER{LAE (He02) & EDHE
PNEEF D HoO2 &SRO L. T D Oxyselect™ in vitro ROS/RNS H|7E =+~ + (STA-
347; Cell biolabs, Inc., San Diego, CA, USA) 8L UA X a7 vt A % v ;b (Metallogenics,

Chiba, Japan) % i Z4UEH LHIE L7,

9. HEHIHT
BTOT — XTI EHERERZ (SD) fE Tk Lz, ffRi%. Microsoft Excel 2010 ~V 7

k7 =7 (Microsoft Corp., Redmond, WA, USA) Z{#/H LW L7z, SR OEIA R



1L, Tukey-Kramer test (2 > THIE L7c, fERREED 5% A OL G E et FrICA E &
W U7, #EatiENT IS SPSS version 20 software (SPSS, Inc., Chicago, IL, USA) (2T

i L7,

HIHE AR

1. JREIZ31T % DOPA [BHHIE, gpl100 B MM ABAE, 4 HERES KO MIP-2 DFEBUZXE
THEHAEVC O#E

PRBLZ 51T 5 DOPA BRI, gpl100 Bt MM Mifa %%, MM £5-8 CHECEM L
7oy, m R VC+MM OF FBE L i L CHEICHD L7z(Fig. 1A,B) . S 510, JIRICE

F DI ERO S E MIP-2 L~ULiE, & A& VC + MM fF A #E TV Mg 2 78 L 7= (Fig. 1C, D),
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Fig 1. Effect of high-dose vitamin C on the invasion and proliferation of melanoma cells
in the ovary.

The number of DOPA-positive cells (indicated by arrows indicate in the images) (A), the
expression of gp100-positive melanoma cells (B), MIP-2 levels (C), and the number of
neutrophils (D) in the experimental and control groups. The date are represented as
mean + standard deviation (S.D.) (n = 6 / group). Tukey’s post-hoc test was used to
compare the differences between the groups. * p < 0.05. Scale bar = 100 pm. FC: fold

change.

2. B, FFIg. /NI B HEROFE MM ORI & EEICkT T 2 mAE VC 0
Jifi. APl /MEBICIS 1T % DOPA [5EflE, gpl00 Bt MM #fd, 36 & O HERDOHE,
MM #5EECHEICHM L7228, @A & VC + MM JF R & i U CREZEIT R o127z

D(Fig. 2, 3, 4) . IPRITERZ Y TT, mHE VC ORE MG LT,
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Fig 2. Effect of high-dose vitamin C on the invasion and proliferation of melanoma cells
in the lungs.

The number of DOPA-positive cells, gp100-positive melanoma cells, and neutrophils in
the experimental and control groups. The data are represented as mean + S.D. (n =6/
group). Tukey’s post-hoc test was used to compare the differences between the groups. *
p < 0.05. Scale bar = 100 pm. FC: fold change.
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Fig 3. Effect of high-dose vitamin C on the invasion and proliferation of melanoma cells
in the liver.

The number of DOPA-positive cells, gp100-positive melanoma cells, and neutrophils in
the experimental and control groups. The data are represented as mean + S.D. (n =6/
group). Tukey’s post-hoc test was used to compare the differences between the groups. *
p < 0.05. Scale bar = 100 pm. FC: fold change.
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Fig 4. Effect of high-dose vitamin C on the invasion and proliferation of melanoma cells

in the jejunum.

The number of DOPA-positive cells, gp100-positive melanoma cells, and neutrophils in
the experimental and control groups. The data are represented as mean £ S.D. (n =6/
group). Tukey’s post-hoc test was used to compare the differences between the groups. *
p < 0.05. Scale bar = 100 pm. FC: fold change.

3. JREIS X UGB L 7 BREF O aF FERIZEIT 5 VO RE
PHELRE VX — B L OB S L7z ff HEk D VC IR EEIX . MM & 5-#£ 0 J5 53 5 H & VO #%

BEEEL D B2, mAE VC + MM Jf i ClEmVWEE R~ L7=(Fig. 5A, B)
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Fig 5. Effects of high-dose vitamin C administration on the VC concentration in the
ovary homogenate (A) and in the neutrophils (B) in the ovary samples of the

experimental and control groups.
The data are represented as mean + S.D. (n = 6 / group). Tukey’s post-hoc test was used

to compare the differences between the groups. * p < 0.05.

4. JRRIZBIT A5 MM OT R b—T 2T 5HAE VC DFE

VC OHEEZNRIZIE, ROS O—2> T 5 HaO2 RBAINEHETETH L T 5, JFENOD
H20z & SROPRFEIX, MM B HBE LV @& VC + MM PFHEE TN L 7= (Fig. 6A, B) , &
Sz, JRRICHEIT 5 TUNEL tEfiio%x, HeOz & [FIERIC MM 58 & 0 & & VC +

MM {f FEE TN L7=(Fig. 6C) .

A SN SE— C
_ = =

aso— * *1

° B [

@} -

:5,40 m_ % E g

820 REE > mé

: &

& L4 o —

B % = * %
g | T get T
>§40— | = 3
= ’ﬁ"& " #H 400 S |
] ) # | ) = e
=20 B > g (* = 44 +
(S a3 | 2 15 7 200— pRE O s
% | K rn.lé : r = E
& L[ Lo

Fig 6. Effect of high dose VC administration on the concentrations of H202 (A) and iron
(B), and number of TUNEL-positive cells (C) in the ovary samples of the experimental

and control groups.

The data are represented as mean + S.D. (n = 6 / group). Tukey’s post-hoc test was used

to compare the differences between the groups. * p < 0.05. Scale bar = 100 pm.
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5. 2T ) —~<#hF gp9lrher< 7 ADYIEITI T B I HFEROFIS LU MM ORER L O
FEICH T 5 mMHE VC OFE

AT ) =~ gp9lrhox/~ 7 2 DYREIZ I 1T 5 DOPA Bt fifa & gp100 BE MM i
D¥UT. MM HHE L m A& VC + MM (FBECEIN L7228, 2 b O TR &E < £1k
L7zino7=(Fig. TA, B) . FFRIC, AFPEko%uE, MM £5- & &M & VC +MM ffHEED

M CHBEZN D> 7= (Fig. 7C) ,
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Fig 7. Effect of high dose VC administration on the invasion and proliferation of
melanoma cells and the number of neutrophils in the ovaries of gp91rox/- mice.

The number of DOPA-positive cells (A), gp100-positive melanoma cells (B), and
neutrophils (C) in the experimental and control groups. The data are represented as
mean = S.D. (n = 6 / group). Tukey’s post-hoc test was used to compare the differences

between the groups. * p < 0.05. Scale bar = 100 pm. FC: fold change.

