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ABS : Alkylbenzene sulfonic acid

ATM : Ataxia telangiectasia mutated

BSFGE : Biased sinusoidal field gel electrophoresis

DAPI :4',6-Diamidino-2-phenylindole, dihydrochloride
DCFH-DA :6- carboxy -2,7'-diclorodihydrofluorescein diacetate
DMEM  :Dulbecco’s modified eagle medium

DNA : Deoxyribonucleic acid

DNA-PK :DNA-dependent protein kinase
DSBs : Double strand breaks

EDTA : Ethylene diamine tetraacetic acid
FBS : Fetal bovine serum

FCM : Flow cytometer

FITC : Fluorescein

HPLC : High performance liquid chromatography
ICso : Inhibitory concentration 50%
LAS : Linear alkylbenzene sulfonic acid
LCso : Lethal concentration 50%

NAC : N-acetylcysteine

NBD-PC :NBD-phosphatidylcholine : 1-acyl-2-[6-[(7-nitro- 2-1,3- benzoxadiazol 4-yl)
amino] caproyl] -sn-glycero-3-phosphocoline

NPEO : Nonylphenol polyethoxylate

oc-DNA  :Open circular DNA

PBS(-) : Phosphate-buffered saline (-)

PC : Phosphatidylcholine

PDL : Population doubling level

PI : Propidium iodide

PMSF : Phenylmethylsulfonyl fluoride
PVDF : Polyvinylidine fluoride

ROS :Reactive oxygen species

sc-DNA  :DNA supercoil

SDS-PAGE: Poly-Acrylamide Gel Electrophoresis
Tris-HCl  :Tris (hydroxymethyl) aminomethane
uv : Ultraviolet

v-H2AX  :Phosphorylation of histone H2AX
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FETEMEANL. 153 FHISIITZ2 U A0 WML CBLIITS) & ZKIZZ2 R0 3 U AL G
KEL) BT AW T, Veif B OARIZIAED . & 5CEHE S 72 8 D FALFIRPRIE
H, T TAT 4704 BB O R ALEEF 72 SR IAOZERE AL TILUHS WD, R
1960 FEHOPEVERE DI K & L6 IS EE R PEFAIOF A INL | S iiE M o A2 pE 23
Z.. 2015 4EICIFAERT 1,108,054 b DA ERIZETILRL TWABLL,

REIETERNT ., BUKEN KT AF R _ﬁmﬁﬁ“éfﬁ,ﬂﬁ/(?ﬁﬁ‘/) FETE A, 7
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Fig. 1 Kinds of surfactants

1960 AL D ZEE BV A e D BRIZ A BT D F R sy T o TofaA 7 S s Al
THDHIFIILT X B 2R W (Alkylbenzene sulfonic acid: ABS)IE, T /KAL
G I 70 E O BRIRTE Yk Z oS DS BLHIS =23, EDOF R CEEA A S
TEVERICTHHEHTL T L LB AR Bt (Linear alkylbenzene sulfonic acid:
LAS) BMEHESNDIDNT 7257, £z 1980 FFEHIZIT, Bk~ 2 HIEIZHIH T&,| gy A

DEBIMEL , A FEDN A RER R A L = F L U T LT )L T—T )L E DI A
SETEVERI D EDND LT85T, 20154121, FaA A4 2 Fm i PEAN L 429,069 o /4
FEAA U FHETETERNT 588,955 b /HEMNAFESIVTEY, FTHEAA4 L FEiEER O 7T
VXL (TV) Z)VRR—RED 95,001 R FEAA L FRIETEEAIORV A F LT
VRV E—TIVREN 248,579 F S DEIGE D TQND[ 1,

SRR O NMRSCENEY 72 &8 A RER IR T B OV TE, ERRBICERR F’ﬂ'ﬂ
L CEOEREBEMENE KL, BELDOHFIENLT —F _X—2bZ W5, BRI, #iE
DIRES%E RO H7-012, Pk, BN, B, AEE el @?aia%wézh

TW5, ZHb S S %ﬁl @,%< FFEPLOPEKRS B D . FARMMERSZ 1 L TRl <0
708 DAREBEIZIHAL TWDT8 EDEREE TO A REAL B 3 fiR72 E) DOREFE
RKEAEY~DOFE | BREPBIOERNTOZREME, 3 ELME T E
HCThD,



)= T7 = ) —)LIRY = hF LAk (Nonylphenol polyethoxylate : NPEO) (Fig. 2) % 1980
FEDLE DN OTARIIRIFA T TR A D —> T, =F LA N (I8H)
DOE A THEE L TBUKMESCBHUKMEZ B S D LD TELWE THSH (IEH n OEAE AT
EBUKMETT, BB B EBUKME :n=0—70)

H-
0{ G- _LH

GEBH'IEEI - -n

Fig. 2 Structure of nonylphenol polyethoxylate (NPEO)

ZD7= | MEINOERE BLE CRE S, TORER, KEO NPEO MNEREEHIZHHL T
WHZENHEIN TS, BEFRICHH L7 NPEO L@ HEMAEM I Thfitsnbd
[2-4], Z D53 FEIEFRITAEHE T, HIDITAFKAME DA 53 2 K> THIBH D 73 fE D3R BB I
HE A R ORBH DSBSV TN B L0 Te ) =)V T 2 )X TINVIR 72 81720
A BB M DI S R Lo T/ =V T = ) — T fRE NS (Fig. 3) (51,

— % AIIZ NPEO DAY 4313 20 H LA ET50%, 30 HCTH 50%D FFIFEIETHESH,
ORI TH D2, 6], TOREER, ROl TERR~NEEL KT TEEZEILND, &
52 NPEO OBUHIEDT VXN T = /) — NI RSN TG L CWD[TIZ D E 2 DL,
V=T 2 ) — VDR B UBRDEREESRL T L L EE D ELHE 72 E DS FRIT S HIZ A itk T
HoHETRIND, FEBRIZ, 7 AU B D The Grand Calumet River Tl fx K 0.64 pg/L. )
2 ppm DO HIA F.541, New York’s Mohawk River Tl K 1.7 ppm O 25 B0 T
%o ENIZEBWTYH, 4B HTNO FAREG R /K D6 NPEO 43 i) CTéhZ NPEO(1)
~NPEO(4)23 0.6 ~ 89 pg/L, /=L 7= /—/LHB 1 ~ 7.7 ng/lL S Cna[8, 9],
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Fig. 3 The mechanism of NPEO degradation by bacteria ([3] European bans on surfactant
trigger transatlantic debate., Environ.Sci. Technol, 31(7), 316A-320A, 1997)
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LR TV E OIEVEREFEFEIZL - C n-Dodecyl benzene surfonate 7% &l i35
K, HRER KT TR DTS D19], NPEO BIRIEEIZ, BREE PRV TEEAMRICED
EMEZ T CND, AR IC D =F L AR VN EOEMFEDOIE), =F LA F R
EOINVRFI AT VXNV EOEE L, BEOZEO R RN AR SA20], fIgd 9 @
NPEO DERAMER 3 iR th AL L CIEE 2 O NPEO BL O DU iR L AW DR H
RVZF Lo 7Va— L PRAERKRTHIENHRE SN TND[21], TRAEMIZ LS5 TITIgE7e
Ex B BERNC R | SRR TIE LT 235 EH 20, SN L DM B 72 3 i C
13 COL 72 Lt ) 53 - B D IRV IS E TSV 19], FTMEW) o3 f e TH AR
ENDHME I HOWTIE, BB EL 2D 2 E TR RAEM ~DFEA L
WD RTRBMEDS RIS IA[22], LU HG | SRAMRIZ R DL F I E D 73 fif i L e b~ D E
ZEEINCHE S 13D EOR AR OBMEZGIZETHE B LI E 1T 720,

ZITARMIIE TR, H—ETIIAEEED L E HOLIFAA R FRTENES . F T
NPEO (T H L, £ DEEMA~D B Z MG 2L, BE PSR LZERIZZZIT S
RAMR(UV) BRI IZ D NPEO D3 i, SUs HRHIRD B MEZ DUV TIRIT L 72, 55 3 T,
NPEO BLZD UV 73 DB A AR H2AX OV 2l (Phosphorylation
of histone H2AX: y-H2AX) |23 H U TG L7, 3 =& Tl B4 R A mis ANk
WCAEFEBRNZORRAT R EIEMEA THHESHT L F LB 2L AR B (Linear
alkylbenzene sulfonate :LAS) 2% H L THHEIT-T2,



B8 FAFURFEEER /o7 ) — ARV LA NPEO LEDENRL
R DR R

E—E i

AT R FETEMEA DA RERITKIT T B OV TIL, EITKREY ~DEITD
WTOHE[23-28] WL, 2l TRAX T T /—F )kt T HLCso DT 22. 29,
B0IREFED A S~ 2% 73T T HEEINHI B R O HBL3 12 E T s, R
FEAA L FETEVEAI THHNPEOIT, 20154F I RES LI FEA A2 FLfTE MR 2R D 42%
Z 5O TWD[ 1], NPEOD K RAEY ~DEEL, MIEHR OEWT I DB OV T
WEINTERY, AEENEL 2 DIZE KR E TLCsolIZRBIZEEL TWA[22, 29, 301, bS8
BN =)V T = ) — VX D5 AEED 1 TB-estradio lZFAAL TWDZEMD, T ARES
SRR AL, =AM URERZ 5 S 2§ ST A[32-34], L LA h, FfEL
M7 P OEIRENY) ~DONPEOD B L R UT-FHIT 7L EHITEA~D RN L IR
LBl AL,

NPEO | i i B 55 H B W THUEMIC L > TOMESILD 24103, Z Doy fitPE I 50%FE B
THE Rt TH B2, 6], —J5 . BRBE T D NPEO [XERIMRIC LD R AR5 TR0, %
SRR EHZ I =T L AR U R EOEMEOM, =F L ATV RED DN RF AT
NV EEDEEAY BEOZEOHFRIRD AR HE SN TND[20, 21, fEMD1->THS
=N 2 )= DRI DWW T, 7y bk A #5-T LDso 25 1,300 — 2,462 mg/kg &

BMEFEMENFTED DAL TD35, 36103, ZOMH I DWW TOAERERLZED 0 HLI3 A
%Wzﬁb\ FRAMRIZ LD NPEO D43 fiRl e b ~D & BREACHE S 137K &
OHF AR OFFEMEZLITETE B LIFNT D720,

FTCARFETIE, BT N B AHE 2RI ASF4-1 i, IA<SEBRIZHW BTN
~ 7 ARG W SR RRHE 2RI NTH-3T3 e, FalE-R ek A i pilfa Jurkat HH @A
FIL. NPEO DE;EMI~DEMEIZ OV THGEETT 572, NPEO IZ=F Lo A% REH (ffl
F) 23 0~T70 OHOZE AV, FEEF ML~ D E MR & U CRIRR I E RO ZKIZ DWW TR
aE1T o7, £72. NPEO OMISHIZ)G UMD AR b2 e fE B EE I KB R LT,
IHIZ, UV B 1% D NPEO D43 i o2 DR LIZ DWW TGS 2 T o 72, IS5 10 £ 70 @
NPEO %f#i fiL . UVA, UVB, UVC %%&E@‘%‘é%%%h%mﬁ%u Z D5y R i R
WKk a~ 757 4—HPLOW THNT LTz, F2, TNOEARBEHZ L > TEME ST
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&1 NPEO Oif#Mifa~nEE
2-1 HBA BB I OERT A
2-1-1 ZEBAE
[a5€]
4= /=) 7 x /— L (4-Nonylphenol) (R F{L Rk T3EFEK))
< )=NT = )= )VARY R LA (NPEO)
NPEO(2)*  PFifE4 /=741 NS-202
NPEO(4.5)  PFtE% /=741 NS-204.5
NPEO(10) PEtE4 =7 NS-210
NPEO(15) PElE4 =74 NS-215
NPEO(20) PEIE4, =7 NS-220
NPEO(30)  PiiFE4 /=41 NS-230
NPEO(40)  PiiFE4 /=71 NS-240
NPEO(70)  PtFE4 /=42 NS-270
¥NPEO Dy aNOEFITTF L oA VRN () O AR~ 3, % % OREEE 90% 24 L,
VLB BATHAERR) LR L TIEV YV,
*NBD-PC (NBD-phosphatidylcholine : 1-acyl-2-[6-[(7-nitro- 2-1,3- benzoxadiazol 4-yl)
amino] caproyl] -sn-glycero-3-phosphocoline) (Avanti Polar Lipids, Inc.)
-alamarBlue (Bio-Rad Co.,Ltd.)

