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FF i

EIMAREREIL, & LTHmME, Y o @, 2REFHEICRE < HES
I, EOIRE & U THIBRER OB FRIEP T O TV 5, FrITEFPRIEIC
BT, 1A B R L7 BB I T Tl 0 | i i e AE & TR
DIEFKD 1 DL 7o TD, LarL, THHOERFHINEREZ AN TS 5 44
TFERIZ AR T 39.2%, FEMEY VRET 65.5%, 5 EHIET 36.4%TH Y,
IBFRIEOUEB NI L 7p 5 T D, S MERIEE O FIECR BRI, K01 G
XX TohDH Ras DEEGNHEIN TS [1,2], Ras (X FHED v 7 F v niE
IEM LSS5 2 & T, MlROAEF - HIEA (S 5 2 & D, Ras DOMEFHIE
P 2 WX TIRO Y 7T MnZEOIEMALZHET 2 Z LIk V| E s
WX L CiiE A2 558 T & D e B 2 b b,

3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)i&E Tt HPLER|TH 5 A ¥
F L, IRERFESDMERBOBREIEL LTHHASTWD [34], FT4HE,
A2 F AT NBHE, BiEE, . ZRMEREE, K. WS c 2R3 A
FIZB W TR E R TR EWET D 2 ERREINTWD [5-10]18, T O
TSN TR, 202 b AXF UL DT R b—v 2AFEKT %
fiEi T XX, EHEEIC B T D ERICHNERFTE B,

EEARARA L, BE ORRE, BIERS AT 2B AR Ch 5, T
IS AAEFIRRIEIZ B W TR, BHEEORESS B RIERO L WREIEH O RMF ., i
TN R OHWrRoB G- v A DI | Kk 7o CISH S D, D72 FEAIAIC
BOWTHERRRAEMAZ L L. B REENEHEITI Z Lk bild,

FHEFHRIE | 2R3 DI VER 2B 1L, FATRIE, UL (LRI & A



DR IZEFRRE TH D, BURBREIE &AL PR L% [ARFIZ4T 5 concurrent
chemoradiotherapy (CCRT) 1%, H17S A KD SRRz M ss /e 2 X 5 e
WEONRIGIRZ WIFE L TIThh 525, BWEA & L TIEIE 100% D8 T [ e
REBIET D EDRHRESNTND [11], £o. ABRIC TEESEHE IR LT
CCRT ZifT A5 B3 Tk, ME#EED O OBEIEZ T Tl | REREOSE
HIRE T DBRICITHE TH 5, RERBOFmIL, — AR FEIESIRED
PALFFIC K o TEBANCH S D25, BRIFRY 722 R 22 KRB O R4 T IXRHIE
AT AZRET D20, L0 RKBRRBIENPLEL SN D,

EFELOFLGEIT, FUHRBROMEREZ G LITREIND, £DOD, ARE
WM B W TR CEELTH, TORGRERIZEICL > TERRLIGERHDH, LTI
N T, HES EAGRRBEN R DERBICOWTIE, BARANCE T 5T —4 D
FNEE LD,

LI L F 15D FEC100 #351X.  granulocyte-colony stimulating factor(G-CSF)ii
EFERTA BT A4 2 (1202380 TIHEE LT FR ERJBE (febrile neutropenia : FN)D
FEIEFN 20%Lh L& S, 7T 4 VT T AF KD G-CSF WAl %2 — R T B
ICHWD Z ERHERINTWD, X7 T 4 V7 T 2F NFENE D FERERORE
REVENTIEHI6mg BEGEE L TR I TWAS D, #TlE 6.0 mg 23§
Hadl L TRKRINTWD, £ Tl FEC100 BIEIZBWTRT 7 4 L7
TAF LEFG LRI MER D G-CSF KN 2 L7-fE L L EE R F
BB DBEZ D Z ERHESNTWD [13], £D7=H, HAANIZEIT D FEC100
RIEZBWT, XTI T A NT T AF LN LICBRow et & BRMICET 5
RRTBHETH D,

o1 ETIE, x oEmasEEMaE T, AZFUICk D e MG

EAICBIT AT AR b= AFFEFICOWTHRET Lz, 72, F2=CTiE, A



Bt C OBSHEEE AR IS BN T, @ H EHIRICAT o 2 ik Ofs R4 VT
CCRT JiifTIRs 36 K OAT# O R FIRBBIZ OV CTRBIIZEHM 21TV, FEIAY 72 0R
BrEEHEDRREIZ DWW TR LTz, 61T, 53 BT, BARANDIE FEC100 #%
BIZBWTRT T 4 VT T AF Lk —RTIRE LT- 56 OR 2 & BARE
[ZOWT L bR AN T 4 ZIZMA L, kD G-CSF /WFITHLHLV /) 7T AF
LEMEH UTGA &g U CRHMli 21T - 72,

LIFIZ, AR ONEZ RN 2,



1=

AEF LB MEMBEREMRIZBITATR h—T R
FHEFEAZIRIC B A ISR

. 5
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) iZ tEtHE L ERITH D A ¥
FATNEERFIESC DMERE DGR L L TGS TWD [34], FE, X
B F o dim N, BB, FE. SRUEERE, K. NSk x 23 AR
IZBWTHEC RS TR EWET HZ EDRHEINTND [5-10], 2D b,
AL TF AT D D WVITRBRIEIC BT 2 0FHEE L THERTH 5 wRetk
MEZBND,

A2 F 1% HMG-CoA BETLMHEZHET L LIZL Y A v VBROEGK A
T2 LT, ANm RO TEARY TH % farnesyl pyrophosphate
(FPP), geranylgeranyl pyrophosphate (GGPP), ubiquinone, dolichol 33 & U} squalene
DEAZRD SE D, 2O OFEAERDITMIAN S 7 iz, MiarEk., b
& 87 B OEA RO L & Bk x e fiflabgeE 2 HIE LT D [14,15],
bR D 7 >~ MET UIZEB W T, B3R X F 3 ubiquinone DJE
A BT 5 & TSR AR L OB A B S¥ 5 2 EAHE ST
W5 [16], 7z, dolichol iZt MfEIFMIALIE SH-SYSY AIfIZI N TI /3 A
BF AL D/MARA NV AREB I OT R M=V AFEEIHT D Z L AUR
ENTND [17], B AARZF it g SRR I 36\ il fa i 5E 2 BE.

EL, MlE#HOEIEEZS SR TZ EbME SN TWS [18], FPP X° GGPP
4



I% Ras 72 & DIKSy 1B GTPase D7 L =L LIZBES- LT Y, A X F 1L GGPP
DAEGAFIZE Y Ras DT L =/UbEB L OEDO Ty 7 FIUGEKRF TH D
extracellular signal-regulated kinase 1/2 (ERK1/2). Akt 35 & TUXmTOR D& ALz #0
HTDETTARN—VRAZFEETDHI ERINTND [19-24], &5, T
7 NG E T DAL F LT 0T T ) — AEEEIHIL, TR M- 2%
FHEST L ENRESNTND 25, LrL, AFFUCLDBT R M=V 25
BT OFEMR A I = X LFIAHTH 5, AWFETIE, b bl asiEg M ikic

BIFDHAEZTF L OT R b= AFEETFOFEMIR A 1 = X B ZHOWTHE LT,



1. REB L OFHE

1. H®E

TIVINABEF o N AH T 8 LTV MGI132 14 Calbiochem 72 HREAN L 7=,
ANa U7 7 K (MVA), FPP, GGPP, squalene, ubiquinone, isopentenyladenine
¥ &£ O dolichol 1E Sigma 2> HiEA L72, U0126 IL Promega 7> HEEA LT, T7/3+
A >, z-VAD-fmk, z-LEHD-fimk 35 X O z-DEVE-fimk (% Wako 72> H A L7,
Zb O % dimethyl sulfoxide (DMSO) ([ZIRfR#E . U v BeiEE A A K
(PBS; 0.05 M, pH 7.4) CHEE L, VU Y7 L4 —(0.45 um, IWAKI GLASS)

TAHBEEE L7=b D2 H L7,

2. HEfaEEE

HL-60 (b RaPEria ekt Aifnim)d KOV U937 (b FAERRERME Y > )l i
IZ Riken Cell Bank 7>5H AT L72, IM9 (b b Z3&M 5 B6E )#i i iX Health Science
Research Resources Bank 72>H AT L7-, ARH77 (t bk Z3EMEE#E)HAIL DS
Pharma Biomedical 7°H AF L7z, ZHabHDOfildz 10% fetal bovine serum, 100
pug/mL penicillin, 100 U/mL streptomycin 3 & T8 25 mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES; pH 7.4)% & ¢» RPMI-1640 (Sigma)E5# &2