FaH BE
AR (. FFRE. M5, JPE) 226 6o RIE, mHE VC 23 IR8IZIs1T 5 MM O

REEZAEICRD SEZ L ZW O L, i ERO%E, @M & VC + MM Jf H#ETH
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L7z (Fig. 1D) , & 512, IO HeO2 & EROREIL, mHE VC+MM A CHEIC
HhnL7- (Fig. 6A,B) . LU, gp9lrhex/~< 7 2T, YD DOPA FtEfifd, gp100 B
PERAIEMR, d KO REROHE, MM # & & H&E VC + MM ff o T&kiZ /e h»
-7= (Fig. 7) ,

FATHHIRIC W TIE, 7Y F v X % o+ DSS i HIEREIGE G A 23T 2w A& VC 2
X924 HEk & ROS OBIE 3 RIE L T D 19, AEFFEICIBWTH, MM %~ v A DY
Tl P EEL2EZEZ R L TR BAMIZET 2@ VC ORIk L ThF
HERNEE TH D Z L PRI,

AWFFETIZ, MM ORNE & H5EICB1T D m M & VC ORRD g R RN TH 0 | IR
BOTRLBEETHS Z L IRENT, &5IT, JIROFFERIT, WM& VC oLz
(Fig. 1D) , ZAud, HFHERDBINRITIRIET 2 LR XTTF RO 1 2B RL7 4 U &Ik
HUCTHEMZMERL TND Z & B =2 RV ¢ VIR0 & [ 0 S i o fEh i
FUZERH L TENLOMIaTOARAT oA RARLVEVEAZHIEIL TWDHDTHDL EEZ
g 884D, SF Y IREIT, YR ZHERFT D72 DI MOl &V bAFPERNRIE L7z &
FERADLND D, ZOXDIZIIRIZIW TR, Ml & ENTIERT LLF—7 EORBRIZ
PO BT AFHERORENE & TW DT ORI R LI &2 b b, VO
(. AFHRERDPEA 43493 L UWERE 4749 2RI T 5 Z L bRIHR TV D, AREFFETIE, JRE
BT DR ERE O I 2 T, 4F P EREMERFTH 2 MIP-2 b EH&E VCIZ XY |k
A L7 (Fig. 10) . LU, JPERLS o filidias T, mH&E VCIZ LV iR ERDEA S FE 5
Ehiehote (Fig.2-4) . Led> T, BAE VC I, JPHEICB T 2 hERO B A HI L,
ZTNOOEBIERZFET HZLIZEY, MM OT R =V A% BET L ENEZLLN
Teo IEHZR~ T RZHBTDEME VC X, AFHPEROEASCKEICE(LIT o722 LD
(Fig. 1D) | AR OSERIEAENN TV D HEIZ VC BNNEMIIERT5 Z E B EZ b5,

YRBIZ 1T DAF P ERDFEMZ2 A 0 = X MIBAERF T TH 5,
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HFHERIE, RNAMKE 7R b —2 24 57012 ROS Zitid %25, FHEkE K23 ROS
XV HEEEZTHEMRH D 9, LiL, FHERIERICERED VC 27 L 50, 8
LRGN BB 2575 Z E DA BTN 5 5152, VC I, T OFIAERIZ K - ThFHERD
H BN D R L 2[5 < 5859, AREFZEClE, IROREMAE VC + MM (FHBET, 4F
HERDSEIN L 72 (Fig. 1D) » 20 Z &id, @& VCIZ X 0 EiRED VC M hERICERE S
. VC OHRALERIC K0 aF R OB(LARE O SCTERZ R LTIz EA b D, &6
2. EIRED VC X, NAMIRDEFHIZH 28k & SOt ail Z L, HeOe A ERR S D 59, A
HFgE T, SO @ AR VC+ MM JHHBHCEIT D HoO2 & BROIRENRIM L, 7R b—
ZOIMAR R 7= (Fig. 6), $ki%, BE & @I 2B VC BMFET 5 Z L2 Ko TR
MR D 59, X 51T, BAMIITERE e gkd & T 57, MARNT VC M2 722 Lic K
D, BORELHMLIZEEZEXDND,

Mz T, AFHERODREZRRET 72O, gp9lphoxr~ 7 2 &ALz, afFHEkIZ, ROS
AR LARIEMZ 7T 59, ROS DAEFEEZHIBERIX, =aF LTI RTT=0UX 7 b
A5 RV vk (NADPH) A% v 4 —¥ LMEn 5, gp9lrherik, NADPH A% % —ED
it r 7 2= N CTH Y | EEEZ VNI L UTFET 5 59, ARAFZEIZI T, gp9lrhex
2 ATIEVC OFRENET Sz (Fig. 7) o 2O i, iFFERIZIS T 5D gp9lrkes st L
TEAREVC MEAT 22 L TH0e BVERSN MM O7 R h—v A%BI &I LD &
EORELTWD, Lizhio T, mAE VC OHRAMERICEH T 247 HERD gp9lrhex X M A

ML FER B AR DR 2092 L CHERERHZ R L TS ZENBEALNT,

HoHEN /NE
AREDORER, mHE VC I TiEsfr R Rz m L, INRICE T 2 MM Ol & #5240
Hil SE7z, mHE VC L, ofiEgs & i U TINEO L FERE 2 N S8, Th 6 ORIEH

MEREZ RN T A Z LI Lo THAMBO T R h— Z 2RI, 512, PO
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gp91rhox X N A OMENC EERRZE 2 R-L b 2 tnEzonl- (Fig. 8 ,

H,0,(ROS)

Fig. 8 BHE VC BNIFEROIFHERIC MM O 7 R h—3 A % 5] & Z 3 A4
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FH2E
FaR S B FE~ U AR D MEHEICHT D

BHEEZIV COHE

Bl WS

%1 ETIE, VC BNINEOAFHERZHIIN S, DAMBSEZRE S5 2 & 2ib~7e, S

22 MligkDHFET TROS 234 L. Pt x4 MERIZL Y ROS 2378 AfiiE -~

RENAEH L, 7R F—T RICEHE L T0WD Z VRIS L=, Ml O ROS O3EARN
. BAMIROT R b= AR T 2851 pb3 1T 55 Z LG STV D 60,
p53 IC KD MEGEIHNICIZ, = RAZFon—HEET25Z & bHEINTND 6163,
XVIL #aZ—7r D CRMGTZ T 7 A N ThbHTy RAZ T UL, MAEHER X OEE
HIEONRMELERTH v | BN GER -+ (VEGE) OERZBRET 2 "TREtE)s &
56, VCIZ, a7 =7 UV AERHICAAI R TH D3, =2 FAZTF TR L TOREITARY]
Th b,

A HT AT, 23 A O HIFECHHNC B R E 2 72 LT D 6, I &5 VEGF
B K UMD RLRIR F D PEA I, I & 2 O TR LWME B A 72 b3 28, Bl S
A I IHEER 3 L ORI RE Th Y S bR 5 MEFIELFHET 5 60, VEGF (X, M
BAEOFERRERFTHY | BERESGOREN A, RMF L OERERE, 726 N E#T &
259 % 60, VEGF (2%, SESERFEE GOV T XA 70 VEGFA (X, NEGH
e D ¥EGE & Foi M OEITIE M 2 2 RAICFHEE T & 2 £% 72 VEGF 7% 1 7 8 VEGFD
T, EATHERB R AN THROWEREEH AT 59724 7L LTURBRIATWDS
69, F7- VEGF X, DADOHKBESCHERFHBIMEBRICL-TTr vy 7 LF¥alb—hah

% 60, MKILSERIEIC L5 VEGF BinT0OisBE It lL, BER T Th L KMBEFHERE 7-1a
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(HIF-1a) (2 X > CHIE S5 70,

