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A study on the cigarette sidestream smoke-induced delay of nucleotide excision

repair
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T X ZIEBRERLRIE & FMRICRERREEHASCY 7 v 7 2Z{EH 2R D B bighr
fh & L TEDILTUV D, 2016 A2 H AR TIEA 18,000 k>, HETIEH 280,000 k> D7
(X2 ERES LT [1], 2015 480 1 /1 BAFEHEHE (Organisation for Economic Co-
operation and Development: OECD) DOFHAIZ L 25 & HAD 15 kL OB 13 18.2%.
HIETIX 247% ThHho 72 [2], MIDIZ, 7IEZIET A U B RERIC LY FZHORITHE
ICHWHITW e, KERRICZe TR E D A 2R bIAER, &bl
— 0y XOEHNTILR Y | BYE LS BENILE > T, BREEZL LMEZ R0 E
HMThH o7, 19 Al A F U XD —RIEEEMURE, BB X 11X 2 OREAEEN
TELH LT T, —ERICHBHIZINE DV tad Tz, ARICHBITH2IEZ
DAGRIT 1543 FL Vbl TWD, TD%, FHIASOFIERIRN Y | BEEES &b
IR > Tz [34] PEICBWT. ZIEZ i 16 HERRICImA SN E b TEY,
1980 412 A FRf& I (59 1549 45) OBREH ENR R Sz,

WUEE O PENN D, BN Z 3 RIBE & VEH SHvic, MIDIRER & K5 £ D%,
fREEICKT AL el ST, EEOEEY =—b R T (1566-1625) 1%7-1X 2
R RV OB TR L, IR ZICERLZ TR L7z, 1931 4 Roffo [5]IE721X
ZHIHY) % hairless ¥ U AR T FICBATT D LIRSS TEX D ERER LN, AHKEH
(2B 2 FE 8 AT RE OMHIF 7= D1, 1939 4F Miiller [6] DAL TH ~ 7=, i DOHFIEILE
PER S AR 83 AEFAE L, ZOHICAE—ZF—H—356 ATH V| FEREHE 1T
3 ALV, JFRE LT, Wi ABE TIIRWE CHEERED 83 NZiR L7k
B, AE—RE——031 A, EBEFIT 14 A THDHZ L2 E L, 1D THiAA
EWUEDRfRE R LT, ZOMBITEEST AV A OMIEET-HIZLVBRS,
STz, 1954 4F Doll & [7] OHWFFET, MERISCF i & BafR7e < | BTG DR < &
BET DV R 2EODH I ENWE S 7=, Hammond ©H [8] <° Ubell 5[9] i Doll &
DFERE S HITHERS Uiz, BIfE, R ORMEH%BS (World Health Organization: WHO) (XF2
JEIZ LD HRRIRT 700 TANELELTNDZ EEHREL [10], T2, BAICK HIE
CABD 2%IFZ721 X200 HEMML TWD [11], EEED A HFTEHE B
(International Agency for Research on Cancer: IARC) Tlid, 721X Z /8% class 1 (FEM AME
Db HEREER) B LT [12], £/, HIEIEE 7 o Z =20 LTRAT ST
(X2 FEWEME (Cigarette mainstream smoke: CMS) & | 721X ZBREER UG/ D U U — AT 5 7=
X Z B (Cigarette sidestream smoke: CSS) (2471 H315, CSSIXCMS LV &0n%
WEEE SN, BIE, ZEMREOFEN G I TWD [13],

7o ZHEDOHITIEH 4800 FEHOALFWE NG EN TV D [14], ZDH D 60 FEFHIL
Y ERTHERNPAED D &WE I, L8R ITH KR 7K 3 (Polycyclic Aromatic
Hydrocarbons: PAHs) X°= kv V7 I 72 & 10 FEITZ AMICH L TRNBAMEEZ T &
WHEIN TS,

RN ADFRITELFOER LS T\5, DNA HEITEEFARO KT
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»% [15], DNA OEEFRITH~ TH Y, DNA ZH S EAMEICHET 5 L ON%
W, BilE LT, DNA SEDIAL, A F b, HIEDTERR DNA SO U2 2615 &
N5, 1985 R S[16]1L721E /A DNA — AU 2 FHET L2 L 2 HREL.,
Fielding 5[17113 Z OfE 2 M8 L7-, Leanderson o [1811& 72 1% Z M 231k ME e 35 fd
(reactive oxygen species: ROS) D FEAIZE NV | MbAY7: DNA HETH 5 8-
hydroxydeoxyguanosine (8-ox0-dG) Z#58E T 5 Z & AW LT, 72X I —Mxkmic >
A NHE—=Z I L TRAT DN, 7 /WX —%I L7=, tar, aerosol 7V —D 7| X flC
1. DNA HBEEEICEE T 2 & A8 TPS3 OEMEFEIEH 2 L nHESL TV
[19].