Z DDA T T HR DRl b 2 L7,

[Hmha ]
-ASF4-1 fif (IiaFIZ AuR S R a0 0 5- L CHEVW, )
-NIH-3T3 Ml (K HARRIEIOIEA LT, )
«Jurkat fifil  (RIKEN cell bank JKORE AL, )

[ 5548 ]
- ASF4-1 #ifi H} MEM
9.4 g/L Eagle’s MEM®@ (MEM) (Nissui Pharmaceutical Co.,Ltd.)33 O 235 ul/L
phenol red solution, 0.5 % membrane filtered (Gibco Laboratories Co.,Ltd.)& /K 1
LICIRRL, 121 “CT 20 4 M EZR QWA L72b DI BT L 10 %&725 85 fetal
bovine serum (FBS) (JRH Biosciences Co.,Ltd.)Z Nz f# FHL7-,
-NIH-3T3 il } DMEM
9.5 g/L Dulbecco's modified eagle medium@ (DMEM) (Nissui Pharmaceutical
Co.,Ltd. )& HffiK 1 LICHMEL, 121 ‘CT 20 sy @ EAKIREL=H DI, H ikt
L 10 %&72%589 calf serum (CS) (Bio Whittaker Co.,Ltd.)%& iz ff FH L 7=,



- Jurkat il § RPMI
10.2 g/ RPMI 1640 medium@ (RPMI) (Nissui Pharmaceutical Co.,Ltd.)% ik
I L (ZHAEL, 121 CT 20 S EARSKIRE LIZb DI, BEHITHL 1 %&725d0
penicillin-streptomycin (Gibco Laboratories Co.,Ltd)Z %, SHIZ 10 %E72585
fetal bovine serum (FBS) (JRH Biosciences Co.,Ltd.)Z Nz f# FH L 7=,

2-1-2 HMIRRODOKTHE

2-1-1DWEVFHR L 755 % FV, 37 CL 5 %COr A > F X —H—N TR LT,
AR AR AT B T % W ORI A VY, 3 B AR ITAT o7, 5 INIRFH I NIH-3T3 #ifa
(3559 20 RERE ., Jurkat fAEIEA 15 REf CTh o7z, EBRITH WS/, xHEOE TR %
W THHa 7))L HIOIRBEDS D& LT,

ASF4-1 HIRIZ DUV TR, HIRRAE R 0% (population doubling level ; PDL)2S SAFE 45
[BI(45PDIICEB VTS NMBE /I 0ME N LARS , 64.1 PDL CHllfa Gl Hillia Thod
72, PDL & APDL=(log(IFNX L7 Al a5/ # e L 7= MR 20)/log2 (2 TR L | kAR,
HHEIRAEH(31.2 PDL;5.0 X 10° cells) 2L . 5528 LT, A5 MNKF 25K 84 RFfH T, %
BRI FIVNZMIBE, 33.5 PDL Ob O &# L=,

2-1-3 alamarBlue assay (ZJ 2R FER O E

alamarBlue assay %, ZEHIIZNINa L RUT OIEMERKZ#EEZF|HL T alamarBlue
OB ETRACIE TGS I TIRAE A (5 ) ) Dig ol GRA) ICZ LS D& TRl i i
SEOMEEATI FIETH D, FEHIIANIRa L R 7 TIEMEN RSN | HilIEE
I E TED,

ASF4-1 #Hfa, NIH-3T3 e O & flifE R Tk, 96 77 L—RZ 2.0 X 10" cells/mL @
AIRRER A 50 uL " D& 24 IR L7, Jurkat AHRRGE 07 R AR T, 96 /X7
L —NZ 2.0 X 10° cells/mL OHfulRE R A 50 pL §OiF& | 24 IR E LT,

FE3%1% . PBS(—)T 10 mM ([T 72 /= /L7 = /— /LB L NPEO 24 55 55 ©
AR X 2 ITFHEIL . 24 50 puL ANz (& M2, ASF4-1 #iifidds JOY NIH-3T3
il = 1.0 X 10* cells/100pL/well .  Jurkat #flf& = 1.0 X 10" cells/100uL/well ) . X5 (2
alamarBlue FAF A2 ED 10 %E(10 pL)INZ 7=,

CO A FaX—HF—NT 4R FaX—h7ctkIC, e~ Ara s L —h N —H —
(BIO-TEKR® Instruments, INC.)%& F T, b H K 560 nm, #2 H#E &K 590 nm (2 CTHIEZ
1To7z, ZD1%, 24 R Z LIZ 2L AR E LT,

ZNBFEBRTELIIEEIX, 3 |26 5 B IRIAT 17— NRZ DI X
ORI R EZ R HL TR,



2-1-4 S — P — BRI DM D2 i 22

NBD-PC &%, HfIRE 0.01 mg/mL [ZFHBEL YRR E LTz, ASF4-1 fifE(2.0 X
0°cells/mL) 1 mL % 35mm dish |2, COy A2 2 _X—H—NIZT 24 R . A
ﬂﬁ%h“%é&f:o FEERE RN _EIER 2 B BRE  PBS(+) Tt sl -4k 1
mL ZINZ., S|IRIZT 2 RS SEHIREEZ st LT, Yetaikbr L%, PBS(+)T
Peir L, PBS(+) 1 mL &Nz, A RBEMEBIICRRE L, B EIA Z BRI e i e
500 uM &7255912 PBS(+)TiHLL7- NPEO | mL Z Nz, MIFAYICHEG A IRE LT,

e S L ——FEEE L LSM510 Ver.2.3 (Carl Zeiss Co.,Ltd.)& /=,

2-2 FERAE R
2-2-1 NPEO {FH % D& B2 MR O ¥ 53
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Fig. 4 Ethoxylate chain-dependent cytotoxicity of NPEOs.

Cells (ASF4-Icells, NIH-3T3cells = 1.0 x 10° cells/100uL/well, Jurkat cells = 1.0 x 10*
cells/100uL/well) were incubated in medium containing NPEO(0-70) (ASF4-1cells = 200 uM,
NIH-3T3cells = 300 uM, Jurkat cells = 100 uM) and Alamarblue (10 puL/well) at 37°C for 24
h in CO; incubator. Fluorescence was measured by Microplate Reader. Values are means =+
S.D. (n=5).
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Fig. 5 Concentration-dependent cytotoxicity of NPEOs.
Cells (A) ASF4-1cells, (B) NIH-3T3cells = 1.0 x 10° cells/100uL/well, (C) Jurkat cells = 1.0
x 10* cells/100uL/well) were incubated in medium containing NPEO(10,20,70) and

alamarBlue (10 pL/well) at 37°C for 24 h in COz incubator. Fluorescence was measured by

Microplate Reader. Values are means + S.D. (n = 5).
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Fig. 6 Fluorescence images of ASF4-1cells treated with NPEOs.

ASF4-1cells labeled with NBD-PC were observed in the presence of NPEO(10,70) using a

conforcal microscopy as a function of time after addition of NBD-PC.
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UVA 51 OVUVB BTSRRI S 25 E HP-30LM  (ATTO #1:54) %2, UVC O fREHC
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HPLC OHIEIL, LC-10A series (Bt BAERT) 2 e, T MET VA 77 2 TSKgel
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71T B iR 100 % ~EART T MehnT ., At 30 2B ORIEETT -T2, UV HKIY
AR MVORIEIL, AT LT 4 A—4— (U-3300, HITACHI) (Z°C 200-400 nm # B
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Fig. 7 UV spectra patterns of HP-30LM and HP-50C.
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Fig. 8 HPLC patterns of NEPOs.

NPEO(0,5,10,15,20,30,40 and 70) were analyzed using HPLC.
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Fig. 9 HPLC patterns of UV-irradiated NEPOs.
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UV (0-1000J cm2 )-irradiated NPEO(10) and NPEO(70) were analyzed using HPLC.

3-2-3 EAMEARRET% O NPEO @ UV WL A7 L

Fig. 10 (Z&464M 500 J/em? & 1000 J/em? FRET#% O NPEO(10)%3f#4 L NPEO(70)
IR D UV WIN AT V7R, 275 nm LD UV BILAST MU E B BRI
HkL WD, ZOE—7 DI 13 B U B O3 Rz kL T %, UVA 128\ T
I%. NPEO(10)53f##) . NPEO(70) 73 it LB IZ AT MVIZE IZ R bR ~7-, UVB
IZBUWTiE, NPEO(10), NPEO(70)E 8 (2E DA R HEITL . AT ML D FREE AR K
FHNTRAD L QDD LD RS TZ, OV 1E, NPEO(70)A% NPEO(10)L0H,BHZE I
Fi7=, UVC IZBHL TH, & NPEO DS HITHEITL, A MLVIREEN UVB Rt
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Fig. 10 UV spectra of NPEOs irradiated with UV irradiation.

NPEOs irradiated with UV (500,1000J/cm2) were measured by UV spectrophotometer.
NPEOs concentration was 1.0 mM in acetonitrile.
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Fig. 11 Effect of NPEOs degradated by UV irradiation on cell proliferation.