T, 5% CO, DEM T TR LT,

3. Trypan blue dye exclusion assay

FHAR D731 trypan blue dye exclusion assay (2 & 0 H)E L7z, KHildz 96
well 7' L— MMTHERE L, 24 FERIRERE, TR FUBLOV AL F
ZMREIZEIN L, —EREREE Lo, £ D%, SEEOMAEK & trypan blue ¥

ARG U, Al & e 2 514 L7z,
6



4. Annexin-V apoptosis assay

7R h—3 AL, Annexin V-FITC apoptosis detection kit z VN CTHIE L7z,
% PBS C 2 [IP&if1% . Annexin V-FITC Z#80 L il 2 FARE L 7=, £ D&,
15 7= T4 > % =~X— F L, BD LSRFortessa 7 2 —% A1 [ A —& —%

THHr Lz,

5. Caspase-9 33 X U caspase-3 {EHEDHIE

Caspase-9 & caspase-3 FER{E M 1T caspase-9 fluorometric assay kit & caspase-3
fluorometric assay kit % IV THIE L7z, HL-60 Miflda 7 )L S22 F o f izl
VONAK T T 48 RERTALER U 7= %, PBS TPEYE L. cell lysis buffer CTIAfE L7,
AR A AR #R |- LEHD-AFC (caspase-9 @ RH)35 L U DEVD-AFC (caspase-3 D H/H)
ZUSINL 37°C 1 FffA > % = _X— | L7z, & D1%. fluorescence spectrophotometer

(F-4010) ZfER L. LY 400 nm, H ) 505 nm CTEEEEAISHIE 21T - 72,

6. I b=y Y TIRENAYm ORIE

T har R TEENAYn ZRET D720, fMlaz 37C. 5 45 3.3-
dihexyloxacarbocyanine iodide T % =~— | L7z, il PBS TUEHF%. BD
LSRFortessa 7 B —H A h A —24—(ZT, LS 482 nm, Ht 504 nm CTHEAT &

1To72,

7. 7aF7 YV —AERORIE
HANR—=FRE, M) TR, 2 N U UBERAZRIE T S 7-DIZ, HL-

60 Mz 7 INWINZAHZF o U NAKTF o F T 1L MGL32 T 24 R ALER% . PBS



T 1A Lo, PERZOMAL~L v M lysis buffer Z@NL, K <EFLT
i A2 U7z, F7=# /87 E&EIT BCA Protein Assay (PIERCE: USA)IZ TAT
7,

AR #R I reaction buffer ZHIN#% . 10uM OHOEFEAIE Z-Leu-Leu-Glu-
AMC (B A 23— ), Bz-Val-Gly-Arg-AMC ( F U 72 k). £721% Suc-Leu-Leu-
Val-Tyr-AMC (%<& b U 7’3 U 4%) T 1.5 KA % 2 _X— ks L7=#. fluorescence
spectrophotometer (F-4010)Z MV TEbiL )t 360 nm, #0465 nm THOEE EHIIC

HE LT,

8. Western blotting

K& 72 5 T2 W CTULEE L 7= HL-60 il % cell lysis buffer Ti&fE L. BCA
protein assay kit % FIVNTH: DAV AIAES IR O & R 7 IREZRGE LTz, Z X7
B 7 V% SDS-polyacrylamide % /L HIZ THERIKE) THrH L, polyvinylidene
difluoride (PVDF) membrane (ZH55- L7z, Z @ PVDF membrane %, 3% A F A
VT BFURETT By X 72TV, FAR TN 4CT A %2
— k L7z, £ ®%%. PVDF membrane % horseradish peroxidase # & IR PLik & =il

TS v F2X— kL7, #2737 % Luminata Forte |Z T f[fiAk L 7=,

9. HFETLRE
Bk %2 70550 T CALEE L 72 HL-60 A% cell lysis buffer THEfE L 72, & D%,
protein A-sepharose & #1 ubiquitin FLAZFE G SE/Zb D LA U F 2 X— | LTF&,

western blotting (& TEHT L 7=,



10. AA)E BT

A )E 11X propidium iodide Z AV THEMT L7=, Mifld% 2 [] PBS THEE L7
%, 70%™ % / — /L CRE LT, 24 Bfil#%, Mifa4 2 [3] PBS TULif L. DNAase-
free RNAase A 33 L ¥ propidium iodide Z ¥ L7214, 15 01 > F2X— K L,

&K\ BD LSRFortessa 7 17— A ~ A — % —%& W CHEHT L 7=,

11. #EEHFRIFFNT

ZNZNOERTH S ATk BRI FIIEHR R A TR Lz, 2B OBIEIC
I ANOVA with Dunnett JREZEH L7, fEREN S%RMDO L&, AEAED Y
L7z,



AR

1. RAZFRZXBIPary RITENLETR b=V AFEHR

TINAZF b N AZ T X HL-60, IM9, ARH77 3 XUV U937 #Mifuic
BT, AR KOO SE 4 35383 25 = & 2% B a7 (Figure 1),
Flo, TANRREFUBIR U NRNZEZF URINZ XV caspase-9 T, caspase-
3YEMEFS KUY Annexin V (PR I0EBOZBEE ITHINT 5 2 & MR8 L7 (Figure 2a-
o SDHICAZF UKD TR b— Y AFHEITINT caspase-9 6 L U caspase-3
DO ZHL T D72, AXF L pan-caspase PLEHA] (z-VAD-fimk),
caspase-9 ERAYPHEFA] (z-LEHD-fmk)F L ¥ caspase-3 ZEIRAYPHEFA] (z-DEVD-
fmk) 2 O0FH L 728 . & Ff caspase FREANC LV, AFZF AL DT R F—v A
T 5 2 & AFRD H vz (Figure 2d),

WIZ, AZF NI b ary R TIRENIC KT ROV TR L2 #ER,
TNWNRABEFUBIOR U ANZAEZFURINCE Y I ha vy Y PEEMOK T

V3R BT (Figure 2¢),
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Figure 1. Statins induce cell death in hematopoietic tumor cell lines. Cell viability of fluvastatin or
simvastatin-treated (a) HL-60, (b) IM9, (c) ARH77, and (d) U937 cells as measured by the trypan blue dye
exclusion assay. The cells were treated with various concentrations of fluvastatin or simvastatin for 1, 2,
and 3 days. The results are representative of 5 independent experiments. *p < 0.01 vs. control (ANOVA

with Dunnett’s test).

i)

¥
£

£ - . i o I é _E Figure 2. Increase in Annexin V-positive cells and
;ig E I I %E N I I §§§ . I I caspase-3 activities are associated with statin-
i }e“’é;f;»“ ) a:ﬁf:,.»ff,.»""’ :;:"" .;:j.«-“‘" induced cell death. (a and b) HL-60 cells were
@ ) ) ) exposed to the indicated concentrations of
gl SO fluvastatin and simvastatin for 48 h. (a) Caspase-9

§ EE ‘ I | I H I I I I and (b) caspase-3 activities are expressed as the

’ ol I | I amount of the caspase-9 substrate LEHD-AFC and

— I HEFTT T 0T caspase-3 substrate DEVD-AFC proteolytically
wf;fvﬁ?:':ﬁ E ; E i E JE E i E ; E i cleaved in picomoles per hour per mg of protein.
© ) The results are representative of 5 independent

| | experiments. *p < 0.01 vs. control (ANOVA with

| Dunnett’s test). (¢) HL-60 cells were exposed to

e o e the indicated concentrations of fluvastatin and

simvastatin for 48 h and then stained with an Annexin V apoptosis assay Kit. The results are representative
of 5 independent experiments. *p < 0.01 vs. control (ANOVA with Dunnett’s test). (d) HL-60 cells were
treated with fluvastatin and simvastatin for 72 h in the presence or absence of 50 pM z-VAD-fmk, 50 uM
z-LEHD-fmk, or 50 uM z-DEVE-fmk, and the cell viability was measured. The results are representative
of 5 independent experiments. *p < 0.01 vs. control (ANOVA with Dunnett's test). (¢) Mitochondrial
transmembrane potential is decreased in cells treated with fluvastatin or simvastatin for 48 h.
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QRAFFUITE D GGPP AGHEEIC X527 HR b— AFEHR

77 NBRERTDHDAZT ARG G # o3 7 OF L=kl Tide <,
TaT TV —AEEOREEZN L TCT R F—V AEFHET L2 ERREINT
W5 [25], £ZC, AFZF U0 HL-60 fiffdiciW\W T a s T vV — LEEZHE
T OMEPRET LICRER, A ZF AL, W ARXR—BREE, MY 72 kRSN,
X M T URREE IS L2 2 L A RS L7z (Figure 3a-c),

