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: 5-fluorouracil

: alpha-melanocyte-stimulating hormone

: adrenocorticotropic hormone

: cytarabine

: agouti signaling protein

: adenosine triphosphate

: cyclic adenosine monophosphate

: cluster of differentiation

: sodium carboxymethyl cellulose

: irinotecan

: colorectal cancer

: cAMP-responsive element binding protein

: 5,6-dihydroxyindole

: 5,6-dihydroxyindole-2-carboxylic acid

: dimethyl sulfoxide

- endothelinl

: enzyme-linked immunosorbent assay
 exchange protein directly activated by cAMP
: a-[2-(3-chlorophenyl) hydrazinylidene]-5-(1,1-dimethylethyl)

-B-ox0-3-1soxazolepropanenitrile

: fontana-masson

: growth and differentiation factor-15
: guanine nucleotide exchange factor
: hematoxylin-eosin

: immunofluorescence

* interleukin

*inducible nitric oxide synthase

: 4-methyl-N1-(3-phenyl-propyl)-benzene-1,2-diamine
* melanocortin 1 receptor

* melanocortin receptor

* microphthalmia transcription factor

: messenger ribonucleic acid
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: N-Acetyl-L-cysteine

* nuclear factor-kappa B

: phosphate-buffered saline

! pro-opiomelanocortin

! persistent serpentine supravenous hyperpigmented eruption
i quality of life

! reactive oxygenspecies

: specific-pathogen-free mice

! serpentine supravenous hyperpigmentation
! tyrosinase related protein 1

! tyrosinase related protein 2

: von willebrand factor
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Fig. 1. Schematic diagram of skin structures
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Fig. 2. Melanogenesis mechanism
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1. EREW

FEBRIZIX, FFEORIFIRZF7=72\y (SPF) 9 i HostHRM-2 it~ 7 2 (colored
hairless mouse; Japan SLC, Inc., Hamamatsu, Shizuoka, Japan) # /7=, Z1iH0~ v
ZZESr, B, BfR. RBLOEHELORECAZ /YA bafL, AT=28MT 5
TENTED, TRTOV Y RIS — VI A, 23+1°C, I 55+10%., HREE S -
/b 12 FEfE] (light: 8:00-20:00) OEREE T [EEEIEl (rodent diet EQ 5L.37; Japan SLC, Inc.)
BRLOKITABICERSE, WInb 1HMOBULFETZFEM L2, ~ VAL 1 70 —TH
720 5Pt L, EE MRV IR LT 7o, AFFRICHT 2T X TOEMYETIL, $HFEER
PRI ERIGE CKGEES « % 34 75) ([Tit- THEM LT,

25FU&5’;6&?@$%%@%%

PRI #iR L7z 5-FU (Kyowa Kirin, Tokyo, Japan) 15 mg/kg # 1 H 1[a], 8
f] f;L’C“??X THEWENTES Lo, ABER KD A Z G- Lic~ U X (Control) 1%, xfHEHE
E L7, 2B, 5 FU EHOREREIZOWTIX, Huang b 0 HEICHESE, FiRlE L
T 5, 15, 30 mglkg DREGREZMFI L, ~ U ATEE LIERICHEEREANBES LT, 2o
wMED I KA T 2 B AR i B & B L 7,

8. MCIR 7> # Z=2A} [Agouti Signaling Protein (ASIP)] O#5

1% dimethyl sulfoxide (DMSO) K 10nM @ ASIP (R&D Systems, Minneapolis,
MN, U.S.A) %, 8 Iz H7= Vi 3 [al~ v ZIZIEFENTEST L7z, Control ¥ 7 AIZIE 1%
DMSO ##5- L7z 39,

4. cAMP ##Hi3{a-[2-(3-Chlorophenyl) hydrazinylidenel-5-(1,1-dimethylethyl)-8-oxo-3-
isoxazolepropanenitrile (ESI-09) } O#&5
20 mg /kg @ ESI-09 (Cayman, Ann Arbor, MI, U.S.A.) % DMSO : phosphate-buffered
saline (PBS; b 1:7) OWRICEMLIZb D%, 310, 8 FEHER: T~ v AZHEIENTE
U7z, WEEESENICIZ DMSO : PBS (1:7) WA #G L7T- 39,

5. BIRRERHANVEY (ACTH) ZAMEFEHZE [ACTH (11-24)] o&E

A AKIZEN LT ACTH (11-24) (MedChemExpress, Monmouth Junction, NJ,
U.S.A.) 20pg/kg % 3 [a], 8 W[HEKE T~ ¥ AZEPENTES L7, Control ¥ 7 AT (34 B
BHKEZHG LT 36,



6. NF-xB FHZE#| [4-Methyl-N1-(3-phenyl-propyl)-benzene-1,2-diamine (JSH-23)] D#
E
Sodium carboxymethyl cellulose (CMC) H @ JSH-23 (MedChemExpress, Monmouth
Junction, NJ, U.S.A.) 1 mgkg # 1 H 1 [8], 8 #H K T~ v A D5 L7=, Control
~ U A121% 0.5% CMC % # 5. L7z 37,

7. TEVEBEFRFLEA] (N-Acetyl-L-cysteine (NAC)) D5
NAC (200 mg/kg; Nacalai Tesque, Kyoto, Japan) % 0.08% DMSO |Z{EfiE L7-H D% 1

H 1A, 8 MME W T~ 7 AZHEENES L7-, Control ¥ 7 AZ1% 0.08% DMSO ##¢5-L
7": 38)O

8. < U ADMEE & UEHR/E B D B R DEREX

EERBHAE 8 WRIZ., X b3 E X —LF R U oA (5 mg/mL, Nacalai Tesque, Kyoto,
Japan) % 50 mg/kg & 705 X O ITHEENEG LT 7 RAZMEEL7ZO L, DIEZERIC X
ImL OMmEZHRR L, 7o, B Z R L, -80°CTHRitRIF LIz, T ~TD4t
FHALE L. B O 2 o NRICT 2 & O ICHIREICAT o 72,