ASF4-1 cells were incubated with NPEO(10) and (70) (conc.100uM) irradiated with UV (500

and 1000 J/crnz). The fluorescence intensity of alamarBlue was measured as in A: NPEO(10);
B: NPEO(70). Values are means = S.D. (n = 5). Significant differences from untreated cells

are represented by *p < 0.05 and ***p <0.001.
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E—E i

LG O BTN T, BREERBRITE —ReEHE ThY, FRlcEERINT

W5, BARIZEBWTIE, E3HM CGEFE) | MRy (& A E) | B3 (B IEEHRHE) |
B L E L OFR B L ORESE O RSN E T 55 B L O R R

(B ek b ZIkThi> T LIERBIS N T 5,

B ML THT 28 HREREL L T, Bia - O22RZ Bif RO FEEE ThH Amesidk
Bk, DNARIEOIEEE CTHL/IMERER, YR R HBR72 EDFHIIL TS, AmesitB
1%, 7TV T W2 BREETHY | FEEN RO DY ORENG S, 2 TR

1T OFERVE CNERER R E) Z0FH L C0D, /IMZRBRIT SRR FIENEME T, BAMEE T
TOHEZITHEOILHDOEXHRE, SHIZ, ZNOHBREMERER TR L2 E 235

DANEZEE T 5, WIZEHTEDILFEE DR D AME RSO ED BT o, RERS

TWA,

EARH2AXDY AL (Phosphorylation of histone H2AX: y-H2AX) 1%, BB AR FRICK

AHEBEHI7DNA BT (Double strand breaks:DSBs) (2 &L T, BV Bz 5| &

CENDHGTHA43], BB PR DOEAR YT U RH2AX D139 H OBV 7 A
HGH IV b DAL R E M & 52 1T . Z D% DSBsIETE B E 1B BEA UM IR S,
BWEREERL TOUIWAEE 35, FEF TlE, iHMERE 5 FE (Reactive oxygen species:

ROS) DRI L ADNAEER . DNAD T /L3 /L1L, DNA—ASEIK M E U 7=, Fih
OB BT 3+ — 7 D27 L I LVDSBs A AR L, y-H2AX NiFEESN LT LR

HINTWD[44, 45], y-H2AX Ak bt I 0 T b L7356 L MR EZ N C ik

WEY) (74— N A) ELTRIER T HIENTED, 2O 74— A EDNAR S &3 1B

FRIZH DT | y-H2AX (ZXDBARFIEDOFEAMIL, BREET5 Y E O AR B2 D FTREMEZ

FRAE T 28 RAO 2 T IEE IR S QD F7o, y-H2AX (CEDFEMMEk I, (R B C ik

FEORKHNAIRETHLEVHFILERH D46, 471,

ATETld, NPEO (ZXDMiIaE DS SN IV B L T 222" ULTc, /=T =/

— /LB LU'NPEO DRI ENEIZ DWW TOHEIL, KREW ~D LCso 72 & DR EEHEIT

e~ D T 7203 BERDY L /NERTO DNA H815(48], Chironomus tentans @ DNA $H4))

WrA9] 2 E MNHEEN TS, T2, /=T = /) —)VITE D c-Ha-ras B E(s 7438 AL
T2 AR ZD TN IS 36 L OFLEIE OB, SRR E A T T /L~ A0 i

MEBIERZTEVOMELH D50, 51], LLARNS, RAIF 7 AEBIOKRIGEZ

T IR ZE RIS BARER 7D DN T A = — RN BAS — it TR0 (CHL) % F 7= (8

BRI CRENE L O A B OO 2 Th o7 [62] BIn FEFMEDR N A

PEME ClI7enES63], F72 NPEO 12\ T RIEEIC B IS E M2 A T 5 AT He TRV

EEINTND[54], ZHREBRCOMEHREIL /=7 = /—/L T 0.78-200 pg/plate, NPEO

T 40-10000 pg/plate TH D, EEHZ4 W ETHTNOKEREEH T &7 NPEO O F#)i

13 2.38 ug/L TH-o72[551, Lol AiEE CT/RLIZEDIC, NPEO IZ X DA ENEDS, 4RI
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FREHNC LV LT A2 D5 NPEO BLNF DN SR OB LA TH2 L
ITEETHDHEE 2D, FITAETIE NPEO BILOFDESNIREBE SRz HOWT,
v-H2AX ZARIEI B R E BT Dt a1 T -7,

% & NPEO |ZX5 y-H2AX OFE
2-1 FEBM BB L OER 1L

2-1-1 SEBkIE

[FK]

B i EFERROREEEH L,
%@ﬂﬁ@ﬁﬁe TR OFFR AT LT,

[Fmpa]
MCF-7 #fifa (JCRB fifa o7 XA LT, )

[B53 HEEH]

MCF-7 #ifa ] DMEM

9.5 g/L Dulbecco's modified eagle medium@(DMEM) (Nissui Pharmaceutical Co.,Ltd.)% i
MK 1 LACERARL, 121°CT 20 20 m EZR KUK L72b OIS, BEHISKTL 10 %7254 fetal

bovine serum(FBS) (JRH Biosciences Co.,Ltd.)Z Nz ff FH L 7=,

2-1-2 MIRRLOE: %

2-1-1 D@V R 7= 5 1% FV, 37°C. 5 %CO2 A2 F 2_X—Z — N THER S LT, fE
(o BEE AL O/ A Y, 3 BRI T o7, NIRRT 20 Rl CTh otz F2R
W= RIRE L, e Do 7 L U RRTOARRED S DA LT,

2-1-3 Trypan blue YL AHIA A TR OHIE
35 mm 7 v =l 2.0 X 10° cells/mL ORI Z 1 mL DX, PBS CTHReIEIRE X
2ICHBIL T2/ =T = /) — V725 TNE NPEO % | mL A58 B TN Z | 24 BERAES LT,
Befetk | B2 FIBS O~ OfilRZ /o B L 0T = — 7 IR, eI E 0.3 %D
Trypan blue iK%, 400 fEF2EE DAL RS CE IR T EREHEARIZH FL ., B
B P IS THIEZBZ2 LTz, SEDRGHI G IRF Y72 5 (6 TR S LD T8, G la s L OVE
fEfifaZ R, MR R ZE N LT, 2RO TRONEMEIL, 3 Bl 5 5 (Al
VIR AT -7 FHRBEIN S & O R L OB R 222 H L TRz,

2-1-4 y-H2AX OHIE

2-1-4-1 St Ye kI L Dy-H2AX Ofs

4.5 mLO8wellTF ¥ /X—7FA2122.0 X 10° cells/mLDAMiu Rk %21 mLi%F&, PBSTh
TR FE X 2L 72 ) =V 7 = ) — V725 ONINPEO | mLa2ZE iUz, IRFEA %=
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N—=Z—NTERSET, 1EH%, PBSTHG L, M2 W 3TV LT IV TERZANZ
é{mTBO FHEE LTz, D%, PBSTH L, 100 $A¥ /) — V&%, 20 COMEET
SyTRIEE LTz, [EE S 7ML, 100 mM Tris-HCL, 50 mM EDTAZ & /3y 7 7—I(C,
0.5 % Triton X-100Z 1A, =i T200 FiRESET, ZiEE. 1% VU iE7 v 720
3T C T30 M E L7214 | LRSS H T2, i iEphospho-H2AX 2% 35— IR FLik
(mouse monoclonal) (Millipore Bedford, MA, 1:200) Z2FEfI/EH S, £ D% fluorescein
isothiocyanate (FITC)% i & 372 K H1{A (Jackson Immuno Research Laboratories, PA)
ZAER ST, ML 2GR 3 572 . M4 % propidium iodide (PI) (20 pg/mI)NZLb Gy
L7, Yo L7, S BRI EE(BXS1, Olympus Co. Japan)iZ CTEIZE LT,

2-1-4-2 UZRZ Ty T 4TI I Hy-H2AX OfFfT

35 mm7 4 =(22.0 X 10° cells/mLOA G ##EZ 1 mLiF&, PBS TR E X 2127
WL /=T 2 /) —VIRBTNINPEO 1| mLa Nz | 24RFHIEF R LT, ¥R % . M4
fi# /N7 57— (50 mM Tris (pH 8.0), 5 mM EDTA, 150 mM NaCl, 0.5 % Nonidet P-40, 1
mM phenylmethylsulfonyl fluoride (PMSF)) |Z CIEMESH, 12.5 % SDS-PAGEIZ Ty St
polyvinylidine fluoride (PVDF)IE IZYeAiAE Tz, D% % AF LIV TREEL,

5 Zphospho-H2AX (rabbit polyclonal) (25§93 %— R FLA(1:1000) £7=iFactin (Santa Cruz
Biotechnol. Inc., CA, 1:1000) %Nz, 4 CT—&RIEHEE T, 1EH% . HRPEFE G S E 72
T IRBUAFITC (Jackson Immuno Research Laboratories, PA)% 1REE/ER &8, T L 72,

y-H2AX D/ RIE AR EM 1%~ MGE Healthcare Ltd., UK)Z MBI ZEL 72,

2-1-5 DNA “A4HY]IT (DSBs) OHIE

35 mm7 A3 =122.0 X 10° cells/mLO A Rk 2 1 mLEF& | PBS Thofé ik B X 2127
LI /=T = /) —/VIRBTNINPEO 1 mLa N, 24K G Lz, Milaa R 7' s L ARBEL
TEXL, 1 %A ST 42— A (InCert Agrose : Biowwhittaker Molecular Applications Ltd.,
USA) IZ CHEEISE T, L7 W u—AAX 712, 0.5 mg/mLD 7 a7 A% F—FKE
1 mg/mLORNAiFEEEFEAVEFASE, 0.8 %7 Ha—R7 W TRAT AERLHIR T 1— 1
K7 V&5 K E) (Biased sinusoidal field gel electrophoresis: BSFGE) (ATTO, Japan) L 7=,
BoNTZT T, =F P LT avARIZEY b7,

2-2 FEERAER

2-2-1 NPEO {Ef# D MCF-7 i/ E1F=R

Fig. 12 {2 NPEO {EH 24 IK¢f# 1% D MCF-7 HIRAEAF R A R W T IDIREIZIBNT
HAAEE 0 2> DAIEH 15 2 FIRICAUBHRFANAFFRAME T L, MIEH 15 BRI 70 2 LR
(ZANBRAFHINTAEAFR D EE LT, £, AIEHD NPEO (22T EEAR AR LM A=
TFRME T LT, ZOREEIL, BiFED alamarBlue assay (2245 Ml 0 Ml HE 5 2R D #i 5
E—ELT-,
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Fig. 12 Cytotoxicity of NPEOs.

MCEF-7 cells survival after treatment with 4-Nonylphenol or NPEO(5-70) at concentrations
ranging from 100 to 500 uM for 24 h. Cell survival was determined by Trypan blue exclusion

assay. Values are means + S.D. (n = 5).

2-2-2 NPEO fEH#% D y-H2AX DAL
Fig. 1312, NPEO(15)Z 100 puMAEM ., 1KFf# 12 Oy-H2AX S w e A Eig 24,
NPEO(15) CALEES 7= HIE I, &ZPNICy-H2AX DR b B NI B SN, &
NEPO(0,15,40,70)Z /LR L | y-H2AX DGRy RA0ELL FEZESIcfiflaz Ry 7 47
ELTHT U RLIZHE R & Fig. 1412789, NPEO(0)3 L ONNPEO(15) L EE DA iR T &
v-H2AX DA BbivTz, — 757 AIEE 53 & VW NPEO(40,70) 12 368 W TR EE (R 7 B9 1
y-H2AX 2380 L. FRIZNPEO(70)LEEO I Tl ST,
NPEOIZLAy-H2AX OFFEZT = RZ Ty T 4 7 IE TR LR R ZFig. 151077,
NPEOALER(Z LDMIEH 15 F THRAFAYIZY-H2AX 23U, Z D% MK FATy-H2AX 23
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W Uz, ZOREFIL, 8 Y a2 Hy-H2AX O EFERE— BT %, 7=, 100
UMPDONPEO(30)3 KLUNNPEO(40)IZ8 U Ty-H2AX BFEI N THDIZH D0 5T, Fig.
121B W THIFAEAFZRITIK T L Tieno T2,

O DR, y-H2AX OFFE D TEE (TR N SIVZNPEO(15)IZ-DW\ T, 3R 52
B Z&1T -7, Fig. 16(Z, 100 pMONPEO(15)DULEE R I AF ) 7ay-H2AX D F i A fhilx
FG AR B IO 2 T ay T 4 I TRE LT, EORE S, LB 1557 D5 I
M Cy-H2AX 235472, ETZNPEO(15) D FERAFMEA MR FT L7 fE R Tl AEfFRZ 1
D FBHIZ2N0 pMO B FERIFIICy-H2AX 238N 7= (Fig. 17),

v-H2AX merge

- - .|.

NPEO(15)

Fig. 13 Generation of y-H2AX after treatment with NPEO(15).