HIF %, 7 ==y k HIF-18 L EHEH#HGY 7 2= s HIF-1la 22k 5, HIF-
ald, 7rU 4k Raxr7—8 (PHD) IZL-oTrrl VAR ks &, =
EXFALSNTT BT T Y — DR E N0, ERERIRIE T, KL S 2Elk s
il HIF-1a 28 HIF-18 7= h & Z8{b$ 5 Z & I2 L o T, BHIEER 2 EAT D
), FBELT R 2B Lo ThiEM b E N5, VC IX 2 gk DRBAHMER T 5 7

IZRFIRTHD, SHIZ, VCILZPHD IZHBE X 5 2 EAVRR I TN D 137,

INHOZ b, MAEFAEICKT D VC ORE5I%, FEFNREZ RTINS L L5
R DHIDD, EOFEMIIIA ST 2> TV, L7 TRETIL, #IBnAO~ 7 2
fakk (Colon 26) # HAGRAH L7~ T A& HWT, FERAIZEIT 2 HE VC I3 5%)
REWF Lo, 6 A OGN & B2 BfRICH 5 pb3, VEGF, 8L U= FAZF

LUkt T A AR VC ORICHOWTHRE LT,

Bofh ERHIE

1. EZREY

AR, Bt~ 7 2 (BALB/c; 5 #fn) % HART 2 /Lo — RSt bIEA L TTT
ofc, ¥V AIK, B 1ELERESMET LAMOBEHF 2% T 72, £D0%, ~ 7 ADKENY)
FNTR D K DT, kHEEE, Colon 26 #£. Colon 26 + & & VC fFH#ED 3 7 /1—7IZ
#FV LTl =6/ ZV—7) , TRTOBWERIT, WEERE R F B ERIES 0K

REFH 66 7)) ITHE> THEM LT,

2. Colon 26 B L O VC RE D E-
Colon 26 1%, HALKFNNiRE AR ZEATI B E ARG~ % — (Miyagi, Japan) 75

g A L7z 79, Colon 26 (3, BZIRIEIZHEGE U IRIEME OHEFEN D 70 WRHEAY 2 8 AR TH Y |
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FESZN R OHE R Lod W o sd, AREFEICH W2, RO AMI (105) 25T 100
L DOH AR 2 A TR TR G- LT 76,

VC (Fuso Pharmaceutical Industries Ltd.) 1%, 2 1 &= CHH L7ZRELZSHEIZ L, A%
RVCIRIEOB 5 B%E 4g/kg & L1z, VCIE, ZREAKTHIRNL 0.2 mL 2 O#5 L=,

Colon 26 BLO'VC X, =M1 1 H 18] 14 HEhEKiRS Lz,

3. v U ADEEHE

MR e OFRFE D G-BlAG2 5 16 A BIZ, N2 hSvE X — &8 1 BEFRRO T
VU RERIELIZOB, v U AL FRIESHR A ME Lis, EH ORI, X (kkE=
LW2/2) IZ k- THRE L7z, XD LIk, FEREICFATRERONETHY , Wik, LIZTHE

ETEREIHTRHETH %,

4. = RREZF U BELVROS LNV DER

FESHAIER (2, ~ 7 AD DS 1 mL DR &R L= 7 /L% 4°C, 3,000 x g T
10 syfist oo L, BiER sy (%) 2, =0 FAZ F oL, i
ROEEEATIEWET v A %>  (Endostatin: Biomedica, Vienna, Austria) % {#
LHIE L7z, MER X OHEHRD ROS L-~ULiL, Hillk® Oxyselect™ in vitro ROS / RNS
HIEFx » & (STA-347; Cell biolabs, Inc.) M LHEIE L7z,
5. MBS E

MRS A PG 2 2R L. RGNy 2 HE 1.5 cm x £ 0.8 cm PUJ7 D5
Mt~ 7 & Ule, RG> 7, NI RV LT VT e RIEHK (4%, Wako Pure
Chemical Industries, Ltd.) |2 CHEE L7, FE L7ZEEHM%IT Tissue-Tek® optimum

cutting temperature Compound (Sakura Finetek) Z W CHiFEMH L, 5pm OEEX T
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7 1 h—2 (Leica Biosystems) (& C#iU & 1T o7z, BEBSMHARLI T 1X, 1 WkPifkE LT
VEGFA (1:100; Bio Legend, San Diego, CA, USA) & L 8 VEGFD (1:100; Abcam,
Cambridge, UK) (Zxf T 2 HiiE CREREG LD L, 2 &Pk L L T fluorescein
isothiocyanate-conjugated anti-rabbit (1:30; Dako Cytomation, Glstrup, Denmark) &
tetramethylrhodamine isothiocyanate-conjugated anti-rabbit (1:30; Dako Cytomation)
Z ) 25°C 12T 2 RFEI RO S Bz, s duta 2 ol U 7 I AH AR U0 A I3 s R BAMMER I CTHIZ
L., Y7 U7 =7 Image J ZH\, EIEAIZ 3 0 gTox Y 7 ZHiH L CIERlai o -1

EEHEH L,

6. VTRFUTuyT 4 TIZK DR

BRI L 72 IS5 73100 mg 2K BICTHI) TR ZATZ OB, B1FE L RO FHETY =
AP Ty T 4 TICL DM EIT o7, LRPUAE L L Tps3 (1:1000; Cell Signaling
Technology, Danvers, MA, USA). HIF-1a (1:1000; Abcam) , @ —F 4 > 7 2> ha—)b
ELToB 7 7 F 2 (1:5000; Sigma-Aldrich Corp.) # F N ETNKIGESE =D 5,
horseradish peroxidase THEi% X 4172k FiiK (1:1000; Novex, Frederick, MD, USA) THL
AT o T, EHE G IRIT AL PR TH H A L ) A% —8—4% (Wako Pure Chemical
Industries, Ltd.) THE L 7=D 5 BEO @ 4 2 Multi-Gauge Software Program ver3.0

(FUJIFILM, Greenwood) THUS L 7=,

7. BERHSHT

ETOT —Z L PHEESD E TR L7z, fiRIE, Microsoft Excel 2010 ¥ 7 b =7
(Microsoft Corp.) ZffifH Loy#T L7-, EEEOMEHAENEIZ. Tukey-Kramer test |2 &
S THIE LTz, faBRERDS 5% A D56 2 HEat PRI A & & Hllk Lz, #Etigtrid SPSS

version 20 software (SPSS, Inc.) (2 C%EjE L 7=,
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EI3H MR
1. JEEHEMRICx T 2 EHE VC 0%hE
Colon 26 % BFEBAE L7-~ 7 A%, BEENBILRINT-, BHE VC X, JEEHEG 2 ik

L7z, Colon 26 + &H&E VC FHEEOEE{AFEIX. Colon 26 B & kit LT 28% 8/ L7z

(Fig. 9A, B) ,
A B
2000 - Colon 268§
1|32 . ) *
~ 1500 FEZHDHIZE: 28%
£
g
#1000 -
it
+VCi A
ﬁ 500
XTEREE
YTEBB¥ Colon 268f Colon 26 o
+VCiH B i % T

Fig 9. Effects of VC administration on the growth of Colon 26 tumors in mice.
Macroscopic view of the tumor (A) and tumor volumes (B) are shown. Data are presented

as mean + S.D. (n = 6/ group). * p < 0.05 (Tukey’s post-hoc test).