AL ZHERICAFET D PAHs @D 1 > Toh D benzo[a]pyrene (ZAKNTY 7 o A
P450 (Z &V F2{k & 41, benzo[a]pyrene diol epoxide (2720 . DNA L& L. iK%
kT 52 ENMmbTWD [20, = v Y7 I %, il & LT N'-nitrosonornicotine
(NNN) X 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) (%58 71725803 A& T
Ho ., BEEOMICHRH IS, NNN & NNK OREPILEHEL S, DNA LfEE
U MIER R S D Z ERHRE SN TND [21,22], PAHs = hr Y 7 I U7 &
EHZ X0 IEMEAL S D RIFE D AR LSNP EE Db DD AERS & BRI
MET DI LI THRPAMEERTEFIE L LT HEOPIZEEA TN D [13],
il LT, 7Tk R, ZOHTHLHE/LLT VT E R (formaldehyde: FA) <Pa,B-/~
fFT LT b REIZ DNA &f5E L. N2-(3-oxopropyl)-dG (N*-dG) &% %,
F72. N*dG AL N?>-dG : N*-dG #5522 PR L. DNA $HfH 7 = X Y v 7 > DNA-
BHERGHIMERTE 2 2 ERMESNTND [23], B EOWE LY | i 2
£ % DNA #5513, 72X ZHEPICE £ DLW E R ROS DREANZ O E 72 5IA & &
PID,

DNA 5513, #fx REEREKIC L VEE S, FRFIZITEROBERE 265 56
Hd D, ROSIZEY AR S 5E{EAY7: DNA 55/ S0 DNA AL I
FRE(EIR (base excision repair:BER) (2 X VEE S5 [24,25], BER TEE I L2
X972 KEV DNA 1RS> DNA-EHEZRBEIIX 7 VAT REREMBE (nucleotide
excision repair:NER) |2 £ V&1 i, Z Oimfesh AR O 4 &18 5 2 tH AR 2
(homologous recombination:HR) <°FEAH[A K uf#AE & (non-homologous end joining :NHEJ)
HLEGT5 Z LA INTVD [26,27],

—J7. 72X ZEIZ X D DNA HIBOAERICOWTIEZ L OWFFERH 503, 721X 28
DIBERIZKRTT 2 BIZ OV TOMFRITE D2, L LR, £k L7- DNA
BEIEE SN DTN S 5, Holcomb & [28] 1E721E 2 BEHhHI# & ANti#HfE IMR-90
(2 24 BFREIFEA L. NER O%h=R 2 fGt L7z, £ OffA, NER 25 S, NER (2B
THEABOHRELED HiLiz, Lee b [29] 1F721X 2R H45% BER <° NER (2
HTLEAEOREFE LI 2WE Lz, HIXZEICEEN LT E., filL
L T benzo[a]pyrene (% DNA I 2~ v FEEZAE L7 [30], 7/v7 b R%HL NER X°
BER #[HETHZ L bHEIN TS [31], UL, 72X 2N NER ZHET 5 A
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1 = A LRZE DR EIIRTEFERITIEI S 1TV Ruy,

NER [ X Transcription coupled repair (TCR) & Global genomic NER (GGR) (Z771F B i
%, TCRFHEE & & $ 12, RNApolymerase 78 DNA HIEIZ L0 7o v 7 &b Z &
54hFE %5 NER TH 5, GGRITFHICEY / LIS Z D | NER EERNFOUEST
& 5 Xeroderma pigmentosum C (XPC) 73 DNA {5 %538#% 35 Z £ 2B iiE D NER T
b5 [27], ks DNABEEZBEET 5720, £7 TFIIH, XPA 72 &Y H—F
JEMEDFFD NER EEBERE AE 2 DNA “ARSMISEALEL, Y10 5 <35, £L
T. XPG X° XPF MHEEHNA NS 20~30bp DIEEEAYIY | BrET D, &H%ZIZ DNA
polymerase, PCNA 72 7% DNA OXRIFI-EH r A ER L, DNA NIEFIZK S (Fig. 1)
[27], NER ZFIfH9 % DNA 5 DEEIT, 4RI (ultravioletrays: UV) ORSHZ X 5
B IV UHA—DEERD S,