Images of y-H2AX foci 1 h after treatment with NPEO(15) (100 uM) (MCF-7 cells). Nuclei
were stained with PL.
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Fig. 14 Generation of y-H2AX after treatment with NPEO(0,15,40,70) (100 uM) (MCF-7
cells).

Values are the mean+S.D. (n = 5). Significant differences from untreated cells are represented
by **p <0.01 and ***p <0.001.
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NPEOs

untreated

0 5 10 15 20 30 40 70 EOunits(n)

Fig. 15 Western blotting for detection of y-H2AX after treatment with NPEO(0-70) (100
uM) (MCF-7 cells).

Actin was used as a standard for the equal loading of proteins for SDS-PAGE.
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Fig. 16 Time-dependent generation of y-H2AX after treatment with NPEO(15) (100uM)
(MCF-7 cells).

Upper images and graph: Counts for 7y-H2AX-positive cells determined by
immunofluorescence staining, lower image: Western blot for detection of y-H2AX. Actin was
used as a standard for the equal loading of proteins for SDS-PAGE. Values are means + S.D.

(n=15). Significant differences from untreated cells are represented by ***p < 0.001.
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Fig. 17 Dose-dependent generation of y-H2AX after treatment with NPEO(15) for 1 h
(MCF-7 cells).

Upper images and graph: Counts for 7y-H2AX-positive cells determined by
immunofluorescence staining, lower image: Western blot for detection of y-H2AX. Actin was
used as a standard for the equal loading of proteins for SDS-PAGE. Values are means + S.D.
(n =5). Significant differences from untreated cells are represented by *p < 0.05 and ***p <
0.001.
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2-2-3 NPEO {Ef1% D DNA — ARSIk Rk

y-H2AX(3, DSBsO ALK & 70> THIZRZSHH[56, 571, 500 uMD#-NPEO(0-70)
Z1FRFREEA S, DSBsA 5| & 2SN 5 0 E 55 % BSFGEIZ THERB L 7= (Fig. 18A), 4%
NPEOIZF T, 0B 15IZISH 2SI 3 DIF E 4R 2 IZDSBs DA AR SN TU |
Z D% MERA0IZ[FAHNNR 2 IZDSBsDAE R 2N L, ISHT0 Tl S nen o7z, Fiz,
NPEO(15)ERIC XD B A2 DM (Fig. 18B) Tl 25 pMM S EEKTEAIICDSBs D
ARSEEINU Tz, ZORE RIT . y-H2AXDFHE B ORE REIZFT—HL . NPEOIZLVFHES -
y-H2AX3DSBsiF &I R T 52 AR LT,

A B

NPEOs NPEO(15)

0 510 15 20 30 40 70 EO units (n)

L

(uM)

untreated

=
4]
-
"
4]
=
-
=
=

['§ 500

Fig. 18 Generation of DSBs after treatment with NPEOs (MCEF-7 cells).

(A) Detection of DSBs 1h after treatment with NPEO(0-70) (500uM) by BSFGE.
(B) Detection of DSBs 1h after treatment with NPEO(15) (10-500uM) by BSFGE.

All experiments were repeated two or three times with similar results.
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FE=f NPEO |ZX3 y-H2AX FE A =X A
3-1 FEERM B L OFER A

3-1-1 FEEBA

o 2-1-1 LRERObOE LT,

3-1-2 AHRJE WK AER) y-H2AX ORIE

36 mm7 v 2122.0 X 10° cells/mLOAI AR E R 2 1 mLikF& | PBS CHof&iR & X 217 H
L7z /=7 = ) —VIRBONINPEO | mLEMNZ | 24 RS Uiz, B tt ., RIS iz bR
£EL,PBSTHENHL, NI T RiK500 pla iz 7z, 37°C, 5 %COxA > F 2 X—X—NT35y
ME L%, BT 4 7 L CHITHDR LT~ HeL7270 %=X ) — IRk &
Mz, —20°CC2FM LA EFEE LTz, BE%. 2,000 rppm Th4y [z 0L . PBSC2[E%E
LTz, ZD1%. 0.2 % TritonX-100, 1 %7 MIET V7 I %5 ATZPBS (BSA-T-PBS) (2T,
SR CT154 §#iE L 7=, BSA-T-PBS H ® il i {Z phospho-H2AX |Z %t 3~ % — IR LK (mouse
monoclonal) (1:200) % 1R /EFH &8, £ D% —IRPUAFITC (1:200) (Jackson Immuno
Research Laboratories, PA)Z 1RFI/EH S 7=, FUASIEE, MifEZE 1 ng/mL RNAZfREE
F a5 TeBSA-T-PBS CALEE L 7=, MR D=6 | MifR%E 2Pl (10 pg/miZ ket liz,
FITCEPID H Yk, 7u— P A hA—%— (FCM) (FACS CANTTM II; Becton
Dickinson, Franklin Lakes, NJ) (Z CHIEL 7=, FIEIL, 37 /0 1-212-2%10,000fF LL LD
AR A FHAIL , AT L7z,

3-1-3 FCM 1245 ROS ORE

NPEO ¥ X ' H:0, A B2 X 5 # fju W @ ROS @ 4 fk Id | 6-carboxy
-2,7'-diclorodihydrofluorescein diacetate (DCFH-DA) (Molecular Probes, Eugene, OR)% -
THERR LTz, B8 v v— 112 10 uM @ DCFH-DA % /i, NPEO 3L O H 0, Z4LEEL | 1
RFf A F 2 N—hLTz, Z£D% ., FCM ZEv, #MifliNo> DCFH-DA DOaOtiREZHIEL
726

3-1-4 HEFE DRIz I Heaspaseli ORI E

36 mm7 v =2122.0 X 10° cells/mLO AR I 2 1 mLiF X | PBS ChRof&iR B X 2178
L7-NPEO(15) 1 mL&ENNZ, 24FRFfEE R L7, 158 %, i HiaFREL | PBSTHEHL .

RN 7L U RIR500 wla iz, ez m Lz, RYT 7 arba— v, 6 =8 =
3-1-2D %A CUVCE IBST L=z iz, [BIX L 72 f/ifa2100uldcell lysate buffer (10
mM Tris-HCl(pH 7.5), 130 mM NaCl, 1 % Triton X-100, 10 mM NasP>O7, 10 mM
Na;HPO#) (2R L | JK L ITHKI 1540 ff B 1 URE AR 2 52 2 2R fi# L 7= %% | Bio-rad protein
assay kit (Bio-rad)Z HHWNTH NI EEBZAT ST, Z /"7 E 810 pgk250 uMOD w0 E
(Ac-DEVD-MCA; caspase-3/7)% reaction buffer (20 mM Hepes., 10 % glycerol, 2 mM
dithiothreitol (pH 7.5)):IE A LA EZ100 pliZflHRIL, 37°C Tl MBS S BT, RS,
44 O EERF (FL4500; Hitachi) Cag 58 BE 4 & (EX.380 nm, EM.460 nm) L7-,
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7-amino-4-methylcoumarin (AMC)Z FEHEY)E &L TR &M A 51X caspaselHEZ R HI L
7o

3-1-5  Plasmid relaxation assay(ZJH5DNAEE OHIE

10 ug®DNAZZAIR(pSPT18 vector: 3104 bp)Z 100 pLOMi/K THEMEL . 9677 L —NC
NPEOZMA ., 1K A > Fa—hLiz, TDK, 1 %7 Hu—A7/Wilun—KL, EXkE%Z
1Tolze TIEZTF VT LT a~v AR TYEL, NT U AL NI R —F —TDNADOHEEIRILE
flERB L7,

3-2 FEERAESF

3-2-1 y-H2AX #55 & 5 e ] 1 & o> BR

Fig. 1912, 100 uMONPEO(15)% 3047 [M1EH L72% Oy-H2 AX D538 & Al i 5 4] (PTYLt4)
DEAFRIZDOWT, FCMOEARNT T LB NIRy M7y MY %773, NPEO(15)D 3043 [H D
TEARIZEBWT, Ml E I ~DREITFEO LTz, L., y-H2AXDE R T, R
SLEEDHIRAIZ L SNPEO(15) L BE S AL 7= MR CHI N L 72, RRIZ, MR OKI40 %TIXIX
100fF DRI LR IE A /R LTZ, ZOy-H2AX D EFREEDOBINL, T X COMLEE <
RS, KA IEITRER D bR o7,

Al A JE L Téy-H2AXE§§3§F0)T4’/]\ X255V 10 B ITHa B B A KIS0,
B GET = — KRR B BRI N DML LT y-H2AX D5 C | BEE B CODNAE S
ICEVBEEZSND ISR E R/ DSBsIZ 5K [58], 20 BT A A (SH) (2R
H72 BN % R 5y-H2AXFEHE C . SRR L B 12 LD DNAD — AR S E 701
IMATE il 72 E DB ak E 4 M O H BLE TR Tl 2 A DSBsIZ 63K [59], Fig. 190#E R0,
NPEO(15)MLERIZ L Ay-H2AX D FHE ML D T X CTOJE B THIZEI LTV AH72 , DSBs
ZEBEANIS ISR I OSBRI CODNAR G L FRE THHI LRS-,
EARCH2AXIL, ATMS°DNA-PK% /I L7=DSBsD G 77+ DIE THhbH[44, 60]7= ., %
NEDRER (wortmannin(Wort) & caffeine(CF)) ZNPEO(15) D ALFE Hi /B &8-7=, Fig. 20
F0 | FPHFANZ LD y-H2AX DO FHE DR EAR ARV (TR Lo, ZNHORE D,
NPEO(15) L BRIZ K Hy-H2AX 5 3 1, [EH27eDSBs 3 5| S Z S 7= % . ATME 21T
DNA-PKZ N UTAREER B I K> TR E STV D T EDVRIB S LT,
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Fig. 19 Generation of y-H2AX and dependency on cell cycle (MCF-7 cells).

Relationship between generation of y-H2AX and cell cycle phases analyzed using flow
cytometry. Cells treated with NPEO(15) (100 uM) for 1 h were fixed and stained with
antibody for y-H2AX and PI. Left panels: y-H2AX detected by immunofluorescence staining.
Center panels: cell cycle phases analyzed by PI staining. Right panels: relationships between
generation of y-H2AX and cell cycle phases (PI).
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Fig. 20 Generation of y-H2AX after treatment with NPEO(15) in the presence of ATM
inhibitors (MCF-7 cells).