2.p53, TV RRAFZF U LUt 5EAEVC OBR

P53 (T, BAMILOT A b —2 2R 2I5 T Th 5, HEHH#EDO ps3 L-Lid,
XTHEEE L Y & Colon 26 FECTHEIZHM L, Colon 26 + =& VC OfHEETIZ, Colon 26
FEL L EHIZIN L7z (Fig. 10A) . p53 1T X 2 MEEMENC—HBE N & 2 g h o=
RAZF LU OWTHRE LT, =2 RRAZF Ly, HEL D Colon 26 #f
THEIZHINL, Colon 26 + mH& VC JFHEETIEX, Colon 26 FEL D b S HITHNL -

(Fig. 10B) ,
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Fig 10. Effect of VC administration on the lower limb tumor tissues levels of p53 (A),
and on plasma levels of endostatin (B). Data are presented as mean + S.D. (n =6/ group).

* p < 0.05 (Tukey’s post-hoc test). FC: fold change.

3. JEEHHRRIZI1T 5 VEGFA 38 L OV VEGFD OBzt T 35 HAE VC OFR
VEGF (. m&#HEDFELFEGRTTH 5, VEGFA 5L X VEGFD D EEHEHE D%
BL~ULd, xtPREE S bl LT Colon 26 BETAHEIZHIM L 7=, Colon 26 + & /H& VC

DFFRE T, Colon 26 BE & il L CTHEIZHAD Lz (Fig. 11) .

Colon 268% Colon 26 BB B Colon 26&% Colon 26
+VCH S +VCiHEE
kDa B D ” *
viors o NN o TR
veern 0 [ = T L= o >
oy " = -
£ g 2
Pacin [ S0 . $20- % (8| z%
< RO: ' & B | & | 20
3 j'::. i = = |&| °”
S1o0- = | & [tw] B1o- — |2 |
Qo _g :E <) Q
> Sllge| 5
0 il 0
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Fig 11. Effect of VC administration on VEGFA (A, B) and VEGFD (C, D) levels in the
lower limb tumor tissues samples. Immunohistochemical analysis of VEGFA and
VEGFD (A, C). Western blotting analysis of VEGFA and VEGFD (B, D). Data are

presented as mean + S.D. (n = 6 / group). * p < 0.05 (Tukey’s post-hoc test). Scale bar =
100 pm. FC: fold change.

4, HIF-1a L~)ViZxt3 2 AE VC OFR
VEGF 1%, DADORBRKERTRBIWMERBEICL > TTY vy L X ab—hahd, K
Fefili%ic & 5 VEGF & 1s 1 O E LT 55K 7 Ch 5 HIF-1a lZ L » THlfE =i b,

R EAR D HIF-1a LU, SHREEE & Hei LT Colon 26 BECTAHEIZHEIM L7228, Colon

26 + = HE VC JFHREETIEZ. Colon 26 BEIZLE_THEIZHAD LT (Fig. 12) ,

*
* *
40 — '
o
~ 3.0 — ;
T = 2 %
HIF-1o 120 "5 s s 2 ~ i
A 20 — m = &)
B-actin — — — 3 & % >
— = &} -
9 &
1.0 — — 3.
= g
S
0

Fig 12. Effect of VC administration on the lower limb tumor tissues levels of HIF-1a.

Data are presented as mean + S.D. (n = 6/ group). * p < 0.05 (Tukey’s post-hoc test). FC:
fold change.

5. EEAGENE X OmsED ROS Ikt 52 EHAE VC 0% R
RIS PN 35 L OMIAE O 5 D ROS L~Li, Colon 26 BEClE., XFRARE L ol L-CHhn

L7-73, Colon 26 + mMH&E VC A TIX, BEIZED sz (Fig. 13) .
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Fig 13. Effect of VC administration on the lower limb tumor tissues levels of ROS, and

on plasma levels of ROS. Data are presented as mean + S.D. (n = 6 / group). * p < 0.05
(Tukey’s post-hoc test).

Bath BE

p53 1. JEGHIHI OB FTH Y | WABLTFOLEERA L AT L > THEHE(ET 5 Z
LICLY, THREBEFORBEEZFETLZE08MLNATND T, S HIT, fiaEoE L
RTRE—VAFERENa e — L END T LIk, PAMGIRREEZRIES L2 &
DB TND 1879, FTOFFE T, ps3 2 a(ll) =27 —47 7 a4k Fafx T
— BB FOWBEZIEM LT 2 Z LI L0 EFELIHT 52 ERNRBITnD 6D,
ZHUCED XVIT BLW IV B2 T —F A HkT 501 e NRIVE M & B A EWE T H
LT RRAEFUBIONE LAZF MBS S5, 26 OEYE S 8 %
AERRIE A EI L. IS AMER 2773 6164, Colon 26 % BFEfSAE L 7o~ U A THENBIE S
N 7=(Fig. 9A), EHEVC 20 Lz~ 7 2 TlE, EORENH S (Fig. 9B) . pb3
LTV RRZF U OB L= (Fig. 10A,B) . & 52, VEGFA & VEGFD
LU, s VO FRRE TR L (Fig. 11) . =2 R2ZF 13 VEGF OfEMZ

FETLIENRBEINTNDLZ &G, V2 pb3 /[ = RAZF 2 [ HIF-1a / VEGF #%
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BB G- L CW D A R S iz, — T, VCIZa 7 — 5 v oA L fERHICE G- L T
BY, ph3 2N LTEATZZ < XVIII Ala g —F U cEEEHT 22t bE 2 b
2

VC IZ HIF-1a %41 L T VEGF OFBZET 5 2 & bl S5 80, HIF-1a 13,
MR ERER T D PHD I Ko TKEBRb s D23, IKEESR N> HIF-1 1, ZE(k LT
R BYEPEALIR A2 BEA T 5 1172, ZO1% VEGF 2370 S 4v, PRGBS LT L i &
PR S5, BERIREOEIZ ROS IC AT 5, Ak, MiaNIZBIF 2 ROS X, #i
tEM ZR9, LarL, ROS 2RI L7OREBIZIR W T, BB 278 LIgb
FLRAZEGIEE T, ROS L-ULOHINE, KRLSRIER L OISR o HIF ZE{6ic
5352 L bl STV 5 8, Colon 26 B L 7=~ 7 A2 Tid, HIF-1a & ROS ®
7O LU L7228, mAE VCIZX» CTlirasmd &nt- (Fig. 12,13) , 2D Z

b EmHE VC IZ X % ROS O NMEFAEDIHNIEE G LT\ o Z LR s,

BE5HE /INE
Fif& VC 1X, VEGF O ZET 2= FRAZFUEBNsE2 2 Licky, m#
BAEOMENC S35 = LAVRENT, & 512, VEGF OEETLER 71238 % HIF-1a 13,
FHEVCIC kv mfilShiz, HIF-la #2E(L S5 PHD (X, VCIZ XY ROS 78
%5 Z & T HIF-la D&ELE S0 L, MEFAEOMENCE R -7 B 2 65 (Fig. 14)
ZOZENG KETIL, fENAHERE~ T AT 2 E & VO 1%, O HE5E 2 M