9. REHEDOYME,

PR L 72 JE P O R S 2 A=A & L. 4% phosphate-buffered paraformaldehyde C&E E
L. Tissue-Tek® optimal cutting temperature compound (Sakura Finetek) % F\>CuffE
WL, 5um DJEEXTI 7 v b—2A (Leica Biosystems) (2 CH#EEI Y 217 - 7=, BEHRE O
BRI, seEaot il IF) 2 VW 217 o739, £9°, U174 PBS TH% L. 1
Whiik & LT, Tyrosinase (1 : 100; Cell Signaling Technology Inc., Danvers, MA, U.S.A.)
kT A HR CHRERGSE Db 3 7L % PBS TH4 L. fluorescein isothiocyanate-
conjugated anti-rabbit (1 : 30; Dako Cytomation, Glstrup, Denmark) % 2 kpiikE LT
S St 7z, Tyrosinase DOFEBLL~UL, e EBAINEL &2 H O TR R L2002 - Lf:o
oY) 1% 3,4-dihydroxyphenylalanine (DOPA) % HWTYefh L7-, BEERJEPH O RS
7% DOPA Bt A 7 7 4 FiE. 0.1% L-DOPA (Sigma-Aldrich Chemical Co., St. Louis,
MO, U.S.A) % PBS IS, 37CIZT 3FHIRR S HTz, D%, PBS T 3 [EIX5 [H]
Ve L, 710% =% /) — /L CRHKIEX T L THMLUEE, SAREHOEA LRI
BAPMER CBIZE L 7z 10,

10. BB IZH17 5 ACTH, arMSH, cAMP DH#IE

AL LTI L 72 100 mg DA O K2 4 PBS THW, A€V A XL, 20 LiF
T vt A RIZEI Uz, REEAT O ACTH, a-MSH, XU cAMP /£, enzyme-
linked immunosorbent assay (ELISA) kit (ACTH and a-MSH: Abcam, Cambridge, MA,



U.S.A.; cAMP; MyBioSource, San Diego, CA, U.S.A.) ZH\., A—T—D7 1 ka3 iit
S>THEL, WHEIL~A 7 a7 L — U —%— (Molecular Devices, Sunnyvale, CA,
US.A) ZHWTHIE L=,

11. FEFHAEYT

BTCOT—ZITEHEHERERZ (SD) [ETRLZ, T — % OfaiaENREZ o T 57
®IZ. Microsoft Excel 2010 ¥ 7 k7 =7 (Microsoft Corp.. Redmond, WA, U.S.A.) %
ER UM Lz, —CBLE DT (one-way analysis of variance: one-way ANOVA) O
IZ. Tukey’s post-hoc test Z17>72, #iRiL, pfE *<0.05 £721%L **<0.01 ZHMEFHICH
BEThD LYW Uiz, #E#ENTIX SPSS version 20 software (SPSS Inc.. Chicago. IL.
U.S.A) 12T L7,



o AR

1. BEEEICR T 5ARLE L COMERTFICHT 5 5-FU B 5DHE

8 JH[fHED 5-FU 512 L » TORILENFE SN L2 0WIRIIZHER L L 2 A, B
FREIZBWTHHE R BALERDI, IHIZ, AT = GRICE 53 5 EE 7 Dopa &
T 572D Dopa YetaZ T o IR, ~ U ADOBEHEL DR T Dopa BEtEMIaE 380 L
7= (Fig. 3A), =562, 5-FU # 5%, ELISA k2 L% ACTH, a-MSH, cAMP D2 thif
TlZ., Control # £t LT 5-FU # T ACTH & cAMP 23851 L7-, a-MSH [ IME A CTH
~7= (Figs. 3B-D), Mz T, IF|ZX % Tyrosinase ¥HEDOMHCTlEL. Control izt L T
5-FU B CHmnsiezR Sz (Fig. 3E), ZOfEFE2 5. 5-FU #512 L 2B o BEOikiL,
ACTH, a-MSH, cAMP, Tyrosinase 728 A 7 = BRI L TW\WAH Z L 2RI L7-,
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Control 5-FU

Fig. 3. Effect of 5-FU Treatment on Pigmentation (A), Levels of a-MSH (B), ACTH (C),
cAMP (D), and Expression of Tyrosinase (E) in the Skin around the Buttocks of Mice
Values are presented as the mean + S.D. of five animals. * p < 0.05, ** p < 0.01.
Data show one representative experiment performed on five animals. Scale bar = 100
um. 5-FU, 5-fluorouracil; ao-MSH, a-melanocyte-stimulating hormone; ACTH,

adrenocorticotropic hormone; S.D., standard deviation.

2. ASIP #5% 5-FU &5~ U 2AOBHEEOARKILE L £ 0BEERFICRIETE

a-MSH O F K TH 2 MCIR ORLEARITH 5 ASIP 245 L, BEEHO AELEIZ a-
MSH ML T2 0iE Lz, 5FU &b~ U XL ASIP+5-FU &5~ 7 A Tid, 6k
WA IZRARAY 22 28 k3 K O Dopa BatEMifa i3z R o> 7 (Fig. 4A), 5612,
ELISA #:% /= a-MSH, ACTH, cAMP DOJEE i T, 5-FU &5~ A & ASIP+5-
FU 5~ 22137 h o7 (Figs. 4B-D), Mz T, IF 2 XA EEOKZEIZBIT 5
Tyrosinase FHBOHEFITlX, 5-FU &G~ 7 R & ASIP+5-FU &5~ 7 A D 2 #EH TZEIX
2o 7= (Fig. 4E),

T OREEA S . ASIP #5C1E. 5-FU I L 2B oo Béafb 1 3imil 4. ACTH. cAMP
2 Tyrosinase JEUCEIITA LN o722 b, aeMSH 1% 5-FU (2 L 5 tadkibas

WZBE L TW Wz ERRIE I LT,
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Control 5-FU 5-FU+ASIP

Fig. 4. Effect of ASIP Treatment on Pigmentation (A), Levels of a-MSH (B), ACTH (C),
cAMP (D), and Expression of Tyrosinase (E) in the Skin around the Buttocks of 5-FU-
Treated Mice

Values are presented as the mean + S.D. of five animals. * p < 0.05, ** p < 0.01.
Data show one representative experiment performed on five animals. Scale bar = 100
um. ASIP, a-MSH inhibitor; a-MSH, a-melanocyte-stimulating hormone; ACTH,

adrenocorticotropic hormone; 5-FU, 5-fluorouracil; S.D., standard deviation.