ABF AT AT UERREE T O HMG-CoA &Il 4 HET 5 Z Enmbil
TWD, AN m PRk, M KOG HD a L AT a— 07 L
=UICEET A4 Y 7V ) A REEAT L0, & A8 BRI R HED
WAZTF DT R N— AFHEEZLEST S0 MVA, FPP, GGPP, squalene,
isopentenyladenine, dolichol 35 X UF ubiquinone % BALHE LiEt 21T > 72, Dk
F. FPP, squalene, isopentenyladenine, dolichol 35 J U} ubiquinone O 1EFE T T A
AF U EFH LTSS, AFTFUICEDT AR M= AFEIIHEFES N0 o T
23, MVA 3 KU GGPP THILE L7-Hd. AZF AL DT R b—v AFHEN

A EACIHE S 472 (Figure 3d-e),

12
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Figure 3. Statins induced apoptosis by suppressing GGPP biosynthesis. (a-c) Non inhibition of the
proteasome activity by fluvastatin and simvastatin. After treatment of 5 uM fluvastatin, 10 pM simvastatin,
and 10 pM MG132 for 24 h at 37 °C, HL-60 cells were lysated. Cell extracts were incubated for 1.5 h, at
which point the fluorogenic peptide substrate for the (a) caspase-like activity, (b) trypsin-like activity, and
(c) chymotrypsin-like activity of the proteasome 7-AMC was added to the extracts. The fluorescence assays
(excitation, 360 nm; emission, 465 nm) were conducted at room temperature. These results are
representative of 5 independent experiments. *p < 0.01 vs. control (ANOVA with Dunnett’s test). (d and
e) HL-60 cells were pretreated with 1 mM mevalonate (MVA), 10 uM farnesyl pyrophosphate (FPP), 10
uM geranylgeranyl pyrophosphate (GGPP), 30 uM squalene, 100 uM isopentenyladenine, 300 uM dolichol,
or 30 uM ubiquinone for 4 h and then with (d) fluvastatin or (¢) simvastatin for 72 h. These results are

representative of 5 independent experiments. *p < 0.01 vs. control (ANOVA with Dunnett’s test).

3.RAFF T L B Ras VT FIVIRERKRIAE 2/ L7z Bim 3 L0 p27 RELEM

AL FUFHRT R b= ACEAET 50 F 2 RET L7280, Ras 4 /X7 DT
L= UbB K OZE D Ty 7T VRZER T OTEHEIRE 2 et Lz, 724
FUrBILRV U NRNREZTF L Ras DT L =)UbxZLETHZ LT, VUi
ERK1/2 3 XU mTOR DO FHL 2 #9425 Z & Zfifgad L7z (Figure 4a),

Bel-2 77 IV —%o 7%, S bary RUTENLETR = AREDO Y
13



Ry & LTHbBIRTW D, Foxid, B S L OGS EZIZ B VW T2 2 F
VERITEREA B AR AR R — h A Ras/ERK 35 & UM Ras/mTOR #%#% & BHZE L |
Bim OFBEEHEM S TS Z L 2R LTV 5D [23,24], ERK1/2 OiEMALIE Bimer D
Ut aRET A LT, 28X F UM EzFE L a7 T VY —AIIRBIT S
Bimgr D43 % JUE S8 [26,27]. mTOR 1E Bim % v /37 A MET5 28],
ABFNCE DT R b= AFECTO Bimpr OB 5 % MR8 5 72, BimgL D%
AT LTz, ZO/E, AFZFURINICEY Bime BEBEMTHZ L&
12, U Uk Bim 2835 2 & 28 L7 (Figure 4b), £7-. AXF 3V
VR Bim Ol Z /LT Bim O X F A ELETDH L 2R LT
(Figure 4¢), B2, v 77 Y —LAHERTH D MG132 [IAR Y 2B FF Ak
Bim OFEBLA IR L7223, A X F UL D Bim =B X F ALORBUL FIZITE
A 5 2 Iahho 1= (Figure 4d), ZHUH DOFERIT. A X F 278 Ras/ERK B LW
Ras/mTOR #REE O A/ LT Bimpr ORBRAEMEELHZETT AR F—T R
EHELTNDHIEERLTVD,

ERK1/2 3 X TUYmTOR OiEMEIL, cyclin-dependent kinase inhibitor T& % p21 3
KO p27 BB OG22 U CHIBE I OMEIT 2 EET 5 [29-31]12 Enn, 7L
NAZTF U BEOR U RRAZTF A L5 S E 2 Lz, 7N
AZF U BIOV N RAZF %Gl BTl 241k L, Gl 225 S Hl~oD
F v VRA L M aH ) BERPEIRFTH D p27 HBLA TR L 723, p53 B &
W p21 OFRBUEALITIRD Bz~ 7= (Figure 5), & 512, MEK FLEAITH
% U0126 3 LU mTOR FHEAITH 2 T3~ A v L OfFHIZ. Gl #IToHifa
JEMIOEIEE TR M= 2AZFHE L, U U EB LN X F 1k Bim Bl %
KTFSE5Z & A Lz (Figure 6),
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Figure 4. Statins specifically increase the expression of Bim by suppressing the activation of the Ras/ERK
and Ras/mTOR pathways in HL-60 cells. (a) HL-60 cells were treated with fluvastatin or simvastatin for 1,
3,6, 12, or 24 h. Control cells were treated with PBS and cultured in serum-containing medium for 24 h.
Whole-cell lysates were generated and immunoblotted with antibodies against Ras, phosphorylated
ERK1/2 (phospho-ERK1/2), phosphorylated mTOR (phospho-mTOR), ERK1/2, and mTOR. (b) Whole-
cell lysates were generated and immunoblotted with antibodies against phosphorylated-Bim (phospho-Bim),
Bimgr, and B-actin (internal standard). (¢) Ubiquitylation of Bim in HL-60 cells. HL-60 cells were incubated
with fluvastatin and simvastatin for 24 h. Control cells were treated with PBS and cultured in serum-
containing medium for 24 h. Proteins immunoprecipitated with anti-ubiquitin antibody were
immunoblotted with anti-Bim antibody. Ubiquitylated Bim was detected as upper-shifted bands in anti-Bim
blotting. (d) Effect of MG132 on statin-induced down-regulation of Bim ubiquitylation. HL-60 cells were
incubated with MG132. After 4 h, cells were treated with fluvastatin and simvastatin for 24 h. Proteins
immunoprecipitated with the anti-ubiquitin antibody were immunoblotted with the anti-Bim antibody.

Ubiquitylated Bim was detected as an upper-shifted band in anti-Bim blotting.

15



(@)

control

5 uM fluvastatin

10 uM simvastatin

Counts

40 80 120 160 200

Counts
40 80 120 160 200

0 200 400 600 800 1000
AL2H

Gl 3019% 61
S 3033% s

2IM

~
S
-4
2

@

(b)

i e ——
P-actin

01 3 6 1224(hn
5 uM fluvastatin

(a) (b)

o]
0 200 400 600 200 1000
AL2H

200 400 600 800 1000
FL2H

Gl 4179%
25.24%
2363%

47.53%
26.30% s
21.00% G2M

ps3

Y ———

p27

B-actin
01 3 6122

10 uM simvastatin

= v
2z
phospho-ERK1/2 £ w
2 |8
ERK112 .
5
phospho-mTOR 3 o ) :
© 20 | 1
mTOR
o L. e E
5uMU0126 — + — — — 5uMU0126 — 4 — + — —
10 pM rapamycin  — — + — — 10 pM rapamycin  — — 4+ + — —
5pM fluvastatin — — — 4 — 5uM fluvastatin — — — — 4+ -
10 pM simvastatin _ — — — — 10 uM simvastatin  — — — — — +

() ()

Bim @B =———]
Bimg, (=N

IP: ubiquitin
IB: Bim

p-actin [E—]

5uMU0I26 — + — +
10pMrapamycin  — — + +

(e)

control

= 5 puM U0126
8

L 3
G1 30.19% G1
B 30.33% s
G2m 23.56% G2m

47.49%
29.08%
19.37%

ps3 ]
b2 —]

p27 [ )

ractin [E——
5uMU0126 — + — +
10 yM rapamycin  — — 4+ +

5pMU0126 — 4 — +
- —++

10 M rapamycin

5 M U0126
+

_ 10 uM rapamycin 10 uM rapamycin

18.02%

Figure 5. Induction of cell cycle arrest at G1
phase and p27 expression by statins on HL-60
cells. (@) HL-60 cells were treated with
fluvastatin or simvastatin, for 24 h. The cell cycle
distribution changes were monitored by flow
cytometry. Relative percentages of cells in each
phase of the cell cycle as indicated. (b) HL-60
cells were treated with fluvastatin or simvastatin
for 1, 3, 6, 12, or 24 h. Whole-cell lysates were
generated and immunoblotted with antibodies

against p53, p21, p27, and B-actin.