Cells were pretreated with inhibitors (Wort and CF) for 0.5 h, then treated with NPEO(15)
(100 uM) for 1 h.
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3-2-2 y-H2AX #HE(ZFITH ROS DL
y-H2AXIZ1E, DNAIZEZERBENHT- 2 ONZBRICE SR ShsGA L MlamicE
JRENTZROSLEICEHDNAR GG EE RS 29 L“C%%éﬁé?a’ﬁ?ﬁﬁ’]fﬁ%/\ﬂ
HHZEIFRNR LTz, 22 CTETROSOE GG LT,
100 uMDONPEO(15)3 LT mMOH0,% 1HERE X872 . fli NROSZDCFH-DA
(ROSHERHE) 2 H W TR L7=, Fig. 21AXD . HoOx 2 ERH & B 72l TiL, BVROSD
B SRS L7228 . NPEO(15) &2 /E Al S B 7=/l T i S o~ 72, BR{bBA 1k 7
N-acetylcystein (NAC)Z 1%, 100 uMDNPEO(15)3 LT mMOH,0,% 1HFEIVEH S 7=
B Oy-H2AXFHE A feB L7 (Fig. 21B) , NACEIRINT 52T, HO/ER 1L Dy-H2AX
DOEEIMZTINHI 407225, NPEO(15)1E HIZ X Dy-H2AX D NI I HI S e o7, £z
BSFGEIZ L 5DSBs D f tHIZ W Th [AER 72/ - THY . NPEO(15)IZ L5 DSBs D A= i1
NAC THIHIE I8 HoOAZ KD AERRIEINAC 25 mM Tl & Lz (Fig. 22), Zib
DR NPEO(15)IZ L Dy-H2AX D FHEHINIT, ROSIZEA G- L TWRNWZ LIRS
77
SHIZ, y-H2AXIIT A= AOFEEODNAKT A ki W Th s n 611729, 100 uM
DNPEO(15)1EH# Dcaspase-3DE A E L7 (Fig. 23A) , UVCHRGTIL, caspase-37H
DRYT 47 arbm— el NPEO(15)TEH# | y-H2AX [ZHELRFE TR S 72723,
caspase-3D{% fiﬂ: I Z4ARF [ F CHEGRS N2 o Te, LA N—E R EHI(Z-Asp-CH2-DCB)
FERSEZ354A . NPEO(IS)EA L Ay-H2AX Ok 8 A40#H| L 727 - 72 (Fig. 23B), 21
HOFERNG, NPEO(IS) \ZEDy-H2AXDFFEEHENINE, TR — ADEEODNAK k&l
BRI EDVRE T,

3-2-3 NPEO(15)I2&5 7T AIRDNADHEE

NPEOTEHZ DL DIZLYDNABE XL ZSNDDN0 ), plasmid relaxation assay(Z
Lo THEILT= (Fig. 24) , A—/3—21 /L DNA (sc-DNA) [ZUIr 2313 B &, BHERIRDNA
(oc-DNA) IZHs# 9%, Z D78 NPEOZDNAICEH#REEZ L 726 T 56 . DNAT T2
R~DOIER D ZVsc-DNAIZoc-DNAIZHA S L HEE 2 Hivh, Lo, FEFICERED
NPEO(15) (100 uM~-10,000 pM) DIRINZIN T, sc-DNATToc-DNA~EEHAS L7270 > T2,
ZOFERIL, DSBsOA BT Hy-H2AX DR E 3 | EH#DNA~NPEOMEM Ly-H2AX % 75
WLT=D TR ATO ORI AR M G &R IS 7o 2 e a2 R L T,
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Fig. 21 Involvement of ROS in generation of y-H2AX by NPEO(15) (MCF-7 cells).

untreated

(A) Intracellular ROS formation after treatment with NPEO(15). Cells incubated in the
presence of 10 uM of DCFH-DA for 0.5 h were treated with NPEO(15) (100 uM) or H,0O, (5
mM) for 1 h. The fluorescence intensity of DCFH-DA was analyzed by FCM. (B) Western
blot analysis for y-H2AX. Cells incubated with NAC (5-25 mM) for 30 min were treated with
NPEO(15) (100 uM) or H,O, (5 mM) for 1 h. Actin is a standard for the equal loading.
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Fig. 22 Involvement of ROS in generation of DSBs by NPEO(15) (MCF-7 cells).

Cells incubated with NAC (5-25 mM) for 30 min were treated with NPEO(15) (100 uM) or
H>0: (5 mM) for 1 h. BSFGE was performed for detection of DSBs.
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Fig. 23 Involvement of apoptosis in generation of y-H2AX by NPEO(15) (MCF-7 cells).

(A) Caspase-3 activity after treatment with NPEO(15). Cells were treated with NPEO(15)
(100 uM) for each indicated period (0.25—4 h). Caspase-3 activity was measured using a
fluorescence substrate. Values are means + S.D. (n = 5). (B) Generation of y-H2AX in the
presence of a caspase inhibitor. Cells pretreated with a pan-caspase inhibitor
(Z-Asp-CH2-DCB) for 0.5 h were treated with NPEO(15) (100 uM) for 1 h.
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Fig. 24 Plasmid relaxation assay.

Plasmid DNA was treated with NPEO(15) (100-10,000 uM) for 1 h. Conformational change
of plasmid DNA was analyzed by agarose gel electrophoresis. Super coiled and open circular
DNA are represented as “sc” and “oc”, respectively.
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4-1 EBAEHB X OS85 ik

4-1-1 SEBRBIE}

0 2-1-1 EREOLOEEH LT,

4-1-2 FRAME RSB O FH Y

PBS(-)C 10 mM JFEIZHHFEL 724 NPEO & iR% . H—EH —Hi 3-1-2 OFKMTHE
100-1000 J/cm? D#FH TEEAMEIRGT LTz, BEL72% NPEO Ak % . SR EEDN R E DI
FE L2 DI B M CAIRL | SRR LT,

4-1-3 FEER L

ATFROWPEIL, 8 2-1-3 LRI T2,
y-H2AX OHJIEIL, 85 i 2-1-4 LRERITA TS T2,
DSBs OHfIlGEIL, 5 ffi 2-1-5 LRIERITAT o7,

4-2 SEBRAE R

4-2-1 SRHMRIREHE D NPEO /02 X5 MCF-7 flfiE D A SR~ D5 8

Fig. 25 {2 UVB B} (100-1000 J/em?) L7= NPEO(15)1Ef 5 > MCF-7 il A7 R 4R
97, NPEO(15)J2 EEARF I AEAFRITAR F L7=, NPEO(15)IZ UVB Z R4 5L SRERK
FHN RN BIE LT, I, Fig. 26 (2 UVB FE&T (100-1000 J/em?) L7= NPEO(70) %y
fiEVE R 1% D MCF-7 MIRa DA 73 %777, UVB BRS 500 J/em? % FRIC, #& EAIZE
Hia— BAFRNED L, ZO%RBEMNLTz, ZOZGITIREN R 2> THRETH T,
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Fig. 25 Cytotoxicity of NPEOs irradiated with UVB.

NPEO(15) were irradiated with UVB (100-1000 J/cmz). Cells survival after treatment with
UVB-irradiated NPEO(15) at concentrations ranging from 100 to 500 uM for 24 h was

determined by Trypan blue exclusion assay (MCF-7 cells). Values are the mean + SD (n = 5).
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Fig. 26 Cytotoxicity of NPEOs irradiated with UVB.

NPEO(70) were irradiated with UVB (100-1000 J/cmz). Cells survival after treatment with
UVB-irradiated NPEO(70) at concentrations ranging from 100 to 500 uM for 24 h was

determined by Trypan blue exclusion assay (MCF-7 cells). Values are the mean + SD (n = 5).

4-2-2 SRAMEIS % D NPEO 73 fi#IZ LD y-H2AX DOFFE (5 Jefak)

Fig. 27 12, &R O8I E FRSHL 72 NPEO [ZL2MAEN D y-H2AX OFFE 0Ot
A A=V kR, RSO NPEO(10) Tl y-H2AX O E 0 iR EIL7-728, UVA FRET 1000
Jem? LTV UVB B4 500 J/em? TH 8L, UVB BRET 1000 J/em? 3L TN UVC BT
ZDOFENTEE D Uiz, W12, RS D NPEO(70) Tld y-H2AX DOFFE A RS20
7273, UVA FRAT 1000 J/em? 33X TN UVB B 500 J/em? CREEDBEZEIZHINNL . UVA
4 500 J/em?, UVB AT 1000 J/em?, UVC FRET 500 J/em? CTHF OIS 2R~ LTz, IR
(2. Fig. 28 |2 £ (100-1000 J/em?) 27>z C UVB FREFL 72 NPEO(70)I12L5% y-H2AX DF;
EAORT, MR EE HSEAL y-H2AX OFFEREHIMNL., 500 Jem? A2 —2IZ4 FE
I3 LT,
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Fig. 27 Images of y-H2AX foci after treatment with UV-irradiated NPEOs (MCF-7 cells).

v-H2AX foci produced by treatment with UV-irradiated NPEOs (300 uM) for 4 h were
determined. Nuclei were stained with PI.

(A) y-H2AX produced by NPEO(10) exposed to UVA, B and C (500 and 1000 J/cmz).
(B) y-H2AX produced by NPEO(70) exposed to UVA, B and C (500 and 1000 J/cmz).
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Fig. 28 Images of y-H2AX foci after treatment with UVB-irradiated NPEO(70) (MCF-7
cells).

v-H2AX foci produced by treatment with UVB-irradiated NPEO(70) (300 uM) for 4 h were
determined. NPEO(70) was exposed to several doses of UV (100, 300, 500, 700 and 1000
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Fig. 29 |, K E D%/ RAE BE L2 NPEO (2X5 yv-H2AX iF B DY T RZ Ty T 42
T A A=k T, NPEO(10)I28 T, UVA B THT 0T y-H2AX 238 L. UVB,
UVC HSTCREERAFRICERZE 2D Lz, 10012, NPEO(70)I23V T, UVA H5 CTHi=
KAFAIL :%ﬁi%%ﬁitmbnwmi UVB HEHTiE 500 Jem? 2 —2712, UVC MRS TIL 250
Jem? 28 —21C— B8 &AL 7214 . W MM A R LT, ZORERIT, 4-2-2 |12
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Fig. 29 Generation of y-H2AX after treatment with UV-irradiated NPEOs (MCF-7 cells).

v-H2AX after treatment with UV-irradiated NPEO(10) (A) and NPEO(70) (B) (100 uM) for 4
h was detected using Western blotting. Actin was used as a standard for the equal loading of
proteins for SDS-PAGE.
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4-2-4 SEHMRIRG£ O NPEO 723D DNA —ARSHU

B EDOUVE IS 7-NPEOYE F # DDSBs D A= ikl # BSFGEIZ THEAT L 7=, UVARRETL 7=
NPEO(10) TIE T X TOME BBV TDSBsD LR DVHERR TE =723, UVBIRE TlZ /4
A SRR AR F RO L, UVC R & Clid 2 0 & s S 3R S 72 7> > 7= (Fig. 30),
NPEO(70)IZF W Clik, UVARE 1000 J/em?IB L ONUVBIFE500 J/cm? T & 72DSBsA
R TEZN, ZOMAREB LI RUVCHS TIRTEA RN TEARD -7 (Fig. 31), 2
DFERIL, FeDOT=RE Ty T 00 7 OFE RSB A TR ORE R L—E LT,
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Fig. 30 Formation of DSBs after treatment with UV-irradiated NPEO(10) (MCF-7 cells).

Cells treated with NPEO(10) for 4 h were solidified in 1 % low-melting agarose and treated as
described in Materials and Methods. The gel stacks containing the cells were loaded onto a
0.8 % agarose gel, and BSFGE was carried out.
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Fig. 31 Formation of DSBs after treatment with UV-irradiated NPEO(70) (MCEF-7 cells).