3. ESI-09 %54 5-FU &5~V ADBHKREOERLE L £ OEEER FICkiTTRE

cAMP #5513 ESI-09 Z##5- L cAMP D28 DWW TR 217 - 72, ESI-09+5-FU #
B~ 2 CiX, 5-FU # 5~ 7 A2 T Dopa FHERIRE O HNAIH & v, WIRAIIZ @
FikE B IHl Sz (Fig. 5A), £7-. ELISA #ki2 X% a-MSH, ACTH, cAMP D2
W Tk, 5 FU 5~ 2 L LT, ESI-09+5-FU #5~ 7 2T o-MSH & ACTH D)
WZZ21E72 <. cAMP RE O B30 & iv7z (Figs. 5B-D), 2 T, IF |2 X % Tyrosinase
B ORBFCIE, 5-FU 5~ & L LT, ESI-09+5-FU 5.~ v 2 Tl S vz (Fig.
5E),

ZOREEMN S, ESI-09 #5412 K - T, 5-FU IC &k 2 EE o B3 il S, cAMP #E
DY Tyrosinase FEAMH S =2 Enn, 5FU K5I K5 0FEILEITIE cAMP iEME
{LDBEG-RE ST,
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Control 5-FU 5-FU+ESI-09

Fig. 5. Effect of ESI-09 Treatment on Pigmentation (A), Levels of a-MSH (B), ACTH (C),
cAMP (D), and Expression of Tyrosinase (E) in the Skin around the Buttocks of 5-FU-
Treated Mice

Values are presented as the mean + S.D. of five animals. * p < 0.05, ** p < 0.01.
Data show one representative experiment performed on five animals. Scale bar = 100
um. ESI-09, cAMP inhibitor; oa-MSH, a-melanocyte-stimulating hormone; ACTH,

adrenocorticotropic hormone; 5-FU, 5-fluorouracil; S.D., standard deviation.

4. ACTH (11-24) #5572 5-FU &5~ U 2R OB E DO ERILE L £ DBEERFICRIET
W

ACTH [HERITH 5 ACTH (11-24) ##45 L, ACTH O#8% /i L7-, ACTH (11-24)
+5FU 5~ 2Tk, 5-FU b5~ 7 A2~ T Dopa BPEMAE OHM AP S v, &
0 JE BH B2 Ot SE TR AR 13 S v7e (Fig. 6A) . ELISAVEIC X% a-MSH, ACTH, cAMP O
TEE R TIE, 5-FUHKE~7 AL LT, ACTH (11-24) +5-FU #5~ 7 AT a-MSH &
ACTH DO¥gEIZ#1T 72 <. cAMP BEO EF23mifl &7z (Figs. 6B-D), Mx T, IFICX
% Tyrosinase FEHBOMRFTlX, 5-FU G~ ALt LT, ACTH (11-24) +5-FU &5
~ v 2 THflEn (Fig. 6E),

ZOFERN S ACTH (11-24) #5102 X > T, 5-FU |2 L 5B o Bk sl S i, cAMP
EFE D). Tyrosinase FEENIIH Sz L ovd, 5-FU I L A 63FE L5 1213 ACTH %247
LTWAZENREINT,
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Control 5-FU 5-FU+ACTH (11-24)

Fig. 6. Effect of ACTH (11-24) Treatment on Pigmentation (A), Levels of a-MSH (B),
ACTH (C), cAMP (D), and Expression of Tyrosinase (E) in the Skin around the Buttocks
of 5-FU-Treated Mice

Values are presented as the mean + S.D. of five animals. * p < 0.05, ** p < 0.01.
Data show one representative experiment performed on five animals. Scale bar = 100
pm. ACTH (11-24), ACTH inhibitor; a-MSH, a-melanocyte-stimulating hormone; ACTH,

adrenocorticotropic hormone; 5-FU, 5-fluorouracil; S.D., standard deviation.

5. 5FU #5~ U AOBERIEIZB T 5K INE L ZOBAERTICKT 5 JSH-23 50
W

ACTH IR EH- DA =X K E HNICT 572912, JSH-23 %2 VT ACTH % E5-
S HEREN T D NF-xB OFEMEALE L7z, JSH-23+5-FU 45~ 7 A Tlx, 5 FU £
B~ o 22T, Dopa FEPERIRREO IS S du, FBLE M IH S/ (Fig. 7TA), ELISA
#IC kD ACTH & cAMP O T, JSH-23+5-FU &5~ 7 2T, Wiz
b 5-FU &b~ 7 AT TRER A Lz (Figs. 7B, C),

ZOFER G | BEE O K REIZB T 5 BRELEOFBUIIL, cAMP & ACTH ORE L5
DT=HIZ NF-rkB DIEENRLETH D LB 2 L,
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Fig. 7. Effect of JSH-23 Treatment on Pigmentation (A) and the Levels of ACTH (B) and
cAMP (C) in the Skin around the Buttocks of 5-FU-Treated Mice

Values are presented as the mean + S.D. of five animals. * p < 0.05, ** p < 0.01.
The data show one representative experiment performed on five animals. Scale bar =
100 um. JSH-23, NF-xB inhibitor; ACTH, adrenocorticotropic hormone; 5-FU, 5-

fluorouracil; S.D., standard deviation.
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6. 5 FURE~ Y XOBHKEEICKIT 2 BRIE L Z2OBEERFICHT 2 NACKREFOZE

5FU IZX o> TALDWEA ML 22T 5 Z & T, AFRWLED I SN D 0BT 5
722 NAC & W iEt 21T o 72, NAC+5-FU &5~ 7 XA Tid, 5-FU &b~ 7 X|ZHAT
Dopa B5HERR@EOINH S v, GBRIAE D IH 7z (Fig. 8A), ELISA LI X% ACTH &
cAMP DOJREHE:TlX, NAC+5-FU &5~ 7 AT, 5-FU &5~ U AIZHA_XTHWT LB IR
3 L7, & 612, ACTH 3 X U cAMP DL Control #f & 2> & 7272~ 7= (Figs. 8B,
(0N

IS OFERNG, 5-FU (2 & 2BEEEORFIZI T 2 GBFREEOHEIITIT, BEA b
LV ADFEEINSIRED A= X LDRBENT-,
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Fig. 8. Effect of NAC Treatment on Pigmentation (A) and the Levels of ACTH (B) and
cAMP (C) in the Skin around the Buttocks of 5-FU-Treated Mice

Values are presented as the mean + S.D. of five animals. * p < 0.05, ** p < 0.01.
The data show one representative experiment performed on five animals. Scale bar =
100 um. NAC, ROS inhibitor; ACTH, adrenocorticotropic hormone; 5-FU, 5-fluorouracil;

S.D., standard deviation.
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B4l BE

5-FU 45 Lc~ U A%, BEL O GRILENBZFITHMN Lz, 612, BRILE L
g7 Clk, ACTH & cAMP #2/% . Tyrosinase ZH OIS HER S 7z,