A8 A 24 o Z & b HUESEARICB S L TWD Z LRSS,
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Fig. 14 ®H&EVC 2 p53, = A X F . ROS, HIF-1la, VEGF IZ/FH L& B AED

N B 59 2447 (Magenta color 1%, EBRER LV ELNI-ZET L R)
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FH3E
AV T T R X DR BRI 5

BHEEYZ I COEHME

F1E S
ERHIR DR AL, ETEBEICER L, BRARFOIIL BeZlT, BEFICERNE

THZEICEVAEL D, DAl LT, MRS DS 5 IS HlE T & e < 72 0 BERR 121
T 5, MIIARESEIC IS, DNA LA MLETH Y DNA HEN T ICHEITT 5 7201215, DNA
O AMIE DRI AZ T 5 2 ENNETH D, 2D DNA O bt AMEEOHITEHIC
o DBERIC NRA Y AT—ERHY, [BENBOLA TRbDH, hBRA Y AT—F TIF,
O AMEEL &5 2 K8 DNA O—FO#EA UM L, Gl (= 2) Eoicfh)s ofi4 @
WIHETRUNEIRD, £D% DNANLY RZRIN72%, 1 AK8#HOD DNA = 7 RN HES
END, AV T h ARG (CPT-11) (X hARA VY AT —B IHEETHY  BOE
AAEED DNA BER A RICHEG L. B a2 ET 2 2 & CHUEEZI R 217 8289,
CPT-11 1%, X~ I XXXV 2EENLN T T2 ) — NMeame LTH%ES
ni=7a 7 v Z7RIOFMNAEKTH D, CPT-11 1%, MAEN TIKD R S U CIEERB <
&5 T-T=FN-10- KXo 7 7w (SN-38) 1A I D, SN-38 (Tl T 7L
7 v g (Glw) fb %5, SN-38-Glu & 72 0 IR CIEENICBITT 5. AR R
IZBWT CPT-11 13, A A, SIS A, BBA. KIBEBA, IL3AZ EITELEHA ST
W2, 2018 EIZHIT DAFRTORIGN ADOHRBELIL, B3 AL, ik 2 i &2 HT T
W5 EIEC 89 CPT-11 OFEHBE LML THY . RKERADORENRL T AL THD
FOLFIRI #i%(c, CPT-11 AEA SN T35, CPT-11 »AEMHIK T (Dose Limiting

Factor) 13, FIMERNA & FHIThd 5 8580, X 512 CPT-11 1, MLECHMERE DR A E
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FREGISEZTZEAMON TN 8789, CPT-11 12 L 2 Rk FIL, MBBENE D
DO, EEEDKNZ LRI TH D | BB TRIAETEBEINTERDFHE T 2720, &
HOAEIEDE (QOL) I[CKE 2 FIE T, £758I10 Ko TE BATRRIC 2 Eak
PET L, IRERHFILICELSGAE B Z N E STV DH, CPT-11 12 L 5 Hzl R R Bl k)
TOHMIIE, FEAEBIRDATWRVONBIRTH D,

WX, RN ORI, SRAIBRIEC X 2 I8 ORIE, IMBBREEDOZ L Y| SHn
BRI Y BFNY 7 HERED S 722 o T AE . A8 ORMRFEN TE T, AN D OK
SFEERENRERTHZLTHERISND 89, ST, WREEIT, REICBT 5RIED
REZRERIAAET DTN VR a T =7 OFIC LB ERISND) 30, 25
— 7 DOERIZIE, VCBRREARRRTHD,

aT = UKD VC O&FENT, Ful) el vuak kg 3R OMIK T
b 90 3AKRD AT —H U BHENES SN RT AU AR O AR E S, B O MEsd
LB O RFE N Z 5 9, S 512, VCIL, HikiERA AR LTkY 92, EIFi5RicE
WT, HHE VC & CPT-11 OffF A G L0 KBS AW # L2, VCIZL2 ROS
WAOBEIOTIMa T =7 OEnHibin 9, LarLl, mHE VCIZBIT25nA%EE
OOFFINE S A EEL A~ LI 2 TR,

Z ZTARETIE, CPT-11 NS ZFH T 2 A=A LB IO HE VC D513

PR RS AT IR Td B DM DWW TRt L7,

B2E EBRGE

1. EZREY

ARWFFEIL, HEEO~T LA~ 2 (HR-1; 7 #li5) % AART AL —HRRESHE DA
LCiTo7z, ZDO~7 AL, Second hair cycle ®ZFIZ LV | 4 BHERED D BN TERITH T

%O, BIBEOMLENRR L FEICET 2EIES bt Tnd, AL~ T, 5
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1 BLRSGMT 1 BEOBHLIR 2% 72, TD%, ~ 7 AOEKRENHEI/R2D X 91257
. XFERRE. B E VC BERE, CPT-11 ¥ 58:, & MHE VC + CPT-11 fFHEtD 4 7 L —
FIZEI) YT (n=5/ Z—F) . TRCOEMWERRIT, EERER ST EBR et

OKFRAE 555 34 5) \THt-> THEMi L7,

2. REOHE
VC (Fuso Pharmaceutical Industries Ltd.) {X. 100 mg/dayZ A& /K THR L. &0
. L7215, CPT-11 (Daiichi Sankyo Healthcare Co., Ltd., Tokyo, Japan) /%, 60 mg/kg/day

ZARBAKTHARL, BIERNEKREG L2, £EkiE, 0.2 mLT1HA1E, 40 k&b L,

3. MR EREDRE

AR GBIAS 5 A BICY b EY — &5 1 L RRROGIE T~ U Az kil L
Toth. R JE DRI K0 B (Transepidermal water loss: TEWL)ZHIE 5729
(2 Tewameter® TM300 (Courage + Khazaka Electronic GmbH, Cologne, Germany) % fiff
M L7299, TEWL IZEEN SR H72 0 IS RS 2K DREBTH Y . BIGNV T
BEREZ B L T2, HIEME, IERMATRF L2 10 Bftdte, BB 22 E L7 IRRE TRt

ALY | 3 EHIEIC K 5P TR LT,

4. MiEH ROS L~ VHIE

TEWL % JiE#, DA 5 1 mL O Mz R L 4°C, 3,000 X g T 10 Jyffiz Lo fE L
iEER Sy (4% Z2HE AWz, ROS Lubid, Hifli® Oxyselect™ in vitro ROS/RNS
HEx > b (STA-347; Cell biolabs, Inc.) #fifHL, v(1 77 L — U —F—Z Tk

480 nm / )6 530 nm DI THIE L7=,
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5. BB A

MARFRIRZ . #E1.5 cm x ££0.8 ecm DU OFHEE Y~ 7 & U TR L 72, HHEEJE
TE, RTRIVAT VT B RIRIR (4%, Wako Pure Chemical Industries, Litd.) (2T
E L7, [EE L7 FJEM# L Tissue-Tek® optimum cutting temperature Compound
(Sakura Finetek) Z W CTHAEEME L, 5 pmDE XTI 7 2 h—24 (Leica Biosystems)
I CHY AT o7, MY L iE~~ bF v U =4 Yy (HE) Ik THta Lok,
PRSI TR FROREM ATV SRR ISR L 72 10B D BRI K R~ 6 BT
MICEDETORSEZWE L, TRV RF, TR P—v2fHF v b (Takara
Biomedicals) % FWCREli L7z, 774 b — AR, MRS 72 RTECE 2 O O
% aEEIC 3 2 TUNELIE Z JHV TIT W HOBERMEE THiL%E L 7=, TUNELG MM 0%,
WRAEE Y 7 b7 = 7 Image J& HWTEHI L, BIERIZ32 o U 724 L, AL