Cells treated with NPEO(70) for 4 h were solidified in 1 % low-melting agarose and treated as

described in Materials and Methods. The gel stacks containing the cells were loaded onto a

0.8 % agarose gel, and BSFGE was carried out.
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5-2 EERAE R

5-2-1 SRIMERIRET NPEO (252 y-H2AX 355 S 8 #1 & o B %

KR D UV HUH NPEO(10, 70)I28175, y-H2AX OFFE LMl E & DR Z 7 a—4
ARA—%— (FCM) |2 THEFR L 7= (Fig. 32) , UVA S 72 NPEO(10) Cld, W LR EIC
BWTH S H, G #, GoM D9 R THIRT = — X T y-H2AX OHEINMN A 57~ UVB
B L72 NPEO(10)Cl, 500 J/em? OFREIZIBNTT R TOHRT 2 — X T y-H2AX O
A EB7223, 1000 J/em? OFEE CIIHEINIMERRS /e h 7, UVC BE Tixn3 o
REIZBW T y-H2AX OFFE IR S e -7-,

UVA FEL7= NPEO(70)Tl&, 500 J/em? DR EIZIB N TT R TOHAET = — X THFO
y-H2AX O HEFES AL, 1000 J/em? OFFEETIHIZHINIL7-, UVB, UVC BHFL7-
NPEO(70)Tl, 500 J/em? DFREIZISUNT y-H2AX OEEIMAHERRS L, D% 1000 J/em?
D ETITHEGRI 22 oTo, TIHLDORERIX, VAL T ayT 4 ZIEIZED y-H2AX
FHEOM R EL—8T 5, F-, T_TO y-H2AX OEINTIBNT, HF T = — X
7R SRR S VIR o 7o 2 e b AR A & DB ME X7 B 2 BT,

500 J/em? D#{ED UVB MRS L 72 NPEO(70)IZ-2V T, wortmannin $721% caffeine Z ¥/
L. y-H2AX OFFEEHE LT (Fig. 33), TOREHE. BAEHOIRINTENE IR KL
FIZ y-H2AX OFERMHIS NIz, ZiuL, UVB FREEI72 NPEO(70)I285 y-H2AX @
PN, DSBs A EL T ATM F7213 DNA-PK OFEMEIZL 5 EE IS WD IR
2L, RIS OMEHDOFIN NPEO (285 y-H2AX OFFE LA ColE ST
HEHELE I T,

5-2-2 ZRAMERERES NPEO 12k y-H2AX 7% E ROS DR 5-

NPEO 7ML D y-H2AX #HEICEHIT HHIEND ROS KD EI 5122 T H02 &bk
e RREELT- (Fig. 34), H02128:% ROS ARk dLD032045 5755, UVB FRETL 72 NPEO(70)i2
BWTHETO ROS Ak HeiR 7= (Fig. 34A), UL, BR{bBG LA NAC ZUshnL-f
AEAE AL (Fig. 34B. 34C) Tl H202 1285 y-H2AX OFFE RIS S 7zDIZx L, UVB B
FFEI 72 NPEO(70)Z B\ T y-H2AX O 8 I3 T O SRS NN B2 b
Rbei-oTz, [AEEIC DSBs OAERKIZIHUW T, HaO0 /EF TIEmHI S 7223, UVB B
NPEO(70)/EH Tix NAC (2Ll 23 A bizehoTz, ZHHORE RS UVB B Sz
NPEO(70)(24% y-H2AX 1%, #T0 ROS DR 51355600, T8 B 13 AR FREF ORI 64
DFLNNPEO IT55 y-H2AX F5E DK L [AARIZ, ROS IZRA G- L2V R IK T HH D3 R
iz,
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Fig. 32 Flow cytometric analysis of y-H2AX and cell cycle phases after treatment with
UV-irradiated NPEOs (MCF-7 cells).

Cells treated with NPEOs for 4 h were fixed and immune-stained with y-H2AX antibody and

PI as described in Materials and Methods. The cells were analyzed using FCM and cell

cycledependent formation of y-H2AX was revealed as dotted blots. (A): NPEO(10), (B):

NPEO(70).
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Fig. 33 Generation of y-H2AX after treatment with UVB-irradiated NPEO(70) (MCF-7
cells).

Cells were pretreated with inhibitors (wortmannin(Wort) and caffeine(CF)) for 0.5 h, then

treated with UVB (500 J/cm?) -irradiated NPEO(70) (300 uM) for 4 h. (A): wortmannin, (B):
caffeine
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Fig. 34 Involvement of ROS in the generation of y-H2AX by UVB-irradiated NPEO(70).

(A) Cells incubated in the presence of 10 uM of DCFH-DA for 0.5 h were treated with UVB
(500 J/sz)—irradiated NPEO(70) (300 uM) or H,0, (3 mM) for 4 h (MCF-7 cells). The
fluorescence intensity of DCFH-DA was analysed by FCM.

(B) Cells incubated with NAC (5-20 mM) for 30 min were treated with UVB-irradiated (500

J/cmz) NPEO(70) (300 uM) or H,O, (3 mM) for 4 h (MCF-7 cells). Actin is a standard for
equal loading.

(C) Cells were treated as same as (B), and BSFGE was carried out.
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EANE BE

AR OBEAR T MEZ TN T 25 L LT y-H2AX O 23 H &30 T05[62, 631, y-H2AX
I, SRR I LD AT RIS Lo T B E TN T O SRS (T 4 — T R)
ELTBIERTEDI20 . Z<OMREEITHIH SIS TWD, RETIL MCF-7 Hilaz v
TNPEO 1EFIZLD y-H2AX DFFEIZOWTHRFTL7Z, BITEIZIBUV T, NPEO DT~
DRI ICIVIEONDS RGN0 FT4DIC MCF-7 MBI T 27384
L7z, MCF-7 M DAELFZI ., AIFROSMBLOHEIHFE~DZEL[FERIZ, NPEO D1
BT I TEAL, M 15 Thb @M SEA R LTz, T D72, LD F2BRIT NPEO(15)
L, F- ek e U TN ZEA E BN D -T2 NPEO(70)% V=, UVB FRET
% D NPEO(15) 73471 % OV NPEO(70) 73 gt . MCF-7 M LA 246 L7 TR OO SR
CIRERIR RO E R LT,

y-H2AX OF5E > DSBs D /Ef#1E, NPEO OHIEH D ESITEAFL TR EWIZEBEE IS
ROV, ZORE TR RAFANIEIN LT, ZORE RITEIF RO E —E T D2EN D,
NPEO {EHIZd&-T DSBs 23 F5&E &4, MDD EAFRITEEZ LIFLTZEH b,
FIEH T REAUL, 100 pM LT ORI E D NPEO 1EA, T7eb b MilaEFRIZHED
AN HIRWEEIZBWT, y-H2AX OFFE 842 TE7- R Thd, BSFGE (245 DSBs
DORRHT 75 uM ML DSBs 23& HHEI=DIZHF L, y-H2AX OFFE N 25 uM O A B
IZBERSNT=ZEBh , y-H2AX 2RI L7- DNA HIEOR X mE ThHiHrZLE R T
WD, ZOREFIT . y-H2AX I3/ SV AT 4 — LR VIR IKEDRC comet assays 72 E it J7 1
J 0t DNA HBIEE SR E TEHEVHIZNETOHEL60]—K T2, £7=, NPEO IZX
% y-H2AX OFFE L, TR AIZEDE DO TIIRNWZEERLTEY, 20 SO0V T
#ik ¥ %,

ELIZERAMRIREHC LD NPEO /i OV T y-H2AX OFFEZ MR, B TRk
FRISHZ D NPEO O Rk REIZIS U7 A B FE R O 2 LA B BN LT3, v-H2AX 75
BRI DSBs AT, BIEOHEIEFEOFE L (Fig. 11) LRBRREmMZ R LT, ZDTER
SRR IZ Lo TA R L 72 NPEO 23 i) DA e 2 kS SR /MR AR IR 0O NPEO D32 Rk [F
BRIZ, DSBs LN % 5-L TWHEE 2 BID,

y-H2AX D5 T, DNA OB )72 DSBs IZHE I L DED[43, 58], &FXF72 DNA 15
BN ER LT 554612 DNA RSB E O R CA U2 #2972 DSBs (ZREIA9-5[44., 45,
5916 DD, 2T NPEO TEFICED y-H2AX &l & Wi oo B e 2 FesB L 7= (Fig. 19)
23, A E R AT NPEO /EHIZIIT S y-H2AX #5E 1%, H 2972 DSBs (2
IV ZDZENRIBRE T, LR E, plasmid relaxation assay (240, &R E D NPEO
2T sc-DNA 728 oc-DNA (ZHRHAS IR - 72205, NPEO 23 E.£2 DNA 28I
TWD TR, FrRNF X E O LGk S AT MBI 0N IZ NPEO 73H)
VIAENT=DH, DSBs 5| &L 2 A FHE -5 E 2 bz,

BRERTARIC LD y-H2AX DFFEICI1E, ATM X DNA-PK DIRIERENNTEL TWDHIE
N EINTWVWD44, 60], 22T ATM %Z[L%E T2 caffeine. DNA-PK BH % &l
wortmannin % W THREEEZI T 7248 R (Fig. 12A) . EH 6 y-H2AX OFFEA ML 7=Z &
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235, ATM BE U DNA-PK W NORREESH IR L2 y-H2AX THHIED RSN, Fie,
SRR BT &7 NPEO (285 v-H2AX DFFEIZ BV Th RIS NPEO 1255 y-H2AX O
BRI LR B R I KA e RE T,

J=NVT 2 ) — T ERNTROS 23S ENHEIN T D[64-66], ROS I, BR{L
DEK E72D DNA O —REOIRr 2 LT 52BN TWADTZD, ROS ZAERKSESD
H,0, 2R T 47 arba— LU CTER S, £72 ROS 23l 32825 1IEA] NAC 2R
JNLC, NPEO {EAICLD y-H2AX OFFEN ROS IZLDETHLOMEFE1T -T2 (Fig.
12B-12D) , NPEO(15) CiZ ROS DAL, NAC IZ XD ST, 740 fn J& 1145 2
M7 JSi7en 7= (Fig. 20) 726, NPEO (255 y-H2AX O E T ROS 72X DRl
ARV ARG L TORWRICEAREE TSR IS TWHEHELE S, LvL, JiiE T
£ 2272380 NPEO(70) UVB FREHIZI\ Tk NAC (XD S HERRSINT=Z e, %R
SRR 125D NPEO D43 i IZIZ ROS DA -3 AL LHH DD | y-H2AX DFFEITIZROS

B B2 TN EEB 2 BT,

V-H2AXIEZT Rh— ADDNAT 77 AT —va lli>Th ARk b61], 2T 7
M= ADARTERR I D —F THHHAR—BE L ETHZL T, NPEOIZ L Dy-H2AX D5
N BE LT DO ERMETRLTZ, NPEO(15)IZLAy-H2AXDFHEIZB W T A/ N —F
PHEANC L Dy-H2AXGH B OMBNIMER ST, caspase-3DiE M EFH-EFRDO LR -7
72, NPEOIZ L 2y-H2AXDFEE L, TR = ADDNAT T 7 AT —av bid e -7z
R ThHEHELESNT,

LI _E| NPEOIZ X Dy-H2AXDO#5E X, ROSHIEE 589, DNAEE BFEE I S/ W EHEK)
72DSBsIZEV B & ZENTEY, F2, TRV AL TR R THDEHERSILT-A3,
FEHIZR S BRI IS O W T E X R o T,