BRLET W, AT /A MZBIAAT=VOEAICL>TRIDZEEZLNT
Wb, AT=UEEIE. AT A FOMBN/NEE ChDHAT /7Y —LATRZIY, 22T
F 18 Tyrosinase (2 K> TEM S L, SOCE T 5 9, o MSH X, AT /%A D
FEHEZRES T2 2NN TND 4D, 2T ) a)VF U R/KIKIIAT VA MCHEHEL, A
T =V OESHIZES LTnh, REBRTHEM L 5-FU #A] (5-FU, Ay 2y, 774
T E) FEFREESERITHNZN1, T2 T, £T AT VA MEMEICET
% a-MSH O&F| Z#f~57-, ASIP ##45-L7-, ASIP ¥ o-MSH [HEAITH Y . a-MSH
(CBET 2HFED AT ) AT VB ER (MCR) 1ZxfLTCTA v N—RAT7 =2 & LTIEH
95 42, 5-FU I LB EFEREITLEET, o MSH 1% 5-FU IC L5 BFLAITIZEES L Tn
7203572, ASIP (3 cAMP B AR F &85 Z EDNHE SN TVEN 4D, KER TR S
2o,

fEW T, cAMP 7% 5-FU #F3MEAFRILE BT 2 DN HOWTHRTT 572912, cAMP
FREHITH D ESI-09 25 L7-, ESI-09 1%, cAMP |Z L » CHEBIEMHILIN A X
7’8 (EPAC) /cAMP il 7’7 =2 X 7 L A F RN T (GEF) @ cAMP #54 KA A %
)& L, cAMP (K {71 EPAC/GEF 151 % fHET 5 43, ESI-09 051, 5-FU I X -
THESNDOREILEZRD S, 2 OWFEIC cAMPIEMAL ARG L TWA Z & 2R L7z,

Z 2T, cAMP Z{EMALT H2WEIZOWTHRFTT HICH 72 TS 21T 72 & 2 A,
BIBHERE R 22 KN E 257 VY iFid. ACTH lEAZ it s, ARILELZRHATLH LD
WENH T 49, ACTHIZA ML AKRLELDO—FTHY . M TFEERTED ACTH A
famb7aAde A A7 2 argy (POMC) ORIBEME 2R CEA S, A ML ATRE L
THMEND, ARBRICBWT, 5-FU #4513 ACTH MEAZ M S &, ZOBEENRE S
77, F7-. ACTHHEAITH S ACTH (11-24) =& 535 L. aFEILIE L cAMP EE MK
FTL7EZ E026 380 5-FUILACTH Z4/r L CHaFELEDOHMESI XL T2 LRI N,
A b L2, BB BEMECEEIER SO EE R 5-FU ORIERAFRBUCEE L T 5 9,
BT, 5 FU OEPENEGIZRFTHERIC BT 28R N LA Z NS d, NF-xB #5M%k
L CRIEZEHET D 40, F 7=, KIEIX ACTH Ot 2S5 Z LB BTV D 4748
L7=RoT, ZNHOHENS, 5FU ORGITMIENRIELZFHE S5 Z &2k Y ACTH 4
W BEIN S 5 ATREMEDS R STz,

UbDZ e, ACTHBEN EHT 5 A D =X MO TR EIT- 72, ARBRIZEW
T 5 FUHEIIRIE~—H—TdH 5 IL-6 & INOS D i % - 5H X +7- (data not shown),
Z ORIEITERER F NF-xB 275 b L. ACTH fi% LR X85 4748, L7223 > T, NF-xB
PREAZ G52 2 L1k b, ACTH O EF 23 il S 4, AFRILE OBINMAED Hiuc< <
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72572 (Fig. 7). S HIZ, 5 FU B HITMILA NV AZHEMEELZ EBMbNTEY, 20
FER, RIE~— T —03I19 % 46, KRBT, ML A ML AZMHIT 25 Z & T, ACTH i#2
FE & cAMP IREEDOHP N2 IH S 7z (Fig. 8). 2 b DRI, 5-FU oL E{LA kL
ADFEINOIRFEDOFRINERBFA D= A L ZRFTHHDEEZ LI,
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E5ET  /NME

ARERIZIBNT, 5-FU HGITEMICBIT 2 ARLEOHEMETHFTE L, ZORIA N =X L
(2%, 5-FU/Oxidative stress/NF-k B/ACTH/cAMP/tyrosinase & OIEMHAL S5 LT\ 5
ZENHBMNE ST, Ll BIEA R L AEMHIT D &, ACTH & cAMP [V %
W L7228, SRILAE O A 522 ITHIfl$ 2 2 L IEC& enoie, Lo T, 5FU #51C
L DORRERBEA D =X LE, MORBERHDL LD EEZ BN (Fig. 9.),

S_FU ........ ............___..... Other mechanism

Tyrosinase 7

Melanin Pigmentation

4 Tyrosine

Fig. 9. Mechanism of pigmentation development in 5-FU-Treated-Mice, 5-FU/Oxidative
stress/NF-x B/ACTH/cAMP/tyrosinase pathway and other
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EoE

5FUBEICEAAT=VARBLIOMSEADEE

EIf =S

% 1 #ClX. 5-FU/Oxidative stress/NF-x B/ACTH/cAMP/Tyrosinase #: & OIETEAL DY 5-
FU G L2 OREERBLAZFFT L2 2B 6L 9, LarL, BBk ML 2%
T 27200 T, 5-FU IC K 2 EaFLE MGl 2 2 LN TE WD, 5 2 BT,
LA P L AL ITRR DR COBRILERIA N = AL KT L L L L,

PRI LD EBIED AR ILERBA I =X LL, AT =V EEDOBEEIESr 7 F
J WA NEI LTRNG, RIERICHEE SN D ERNE. RO L O 0% O3y
DORFICEKT D EEZEZ LN TWD 2, FFBICI T 5 R EHT R b AR bE & &5 R
HAREINTWD 20, RSHDILAEEL, BmIZHAT 5% RIEGAZHE IR RO —
FECTH D, TOIRNIL, LEIRIRTE & LR LT N D AT VA FOIEMHENZFDJEIA
WELTEZLNTEY, REA T = EOMN SVEFETH D, FREOFHEH TIL, M
kR 2R FEIC K0 JE P O RERR 7R B2 & Eei LT, fLE O INABEE TH 5 Z L B
IZEIN TS 5152, X5 \Z, IMENEMIN AT 734 MZER L. Tyrosinase (2 B89
HDAT=UPELEDY T FNFEREET D ENRBRI ATV 20, &N EHIE D & 70 &
N2 MENHETF N CThbH Ednl OFWEN L, AT =2 FEADFERBA 7RI
TH 5 MITF B L O Tyrosinase, 71 v —Y R % /37 & TRP2 (Tyrosinase related
protein-2) % b5 ORRE CTHilfE L T\ 5,

5-FU 5 L » THI &l Z SN b RS %15 R IZIL, Persistent serpentine
supravenous hyperpigmented eruption (PSSHE) 5% X Serpentine supravenous
hyperpigmentation (SSH) 54 3% F 505, ZiLH I3 E EORIEFIMEICHE < (&L
EHT, MEPFEFELTHDZERFETHY . MENEIRLRIE, AT =23 EIZE
HLTWDLEZLNTWD, B 1ETIEMIEA b L ARSRIENAFRIEAE OB 5 L
TWHZEEHLMNITLIZZ &b, & 2 ETIE 5 FU ik GIC L 58 E2 S HITER
T 5728, 1% & Tyrosinase & O BIHEIZ OV THET L7,
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Ho EBHIE