Global genomic NER Transcription coupled NER
(GGR (TCR)
RNA
-rrrrn S HEH O H@I{ & ol
Recognize of Unwinds of DNA helix Recognize of
damage damage

Excision of damage

DNA gap filling
mul pg

Figure 1 Nucleotide excision repair (NER) [27]

NER is a complex system composed of more than 30 factors with the ability to repair lesions. These factors
are needed in the steps of recognition of DNA lesions, dual incision, repair and ligation, in which xeroderma
pigmentosum complementation group proteins (XPs), which include XPA through XPG, and others such as
proliferating cell nuclear antigen are involved in mammals. These factors need to rapidly accumulate at DNA
lesions, and their deficiency and dysfunction have been shown to result in diseases involving cancers and

neurological disorders.



DNA O 7T =2 (A). Z77=2 (G), I (T). v (C) LV
SN TnWb, ZOHOEY I VUEERTHALATET, TEC, CECHBUVHEHFE
256 e, R—8ICHEET Y I VU 5REED 50k L6 LI A FRE S DR
S, ¥A~—ITh5b [32], UWVIZEDFEINLHEY IV H A ~w—TFEIC
cyclobutane pyrimidine dimers (CPDs) & 6,4 pyrimidine-pyrimidone photo products (6-
4PPs) I L Wik S5 [32] (Fig. 2), 6-4PPs DAL DNAICEA%E 5 2, £k
CPDs (ZH_RKREV, Ko T, MUIKT 2 EENKE WD, CPDs (TR
HUHIZER S5 [32], 6-4PPs 1359 4 IfiH], CPDs 1% 24 B[ TR EMEE S
HEHREINTWVWS [33], NERIFE Y IV XA ~v—DHTiL7<, #ix 72 DNA
BEAEET D, ZIXZEROLEWEIC X D DNAEEO—EEH NER (2 X W EE
EnbEEZLND [20],

0 0
NH NH
O)\T T,J\O
6-4 photoproducts cyclobutane pyrimidine dimer
(6-4PPs) (CPDs)

Figure 2 Formation of pyrimidine dimers after UV irradiation
UVB and UVC radiation that may lead to the formation of two major classes of DNA lesions, such as

cyclobutane pyrimidine dimers (CPDs), pyrimidine 6-4 pyrimidone photoproducts (6-4PPs)

PG TIE72IE 2B, #RZ, CSS O NER 16T 5B 2 e+ 52 & T, 2IEZ
B D AT = A LZIBWT DNABREBEROZEL WO H LWAEDD invivo X in
vitro T7 7 —F Lz, %3 Tl. CSS & NER (2614 5 B 25 L. CSS 7 NER
EETDHZEEZH LT LI, 5 FETIX, CSSIZ L5 NER OFEAEIE NER B
HEDOMRICE D Z & &M LT, % =% CiX, CSS |ZX D NER OIELED JFIKY'E
Z7 VT R TH DL Z & &t L7c, HUE T, ROS 3 CSS IZ X 5 NER DIEIE
IZ—HBG LCWARIREMEEZ I G L7, B AETIX, CSS & CMS @ NER fHEZS
RAEtbig LTz,



B I3 TR (CSS) DX 7 LAF REREEHE (NER) (Xt 2 B8

1-1 i

721E 22N DNA FHINASCER (L) 72 DNA 81573 & Offi 2 O DNA 815 % Bk S ' 5
ZEEMmIC T L7, 72X 2O TH CSS IFmMENmn & S, iilflic7e > T
Z DA STV D [13], CSS £#2IZ L D DNA fHIRCER{LF) 72 DNA 18
BN SNDH, £ 5HiE BER ®° NER IZ LW EE IS [25-27], —J7. CSS
ZI 5 DNA HEBEEICHET L2008 5 00M3T L A EIE STV,

NER [T DNA HIEBBEEREO—>TH Y, EIZ BER MEE TEX AWK S RRE 7
DNA A% &+ 5 [26], NER ([Z XL VEE I HRFEN7Z2 DNAHE L LT, UV
HIZC KV ER SN Y I VA ~—RETF LD [32], €2 TARETIE, CSS
%%2 D NER (k]34 D822 FJH~ 5 7=, HR-1 hairless ~ 7 A|{Z CSS Z %A L, UV I
BESHE, ARLEEY I VXA ~—DEEERF LTz, £72. invivo TOHR%E
B9 D702, b FEEALAIN (HaCaT) R EROEAIE (HSC-1) % v CH
RaBET a2 T o0, Flo, RIXTERARBEOFERZ =57y MIMiE B 2, b Ml
SR R BUEANIE (AS49) ZHWTC, BED AR B, o NER (x4 5 8
HRRET LT,