Figure 6. U0126 and rapamycin induce cell
death via Bim and p27 expression. (a) HL-60
cells were treated with 5 pM U0126, 10 uM
rapamycin, SpuM fluvastatin, and 10 pM
simvastatin for 24 h. Whole-cell lysates were
generated and immunoblotted with antibodies
against phosphorylated ERKI1/2 (phospho-
ERK1/2), phosphorylated mTOR (phospho-
mTOR), and mTOR. (b) HL-60 cells were
treated with 5 uM U0126, 10 uM rapamycin,
SuM fluvastatin, and 10 pM simvastatin for 72 h.
Cell viability was measured by the trypan blue
dye exclusion assay. The results are
representative of 5 independent experiments. *p
<0.01 vs. control (ANOVA with Dunnett’s test).

(c and d) HL-60 cells were treated with U0126

and rapamycin for 24 h. (c) Whole-cell lysates were generated and immunoblotted with antibodies against

phospho-Bim, Bimgr, and B-actin. (d) Proteins immunoprecipitated with anti-ubiquitin antibody were

immunoblotted with anti-Bim antibody. Ubiquitylated Bim was detected as upper-shifted bands in anti-Bim

blotting. () HL-60 cells were treated with U0126 and rapamycin for 24 h. The cell cycle distribution

changes were monitored by flow cytometry. Relative percentages of cells in each phase of the cell cycle as

indicated. (f) HL-60 cells were treated with U0126 and rapamycin for 1, 3, 6, 12, or 24 h. Whole-cell lysates

were generated and immunoblotted with antibodies against p53, p21, p27, and -actin.
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V. B

AWFETIE, AFZF NI har R TEBMOEK T, caspase-9 LW
caspase-3 i PEDIEIR, MVA B8 X X GGPP SO EZ N L TT R b —3 2%
FHETHE L HICG HITHIREZIEILSEL 2R LT, Ll v T
TV —AEE S OMBITER IR o T, B ANRE T U FFEMAIZ BN T
TnT T —AEWREETSHZ LT p2l BLO p27 ORBEAEEEL TR F—
VRALFHET L8, AN v CEERREE T PEY O I TSR B L2 T
BHESNTND 32, UL, Y R_AZF 3 8—%y h Y Lo SEHIIC
BWTTF 77 Y — AMEMEZLEE T GGPP AR 232 Z LI k- T
FSEZ B E R T2 LRI TND [33], & BICF A IZLLRTOMFFEIZIBN T,
ANABF LR A0 CREREET O GGPP DA RRILE R LY ERK1/2 OIEME
FHEZNLCT R =V RE2FEET L EEZHLNILTND [22, ZHRBHOD
AIRIE, A% F o3 M ERIES 2 B8 T GGPP AEA AL EZ 1 L7z Gl I ToH
JUEIOE LB IO b2 RUTEN LT AR M=V RAZHEETH T L &R
LT\ 5,

AR F AN K DA BT small GTPase D 7" L = /WAL DOAENEEH- L T\
5T EDIRENTWD [34-36], GGPP X Ras DIFE~DBITICEE RN TH Y |
GGPP DAL AR EIL, MIRLE D> & HIfaE~D Ras OBATZHE L, Z1T L -
T Ras I LT v 7T ABREZIIHIT 5 [37,38], ABFZERERICED, A& F
N Ras D7 L=/t &M L, ERK1/2 8L mTOR OIEHEALETHZ &%
B & 22 Lz, Fox i3, LAETORFZEIC X 0 BESE IR B W T A Z F o3 )
P#{t ERK1/2 3 XU mTOR OFEBR AP SHELZLEWMELTWD [24], %
7o, BREEAEARART— I GGPP ELKOMEICL > T Ras D7 L =)L

fb. ERK1/2 3 X' mTOR OIEMEAIHFT 5 Z L 2R LTS [23], 26 D%
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R, A% F R ZRIEEIZ 30 T Ras/ERK 3 L T Ras/mTOR #&# O i %
LT TRI—=VRE2FET LI EERRLTND,

S ha R TENLET AR =YL Bel-2 BEOBim 72 £ D Bel-2 7 7 2
U—& X7 PR35, Fxld, ERK1/2 38 L0 mTOR {EMEFEE A Bim D%
BEeIhary R TEBIODAR—=BEKFREEZN LT TR N—V A0S
RETHZLEZRLTWVD [23,24], AWFETIE, AXF 5 Bim O U LD
iz LT Bim O EXF AL HET 52 £I28Y Bimer ORILAHIN S
HHZEEHLMNILIE, 612, U0126 & T 3w A U2 fHT 52 & T,
Bim D2 EFF LB KO b2 L, Bimer DR ZeESELH & T
THRN—VAEFHEST L L AR LT, ERKI2 12X % Bime U UER{LIE,
Bim Db X F b LT v T 7 Y — AREE N Loz e L [26].
mTOR OiFEMEALIE Bim ORBEEZFRE T2 2 085N TWD [39], & 5T, &
R MEK1/2 BRE AT 5 PD184352 1%, ERK1/2 38 XU Bim @ U U f2{b & fH3E
THIEIZE ST MGI32 BFFET 5 Bim O X F ALz S5 2 &R
W STWD [26], ZHUHOHAIE, A X F 5 Ras/ERK 3 L T Ras/mTOR
REZHET S22 L2 BimD U Uigbis L= B F Ak Z #if L. Bimer
DRBEZHENSEL LR L TWD, 2D Enb, AZF L Bim Bz
BREH L 2 LICL o TP R P—3 22FHLTWD Z LR SN,

AWFFETIX, A X F 228 ERK1/2 38 XX mTOR OIEMHALZBAE L, p27 OFEL
AR 2 Z L2V Gl IRl oIk 255845 Z L A BT Lz,
U0126 & 73~ A v OPFRICE N T, Gl #1226 S Hi~oofifia @ M o T %
P L, p27 OFBAMEEDL Z L 2R LT, v XA ZF 0%, b MéEgs
JESFIZ I T Ras D7 L =/LDEFELZS LT Gl HITOME L D45 1k 2

WET Do LN MEINTND [40], 7 RANRZF LD Gl F= v 7 KA
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> M ToOMEBLE X, CD4 B T M2\ T Ras ¥ 7 T /URZEDLE &
BIE L TWAZ ELHALMNIEIN TS [41], & 52, ERK12 B X' mTOR O
EMEARIE, p27 ® B3 228X F L U H—FB L LTHBILD Skp2 OIEMHALZIT L
T p27 ORIV ERET D [4243], ZNHOHEIL, AXF LD
Ras/ERK #5 X O Ras/mTOR #% & OFRE A G1 #CoMifaE# ol 1k 25585 %
ZEHREL TS,

AWFFETIZA X F 3 Rass/MEK/ERK 35 L OY Ras/mTOR #REEOFHEIZ LV
Bim & p27 OFBAEMIEL2L T, I haryRITENLETRE— A
FHER LA OEIEZFET L 2R LI, 2NLHDZ &b, AH
F 1% Ras Z2H 4 & DEMEFFII R LT, X0 RANTHER T 2 AlgEHER H D |
T I ARAEIE DVRIC B W TS ARB L OO AK E Ot HE L LTHEH

ThHhHI LR L TS,
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®moE=

Prognostic nutritional index ZfF /] L 72 H A ASRSEE B E
([Z BT DAL B BRIRE T 36 X UL U BRIRER O
SRENTR D Z BRI O BRET
| #&E

SRS X3 DAERERY 72 VR 1L, TIRTE, B EEIE. (k2 A s
DETZEFZIGE T D, BEHRREE L5915 %2 [RIRFI21T 9 concurrent

chemoradiotherapy (CCRT) %, H1723 A FE D FUHBRES: PEHESRIE T X 2 ididia
PO RI IR A WIFE LTIt D, LA’ L CCRT I, AIEA & LTI 100%D

BEECHOPERBER 2 AET 5 Z E NG I TV D [11],

Cisplatin (CDDP) (XEESHERIEIZ 1T D CCRT OF— KT v 7 Th D0, @EE
MY 27 OIRAFTH D [44], D72, CDDP % 7= CCRT Tl HPENHER
KRB | MR, BACRIRNEF O A EBIGE LK T S, RKEREL S H108E<
SHLHREMEDRHDH, ZDZ LIk, BEHE ORI L quality of life IZ K& 705
Bra G2 HARetENH 5, £7-. CCRT OFWIL, BDATRFEONREZIK TS
AREMERH Y . IO ORIERZ#EUICER TS LIXEETH D [4546],