1. EREW

AAFFE1%. SPF 9 # i Hos:HRM-2 /1~ 7 2 (colored hairless mouse; Japan SLC,
Inc., Hamamatsu, Shizuoka, Japan) % SLC (Hamamatsu, Shizuoka, Japan) 7>5 A
L7z H1REEFSRMFT, T TO~ 7 2% (27 —VIT A, 23£1°C, R 55+£10%.
WA 7 v 12 EfH (light: 8:00-20:00) OEREE T | EJEETEl (rodent diet EQ 5L.37; Japan
SLC, Inc.) B XUUKIZABICERSE, Winb 1 EROBLFEEZ M L7z, +XTo
Y EERIT, SEERE R FEYERRS OKRE S - 582 5) ITiE-> THEM L7,

2. BEREHENAEREICZL D REEREEOHER

Btz ~ U 22 BIERIZ 2BEE T A BRSO, 1Ea s br— v XL LTAE
AR /K (Control) ZMEMENEG L7z, & 9 —FDOREHZIX, 5-FU (15 mg/kg, Kyowa
Kirin, Tokyo, Japan) 55, Cytarabine (Ara-C; 20 mg/kg, Nippon Shinyaku, Kyoto Japan)
56) %721 Irinotecan (CPT-11; 20 mg/kg, Daiichi-Sankyo, Tokyo, Japan) 56 % N1
F U7z, BFEANT1VEMO S S 6 B, A58 MMk CHE L7,

3. HJMELE B DR & DEREX

EBRBAMG S MW, X ho\vE X —LF U 7 A (5 mg/mL, Nacalai Tesque, Kyoto,
Japan) % 50 mglkg & 72 % X 9 IZHEMENIER G LT~ 7 A THEE L= 0 5 FBRIZHW T,
~ U ADESMARZ SRR L, -80°C THAERIF L7, T TOARRILEIL, O %
B/NRIZT 2 K9 BIRIC T - T2,

4. BB OYE

~ 7 AN BERE L B O 51, Fontana-Masson Yeft, So ik b2 2 A
W5 72, 4% phosphate-buffered formaldehyde CTHEE L7z, EE L 7= E IO K2 G A%
X, T 7 7 vy 7 Za# L, Microsystems (Wetzlar, Germany) # W T, JEX 3
pm OYIFIZEIY L7z, YIRIE, BEOMERFRI T 21T 2 72012, ED b - FIHIC
7t > C Hematoxylin-Eosin (HE) TYefa L, K FBAMENIC THIZE L, S mICEEOR
DEIToT-, BEEOMERE AL Image J, version 1.47 (NIH, Bethesda, MD,
USA) ZHWCEERE L,

5. Fontana-Masson (FM) Zufa

HENHARZENL T 7 ¢ L, ZREK TS L2, 60°CIZIE D 7= Fontana ammoniacal
silver solution (Muto Pure Chemicals Co., Tokyo, Japan) (Ziz L C—#aA > F=X— |k
L7=, Z®%. Gold Chloride Solution (0.2%) Zi& L., 30 #bA »Fa~— kK L, Z&EK
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THer¥. S HIT Sodium Thiosulfate Solution  (5%) T 1 43 L, 2K THE L,
nuclear fast solution T 5 ZrfElxf bt U7z, #ik%E 60%. 70%. 80%. 90%. 100% D T
Z )= VARIRENBIEIZR L, BKAEZITV, 0%, HAZTo7, Ao Bk
DL AE E L. Image J, version 1.47 Z AW THER L 7=,

6. SRR FEIE

BirXZ 7 4 %, PBS T3 [EIPEEF L, 6 um Y17 % 2% AF A /L7 Tl 20 /o HIALHE
LC7ryXx 7 L, Tyrosinase 33 X OV vWF (von Willebrand factor), CD31 M ¥Hi
1, SR kA O TSR 7V CHRIE Lz, #lfkY > 7 viX, Tyrosinase

(1:100; Bioss, Boston, USA) F 721X vWF (1:100; Bioss). CD31 (1:100; Santa Cruz
Biotechnology, Dallas, USA) (Zxt¥ 5$ufk% H\\ T 4°C Tt L7, PBS T 3 [FI¥E
Hte. Y XHLU Y X IgG Alexa Flour 488 — &k HifA (A32731, Invitrogen, Waltham, MA,
USA) % PBS T 1:200 iR L. =i, BT T 2 Bl > F 2 ~— b L7o, G L7olRk
%~ N (Vectashield HardSet Mounting Medium with DAPI; Vector Laboratories,
CA,USA) #H\W T~ hL, #tBAMEE (BZ-X800, Keyence, Tokyo, Japan) T#i%2
L7=, Tyrosinase <° vWF, CD31 Blla O fElHIE (21, Image J, version 1.47 %= H
WT, KT 4 D05 2 REECRHE L7z,

7. WREHAEANT

BTOT — XL EHfEL SD TF Lz, 2 BERIOLEIZIL, *Ed 7220 Student’s £test
THNT L7z, 3 B EOT — X Ogizix, —mhliEy 8T (one-way analysis of
variance: one-way ANOVA) % >, D% DL E ik IZ1E Student-Newman-Keuls test
AW, BRI, pfE *<0.05 £721E **<0.01 ZHAMICHETH D &1l L7z, #
FHEATIX SPSS version 20 software (SPSS Inc., Chicago. IL. U.S.A.) (& T3 L7z,
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3 R

1. REL AT =ERBORIRK R LB

5-FU ¥ 5 8 s, FHM &I BEAICE b Lol s niz (Fig. 10A), HE
Yot TIEARE & D2k P ITER D B v o 72 (Fig. 10B), HAEDO A T =
VERIZOWT FM eth 2475728 2 A, 5 FU #45~ 7 2Tl Control = 7 AZH~_T
FRIJERE D A T = B3N L Tz (Figs. 10C, 10D),

INHORERND, 5 FU #EIZX D2 ENMHBICB T 2R ILEITIIA 7= BEE LT
WA ETRIBEI LT,

A

Auricular

Buttocks

Contfoi 7
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Fig. 10. Pigmentation induced by 5-FU administration

(A) The photographs show the pigmentation differences between the auricular and
buttocks skin. (B) The auricular skin sections were stained with Hematoxylin and eosin
(HE) staining. This staining was compared to histopathological changes in auricular skin
in control and 5-FU-administered mice. Bar : 200 um (C, D) Fontana—Masson (FM)
staining of the auricular skin sections. This staining was used to compare melanin
expression in control and 5-FU-administered mice. Bar: 100 pm. The values are
expressed as the mean + SD derived from five mice. (unpaired Student’s t-test, * p <