1-2 FEERAEHRS X OV TE

1-2-1 CSS Dl ik (KEHES) 8

721X Z (seven stars: tar; 14 mg, nicotine; 1.2 mg, Japan Tobacco Co.)% 5 ABRKE S, %
DI 2 E22 78 7 ¢, 100 mL 25°C?D DMEM E5HlC X7 U 7 -5 » 7 LT= (Fig. 3),
ZDEWRE 100% & L THEBRIZHWZ (100% CSS), #EROLE . DMEM O b
DIZPBS (-) Z MW TE UM T CSS 2l L7z, 100% CSS ik A 10 mL 3243 1%
L. 20% CHfERAFE LTz, EAERNCEAE S, 5 E 7213 PBS () CRTEREICA
WUz, £, —EIFEL., F0E5 R0 72 CSSITMEE PO T-DICEE LT,

/%5 —

Figure 3 Preparation of CSS
CSS generated by the spontaneous combustion of five cigarettes was trapped in 100 ml of DMEM or PBS by
bubbling using a dry vacuum pump. DMEM or PBS containing CSS is hereafter referred to as ‘CSS (100%)’.
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1-2-2 <~ U AR JEMHRY 7 o ER

B EERIL, FR RSP EY ERERTER 2 ET LT o 72 GFAlE 5 @ 165131),

[CSS DYEA K VUV BREFS1F]

1-2-1 |28\ T PBS Tl L72 100% CSS 27 & b oA U —7F A )L 4:1 DIRAK
T50%IZAT R L., 8 iR HR-1 ~7 L A< 17 & (2, 8 weeks, SLC Inc., Shizuoka, Japan)
HEEEOFTES T (B bEEOHFLRET) 12, 12 R I & 12 100 ul, 6 [B1EAf
L7-, 6 BIE®A® 1 Bk, UVB (0.378 J/cm?, 3 MED) (TL-20W/01, peak: 318 nm,
Philips Lighting Holding B.V., Amsterdam, Netherland) |2 ##% St72, CSS{EAH #7220
2 he—/LE, PBS ZIRATR T S0%MMN L7 b D&M Lz, WS X% O,
24, 36 FFfEIZ I3 X THJEr LIEY L 7=,

& 77 a7 OYER

[A1UY U 7= FZ & 1d histochoice (Amresco, LLC., Solon, OH) T 6 KFf][EE L., & D14,
70% =X ) —)L | BFRE], 80% =& /—/L 1 W, 95% =& / —/u 3 K], 100% —
& ) — /L6 M DIATHLE LTz, Z D% Hr L 100% T & —/LOHIZ—BRiE -,
FRHIZ, T L% | T3 BB L, 64°C/NF 7 (Pathoprep; Wako Ltd., Osaka,
Japan) T3 RULBEXH7-, ZO%., KELZFEFEFE (0.5 cm X 1.5 em)® 4 #IZH) Y |
T T g AZEMEE, Ty BER LT,

1-2-3 FHik Gy D HEfi

RIEF TN (NT77 4 7my 7)) [ ZEERAI 7 8 h—2A (Leica RM2125 RTS;
Leica Microsystems K.K., Tokyo, Japan) Z HHWTIEZ 5 um (IZH)0 . AT A RH T A|Z
—BREE ST, YT ADEELTWDHATA NITT A XL 5 5[ (2 F),
100% T~ % /—/v 353 218, 80% = /—/L 3 43 (2 [\, 70% =% / —/L 3%}
M (2 [BE)DIE T L 7=, W% DY 7 V1% 1-2-4 O TUNEL Jea=0 1-2-5 DRk
e N,