(2. ABZIZ CHASHERHE IC X35 CCRT %% 53 T, BB 3 2 BRI
WREEN D OEIEZ T T, REREOUELEE TH S, KEREZ, %
I B FERESCAREOESIC L - TERMICIHI S D 28, BRI
REEDFEAM CILRHIEE DA T AZBET D72, L0 FBINRIBEREEND,
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MARKRAN LS AALFIRIEIC KD RIER 253 2 72D A TH Y | ik
PE, EHEEE, IPRSRE 2 A9~ 2 72 o0 EHARIC FEM S A, BORRRIRIEEC X 2 i 7
P2 T 5 72 O EHMICI T TV D, /NEFSFE S O prognostic nutritional index
(PNI) (ZMiET VT I A LR Y Vo ERE L W EHR SN D [47]. Zhbid,
RIVER 2 3804 2 H B9 T M S 2 EHR R MR AEORK R TR TE 5720,
BEINT LT IR A 2 LB L L7y, PNL AR AEE OF
WERATE O PR~ —I—& LTHRESNTEY [47]. (LFRIEOP I 2 RE
TLTPH~—H—L LTOAMAELHRE SN TS [48,49], £7=. PNI IIhiE
B [50]. EMERANE [51]. BERE LR [52]. B KX OVERE (53172 L 0%
MRS CHRZTHRIR T L& LTHE SN TEY , BHETEICHS VTS RERICH
HEINTWD [54-56], ZD7=, PNI 103 AEE ORBIREZ T T 57201
HEHENDEED 1 > ThHD, BIEO L Z A, CCRT %%1T 5B EE 128
W TRERIR R 2 BB 2 DR RF I REAT - D FEFE Ot 1372 < L E 72, IBBERFIC
WENSMLE L SN DFRBRELZ BB T 2= L H L TIERY, 22
TAFETIX, PNI 2\ C CCRT %32 - BESHERNE B E OB IRME 2 FELIIC
FFAM L, PNI (ZHEADSWIRFERMERZRET D Z &2 HINE L THRFEIT o7,
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1. 5

1. XBEELHET A v

2012 /- 4 A5 5 2017 42 3 A £ TOMIMIC, BAR-FAEFIER L ER 2 2 —
H SR CERESEE R 12 % L CARZIZ T CDDP+RT (Radiotherapy 70 Gy, 2 Gy
x 35 fr) (CCRT) OIRENEM SN2 BHFDORIRT — 2 %27 L L ha A
77 4 7T LT, CCRT {5 H1IZ CDDP 28 3 [l 5 S v 70 o 72 i34 CCRT
BRI ABE & ke L7202 7o R IIBRAN L7z, $£7-. CCRT IRFERZICH] &
e TR B OTBRIR & ikt LT BREIZ OV T BRI LT,

TSR BRARRT & 1B TR O SR RE A HIWT 9~ 2 7260 PNI Z B LEFAN L 7=,
PNI (XA F CaHE L7=: PNI = [10x serum albumin level (g/dL) +0.005 x peripheral
lymphocyte count (/mm?)], F 7= ¥5HEI OFREEIZ & > THE % grade2 LA T & | grade
3LLED 2 SO T Tz, 1R T D PNI OHERS LB T 618 %
TOHEIZHOWTEE: L7z, Bilf2812-5VTlx, Common Terminology Criteria for
Adverse Events version 4.0 % FIWCaFAl L7z, BEEERRN 4 52 ) 7o B3 F 7o 13
BT 2 —TEHALT-BAEICOW T grade3 ERFIiL7=, & 512, PNI %

U CaBBeF O 4 IR AR 2 7l L 72,

2. MAEEHE

i, PERI, EABOFRAL, TNM JEERE, (L P EERE, AREE (m?),
1 Bl&H7-9 o CDDP Ml & (mg/m?). BRAMAME (FMmERE, e, U Bk
¥, M7 /v 7 X 2 (Alb), aspartate aminotransferase, alanine aminotransferase.,
creatinine, C-reactive protein), 6% H 23 L ONRIEK T BB E To HEITH

WTHHAZIT o7,
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3. WLEHFEHIMRAT

2 FEM O 3 0 LLBE 1213 Fisher’s exact test 2, 2 A o H1 JLAE o LL#E 121X Mann-
Whitney’s U-test & U 7z, ZHZEIP <005 DFAEHERBREHD & L1z, BB
FEMEIZI1T D PNI O 72 %~ b A 7 {lIL, receiver operating characteristic (ROC)
HifR 2 L CIRE LT, T X COMEH#ENTIZ, BEZR FFEEK R ¥ —, BiA

ERFKEE: Ver.1.36) & H\WTIT- 72 [57],

4. fRERIECE

AWFEIL. AARFRFFEHEMFKILERYE X —HHEEESOKE (ZME 5
520) =4+ C. EAGSRIC oS LS L7,
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B3
1. BEER

42 4 DBFEDRGHIFNIC CCRT DIFRE 2 T2, 2D 5 H 17 ZAITONT
IX. CDDP OF H-[RIHA 2 [FILL N Th o 7272 DR Lz, 1 A lIER IR ik
HEREE L. 1 413 CCRT OIRH% b ARt & fkie L, thoTa ek Lz, Zhb
D2 DEFITONTHRIN LT, EORER, RMEHINT 23 4 2 i Ot EH
L7z,

Table 1 ICEFEHFRDON—AT A L &mRT, 234 DEFED OB, 19 L0 T,
4 BN LETH T, FElOFRAEIL 66 7% ThH > 72 (#iPH:32-74 %), KEDJR
FEENLIE, METE (8 4. 34.8%). LMHEH (1 4. 4.3%). HUREE (6 4. 26.1%). F
WHEE (2 4. 8.7%). =Dt (6 4. 26.1%)TdH-7=, TNM JEEH L stage T (1
% . 4.3%). stagell(7 4. 30.4%). stagelll (4 4. 17.4%). stageIV (9 4. 39.1%).
ZOM 24, 8.7%)Tdho7-, 44 (17.4%)E FP (5-Fluorouracil + CDDP)#&%E DAL,
FIRIERE DN B o 7,
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Table 1. Demographic characteristics of the included patients (n = 23).

Patients, N (%)

Age (year)
Median 66
Range 32-74
Sex
Male 19 (82.6%)
Female 4 (17.4%)
Tumor site
Larynx 8 (34.8%)
Nasopharynx 1(4.3%
Oropharynx 6 (26.1%)
Hypopharynx 2 (8.7%)
Other 6 (26.1%)
Stage
I 1(4.3%)
I 7 (30.4%)
m 4 (17.4%)
v 9 (39.1%)
Other 2 (8.7%)
Chemotherapy history
Yes(FP:5—Fluorouracil+CDDP) 4 (17.4%)
No 19 (82.6%)

2. TRIRBHIGAET & IR T RRICRBIT 2 RBREBOE(L

Figure 1 ([Z{REBAAART & 1RIFHE TREIZEIT 2 PNI O L&~ 16K T HIC
MIBRRAE DT ORI > T2 55 1T, e BT OFRMLAE R 2 AV 7o, TR AT
FJ ORI TIRFD PNI fEOHFRAEIZZENZ4L 51.0 BE 38.0 ThHho7z (p <

0.05),

p <0.05

Figure 1. Change in the value of PNI
before and after CCRT. Box-and-whisker

60
plot represents the value of PNI before and
55
at the end of the treatment. The line

7 E indicates median, the box indicates 1st to

4 3rd quartile, the whiskers denote the range,

PN

oo

40 and the circle indicates outlier. Significant

35 . differences (p <0.05), Mann-Whitney’s U-

0 4 test was performed and a p value of < 0.05

was considered as statistically significant.
25

Before After PNI, prognostic nutritional index.

CCRT
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3. BEEROBEIC L 2 RBREBOE/

AR OFEFENZ K - CTHEE % grade 1.2 B X W grade 3 D 2 DD 7 —F\257
7=, ABIOFHA TIE grade 0 35 LN grade 4 UL LD EF T2 > 7, Table 2
(R REBFEOE R AT, Fhn, MR REOFRFEEAL, TNM SR H, (b5
BIERE, AR (m?) . 1[EH7- 0 O CDDP HE (mg/m?) . 1BEBILERT DK
FRAE, TRHREBALARTO PNUE, VAR O WTHERZEIT R D> 72, Figure2
(IR R PNI O b % 7”9, PNI X BRI EIZ L > T3 2 E
R LTz, PNIEIL grade 1-2 DXL B 12~ grade 3 DRI EH D T7H
K CTH -7, BREIREHRE 10, 12, 18, 20, 38, 42, 48, 60, 64, 66 3 L 1 68 Gy
DIRFRIZIBUNT grade 1-2 DA EE & grade 3 DAEIEIEE TZEIE 4L PNI
BB RZNRD BV (p <0.05),

Table 2.  Demographic characteristics at baseline (n =23).