0.05 significant difference)

2. Tyrosinase B L O EIZXT 5 5-FU O

HIE ot B ILAE 2B 1T D Tyrosinase DR 52/ ET 5720 IF #17-72& 2 A, 5-FU
G~ 7 ADFRLZILERE CHE 7L Tyrosinase BHOEMA R 7z (Figs.11A, 11D), A
T = VA L BN L OBIREZFRD oI, ME~—H—Th 2 vWF & CD31 D
WHLE IF T L7z, TR, & ~—0—vWF ORI, 5-FU b5~ 7 20 B E
C Control IZHARTHEITHMLTHY (Figs. 11B, 11E), CD31 OFBUIHIE] A % 77
L7z (Figs. 11C, 11F),

INLOFERND, 5FU BEICK D AT = AR b I L [FEEIC Tyrosinase H3E85
LT\ % A REMEDS R ST,
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DAPI Tyrosinase
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Fig. 11. Comparison by fluorescent immunostaining at the pigmentation in the
auricular of control and 5-FU administered mice
Tyrosinase (A, D), a rate-limiting enzyme for melanogenesis, vWF (B, E), and CD31
(C, F) were analyzed. (A) Bar: 100 pm (B, C) Bar: 200 nm Values are expressed as mean
+ SD derived from three to five mice. (unpaired Student’s t-test, * p < 0.05, significant

difference)
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3. HOFBRAEKRRE~ T RTBIT B RBILE O LK

IO OERLAEN S-FURENTH L0 G0 RETT 5720 . 5-FU 5~ 7 2 % Ara-
CBIOUCPT11 Eh~o R LMLz 25, 5FU #5 8 MM#% Tk, EMMAEL
b LTz (Fig. 12A) , Bl Cid. Control & Mg L TEMIZE(L L Tz (Fig. 12A),
X5\, B EEoaFLEEMIL, Control, Ara-C, CPT-11 #45~ 7 AT THE
IZHER L TWie (Figs. 12A. B), HE YA Cld, &8 & & O MR EE(RITRO &
n7pinot- (Fig. 12C), RIS, BAED A T =0 EREICHOWT FM Yeta Thelk L7, £
HEIEEICK T 5 AT =% ML, Control, Ara-C, CPT-11 |2k~ 5-FU CTi3A EIZHMN
L7 (Figs. 12C, 12D),

INOLORRIT, AT = EMEMN BB X0 REOaRLAEN 5-FU 2B T2
R T D Z L 2R L TV 2,

A

Auricular

Control 5-FU Ara-C CPT-11

B Buttocks
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Fig. 12. Comparison of external pigmentation in the auricular and buttocks with 5-
FU, Ara-C, and CPT-11 administered mice

Visual and histological changes in the auricular area and buttocks of the control, 5-
FU, Ara-C, and CPT-11 groups were compared. (A) External color changes of the
auricular skin. (B) Comparison of external color changes and areas of pigmentation on
the buttocks. Values are expressed as the mean + SD derived from four mice. Student—
Newman—Keuls test, * p < 0.05, significant difference (C, D) Hematoxylin and eosin
(HE) and Fontana—Masson (FM) staining of auricular skin sections. This staining was
used to compare histopathological changes and melanin expression in the auricular skin

of control, 5-FU-, Ara-C, and CPT-11 administered mice. Bar: 200 pm Hematoxylin and
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eosin (HE), Bar: 100 pm Fontana—Masson (FM) staining. Values are expressed as the
mean + SD derived from five mice. Student—-Newman—Keuls test, ** p < 0.01, * p <

0.05.

4. Tyrosinase ¥ X NMLEIZX9 5 5-FU 3 & CMLOFLI AZEE G- & D g

Tyrosinase 3 L PME~—H—ThHod vWF, CD31 ORTLE%S IF Tl L7,
Tyrosinase ®%HLL, 5-FU TlX, Ara-C B L CPT-11 & X THKE ALK CHEICH
L. Control & b~_THINMEM 27~ L7= (Figs. 13A, 13D), vWF O % 8liX, 5-FU Tix
ERCCHBEICHM L Tz (Figs. 13B, 13E), CD31 ®¥HliX. Control, Ara-C. CPT-
11 L LT, 5 FU Tid, B THIMEA 27~ L7z (Figs. 13B, 13F),

B OFERIE.5-FUIZ K BB ILAEN, Bie HHF OHLN AZE & g L T Tyrosinase
L ME~— I — DT AR IC L o Bl ER SN L EZRLTNDEEE X
bhd,

Tyrosinase »

o —

DAPI

Merge

Control 5-FU Ara-C CPT-11
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Fig. 13. Comparison by fluorescent immunostaining at the pigmentation in the
auricular of control, 5-FU, Ara-C, and CPT-11 administered mice

The fluorescence intensities of tyrosinase (A, D), vWF (B, E), and CD31 (C, F) were
compared in 5-FU-, Ara-C, and CPT-11 administration mice. Tyrosinase was expressed
in the basal epidermal layer, whereas vWF and CD31 were expressed in the dermis. (A)
Bar, 100 pm (B, C) Bar, 200 num. Values are expressed as mean + SD derived from three
to five mice. Student—Newman—Keuls test, ** p<0.01, * p <0.05.
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Fafh BE

AMFFEIZIBNT, vV A5 FU 2H 57 25 & BB L OEHICERLENFEIN
7o B2, 5°FU EhH~U AT, REIKERDO AT /WA MIBITD Tyrosinase 351
DILEIZ L S TAT=UREASNTZZ D, REEEREDAZ /A4 MTLoTAZ
SUMFEAEINTWD Z ENRBEINT-, I 5T, E DD Z O Tyrosinase F Bl D HY
IMZBIE- LTS TREEDR S 5,

AT VAR TR SFUKE A L2 2 A, O A - IBIBERICEARILEN A Dz 59
S, ARFE L FIERIC 5-FU 2SR5 K AFRILE NS Bl 353545859 f7- 5-FU &7
7k a G b FERE A T T R AV Tl vWF O Z {5 M58 N B DG A 7
HTND 60, F7z, M/ MRNEHIlaEE > T 5D CD31 1&, (A PN ECHIR o BB PR
/8 OFFACIC L EL 2 o 7 F VARE~DO B G RE ST 5 69, 5-FU 512K 0 | I
YA —RBLOEINE L HIZA T =B AFEEINTZ LD, E NGO HM &
5-FU IC L D t3804& &L OBEN R I, 62, 5FU X Ara-C X° CPT-11 12T
&~ — A —ORBEEIN I DEANH - 72, ZORERIE, B BT 2 BE 722 i 1
SEAEAT LT B AE ) 5-FU ICFF R CTH 5 rIREMEE R LT,