& (mm2) &72 Y OTUNELBG MRS O EE %2 FH LT,

6. VTREZ Ty T 4 I XD

PRI L 7 BB 0 B 100 mg 20K EIZ THII TR HATZ0 5 15 L RO 71k
TUTZRZ T yT 4 IR DM E T o7z, 1REUER & L CRMEMAaRr A~ —
— T % S100A4 (1:1000; RB-1804-A0, Thermo Fisher Scientific) . I =7 — /% v
(1:1000; 234,167, Millipore, Billerica, MA, USA) . cleaved caspase-3 (/7 A 3—+3)
(1:1000; Cell Signaling Technology, Danvers, MA, USA) . cleaved caspase-9 (% A/3—
£9) (1:1000; Cell Signaling Technology) . =—7 4 7 @ hr—/L & LTOB-T 7 F
(1:5000; Sigma-Aldrich Corp.) % i EIIE & /72D horseradish peroxidase CTHEik
S -2k Bk (1:1000; Novex, Frederick, MD, USA) % 25°C C1HFHIS R S 72,
BEIL, bR NRETHDH A L) A X —F—# (Wako Pure Chemical Industries, Ltd.)

TGS =0 B2, g %2 Multi-Gauge Software Program (FUJIFILM, Greenwood) T
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B L7,

7. WEEHIHT

ETCOT =X L PHfEESD fET/R L7c, fRIE. Microsoft Excel 2010 7 b =7
(Microsoft Corp.) ZfiH Loy#r L7z, SR OKEIIAENMEIL, Tukey-Kramer test 1 &
S THIE Lz, fEBRERD 5% KM D% a & fiat PRI AR &Hll Lz, SEatigtrid SPSS

version 20 software (SPSS, Inc.) (2 C3jii L 7=,

B3 R

1. = UV ZDREREBOEIZKT 2 AR VC DR

R § D TEWL 2 E LT, #8278 L7z, CPT-11 &5 T TEWL 23 KiigiZ
ES L7z, 0D 3 7 A= I3 R ol o7z (Fig. 16A) . —J . K§DOIFHA
fchsr 1 AMaT =7 oRBE, CPT-11 #5BTH LK T Lasd, EH&E VC+CPT
11 PEAERIC R 5 T a Z— 7 o o8I, dEFR L OmME VC &5 L RRETH
<72 (Fig. 15B) , & 51Z, KEOU % HE Yea L, RENO K FHEKICE S ETORES
ZAHE L7z, CPT-11 58 TlE, BUEDE S i/ L7223, @& VC+ CPT-11 D
B DR S IE, xHEE & @ R VC B GREIC A~ TEIE R o 72 (Fig. 150) &

A * B

w = e

=TT
10—
= =
= | = 3.0 *m
N | b 8]
g | 43 2 50 g
2 5 8] N # =
- > N = B
3&- #ﬂ- ar = &)
= RE: | | 8 = | 0 A
3 3 noo||E|®
# B>
0 =0
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Fig.15 Effects of high-dose vitamin C administration on irinotecan-induced skin
dryness. TEWL (A), the expression of collagen type I in the skin (B), and skin thickness
(C). Values are presented as the mean + SD values of five animals. *P < 0.05. Scale bar
=100 pm. FC: fold change.

2. TUNEL B OB T 2 EHE VC OZhER
TUNEL i, 78 b—3 R L W AR SN DNA 8- 2 B3 4 5,
TUNEL MM o%i%, CPT-11 &5 THE LMLz, =720, R, &HE Ve

BehRE, B VC + CPT-11 JFHBE D 7 v — 7 CHUZE W 22 - 72 (Fig. 16)

*
o 200+
:
@ 150 #OE
= z
H 100 e =
s meoa PR 2
= o F S (8]0
2 50| ,
|
3 3 =)
CPT-118 CPT-11+VCE 5, |—‘—|

Fig. 16 Effects of high-dose vitamin C administration on TUNEL-positive cells.
Values are presented as the mean + SD values of five animals. *P < 0.05. Scale bar =

100 pm.
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3. TR M=V RADORBUTKIT B I A—F 3, B AN—F 9 BL ORI 58
A& VC 0%

CPT-11 #5IC kY, EFMENEELZT. TR M= AOFELFI SR T2, 7
AN b= A L HEIEIRIC B #E T 2 0 A= ERE Liz, B AN—BE, Tua A R—F
CIEHEAL D A R—B NG END, 7 rh A= BRNTEICHRMNICEE L, 2O L-1E T
W= X LB L e, ABFZETIE, TEE(E D AR—E 3B LU 9 OB Z R LT,
HANR=E 3BLOHAR=E9DL~YLiE, CPT11 & GHETR ML, mAHEVC
+ CPT-11 BFHRED LUk, CPT11 & EGHEDO L~V L0 AR o 7208, xtlEER
FUOEHBEVCEGHO L~ VL bEno7z (Fig. 17A,B) . — 7. B OBRHESMIRD

Bux, CPT-11 R CIED L=, %0 @ 3 7 v—7 1%, [AfEE Th -7 (Fig. 170) .

nzs—vo - ¢
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Fig. 17 Effects of high-dose vitamin C administration on caspase-3 (A), caspase-9 (B),
and fibroblasts (C) in the skin. Values are presented as the mean + SD values of five

animals. *P < 0.05. FC: fold change.
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4. mEEF D ROS L)L Df#MT
WEMAL T 28— 1%, 2 b R 7 TROS OAFEA | i 24 99, CPT-11 & 5-7£ 1%,
ROS L~ L g LS L7-, ®mH&E VC + CPT-11 gD ROS L~LiX, CPT-11 #

BREL D D Ly, etleBE S & Ve R EREL Y b L7z (Fig. 18) .

*
*
*
200 - * &
g
S 3
= =
—~ ar =
v o100 + & T
Q % &
= L
|
0

Fig 18 Effects of high-dose vitamin C administration on skin levels of ROS in the

mice. Values are presented as the mean + SD values of five animals. *P < 0.05.