RIETIL, ZHETEBFEMENMENVESIL TV NPEO (2, y-H2AX 84 ££9 DNA DO
5 (DSBs) N B Z L ZE&NDHZEE WD THOLMNIZ LT, £, 72D %y NPEO (& DSBs
DOFBENFL G SRS, SHITEB RO -7 (R IO £V NPEO 5, 28R4+
FRARGHZ XVIBH O EV N NPEO 284 AR L B An e M BL 52 L3RS 7z, NPEO LISk
DV DONDEEEALFIEIZDONTE | SRR EIC LI FRIZ L > TE DB M
SEEINT 28AE[67-69]6 WENDT-0 | RET DI EI L FWEIZOWT, KRGt
LDV RD BB Z DT IO W TR TAZENEE THHEEZONT-,
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ERRY H2AX DOV ERAL
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AT CIXEWNAE BN ZWIEAF R FRTEEANZ DWW THRETL 7228, 1980 E T
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L. ZFDORBIZHOUWTINPEOL ARG LT,
LASDREE TRV U BRIZT VAV FR L 2V R R YR S B 85 IR B3 - 748 38 C (Fig.
35) TNV EHEZ LT 5L TRKRMEZZLI LN TEA R mIE Al TH D,
BB I L2 LASIZOWTIE, )R T 50 ng/LEA R, TR Ho R B2 mg/kg
FEEELENIT0], Fl=ZOEFEL HIFMNOE AR E THHEHMEINTWD[TL, 721, K
RAEM DB ONTHWNL DD LB, LASD50 %FHER (ICs) 7% 0.5 mg/L— 2.0
mg/LOEIH THDHEHEZINTWDH73-76], BREHFIT/EET HLASIRE X, KRAEDIT
WL 5 2 DIREIVHIRNZ DD, ZOVARZIHERNEE X HND, LU ASDFEEIZD
WTIE, B R PIICE T TR E BB 72 8 TR ~OZRBENE 251, NMZXk-TiZ
TR E DREFEENECTLE), DT, b\if_fﬁﬂ%EOD%u\LASODJX&Ttxf
YMIEETHY, Ax DERLLE W, LASOBMRIZRZBIZ OWTIE, FiEE, xAIF
T AW KIGE TR MRRER, 22984 BB ICB WL T T b B2 ORE RS 61 77],
VI AEF ST YR BE I ZRB W THEMETH - 72[78], FD72 | LASITE R FEE RS
2NN BUARETR S TG, FTo, BREE IRV TIAED RS IV LASH KR A D -
HEICELCsol 2 22% KAF T A (19 NI RN, BlafmEEIcETE L LWmE 37
U,
%:’C“Zlifzi’(“ T, LASICE DB~ DB OV TG T2 LB, y-H2AXZ F51E
BRI T OMmE 21T oo, o, AR % OENOLDOEIT O THRETL
f:o
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Fig.35 Structure of linear alkylbenzene sulfonate (LAS)
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BB 2-1-2 SRR HFET T,

2-1-3 alamarBlue assay (ZJ 2R FEROHIE
BB i 2-1-3 LRIBROD HETITo T,

2-2 FEHRAER

Fig. 36 |2 LAS 33X U NPEO EH 48 IR¢fHi# D NIH-3T3 HifalZ 31T HHlfubg iR b4
K9, LAS BELUYNPEO W FUmiEHEANC BV CH A B ISR B O I D 03 8] £2
oo ZORERNG, LAS $ NPEO S[RIERICHIL ~DR B L R ZE A s STz,
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Fig. 36 Effect of NPEO and LAS on cell proliferation.

NIH-3T3 cells were incubated with NPEO(10) (conc.100 uM) and LAS (conc.300 uM). The
fluorescence intensity of alamarBlue was measured as in NPEO(10) and LAS. Values are
means = S.D. (n =5).
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3-1-3 FEBrJ7ik
y-H2AX OREIL, 55 " FH Hi 2-1-4 LFERD 1L TIT-72, DSBs OHIEL, 5 &%
B 2-1-5 LRIEEICAT o7,

3-2 FEERAESR
3-2-1 LAS fEH#% D y-H2AX DAL

Fig. 37A 12, MCF-7 fif@iZ LAS % 100 uM {EF St 7=, 2 FEf#% D y-H2AX fa gt e
g% R d, LAS TRBELS - IE, NPEO OIF L FEIBRICEENIZ y-H2AX DR v MR
FEEEIN B ZR ST, Fi2, ZAUT LAS O FERAFHNZHI ML 7= (Fig. 37B).,

VAR T Oy T A TIEIZB DT, y-H2AX ZRatL7-, LAS ALERIZLD 50 pM DO
REERDD y-H2AX D3R Ed, REERAAANCHI L 7= (Fig. 38) . F7=. 300 uM EHIC
BWTCIE, FEARRMEIFERIC y-H2AX 238 INL72, ZOfEENS, NPEO {EH ERIERIC
LAS fEHTH y-H2AX OAERMNSIEEZSNDZENRESNT,

3-2-2 LAS {Ef# D DNA —AEHYIWT (DSBs) DAk

KIRE (50-500 uM) @ LAS % MCF-7 Hilgic 2 WEfEASHE7-% . DSBs D#fiE%
BSFGE |2 CHERB L 7= (Fig. 39), T DH5H, DSBs 2 EKFHN Bl & oS-, 2,
y-H2AX OAERROFE R EIFIE—E L, NPEO {EH EIRIAERIC y-H2AX DAERLA DSBs #5512
BRTHIEERLT,
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- .
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Fig. 37 Generation of y-H2AX after treatment with LAS (MCF-7 cells).

(A) Images of y-H2AX foci produced by treatment with LAS (100 uM).
(B) Images of y-H2AX foci 2 h after cells were treated LAS (100 — 300 pM).
Nuclei were stained with DAPI and merged with the images for the generation of y-H2AX.
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Fig. 38 Generation of y-H2AX after treatment with LAS (MCF-7 cells).
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Western blotting was performed for detection of y-H2AX after treatment with LAS (50-500
uM) or with LAS (300 uM) for predetermined time (1, 2 and 4 h). Actin was used as a
standard for the equal loading of proteins for SDS-PAGE.
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Fig. 39 Generation of DSBs after treatment with LAS (MCF-7 cells).

DSBs were detected 2 h after treatment with LAS (50-500 pM) by BSFGE. All experiments
were repeated two or three times with similar results.
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EIUE LAS IZX5 y-H2AX FE AT =X A
4-1 EERM BB L ONFERR 51k

4-1-1 SEBRbIE

55— 3-1-1 LRRObLOEEH LT,

4-1-2 R E KR y-H2AX ORIE
B 3-1-2 LIREED FIE T T o7,

4-1-3 FCM |Z XD Hpa NG MRS 2 FE (ROS) OHIE
B 1 3-1-3 LRARD AT T o7,

4-2 FEERRE R
4-2-1 LAS fEFI£ D y-H2AX %@ﬁk%ﬁﬂ@ﬁﬂ;ﬁ&fb B
300 uM @ LAS % MCF-7 ifaiZ 30 43 f1FEFH ST D y-H2AX OFFE LA e J5 1 o B

fRIZDOUVWT, FCM DR v R m/kl%rut (Fig. 40), MfRE DRy Mo M (N A
) TR LASEH#ZIZRB W T Ry My O 2 b3 b7 286, LAS fEH Tl
AR R E I AL L 72N EDRE NIz, LML, y-H2AX OH R 133~ CToffa B #ic
BT LAS MBSl CHEINL 72, ZOO%E F2>5 LAS ALFRIZ LD y-H2AX OFFHEIC
ARG E BRI X AL DAL, LAS 73 DSBs Z B IS ZHEZL TWAZEDVRIBES LT,
LAS I[ZEVFFESNIC y-H2AX 1E, ATM FHEH] (KU55933) ZFEHSH 5 & BER A9 TR
DT (Fig. 41), ZOFEFRND, LAS JBLIZ LD y-H2AX DFf5EIL ATM I LT fm R
IZEs THRE SN2 DRSS,

ZNHOHE R, NPEO fEH D y-H2AX DOFFE AN = X AL R fE R Th-o 7=,
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untreated LAS (300uM)

nnnnn

Fig. 40 Cell cycle and the generation of y-H2AX after treatment with LAS (MCF-7 cells).

Cells treated with LAS (300 uM) for 2 h were fixed and stained with the antibody for
v-H2AX and PI. Cell cycle phases and the correspondent generation of y-H2AX were

analyzed using FCM. Histograms show the cell cycle distribution; horizontal axis: DNA
contents (PI), vertical axis: cell number.
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°
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Fig. 41 Effect of the ATM inhibitor on the generation of y-H2AX.

Cells were treated with the ATM inhibitor, KU55933, 30 min before being treated with LAS
(MCF-7 cells).
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4-2-2 LAS {EFI# D y-H2AX #iE L ROS D5

300 uM @ LAS % MCF-7 #ifEi 2 e, F7212 5 mM @ H,0, % 1 BEEER S E 7214, il
N ROS % DCFH-DA % FW TR L7~ (Fig. 42) . HoOn ZAE A SH7- /I Tl ) ROS
DR FERENTZN, LAS ZAEHSE/fa Tl mitiicl S Eo7-, BibBhik
#1 (NAC) % 20 mM Az, LAS (300 puM) F7213 H,02 (5 mM) Z/EH S 7= 4% 5 Tl (Fig.
43) . NAC ZIRMNTHZET HO0r ZEH S E7MIBE TIX v-H2AX OFFE R INH| S 723,
LAS ZEH S 7oAl Ikl Sz oTe, ZRHORE R G LAS (1285 y-H2AX DO
21, NPEO IZXDEH ERBEIC, ROS 3B 5L QRN EA RSN,

untreated LAS H,0,

100 7 s~ I
80

60

% of MAX

40 7

20 7]

DCFH-DA
Fig. 42 Intracellular ROS formation after treatment with LAS.

Cells incubated in the presence of 10uM of DCFH-DA for 0.5 h were treated with LAS (300

uM) or H,O, (5§ mM) for 1 h (MCF-7 cells). The fluorescence intensity of DCFH-DA was
analyzed by FCM.

LAS H,0,

20 0 20 0 20 NAC
(mM)

untreated

y-H2AX

actin

Fig. 43 Involvement of ROS in generation of y-H2AX by LAS.

Cells incubated with NAC (0,20 mM) for 30 min were treated with LAS (300 uM) or H,O, (5
mM) for 1 h (MCF-7 cells). Actin is a standard for the equal loading.

62



BHE LAS ORINRBIICLD50 R
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5-1-3 Bt
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Ci3LAS) %, 10 mM ¥R DO/KIAHR I3 % | F2HBRH LAS (21% 5-1-2 O T UVB &4
i (100-1000 J/em?) BUHL, 1 mM ORE T Eh=R/UIZEMHEL, HPLC HREIEL
77

5-1-4 HPLC HBEhAHTAIR O HL
BEIFRIL 45 %7 Bh=FVIRHRIZ. 1 mM OiltE #EEe M) A (NaClOy) Z3RL . V=4
— X —T 30 B EHAHEURKR LT DOEEH LT,

5-1-5 HPLC &5

B E 1L, LC-10A series (B HEBAERT) 2 N, BT 2F VA7 TSKgel Silica-150
(4.6mmIDx25cm) (Y —) Z I\, AT AEE 25.0C, = 1.0 mL/min TiT\W, BHIE
UV BUX 220 nm TIToT, AoVl aii~v=al AP/ Z—TIT\\, o7 b
— AL 5 ul AEHLZ,

5-2 FEHRAER

Fig. 44 |2, AX % —K LAS(C10LAS. C13LAS) 53X LAS @ UVB FRE# D3
HPLC /"% —> %7~ LT-, HPLC /3 —2Cld, TV VRS E DN EWITE | M H I E A3
725 TCD, UVB BREHIZ LD FREHR &R TFAOICE — 7 3 A L QOB Z LD RS LTz, A
LB —R LAS OB =734 — b $HENEL 72D L0720 iR OGA . R O B
NMEIZE =8B T 528N TRISNDD, =20 NI RO T8 — 2O D 2
BEINTNAIEND, NPEO LREIEER_RUPUBORREIC LA RN B XS TWA
AIREBMENE 2 BTz,
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Fig. 44 Structures of LAS and HPLC patterns after exposure to UVB.