PINABKIZ K B ERILEOEITFIL, a2 AT =X LREE5 LTS EHlELD 62,
BIZIE. AT 7 HA b~OEHER, 0% AT =V FEATTE, BIEFEEICES a2
ke B oi@E sy, o- MSH O/, Tyrosinase PLERASE O KH, JRIKZAIE D X Z
= UHEEROE., 77 F ) A MEFEHRORIEMCTEILE OLBIEOFEIZ )0 b 6T,
MARMEFRIRR % D RIEZARILE R ETH D, I HIZ, IBAREIZ > THRINLHEHE
WAEL, BYEEITBHEOEGERM TAEL, RFTIEOEINI L > T & Z Shi 62,
AWFFEORERIL, BFILE L RPTMROMELZ R T HEHERAMRLTHY | AFRILEIZLD 5
FUKREGDA D =X LIRS EEZEZBND,

LU, 5FU 7 Tyrosinase % H#HET 25 Z L1I2L» TA T = B ERET 5 D0
IZOWTIEARHTHY | S%OBGHRETH D, o, R UAHHEHIETH 5 Ara-C 1T 5
FU L RBRDORER AR S22 To 2 &b FEFIOMERIBE ORI DV L D | BRx
RAATDAT =N R HORILENEHRT DRI RR S, AROMHNPLETH
%o IHIT, FEAMEARIUAEICBITH AT =V EAIZIT, Z2< ORERTFHES LTS Z
LB 8 FIBNAFEIZ LD RIERARILEIZONTHRFT 20N H D,

S 5125 FU ITIEEMEREE 6907 1 A R 69\2x8 92 RTG53 REICHW LI TR Y,
BRI S AFET DRESERIEIC B 1T 55 2 UABRA iR 2 FHE L ¢ DNA #HEl A fLE
T 52 L THIRADARMEIE L, RO SMMEEIND LB BTV 6660, 5-FU | =
T =T B OADOHFEGKFE L THER L, 27 =72 U0 A RE L, ER
X 5-FU BENEWVIZEHEMT S, E<ICTREBIOII R 2T —4% 2D mRNA R
D35 68, AL R O M AICBEE S D R EIRF GDF-15 1%, AT /%A b
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2 L HEFEREDO—HIZ GDF-15 HRE L TWAH EE X b,
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AWFFETIE, 5-FU IR > THFESNDBRILENFIBICB T 2R LLER-ICBIT S
AT = UPEAICEE L TWD ZEEHLMNI L, ST, BNMHOERIZE N CLE~
—H—To% vWF & CD31 2FELL T\ Z &b MAEHT AR LS N B & B L
TWn Z &amkeL7e (Fig 14.), KETHLNZMRIT. 5-FU FHFREMEAFLE DFEBLA
A=A LaffIA L, BREEDRKB L OTHODOERN 2 oV BafEY % L TH
HWThHDHEEZXD,
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Fig. 14. Mechanism of pigmentation development in 5-FU-Treated-Mice, vascular

endothelial cells mediated pathway associated with vWF and CD31
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KFw LTl ERROERBLY CHEBT 508 ET 2HmICH 5 5-FU BEIZRBITH6BHE
EBEIZHOWTHEH L1z, 5 FU #5125k > TPSSHE X° SSH & Wo 7=t IbE 2 1L 0 K&
EEAE T Z SIEFE LTRESN TS, —F T, BFRLREORKNIIAT=Th
DHERRIINTVDEN, ZNHEHOLNI LRI, 72, 5-FUAIZLD & L=t
MDAFRIZEBIT 5 AFLEDRBAA T =X LEFTHLN SN TELT, RESLAXF T T &
W TERAREDTON TN D DB TH D, T 2T, Al 13, 5-FU &5 X 5 G3HE
FHIRBIA ) = X BT DWW TEMER I8 21T 5 2 & TRt L7z,

51 E T, 9 s HossHRM-2 HiMe~ 7 212k LT 5-FU % 8 kG542 2 &
T EEPH O JE T DOPA G A Z 7 A RN L7, & 512, 5-FU $54% ,ACTH,
a-MSH, cAMP ¥ L O Tyrosinase FEBLOMMA ML S 7=, BEHOREKEZ S & 12,
2t A2 b LA NF-xB, cAMP, ACTH (Zxt3 5HEROHEE X, 5-FU &5~ 7 2DE
BILEEZWD SETZ, 2O RIZ, 5°FU OFRGNEBILA N LV ADOFHEENGIEE HH
FRULEOHEMAGI TR T Z 2B INT, S HIT, BITIZ X > T 5-FU/Oxidative
stress/NF-k B/ACTH/cAMP/tyrosinase #&#&DOIEMELDB G L CW\WD Z &2 LM LT,
Ll 5FU BGIC L DA b L AZEARI OG- THHIYT 5 & ACTH & cAMP i
FEIIWIN IR T T2 600, BFRILEOHENEZZRICIHTL Z LIXTERnol, L
7= o> T, 5-FU #HIZ LD OFILERIA =X LTI, MORE»H D LHEI T

(Fig. 9.) # 2 ®ETIE, # 1 BEEROER~ v 22, 5-FU % 8 MMk 57 25
Z LT, BATERE BH O B RS D 3 7 FEJEJE C Tyrosinase FHL & A T = MN8N L 7=, Rk A
bR TR HRIRIC K D EAFRIEEDIHBLA 1 = X L EPRFET 5 729DIZ, Tyrosinase &
MEIZEE LIRFILIZE 2 A, E~—H—ThHs vWF & CD31 2% 5-FU &hH~T 2D
HEMEOBERICBWTHEM L7, E~—0—RBEOEME & HITA T = VRN FHES
Nz enn, MENEMIBOBEME 5-FU IZX 5 60ELE EOBENRBI N, S5
12, 5°FU iX Ara-C X° CPT-11 ICHARTHE ~— I — ORI ZHIN S & 2 0083 5 > 72,
EArERIC I 2 s 2 AF e 2 L7 (ki g DS 5-FU ICAF R TH 2 rlaetE a2~ L7,

(Fig. 14.)

UbDZ b, 5-FU SFRMEOGORLEFEFRIA I =X LT, LA NV ANLIRE
% 5-FU/Oxidative stress/NF-xkB/ACTH/cAMP/tyrosinase #&HENFETH D Z & N/RIB X
iz, £7-. vWF - CD31 2B § 5 i HEANF L OMLE N EGHIRL &2 It L 7o D #2 &
BERH L Z Lnmmrasiiz, (Fig. 15.)