1-2-4 TUNEL #1Z & %5 CSS 1EHZN R DR

DeadEnd Fluorometric TUNEL System G2350 % »» k(Promega Co., Madison, WI)Z H >
THEfaob e Lo, EBRITx > MR Sh Tz m ha— L@ i/, 1-
2-3 THLEE L 7=4 > 7 /2. 20 ug/mL proteinase K 100 pL % 10 43, =R TG S
72o T D, PBS TYHH L. 4 % paraformaldehyde T 5 4> [[EE &+7=, PBS TS5 %
M3 o2 mEE L7-0bIc, ¥ v B 7 TKERRE, Equilibrate buffer 100 uL % A%
KMENZEDS L, 10 /M =E TS S ¥, BUs LT 2MIZ, rTdT Incubation Buffer (rTdT
Incubation Buffer 46 pL: Equilibrate buffer 45 ulL+ Nucleotide Mix 5 uL+rTdT Enzyme 1
uL) Z % L 7=, 10 /3%, Equilibrate buffer W NI Y | 5> 7 /LD _EIZ rTdT Reactions
Mix Z TS L, coverslip Ccover L, 37°CiHEY:T 1 KIS S ¥, 0%, o7
/L% 2x SSChuffer DHIZ 15 J3 iR L SOG Z& 45 1k S 872, PBS T 3 AL L72D B,
propidim iodide (PI)%Z PBS T lug/mL IZ725 L S5 IZEMN L, 15 ol E KIS S 2, &
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I, MK TS5y, 3EIT O L, o7& E A L7z, TUNEL positive #llfgiZ 500-
540nm D CTHOLHAMEE (1X70: Olympus Ltd., Japan) TEIZL L. #% L7-,

1-2-5 Ak S YL faik12 K % CPDs DR H

1-2-3 THLEE L 7= % > 7 UiE 3% H,0, T/ | yv*\"/ﬁé“li Z— k27 L—7 121°C
T 15 RIS (L S8, FBS T30 7 1 v X7/ LIz, —&kHiA(CPDs (1:200,
Cosmo Bio Ltd., Tokyo, Japan)), X HL{& (biotin-F(ab’)2 fragment of anti-mouse IgG (1:500,
Zymed Laboratories Inc., South San Francisco, CA)), horseradish peroxidase streptavidin
conjugate (1:500, Zymed Laboratories Inc.) % 1 Wifi] & D>EH S ®7=, &KEIZ, 3,3-
diaminobenzidine substrate kit (Cell Signaling Technology Inc., Beverly, MA) %z T, J&
e, VUV OFEITEIEBEMEL (1X70: Olympus Ltd., Japan)? 40 %R EF C
RV, TR OBEE 2 —->7 > Image ] THIE L., itk L7z, Sample = & 2500
VL EAURI O MERE & K Gt L, Excel T/ 7 7k LTz, ZDOH, v> KA v h=—0D U
ME THEAEZ RO,

1-2-6 b MEEEMROREEEK O CSS OIFEH

ARG HW =8 b RZREA{LlE (HaCaT) 1% Dr. Norbert (German Cancer Research
Center, Germany) D ZH-EIZ XLV G- Siviz, R EREMIZ (HSC-1), & b Afifa
JEE bR B AR (AS49) 1% JCRB Cell Bank (Osaka, Japan) L Y A L7z,

FHAEES 2 A5 Dulbecco’s modified eagle medium (DMEM) (3L T @ FJATHERR L
7. DMEM ¥3K (Nissui pharmaceutical Co.Ltd., Japan ) Z#Hi/K T L, 9.5¢g/L I
L7212, 120°CT 15 & ERE L1z, £ D%, BEHF D L-glutamine (Lonza
Walkersville, Inc., USA) % f#&2E 2 mM, penicillin G/streptomycin (Sigma-Aldrich Inc.,
USA) Z AR 100 U/ 0.1 mg/mL 12725 X 9 Wi L7z, B pH #i% 1 120°C
T 15 /rMEEWE Lz 10% NaHCO; %1 > CTiT -7z, pH 7.0 [ZFR%E L 7= B3 36 A
ERTE THEEAT (4°C) IZHRAF L. i HIKF fetal bovine serum (FBS) (Life Technologies Inc.,
USA)% 10% (HSC-1 1% 20%) (2725 L H i Lz,