B4t B8
AWFZETIE, CPT-11 #5128 v TEWL O L5 (Fig. 15A) | 1 27— OFBLO

B (Fig. 15B) . S DE S DY (Fig. 15C) 23880 b, B ENFHR SN, Zh
5D LU, EHE VC OB EZICHBEED LIS X | Wi g LT OR BB TS

W22 EDRBE T, & 612 CPT11 o 52X v, TUNEL BIEfn, B A/R—¥ 3,

J A= 9. BIOROS L~ unsghnsi (Fig. 16, Fig. 17A, B, Fig 18) | #HE2EMA
DMWY LT R b—v 20FENEE SR (Fig. 170) . —J7. mHABVCIE, 2 b

DINT A —F —hFEIET,
LS AT, AR T TR EFMEICHEELZ MF L, 7R b= ANFHE Ik

FEHZ AR 2 AR~ 2 9598 FIN AURRKIZ K DMBRIED > 7 L, TR b— AMEEH
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NIETHD B2 fA X4 2378 (BAX) ZiGHELE® 5 9, BAX (X, S hav R
TA~BEIL, S haryRUTORIV N7 eb Crtis®Esd, Y2 ueb CliETR b
— AT 7T —BIEM LR T LS LT A= 9 3 h A —F 3 BRI bIE, &
AUTE Y DNA WA L E 7R b= R ZfF8$ 5 2 L AVRIR S LTV D 9598100, X 5|2,
PR AKIZEB T 57 AR b — AOFHEIBFRICHVT ROS DA #E Zi Ty 5 101104
ARFIEICEBNTE CPT-11 #54. ROS OB A= 3 BLOH A/ 8—F 9 (THML, #
HMEFARRL DT AR N — 3 ANFHE I NI ATREMED & D, MRHEZFAIRRIE, BCRE D Ess M D HE TR <0
BECEY, 27— Eofilas~ N v 7 ZAOFEEE D DR RO T
bD, TOIH, BHEIFMEAED L2 T, T RMagd—r o LiztB 2o,

VC ix. ROS Mg+ 5 Z & T, HibiEHZ 3 109, &H&E VCI1X, ROS DA%
B2 LT, CPT-11 12T 2 MO T R h— v AFFELZ I LTz, S HIZ,
BRMEEEMIR OB 2mz 5 2 ik, TRaTZ—F oo bz b 2 LIRS
Too LIe3o T, BHEVCIL, FINAKICKBIT HHBEEICAITHL I ENRBZZ LN
77
EBoEN /NE

CPT-11 5%, L 52 L2RSh, 2 hay RUT~0#EELE ROS
DERRIZ L - T, BHEIFMIEO T AR b — v A X DMIAMENFEK TH D 2 & PR S
2e SHICEME VC OfA#S51Z, CPT11 2L > TAELAT R b= 20FEEB LW
ROS Al & b 8 7= (Fig. 19) .

REOFERND, WHEVC X, CPT-11 12 X 2 MR B OMEI R 1’ 5 5 2 & AR

i,

37



%]
e
=
H . S ¢
(28] » 5 '
‘g 05 —4y v U :5—’1’7%&&' @
RS %
E£IYCIc&?d
ROS% @4
E£2IVCIc&3d
TR ZFE
ZHH

a)a‘%é CPT-11i2k 3
7721\"—-13’12'71!_1 j

Fig.19 CPT-11 O R R BT 5 @ VC OIEMA EFH R R B b 211

T

38



=i
O
E=1(11
E:[)

AFRSCTIE, BATRIRICI T 2 ROS (24 2 @ A & VC OHUIBE A & 5 &g
AN RN ONWTHEH Lz, mAE VC IR 2 HUEE 5L, ROS O EA RIS T
DN, BRSO IEEIC BT DA E VC DA N =X LD TIEH 6Tl
WV, EBIC, FIBSASE HHE VC OPFHIC L 5, YA EELEBEDRITHTH D, £
CTAGERCTIE, DATBIRICEIT 5 ROS ICXT 5@ E VC OMRICEAT DA =X 0%
Bt L7z,

%1 ETIER, MM #F¥~ v X 2B 2mME VC 1T, lEssfrirffFizrr L, JPRIZE
F % MM DR & 8 2 30 S8 72, & 5T, JIBROGTHERM AN S &, PR G4
RS 72 ROS OEBIERIC L VMO 7 AR h— v A &R ST, REICEWT, HHER
21T 5 gp9lrhoxst LT & VC BMEHT 5 Z & TROS EK SV, MM OT AR h—
B LTnWs Z s aEi (Fig. 8) o &2 HTIL, MIBPAFER~ U RZBIT L5
& VC X, ROS A4 %2 LT, HIF-1la DLEILE 725 LT, &5, @& Ve
X, VEGF OIEHZHET 2= FAZF U s E5 2 L2k, mEFEOIHNC
L2 Z LR ENTe, ZNHDORRNG, mME VC X, IEEOMHE A Il L, a5
ArMHT 5 2 & BHUERESIRICEE LT\ Z EavRENT (Fig. 14) . 3 3 ETIL,
CPT-11 O¥EWE EFGIT L Dl ERBUCKT 2 m & VC oF Atz fER L, CPT
11 503, HREF 251 & 2T 2 &R S, 2 har R 7 ~0EEE ROS DARKIC
F o T BHESRIBR D T R b — 2 R K HMAEENIRR & 55 2 ERRB I NT, EHIT
EHE VC ofkn#&h1X, CPT-11 12X > TAEL DT A h—v ZAOFEE LU ROS A%
B sELZ EEHLMCLE (Fig. 19) .

UboZ Lnb, mMEVC BT 2 HUEGNRIL, VRO PEKICEK T 5 gp9l (23 L

TEMHEVC MEHT 52 L TROS AL, A F &0 MEAIZ Lo THAMIEIC
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BRI AR LT, 61, MEFHEICBT H2EHAREVCIL, VC OfBL/EHIZ L -
TROS 23b L, VEGF OIEMHE SN D Z & T, JBEOM/NIER -7z, ZibnZ
EMB L. MREVCIE, 7Aooy MERSTIRBERIC X 0 S R A= 2 &
W shz (Fig. 20) . &512, mAEVC X, ROS oS % T Z LT, CPT11
e b-1% O R B A L7z (Fig. 19) .

mHE VC AL, T TIATONL TV AIREIETH L0, REICTET VU ANRZ LNE &
TS, RFRSCTORERIL, 5% O EHE VC IFRIEDHERE 7= 2I80REIC e D T2 O 1= 72

AREME PR BELRMATH D L EX D,

BRE [ [meem] “
= ve )| ZAFAF & MEH mER
— \ GP91
x?/ ~ | : Fort Fe+ BRETHENA @

O T
1

H.O nERIL(ER
(EwEH)
5 S @@ ARETHENN @
2
“ T FREFY VvC
colon 26 mEFHE
VEGF

Fig. 20 mM&E VC IZB T 27 v A% & MEACHERLIERIC X 0 HUEE 2R 27~

AR 27
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Abstract

Effect of vitamin C on tissue reactive oxygen species
in cancer treatment

Introduction

Many novel cancer chemotherapies are being developed based on the cancer stage. Here,
we focused on vitamin C (VC), which is an important factor for biological components.
VC has an antioxidant effect to remove reactive oxygen species (ROS) and is also known
to generate ROS in the presence of ferrous iron and to act as a pro-oxidant [1]. The use
of VC in cancer treatment is suggested to require high concentrations in plasma [2].
Furthermore, ROS is considered to be involved in the antitumor effect of VC [1,3].
Previous research has also suggested the involvement of ROS and neutrophils in the
antitumor effects from the combined use of anticancer drugs and high-dose VC [4].
However, the mechanism by which VC regulates ROS in the growth of tissues and cancer
cells remains unclear. Furthermore, it is unclear whether the combined use of anticancer
drugs and high-dose VC can reduce adverse drug events. In this study, therefore, we
confirmed the antitumor effect and drug adverse event mitigation effect of high-dose VC

in cancer treatment, and to examine the underlying mechanism of these effects.