AFmSLTORREIT, 5% O 5-FU £ 570 5 N OB ASKIC L 266680 E % T X
WERT DI DF =0y 2 37 B ORRASCTERIEBRFE D v Rt 2 40 < R FN AL T
bdLEZD,
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Abstract

Mechanism of hyperpigmentation induced

by 5-Fluorouracil administration

Introduction

The skin is the largest organ in the human body, forming the boundary between the
body and the outside world. It is primarily composed of the epidermis, dermis, and
subcutaneous tissue, and plays a crucial role in maintaining homeostasis in the organism.
Melanin is the most important pigment in skin coloration. Melanin not only determines
skin color but also plays vital physiological roles, such as preventing nuclear DNA
damage caused by ultraviolet radiation [1]. Hyperpigmentation, a condition particularly
troublesome due to visible changes, involves the activation of melanocytes, leading to
increased production of melanin, which accumulates in the basal epidermal layer [2].
Melanin synthesis is facilitated by the melanin-forming enzyme tyrosinase [3].

In clinical practice, skin pigmentation is often observed in patients undergoing
chemotherapy. However, changes in appearance caused by cancer chemotherapy are
overlooked and underestimated by healthcare providers because they are not considered
life-threatening. Cancer chemotherapy using alkylating agents, platinum agents, and
antimetabolites has been reported to cause drug-induced hyperpigmentation as a side
effect. [4,5]. Furthermore, 5-fluorouracil (5-FU), an effective chemotherapeutic agent
against colorectal cancer, often causes hyperpigmentation. 5-FU is a routinely employed
anticancer drug that demonstrates efficacy against various solid tumors, including
gastric and colorectal cancers [4,6]. However, the mechanism through which 5-FU
induces hyperpigmentation remains to be elucidated, and currently, no effective
treatment exists. This study aimed to elucidate the mechanism underlying pigmentation
using a mouse model in which pigmentation was induced by continuous 5-FU
administration.

Chapter 1: Pigmentation due to oxidative stress induced by 5-Fluorouracil
administration

In this study, we investigated the effects of oxidative stress induced by 5-FU
administration [7] and its association with hyperpigmentation. Specific pathogen-free

HRM-2 hairless mice (9 weeks old, male) were used in the experiments. Approximately
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15 mg/kg 5-FU in saline was intraperitoneally injected into mice once daily for 8 weeks.
Each group comprises five animals, and the experiments were repeated three times. Skin
samples exhibiting macroscopic blackening were obtained from the perianal area and
stained with DOPA. In 5-FU-treated mice, the number of DOPA-positive cells, which are
important for melanin synthesis, increased. Furthermore, immunofluorescence (IF)
staining for a-MSH, ACTH, cAMP, and tyrosinase, which are known melanogenesis-
related substances, exhibited an elevation in 5-FU-treated mice compared to other
groups. In addition to 5-FU, ASIP (ASIP+5-FU-treated mice), ESI-09 (ESI-09+5-FU-
treated mice), and ACTH (11-24) (ACTH [11-24]+5-FU-treated mice), which are
inhibitors of a-MSH, cAMP and ACTH, were intraperitoneally administered three times
a week for 8 weeks. The control, 5-FU, and inhibitor groups were compared using gross
findings from analyses including DOPA staining, Enzyme-Linked Immunosorbent Assay
(ELISA), and IF. Furthermore, cAMP levels and tyrosinase expression were lower in ESI-
09 + 5-FU-and ACTH (11-24) + 5-FU-treated mice than in 5-FU-treated mice. Next,
alongside 5-FU, JSH-23 (JSH-23+5-FU-treated mice), an inhibitor of NF-xB, which is a
transcription factor associated with increased ACTH levels, was administered orally
once daily for 8 weeks. N-acetyl-1-cysteine (N-NAC; N-NAC+5-FU-treated mice), which
suppresses oxidative stress, was administered intraperitoneally once daily for 8 weeks
(n = 5 for each group). The three groups of inhibitor-treated mice were compared using
gross findings from analyses including DOPA staining, ELISA, and IF with control and
5-FU-treated mice. Furthermore, ACTH and cAMP concentrations were reduced in JSH-
23 + 5-FU-treated mice and NAC + 5-FU-treated mice compared to those in 5-FU-treated
mice. NAC + 5-FU-treated mice, when compared with 5-FU-treated mice, showed no
significant difference from the control group. Consequently, our results suggested that
5-FU caused an ACTH-mediated increase in pigmentation. Furthermore, the
suppression of oxidative stress prevented an increase in ACTH and cAMP levels. These
results suggest a mechanism for pigmentation development initiated by the induction of
oxidative stress by 5-FU administration.
Chapter 2: Involvement of Melanogenesis and Angiogenesis with 5-Fluorouracil
Administration

As described in Chapter 1, both ACTH and cAMP levels were reduced when oxidative
stress was suppressed. However, the increase in pigmentation was not completely
suppressed. Therefore, we hypothesized that 5-FU administration leads to the
development of pigmentation. Recent studies have reported that melasma pigmentation
is associated with vascular density [8], suggesting that vascular endothelial cells

influence melanocytes to induce tyrosinase-related signalling and stimulate melanin
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production. Utilizing the same mice as in Chapter 1, we conducted a fundamental
examination into the pigmentation mechanism induced by continuous 5-FU
administration for 8 weeks, with a focus on blood vessels. Macroscopic pigmentation was
observed in the auricular skin of 5-FU-treated mice, and melanin accumulation by
Fontana-Masson (FM) staining was observed in the basal epidermal layer. In addition,
the expression of tyrosinase and vascular markers, vWF and CD31, exhibited an increase
in the auricular skin of 5-FU-treated mice. Staining revealed increased melanin
accumulation in the auricular skin of 5-FU-treated mice compared to that in Ara-C- and
CPT-11-treated mice. Additionally, IF comparisons indicated that tyrosinase expression
was significantly increased in the basal epidermal layer in 5-FU compared to Ara-C and
CPT-11, showing an increasing trend compared to the control. vVWF expression
significantly increased in the dermis after 5-FU treatment, and CD31 expression also
showed an increasing trend. Thus, tyrosinase may play a role in 5-FU-induced melanin
production, with increased vascularity potentially contributing to this process.
Conclusion

In conclusion, these findings suggest that the 5-FU/oxidative stress/NF-kB/ACTH/
cAMP/tyrosinase pathway, starting from oxidative stress, is mainly involved in the
mechanism of 5-FU-induced pigmentation. Furthermore, multiple pathways are
implicated, including vWF/CD31-associated vascular hyperplasia and vascular
endothelial-cell-mediated pathways. The results of this study hold significance for
identifying target proteins and advancing the development of therapeutic agents for the
prevention and treatment of pigmentation induced by 5-FU and other anticancer drugs.
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