Grade evaluation of the mucositis Gradel1-2 Grade3 p value
N 11 12
Gender (Male/Female) 10/1 9/3 059
Age  Median (range) 66 (32-73) 65 (35-74) 0.766"
Body surface area (m) 1.63 (1.47-1.76) 1.70 (1.35-2.05) 0.902?
Dose of CDDP per once (mg/m) 69.6 (65.6-80.7) 70.7 (64.4-78.9) 0.805"
I 0 1
I 5 2
Stage m 3 1 0.1727
v 2 7
other 1 1
Larynx 6 2
Nasopharynx 0 1
Tumor site Oropharynx 1 5 0223
Hypopharynx 1 1
other 3 3
Chemothreapy history chemoth':Say)y (FP) g 120 19
WBC (% 100/uL) 62 (37-91) 61.5 (38-105) 0579
NEUT (X 100/uL) 334 (16.1-64.4) 37.7 (13.6-69.9) 0518
Alb (g/dL) 4.10 (3.25-4.81) 4.24 (2.96-4.57) 0.926b)
Test value AST (U/L) 21 (12-41) 18 (11-71) 0.711?
ALT (U/L) 19 (11-50) 20 (7-60) 0.734"
CRE (mg/dL) 0.78 (0.55-1.03) 0.78 (0.50-0.91) 0518
CRP (mg/dL) 0.08 (0.01-0.91) 0.19 (0.01-1.90) 0.667b)
PNI 49.3 (40.7-60.8) 51.5 (37.3-58.3) 0.525”
Treatment period (days) 51 (47-53) 515 (50-57) 0.148”

JFisher’s exact test, b>Mann—Whitney's U-test
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Figure 2. Change in the value of PNI during the treatment period. The relationship between the irradiation
dose and the median PNI is shown. The dots show the median PNI values at the particular points. The PNI
values between the groups developing grade 1-2 mucositis and grade 3 mucositis were analyzed using the
Mann-Whitney’s U test. *p < 0.05. The numbers within the brackets signify the number of patients who

calculated PNI at the particular points. PNI, prognostic nutritional index.

4. IWFHETERNPDBREETOREK
Figure 3 |Z CCRT fi& H N HIRfEH £ COHEEZRT, BEOPFYAEIL, grade

1-2 OFET 5 H(HiPH: 1-16), grade 3 OFET 10 H (#iPH: 0-20)TH > 7= (p <0.05),

15 P < 0.05 Figure 3. The median number of
days in hospital after completion of
treatment is shown. There was a
10 significant difference between the
> groups developing grade 1-2
° mucositis and grade 3 mucositis (p <
° 0.05, Mann-Whitney’s U-test).
0

Gradel-2 Grade3
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5. JBPEED PNI DOF v N4 71

CCRT & TH N H1BBEE TOMIZ, 23 4D BEE )

At 79 Bl O MR A 23T

Divlc, TNEIUTIHBWT PNIEEZF L L, BBEERTO PNI OfE % 1BFL R UED

SeFRpE L U7-, BfRILHEL LT PNI OF v N4 7% THIF % ROC ghiz s

Figure 4A 35 JUVB (27”7 (grade 1-2 DXL HE; grade 3 DRI HE), ROC ik

DFEFE, BeRIEE L FPRE 2790 v M A 7 EIX, grade 1-2 OREEIREET 40.4,

grade 3 DFEIEREET 38.6 TH -T2, ZNHDOH v bA ZIEIZIW TRUE & FFH

FEIXZ N Z I grade 1-2 OFREFEREET 70.0%. 50.0%. grade 3 DGRBS BE T 58.3%.,

78.4% T - 7=, AUC 1ZZFHFH grade 1-2 D¥EIEKEET 0.540 (95% CI: 0.314-

0.766). grade 3 DFEHELREET 0.662 (95% CI: 0.494-0.831) TH > 7=,
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Figure 4. Receiver operating
characteristic (ROC) curve of PNI
depicting the optimal cutoff value
as a criterion for discharge. The
ROC curves were obtained for the
groups developing grade 1-2
mucositis (A) and grade 3
mucositis (B) considering the PNI
value just before discharge as a
marker of the nutritional status for
discharge criterion. The cutoff
value of PNI was 40.4 in the group
developing grade 1-2 mucositis
and 38.6 in the group developing
grade 3 mucositis. The area under
the curve was 0.540 for the group
developing grade 1-2 mucositis
and 0.662 for the group developing

grade 3 mucositis.



V. B8

BHEHFDHEIZ 31T 5 CCRT 13, 1RIRICHE ) AEFROLORBREL LS E
%o BHORIBERITER 2 ) Z LI L > TROBEBREEDR T 25 & 2 L, 5%
WRREDEALIZ SRR D ERERTH D, 2O &0 b, EIREMOR D HBEGED
A ED72 DI, BRANCEFICEWHE I EH SN TV D, AARIZEW T, HhilEs%k
(ZKET DA B DUV T S sk AL [AAFJE739T 941, Opioid-based pain control
program & L CHEGE SN TWD [58], Z DOHFFE Tl R Sea% - HAIB G
PLTHBOEHRSS, FEFA RR— XA TORFBEIIC L - TEVIGEEZRE
PRENTNS, LnL, TRTOREICH L THEZERT0E 9 o0
TIEBAME TIE R W, KSR U TR B Tl SHERIEIC TR = hr—
NWRREIRBDRFF T TN D ONRBRTH 5,

FHSHHRIR ISR LT CCRT &%) 2 & 12V T, REOR LI RERE O
e LTHEMENTND [59], LL, ZOWMETIHERE THICBNTH L
X5 S REBD B Z & NHE STV 5, Patient-Generated Subjective Global
Assessment (PG-SGA)IT, FEEF ORBFMOIEE L LTT AU BRELEZD
Oncology Nutrition Dietetic Practice Group TJA < 7l &AL T\ % [60], LAL,
PG-SGA |ZHBFOEBINRFHE TH V. SRR ((RE, fFEEIE, R,
[EE), BEREZR O)YPHRMEZ NI LT 5, TOD, fHliD /A T A Z[ElkE
L7226 KRB TR TENLETH D, Fox ld, BHEEEE
T CCRT Z%T % BEDRBINEEZFT 2720 DFEEL LT, L0 BWEEE
MLETHLEERT, T2 T/MNEFFLIZE > TRB I TV D MK DR
B S RFRREZ M T E 5 PNIIC X o THRIRREZ M L 7=,

AMFFETIE, TR O PNLEIL 51.0, 165 #% O PNI I 38.0 T o7z, £z,

TRIRAT E IR TR C PNIEO R B Z 72RO, /INEFFLITREBRED N
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RAE T, PNIME O IEF HiFHIL 50-60 ToH 0 | 40 AN H > b A T & Arde
ENDHZELEETLTVWD A7, ZH b OREEICEESW T, PNI IZHESHERE T
CCRT %%} % BEORFIREZ FBIICHHMM T 2 EE LTHRATHL Z L
DR E T,

N 1) A S N
1To7z, Grade 1-2 DXEIER A HIE LT-BE L | grade 3 ORGEAR 2 R8I L 7= 8% b
W L7z b 2 A, BEEEKEI 2 RIE L BETIE, L0 PNIEMET 52 &

on

(252 % B2 OV T PNI & O CRBUINICAH &

£

PRI STz, —MAOIS, KRR DS EEE & e D LR A RO D BRI A+ &
2%, ZORER, BEORBIREBITELS 25 2 L2, PNHEIZ & R8BI Kk S
niceEBx N5,

S BT, KRR DS ANBEHIIC 5 2 2 BB DWW TRl &2 1T o 7o, TR T 0
5IRFEE TOABE B HUL, BRI &2 FIE L BE CHRICER Lz, 20
728 TR IR A MS BT D 2 LT K o TRIIRREAE L L, AR
B E 525 2 LRI,

12, CCRT # DB NEL LTo PNI O v b A 7l Z M L7z, ROC
HIRRIZ T Y DA 7 fEIE, grade 1-2 OREIEAK BE TIX 40.4, grade 3 DKL E
FHTIE 386 L LTS, ZHODEITNEFLICK s THRHSNTZD v F
FIEIZIVME & 72> 72, Lr L. grade 1-2 D¥EIRAR BE 2B Tl AUC MK
fETH 727, CCRT % DIRFEHEAE L LT PNI X, BREE N EE RN TH
o 2 ATREME DS R STz,

ARWFFEClE, BESEESRE D CCRT (281 552 KRB O Z BN 2 - MHEIE & L C
PNLIZHHTH 0 KR OFBIC X 2 R BIREZ M T 2B AHTH D Z
& &R L7z, PNLIL, CCRT % 521F 7 BHSHH R B A O RBUN 72 BB L U CE
BIIER BFICB W THRHICAATH D Z e Sz, £D7 ), EE/RMRK
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REWET D Z &, EERKIRR & RE L CHlU R RBIRE AR5 2 &0
BIRERROREC A OEHICEE TH DL L EZLND,