Chapter 1: Effect of high-dose vitamin C on melanoma induced mice —The organ-
specific effects and involvement of reactive oxygen species —

In this chapter, we examined the effect of high-dose VC on melanoma (MM) in each
organ (lung, liver, small intestine, and ovary). We also examined whether ROS and
neutrophils were involved in the effects of high-dose VC treatment. Using female mice
(C57BL / 6 J; 7w old), the dihydroxyphenylalanine (DOPA)-positive cells and
glycoprotein100 (gp100), were measured to confirm the expression of MM. Since VC is
also known to stimulate neutrophil production and function, neutrophil and macrophage
inflammatory protein-2 (MIP-2) cells were measured. When changes were observed in
neutrophils, the amount of VC in the tissue as well as in the tissue neutrophils were
measured. The amount of iron and hydrogen peroxide (H2O2) in the tissue were also
measured. TdT-mediated dUTP nick end labeling (TUNEL)-positive cells were examined
to confirm apoptosis in tissues. In addition, gp91#4ex knockout mice were used to verify
the effect of neutrophils. As a result, the number of DOPA-positive cells and gp100-
positive MM cells in the ovary increased substantially in the MM-administered group

and decreased compared to the high-dose VC combination group. In addition, neutrophil
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counts and MIP-2 levels in the ovaries were higher in the high-dose VC combination
group. No significant difference was observed in the lungs, liver, and small intestine, so
we focused on the ovaries. Intraovarian and neutrophil VC concentrations were lower in
the MM group than in the high-dose VC group, but higher in the high-dose VC
combination group. Concentrations of H2O2 and iron in the ovary were higher in the
high-dose VC combination group than in the MM-administered group. The number of
TUNEL-positive cells in the ovaries showed similar results. In contrast, the number of
DOPA-positive cells and gp100-positive MM cells in the ovaries of gp91»4ox knockout mice
increased between the MM-administered group and the high-dose VC combination group,
but did not change significantly between these groups. Similarly, the number of
neutrophils was not significantly different between the MM-treated and high-dose VC
combination groups. From these results, high-dose VC showed an organ-specific effect
and suppressed MM infiltration and proliferation in the ovary. High-dose VC
administration promoted apoptosis of cancer cells by increasing the number of
neutrophils in the ovary compared to other organs. Neutrophil gp91»rioxis thought to play

an important role in the suppression of cancer cells.

Chapter 2: Effect of high-dose vitamin C on angiogenesis in colon cancer induced mice

In this chapter, we examined the effect of high-dose VC on angiogenesis using mice
xenografted with Colon 26 tumor cells. Male mice (BALB/c; 5w old) were xenografted
with Colon 26 and tumors were observed. In addition, tumor tissue p53 and endostatin
levels were measured. Since endostatin has been reported to suppress vascular
endothelial growth factor (VEGF) [5], we also investigated VEGF and hypoxia inducible
factor -1a (HIF-1a), a transcription factor for VEGF. We also measured ROS. Tumors
were observed in mice xenografted with Colon 26 tumor cells. Tumor volume after high-
dose VC administration was reduced by 28% compared to that in the Colon 26 group,
indicating suppressed tumor growth. p53 and endostatin levels were substantially
increased in the Colon 26 group compared to the control group, and they were further
increased in the high-dose VC combination group compared to the Colon 26 group. Tumor
tissue expression levels of VEGF subtypes, VEGFA and VEGFD, were significantly
increased in the Colon 26 group compared to the control group, but decreased in the high-
dose VC combination group compared to the Colon 26 group. Similar results were
obtained for HIF-1a and ROS levels. Thus, VC is considered to be involved in the
suppression of angiogenesis by increasing endostatin, which inhibits the action of VEGF.
VC also suppressed HIF-1a and ROS levels. It was concluded that the decrease in ROS
caused by VC stabilizes HIF-1a, leading to the inhibition of angiogenesis.
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Chapter 3: Usefulness of high-dose vitamin C on dry skin caused by irinotecan
hydrochloride hydrate

In this chapter, we investigated the mechanism by which irinotecan hydrochloride
hydrate (CPT-11) induces dry skin and how high-dose VC administration is effective for
dry skin. Transepidermal water loss (TEWL), skin thickness and type I collagen were
used to assess dry skin after CPT-11 administration using male hairless mice (HR-1; 7w
old) Collagen expression was measured. In addition, caspases, fibroblasts, TUNEL-
positive cells, and ROS, which are thought to induce apoptosis in normal cells, were
measured. Administration of CPT-11 increased TEWL, decreased skin thickness, and
decreased the expression of type I collagen, and induced dry skin. In addition,
administration of CPT-11 increased ROS, caspase 3 and caspase 9 levels, TUNEL-
positive cells, reduced the number of fibroblasts, and induced apoptosis. In contrast,
high-dose VC administration improved these parameters. It has been suggested that
mitochondria activate caspases and induce DNA fragmentation and apoptosis in
response to cell death signaling triggered by anticancer drugs. This suggests that dry
skin caused by CPT-11 is caused by cell destruction due to apoptosis of fibroblasts due to
mitochondrial damage and ROS generation. Administration of higher doses of VC

suppressed the induction of apoptosis and ROS production caused by CPT-11.

Conclusion

Based on the abovementioned results, high-dose VC suppressed MM infiltration and
proliferation in the ovary. Furthermore, ROS produced by neutrophil gp91r2ox upon
treatment with high-dose VC was shown to act directly on cancer cells to induce
apoptosis. Furthermore, high-dose VC was found to suppress ROS as well as
angiogenesis and to exhibit an antitumor effect in colon cancer. In addition, high-doses
of VC inhibited the production of ROS in anticancer drug-induced dry skin after CPT-11
administration.

Overall, these results provide important insights into new possibilities in the future

development of high-dose VC therapy.

References

[1] Chen Q, Espey MG, Sun AY, Pooput C, Kirk KL, Krishna MC, Khosh DB, Drisko J,
Levine M. Phamacologic doses of ascorbate act as a prooxidant and decrease growth of
aggressive tumor xenografts in mice. Proc. Natl. Acad. Sci. U.S.A., 105, 11105-11109
(2008).

52



[2] Wilson MK, Baguley BC, Wall C, Jameson MB, Findlay MP. Review of high-dose
intravenous vitamin C as an anticancer agent. Asia. Pac. J. Clin. Oncol., 10, 22—-37 (2014).
[3] Cho S, Chae JS, Shin H, Shin Y, Song H, Kim Y, Yoo BC, Roh K, Cho S, Kil EJ, Byun
HS, Cho SH, Park S, Lee S, Yeom CH. Hormetic dose response to r-ascorbic acid as an
anti-cancer drug in colorectal cancer cell lines according to SVCT-2 expression. Sci. Rep.,
8, 11372 (2018).

[4] Kondo K, Sano R, Goto K, Hiramoto K, Ooi K. Administration of High-Dose Vitamin
C and Irinotecan Ameliorates Colorectal Cancer Induced by Azoxymethane and Dextran
Sodium Sulfate in Mice. Biol. Pharm. Bull., 41, 1797—1803 (2018).

[5] Sasaki T, Larsson H, Tisi D, Claesson-Welsh L, Hohenester E, Timpl R. Endostatins
derived from collagens XV and XVIII differ in structural and binding properties, tissue

distribution and anti-angiogenic activity. J. Mol. Biol., 301, 1179-1190 (2000).

53