Standard LAS (C,,LAS and C;LAS) and UVB (0-1000 J/cmz)-irradiated LAS were analyzed
using HPLC. The arrows indicated LAS with each alkyl radical.



EAE SIS LAS OB A~DZE
6-1 FEERF BB LR 1L

6-1-1 SZERA

o 2-1-1 LRERObOE LT,

6-1-2 LB L

PBS(-)T 10 mM JREEICFHHEE LT LAS Tik4 ., 3 35 — 8 3-1-2 O/ THiE 500
Jlem? CUVB BET L7z, FRETL7- LAS VAR % . Sof&IRFEDS 300 uM L7225 I 5 ICEE a8 B5 i ©
AR, BRI U7z, MO MEEROREIX, 55— mH5 8 2-1-3 L[RERO H1ETIT

o7z,

6-2 FEERAER

Fig. 45 |2 LAS 1EH 48 Wil #40> NIH-3T3 i 31) DM s sR &bz~ 9, LAS 1E
FIC XA B IHPEFE I8 L=, 500 J/em? @ UVB &S 72 LAS Tz ol 23 A
B ST, ZOREFNS, LASH NPEO C[RIRIZEEAMR IS Z > T LAS 230 L .
ZOEMEDW T DD MRS,
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Fig. 45 Effect of LAS degradated by UVB irradiation on cell proliferation.

NIH-3T3 cells were incubated with LAS (conc.300 uM) irradiated with UVB (500 J/cmz).
The fluorescence intensity of alamarBlue was measured as in LAS. Values are means + S.D.

(n=15). Significant differences from untreated cells are represented by ***p < 0.001.
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B BIMRRH LAS 1285 y-H2AX OFEBIRED AN =X L
-1 EBM BB I OFER L

7T-1-1 Sk

55— 3-1-1 LRRObLOEEH LT,

T-1-2 AR GEUEL O FH Y
HSHT 6-1-2 LRBROB D& LT,

7-1-3 FEBRITIE

y-H2AX ORITE I, 5 85 i 2-1-4 LFRERO HIETIT- 7,

DSBs OWEIT, 5 25 Hi 2-1-5 AR T o7,

AH R JE A AR y-H2AX ORNE T, 26 35 — i 3-1-2 LIREED HIETITo72,

-2 FEBRAER

7-2-1 SRSMERIRST LAS fERIZ D y-H2AX OF5E

Fig. 46 |2, UVB B4 (1000 J/em?) #% @ LAS % MCF-7 fif@iZ 300 uM {EFH S|, 2 FRfi %
D y-H2AX e s et 29, LAS CUEES - AIIIAEENIZ y-H2AX DR v MR D
FOEDEEIN B SN DITX L, UVB BT £ D LAS TR SN T, Ry RO
WY IR Fp s TN,

VIAL LT Oy T 4 T EOFERIZEB VT, LAS ~0 UVB BEIZIDBREBIRFIIC
y-H2AX DA 352 L3Sz (Fig. 47) . ZORERNG, UVB BEHZED | LAS 72357
fig L, DNA 8B MH S TODZENRENTZ,

LAS(300uM)
untreated  LAS(300uM) + yVvB(1000J)

y-H2AX

Fig. 46 Images of y-H2AX foci after treatment with UV-irradiated LAS (MCF-7 cells).

v-H2AX foci produced by treatment with UVB-irradiated (1000 J/cmz) LAS (300 uM) for 2 h
were determined.
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Fig. 47 The generation of y-H2AX after treatment with LAS exposed to UVB (MCF-7 cells).

Western blotting was performed for detection of y-H2AX after treatment with UVB-irradiated

(100-1000 J/cmz) LAS (300 uM) for 2 h. Actin was used as a standard for the equal loading of
proteins for SDS-PAGE.
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7T-2-2 SRIMERIRET LAS fER % D DSBs DA K

UVB % 45-#% £ (100-1000 J/em?) BT L7= LAS % MCF-7 fijEiZ 2 BfE/EH S, DSBs
D5 % BSFGE (2 CHEBLT= (Fig. 48) , £ DR, & & T DSBs O H 23R EAK 771
(I Uiz, ZHUE, y-H2AX O OFE R LFIE—F LT-, 72 NPEO B L OERIMER BE &+
NPEO 3 fi#¥) DIER 2 L% DSBs 58 & [ARED S B Tdho7-,

LAS (300uM)

0 100 300 5007001000 (Jicm?)

Fig. 48 Generation of DSBs after treatment with LAS exposed to UVB (MCF-7 cells).

Detection of DSBs 2 h after treatment with UVB (100-1000 J/cmz)-irradiated LAS (300 uM)
was performed by BSFGE.
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7-2-3 SRAMERIBET LAS (21D y-H2AX 7518 & i 5 1A & o B E

Fig. 49 (2 UVB M5 (500, 1000 J/em?) L7z 300 uM @ LAS % MCF-7 iz 30 4y i1
%D y-H2AX OFFE S E ORI OV T, FCM DRy h7 my MNKE 7R U=, fllia &
HiOR M7 MK (data not shown) Tik, UVB B4 LAS S ERH#ZICRB W TR Y My
FZZEAL A ROV E XA L L7 o722, LAS A i) CALERS - MaIC B0
T, T RTOANC y-H2AX OFEPBIEESHL, 72 LAS ~0D UVB FESHREHEIN T2
([ZHEV y-H2AX DFFEN A LT,
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Fig. 49 Cell cycle and the generation of y-H2AX after treatment with LAS exposed to UVB.

Cells treated with UVB-irradiated (500,1000 J/cm?) LAS (300 uM) for 2 h were fixed and
stained with the antibody for y-H2AX and PI (MCF-7 cells). Cell cycle phases and the
correspondent generation of y-H2AX were analyzed using FCM. y-H2AX-positive cells were
gated (upper dotted positive slope).
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EI\E BE

AREBEIZB W TR ORI R 255 LAS OB % st Lz, LAS 300 uM O E T
AR FEEE DS 95 %L B LT- (Fig. 36) . ZOPREEIX, AKRAEMITIITH ICs 0.5 mg/L &
DHARWEUE ThH D, B IZHEL 72 LAS 13, BGOSR, g FIZR
RFE B £572 (801, £ DA I TX72, IRIZ LAS Ol ~DBmEMEIZ DV T
y-H2AX OFFEEFEIEL L TIRFTLTZ, LAS 1252 y-H2AX OFE 1L, NPEO 1 &[RERIC
AR PNAZ R MR O Y A EET IS MERR S 4 (Fig. 37A) . AU EERF RIS L
(Fig. 37B. 38) . FI-EHEEFUKA I TH 7= (Fig. 38), ZOREHRIL, LAS @%W@ﬁiﬁ
BR CORERITTIR0 G R BE OB Tl MLV RE R [T8] X L BB m D MRS
722 LR TS, F7-. NPEO LIRIEEIZ 50 uM DA EEND y-H2AX OF5E ) RS
TND72D | TR = A% L 72 y-H2AX OFFE CTlIa W EHEE SIS, \_@/}ﬁgf@;}z/
BE, A A IV 3D LCso DIEFE (1.2 - 53.1 mg/L) FOHIZANTIRWEE TH D,

LAS (. DSBs Okt NPEO EHERIERICHIEE L, F7-, AL o BEM: (Fig.
40) ° ATM FHEAZ DR A L72BR 045 F (Fig. 41) 5. NPEO /EA L RICHE RebreoTe, 2D
. LAS BELUYNPEO ZAEH S E72FRD y-H2AX 25| X Z L2 — OB KILFE L THY
LR EHEHE KX NPEO & LAS EHIZ[RIC THD A REMES /RIB I I, 72, LAS 23N
AL T IREINDEE, TV VIR IO AT VNSV THNVRF LV IEE AT &

DIZRR LT Z & TT AV OBV BN Z 5 LI LA PR LER e E DA SN
TWB[81, 82123, ROS ERCEALES 1A NAC IRINA~DRB T Rb7e ) - 7= (Fig. 42,
43) , L7273 > T, NPEO E[FIERIZ ROS 728 DAL AR A B H- L TV 72 WRITED
v-H2AX DFFE THHEHEELSILTZ, NPEO LN LAS (245 DSBs OFFE LM S TS
PEA (Triton-X) (242 DSBs DFiEd | 7/ MHMEGIZ Lo THIER IS TWHI L8310,
SFEXF R ETEEANZ B W CRIEERR I 2720 . DSBs £ b0 y-H2AX #5512 LDV A
I WD AIREME DSV RIB S Tz,

ARETIE, SRIMRRHIZ LD LAS ORI IO O3 Y ORI~ DT DU
THIRETLT, LAS @ UVB 2 Tl Z O3 EE R % OISR RITR RS St~
B QW FonbofE R, 443V ad LCs 1I2BWT CiuLAS 78 15.8
mg/L 126t L DA S IR A THDH AN R T = =)L T L3 L I LRl (C1iSPC)
TI& 355 mg/L THoTAERIT19]E—ET 5, SN SHL72 LAS 70 #1255 DSBs
ARRBED y-H2AX OFEICOWTH, EAMRIIC I Z DA RS E AR EIRFHY
IZIAD L T2 (Fig. 47, 48) . EOBBEEDBAD L TnDHEE 2L, 4l K54
BRIREFIZED LAS DiED AT =R LEZ D53 R DR B IL TEIR-T208, #JH?HBQT#
Z DM SELDICHH THHZ LD MRS, BRIEHF D LAS 13, AESMHT
CTANVKRT == V7 )VF )V IIVIR W (SPC) 728 O WA W) 2 L6 72N e BOIRAE W) 57
RS TNA[81-83], TR THD SPC DA RIL, AR AL B U B DB BR
IZE- THIERIENDD, EOHEITITFESDTH D84, 85], UVB FREFTLTZ LAS (23T
X, B E— 27 OB WE ~OB IR T Y —20RD> O AP 5 ER IS
72 (Fig. 44) Z&b, 7VF )V E ORI IR AT TIT_NU BV BRORENEITL T
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HEHELIS L, 72, UVB FRET 1000 J/em? TR IHE — 278 FEAE RS Tnzing
LING, LAS O BUBRARIED I RDEITL CW0DEF 6N, ZORRIE, UVB %
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REMEThBLE LN,
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FPEDVAT BREES I, SHIZINSDEEITFFEDL 72— B E)\T DN I EL
W DZAN T R E L B20 | TR COMBBICE IR LY RIETEE DN
DIz EOEEMEILE W ER DIV, A% SDRIMHDILETHD,
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SR TS M OO JRE S 3l < AL ST RIS B M O S IE MR [ AR 3 EG L, A2 RIS
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B MEIZDOWTHENTL 72, NPEO D EESMRIEGIZ L 550 Tl . NPEO(70)(Z3\\T 750
Jem? #RELL ED UVA FRETCHIEH 15 LI R NPEO WARkL7-, UVB R T, £
NPEO DAHIEH 15 5 TUIWrA 2D | Z DB BV RO REBEE THMIHEITLTZ, UVC
PR CIIZE O BN IV T DY, FERFE T NPEO 3B BRECTRAEEL 7o, RERR
THEHL7Z UVA, UVB R OEIFRIT, MR IR <R EEHE REDRNZEND,
ZIHERSMIR IR GTIZ LD NPEO D 4RI, BEEKMEDIAEM L > THfRSin s TRLVL L)
R e S EE I L CODIENRIBE LT, SRR S 72 NPEO(70)D 53 fi A= 1%,
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