FHSHESIRIC 31T D CCRT X, RIVEF 28807 2 72 0 ZHEFEIC K 2 @i 3,58
L&D, BlxiE, CCRT OBRtART L 0 EFHERR, sRHE L, BEM%SIC LD
RO 72 A e 7 7 D FEHE<>, CCRT H1 D NST (Nutritional Support Team)(Z & % %€
BYR— FOEMAET BN D, FEHRNZIBWTIL, CCRT DFEFEL L L TE
Z DERRRRAIE A TG L, W07 CRHRIER AR BT 2 2 L BRETH D,
KIS D T BAIZE WO TUEL IBEBHEART & 5 DS\ E1TWV TR & OEN O
RIBICEO DL L) BBEHEEITY 2 &, Fio, MR IE L7 BITEF ORE
R L, U 2R SRR OIRREA4TH 2 L b EETH D, A ITIEHRBILART A
CEEEZTAR—FL, BEORBRELMRTHZLICEMRTE2LE2HN
%, CCRT %% \F TV 2SS B 128V T, RERE A BBIIZEHE 3 5 3

WOIENMLETH H, PNLIE, RERENEACT DG T 720 Tidie <
FERBED R 2 \C UGB T DR TRICB W T hike: L CREE 217 5 B4 10
NrfEEELTELALND,

ZIHDT &G, PNI UL CCRT ZHifT & 41 2 BHEHHE EE O RBIRE LTS
Ferh g L ONRIRRE T# bR D BBIANICEEM 32 2 L B ARERIEIE TH D,
7o, PNIIZ H ERRMIEREORB RN SHHTE 5720, BEITH L THi- 722
REEZ VI L L, 2078, PNLITZREARFIRIEZ M3 2 B, {8
OB RREETHD EBEZOLND,
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HIE

FEC100 JBEZ A DRI 7 4 VT T ZAF A EERN
HPEREIC 5 2 DB

. 5

IS AACTFIRIERFIZ 30T DI ER I X B 70 R E &2 51 & 2 3 etk &
L2 T, IRFRREOIRTROTESNTIERA T Y 2 — /L OBILIT D723
D, TOFER, RFDRICHEEE G DARMEND D, FRC, BEELED 44
ERIBUDE 13 56 B AT TR ERIBVE. (febrile neutropenia : FN) & IEIEA, A0 (2 HIE(L
LA fali z AT REMEDN B D72, KRREESK & L C granulocyte-colony
stimulating factor (G-CSF)# A 23MEH S5, €K D G-CSF BANZ—EH D H A Fl
B bR E I EREDS S00/uL RIS LT B ZBRMGT 5 BN H > 7203,
2014 29 A il G-CSF K TH DT 7 4 VT T AF LS ARHE Tl Al HE
EIRoTe T L T ERBUCED & PRG35 AIRE & 7e o 7=, G-CSF i Eff
HA KT A2 [12]TiE, FN OFIERN 20%LL Lo 2 il F 7213 3 lEks 1Ly
AVEMAT DR, X7 T 4 VT T AT KD G-CSF H| % — kTR v
D2 ENHEESN TR ALFRERR ISR SN Z L%V, BANCET
% FEC100 #i£ (5-fluorouracil 500 mg/m?, epirubicin 100 mg/m?, cyclophosphamide
500 mg/m?) b ZAUTESTHL AL THD, BIEDEZA, BAANIEBITD
FEC100 JIEHATIRFIC R T 7 4 VT T ATF K — IR TG LTI2GH 0OR4Ee
P& BRSOV TOHREIZR VN, £ 2 T ALFEER IR THRE S LT

BROLFHERIAD | FN OIEAESR | A AR TR IC DWW TIE E1T - 72, £z,
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NI T ANT T AT MEAFTRELLAINZAT AL TV AR D G-CSF WAITH 5 L
)T TAF LEERA LIS E & BRE 1T 5 72,
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1. x5 &5k

1. REFHE

2014 £ 4 A5 2016 4 3 7 £ TOHIMNIZ B AR AFndk L= o 7 —
FLIRSMVERE © RIS RSB OIRE E LT 1 2—AH XV 3 =— ALk FEC100 #
W SNSREFRIR C T BB Z R e Uiz, FHMBEA T 1 2 — A H O FER
. FN OFIER, PR & Lz, JHEITE -V 7 ISRl Sz
FEE. DIEERAE L LI, L R RNRT T 4 TNAT o7, HEEED Grade 3
fiilc->U Ti%, Common Terminology Criteria for Adverse Events version 4.0 % i\

HiEE T T

2. G-CSFBFD®EEFEL 1 2 —R B OFHEREOHIE

NRT T 4T T AF AIF FEC100 H#E1E3E H (FEC100 fif THE T 722 5 24 IRFE LARE)
52T 72, L/ 7T AF A1 FEC100 #RiEREIT 1 8 B4 I MR AS 247 -
DB Y E O W TR 21T o 72, FTo, TP EREL OB TR U Ty
EOHET 2 BIEUBEOBINEGZ1To7, L/ 77 AFLEGRT /A be
DU 100pg A 1 EIEZ FES Lz, 1 22— 2 B O P EREOMRIE X FEC100 %
1LBRIG H % dayl & L. day8 (1 BEfE1%). dayl5 (2 HRE%). day22 (3 M%) %
AL LTz,

3. WEEHFERUREAT
R, A EREZ DU Tl Mann-Whitney’s U-test %, JRFGREIZ DWW T
Student’s t-test 2. FN OIFEIERIZ-DU T Fisher’s exact test 2 W TEILE UL

FHLEL ATV, p<0.05 ZHEZEHV & LT,
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4, fHERAYECRE
AAFZEIE. AARtFAEMIKLERY 7 —mEEESDOKR (ZMES
390)% 15T, EAIEHRIC 0B RE U3 L7,
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1IR3

Table | [ICRFEERERT, MREFIX, LT T 4 V7T 2AF LEGEE 12§,
V) I TAFEEGREIBITH > Te, JEAJEIT— AT, ~TT 4T T A
FLEGRE 43 a—R, L) 7T AF LKL 72 a— A Th Tz, 1BREGE
(ZHUT DA P ERER, IRIRTREE IS SV I B RN A B BT e v o T2 08, 4R
BlZOWTIE L ) T AT AEERD T NI 7 4 VT T ATF A HREIZHA
Eo T,

Table2 {2 1 =1— A H D4 G-CSF BAILEHRFC I 1T D47 PERE O RfE & | 4F
FERIBE DIIEBE &R, T T 4 NI T AT AE GBI D4 P EkER
O FIE I FEE 1 B 180/uL (10-1460/uL) & e/ MEZ TR L, £ D%
MF 2R RO, —FH, V. 77 AF LAEERIZBIT 24 R ERE O H i
%, AbEERE 1 BRI T 1810/ul (1000-3210/ul). b22R1% 2 BRI 890/ul
(270-3280/uL) & F/MEZ /R L, ZO%BIEINT 2N bivic, X7 7 4 VT
AF LB GHETO Grade 3-4 OIFHERJEAME DIFIEZRIT 91.7% (11 /12 Fl) T
V. 83.3% (10 %1/12 )2 Grade 4 DIFHERB/MER R OSNT-, —FH, L/ 7T A
F ¥ H5-7E T D Grade 3-4 DU P ERJEAE D FEIEZR13.63.2% (12 B1/19 ) TH D |
Grade 4 O 4f FERJDE D FIEZIL 31.6% (6 Fil/19 By ThH -7,

Figure 1 (245 G-CSF #HIEHFFIZIIT D FN ORIERE RS, T T 4 VT F
AF LB GHETIHA3 2 — 2 5 FIIHBDZEO BV, 2D 5 B FNIE 3 6 (7.0%)
Tholce = V7 IAFLEEHETIT 72 a—2f 11 BIZREEDRD 5
. 2095 FN X 76 (9.7%)Tdh -7z, FN OFRIERIZOWTIHEHAT S G-
CSF ®H DOE N L DB EREITRBO DN ho7- (p=0.741), £7=. FN Ik}
LTUERT T4 NT TAFLEERE, V) 77 AF LGRS I AL L3

EFTDIERNTR <. EBIISRICT oIS TH > 7, 45 G-CSF 2551 2 6 H
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L 72 FEC100 $&1E DS HRHBIRREE 1T T 7 4 V7T A F LB HRETIX 98%.

V)T AFLEEHTIZOI%E BIFCTH -T2,

Table 1. Patients characteristics

Pegfilgrastim  Lenograstim
12 patients 19 patients P
Number of course 43 72
Age (median) (years old) 48 63 0.0129
[range] [34-66] [47-67]
Gender (M/F) 0/12 0/19
Baseline neutrophil count (median) (/pL) 4120 3420 0.3729
[range] [2320-6410]  [1540-8160]
Dose intensity (mg/m /wk)
5—fluorouracil 164.1+5.86 162.81+=7.02 0.599°
epirubicin 327+1.20 321+1.20 0.177"
cyclophosphamide 164.1+5.86 162.81+=7.02 0.599°

a)Mann—Whitney's U-test, ®Student’s t—test

Table 2. Neutrophil count and incidence of neutropenia after 1st cycle of FEC100 therapy

Pegfilgrastim  Lenograstim
12 patients 19 patients P
Neutrophil count
Baseline (median) (/pL) 4120 3420 0.372
[range] [2320-6410] [1540-8160]
After 1week of chemotherapy (median) (/uL) 180 1810 < 0.001
[range] [10-1460] [1000-3210]
After 2weeks of chemotherapy (median) (/uL) 6580 890 < 0.001
[range] [2430-9300]  [270-3280]
After 3weeks of chemotherapy (median) (/L) 4395 3210 0.1
[range] [1920-6950] [1590-8440]

Neutropenia
Grade3 (<1,000-500 /mm®)
Grade4 (<500 /mm®)

1 (8.3%)
10 (83.3%)

6 (31.6%)
6 (31.6%)
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Figure 1. The incidence of FN in pegfilgrastim and lenograstim groups with FEC100 therapy.

(Fisher’s exact test)
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V. B8
IR AAGTEIRIE 24T O BRI Tl S 00 2 BIVERNS R U CHERNCR R 2170, TE
ENTIBIRA T V2 — V& 5EET 5 Z IR R EE D 5 - OIC IR ICESE
Td 5, FEC BIEICBWTIL, =Ly OfE%2E D7 FECI00 JRIEN
FEC50 J%{% (5-fluorouracil 500 mg/m?, epirubicin 50 mg/m?, cyclophosphamide 500
mg/m?) & ¥ & &N 7= Disease-Free Survival, Overall Survival Z 759 [61]—J7. 4f
FERBAD DN Z 2B ANEREICE W ERMESINTND [62], D= G-
CSF ®WANZMLEHT 272, BHERTRIZAT S Z LXMW IRIRBE A R 75 2
EATORDY | ZOFRER, WA O Rt eBEx b5, AARAD
FEC100 ##{%(2351F % G-CSF BAIDME IOV TREE B 1E, FN RLEE R AP ER
Wb %8595 B TEREIN S 0O G-CSF WA O TR G- OfF At 2 #E L Tu
%[63]s FLEBALFEIEICKTT DT T 4 VT T AT AOMERIZ OV TES
dose-dense EC JEIEIZIBWT AT T 4 )V 7T ZF L aALFIRER BIZOFH L7 BR
DM L BEMICOWTEHI 21TV, BERAEFERIIR AR MEITRL T
BHHM, 49 PBIZ Grade 4 DAFHPERIRA . 9B 6 BIlIZ FN a8 7z & i LT
B[64], Fiz. T T 4N T AF LEEERED anthracycline & LY A v DLFHER
BAIZOWTIERAILT =X OEBMEMBIT B LETHY, LIA NI TE
HDEAI VT HELREDZ EIZOWTIMRFTORMMNH 5 LR ~XTUV5[64],
S B2, Luigi O TIL, FEC100 BEIZBWTRT 7 4 V7 T AF L bRt
EV I TTAF ARG LIZHER, R~ T 4V T T AF LG LIkt
DIFWNEEILAFFERBADBAI Z 2 Z EAREINTWD[13], XT T 4 VT T AT
DAZOWTIZENE DAHRBR O R L Vgt L I GE0ER L7720, BARANIZ
BT % FEC100 JRIEICBNT S T T 4 VT T AF LEALERRER IO L
TeBR D & BB OW TRl T 2 BN H D & B 72,
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A IEFR &2 OFATREF T, FECL100 BHEIZRB W T T T 4 VT T AF LEfbs
BIEB A IS LIESE. 91.7%IC Grade 3 LI ED EEE 72 47 H BRI 2380 72,
F7-. BARANCET 5 FEC HRIEICH W CTAF P ERE e & 1803 D R (nadin) i
EEPEEMIAT 11-15 B [65]1& SDHN, XTI T 4 VT T AF AEAfb LS
PG LT8G, nadic ITLARIERMITTH 8 A AN &@H L0 & 5 < A Ek
D Z DRER L o7, G-CSF BANIHA A L FIRFHFHHZ G35 Z & ThH
b - HEFEIE AR T & D MR HLS AFEOER 2R < 520, & 0 EE R af PR %
BT REEMERH D [66], D7, Fifif! G-CSF }HKITHH T 7 4 VT T
AT BN A FRIEIR O 554 T 1% 24 FERLURIC B G- 03T b, & 2 A,
RT T 4 VT T AT DA FRER RIS LB ok @29iE 1 % oaF
B OMILL ) 77 AF KaYEHEES-T 5 EATOAFHEREL & ik LA IR
7o, LU IAFLRE | BARGOFRERE L R L THLAERICKY, Zh
HDOZEnh, XTI T YNT TAFLECFRIERRICRET 5 Z LIXEER
IFREREAD 5| & 2K & 2R D RRB RS R S Te, — T XTI 4T
T AF NTALFFRIER IR G L7256 O FN OFIERIL 7.0% L V) 7T AT
LEERLTEGE D 9.7% E AEREITRO bR hoTe, £, ZREEW
SRR E 2 MR 0 Z E WA Th o 7,

UbDZ &, BARANIET D FECI00 EETIIARY 7 4 V7 5 AF LAk
FIHEBRICERGTHZ 8%, V77 AT AL LIEGA & A% OIRRR
MR T 52 ENAMETH Y | FN ORIERIZOWVWTH A EREITRVA, E
BRI R N Z AN H Y FN DY 27 BT 5 LT 5 2 L NE
FLWZ &R S ILTZ, FECI00 BIEIZBIT DT T 4 VT T AF OGO
ZAITIZONTIE, AROBMFNLETH D,

AT G-CSF A 2 2 551306k & nadir ORISR 2 2
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&L BERMPIRBANEZ DN S D Z L2+ oBR L7 E TR K
LTRETHZ2MET LD 2L afmEd ol VAZERZIT) ZLPLET
B 5,
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AT
AHFETIE, Hx OEMAFEGMREZ HNTAZF L D M EinaaiEg
HMIRZ 1T 27 AR b— AFFEEF O, £7-. SHSHER CCRT Mt
3 L OWIATH O R IRAE D FBIOFEAN & IBBE DR E, S HIZHLHE FEC100 %
BIZBT DT T ANT T AF LO—IRTEEGE TG D AARANICE

T BN E BRI HOWTRF (T 1,

1. A F U REMGEGMEICEWNWCT R = A E2FETHZ 2 /AL
7=, TOBEFIL, A X T2 H Ras/MEK/ERK #%# $5 & OF Ras/mTOR #%# DA
EIZEY BmBIOp27 ORBAELENEIELZL T, 2 hary U T2 L
7R b=V AFFERL XOMRRBE OEIEICER T Z L 260 L,
INHDOZ L XY, AT UITEMAIEL ORI TH A L UMR

OB I E OPFHZEE L TISH TE 5 alRetEns s S iz,

2. /NEFSE S D PNIIE, CCRT Z fifT S 40 5 BHSHHE BH O R FIREB A IER T I
J VR TH BR8N, fS R OREERCEH & 546 & LTAHTH
D ENRIRENT, Fio, BB OREIRIE 2 FBAICRHE T D FRIE L L
THAHTHL Z LRI,

3. HARANIZEIF 5 HE FEC100 #IEIC W T, Fificll G-CSF 8| ~7 7 4 v 7
T AF DEALFIRIER HICHR G595 2 Lk, mERF TR 25 &k 2
AIREMED R S L7z, — 7, ZHE T STz G-CSF /AL 7 75 2
FLEEH LIZGA L FN ORIEFRE L O EEHAHEREE IC OV CUIA R

WREZRDIhST-, 2Dy, XT T4V T T AF AT, FNDY
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AT BT D EALFFRIER IR EGET L2 LTI 5 2 ENEELWVD
&R S T,

BT, AT FEAE SRS 3 I SR AR TR MR D FG IR IS I S 72 23 0 | £ 7= PNI 23 CCRT
AT S AL 2 B R O R IRE A KB T 2461 L L TIEH S
HZEEMRET S, SDICT T4 NT TAFLAOBEFAICET T
ADREGNZ DTN D Z & ]IFFT 5,
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