MEiE 37°C, 5% CO» DI THEE L, AkHMIRIZ 80% 2> 7 /b MZ7r-

72 H§1Z 0.05% ethylenediamine tetraacetic acid (EDTA) T—[RI¥EE L. & 512 0.05% EDTA

% 12min YEF L7214, trypsin 0.05% & EDTA 0.025%% %00 L 7= PBS (-) CHEI23 L. 100

mm 3|3 35 mm dish (ZHEAC L 72, SEBRAAINL T 35 mm dish (ZffO 7282 90-100% =2 >

TIE s MTTIe o TeRERIT, 0.5% FBS Z & ¢ DMEM (242 L, 24 RS #&E L7122 T
FEBRIZH W,

CSS DIEANLILTE 7 U —24 K& % . 0.5 % FBS Z & e DMEM THTE R
(~100%)\Z AR L, 1 BERIVER L7=,

1-2-7 UVB B 5%
UVB DR IT ATTO O H | UV BREEEE (HP-30LM) Z vy, UVB # 5 o il i
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I% ATTO #ED UV 58E R EHEE (ATR-3WX) T{T- 72 (wavelength: 305-315 nm, main
peak: 311 nm), MRSTEATIC PBS (+) (100 mLPBS (-) (2 1 M CaCl, 90 uL & 1 M MgCls 45
uL Z A= o) 123 L, BREEZREHIZ 0.5% FBS 241 DMEM (2L, — &
IRFfH (~48 REfA]) B538 L7,

1-2-8 b U R T N —EEPERER IR X DI AT RO E

KU R TV — TR AR L 7 BRI 2 Y od 5 28, AR O Ze W i e & FE o A=
MlEzEYD D Z LiFTE Ry, ZOREEZFIH LT, EfilaEz~—F> 7 LT, &
faic S 7= BIE RS, EFREFHE L,

[F R ]
U X T —¥RHR: trypan-blue (Merck Ltd., Germany) 1 g, NaN3 0.065 g 2 PBS T
100 mL (2 L., &K% =i CHRAF LT,

[AEAFROWE]

Al % trypsin 0.05% & EDTA 0.025% % WS/ L7 PBS (-) THIA L., KFEHEZE (1300
pm) Tl L7c, £O%, trypsin ZFRET L7280, EEAZWROEDY | 0.5%FBS %
& 1e DMEM % 1 mL BN USSR S W72, BRI 5 S0ul 28D . F U XU T —3
WRa 1.1 OEETRA L, WE /AN Z)VIMERGHEMR I RN—H T A& inSst,
RARZREICO - < VAN, FHREBEOBKY & 5500 4 5D 4x4 ~ AN (1x1x0.1
mm) OMIFEEZEZ . LRI O & R OB E TAEFROEIME L FHE L,

1-2-9 ELISA (Z X % 6-4PPs Dk

[RAFEF 1]

7 =g Y P buffer : citric acid monohydrate 5.1 g, Na;HPOs 7.3 g, 1 L 288 /K T A A
VA

ROFERIR « 7 =B Y VB buffer |2, o-phenylene diamine (0.4 mg/ml) , 0.006%
H202 (2720 X O IZHIN LTz, FEBRERTICMIL 21T - 7,

[DNA DOHhH]

HaCaT #llfie % pT & RFfH CHE#E L7221, MfaZ B L, QIAamp Blood Kit (Qiagen,
Hilden, Germany) C DNA % filifi L, NanoDrop (Thermo Disher Scientific, MA, USA) %
T, 260 nm OV R CTER LT,

[Enzyme-Linked ImmunoSorbent Assay (ELISA)]

50 puL/well 0.003% protamine sulfate solution Tz~ U ¥flk =/ 96-well dish % 37°C—
B C=—7 127 L7z, DNA % 100°CT 10 pf&M L, 15 oRokm S, Btk
7oo £ D%, DNA % 10 ng/well T L, 37°COFKRMET SFFl=2—7 1 7 LTz,
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ELISA %17 5 72, dish % 0.05% TPBS T 5 [AI¥E#+ L. 2% FBS-PBS T/ 1 » ¥
> 7 LTz, 37°CT 30 53l A % =2 ~— k L72#2IZ. 0.05%TPBS T 3 [AI¥EV, —&k$L
& (6-4PPs (1:1500, Cosmo Bio Ltd.)) % 37°C, 30 43ff]1 > F = ~<— k L7z, 0.05% TPBS
T 3 [EIPEHF %, IRPUIK (biotin-F(ab’), fragment of anti-mouse IgG (1:2000 Zymed
Laboratories, Inc.)) % 30 23F1EH S & 72, % D1, 0.05% TPBS T 3 [A]%E{4 L | Peroxidase-
Streptavidin (1:10000 Zymed Laboratories, Inc.) Z 1z, 37°CT 30 47 > F 2X— |
L7zo 21T, 0.05% TPBS T 5 MIEH L, 7 =Y % buffer T 2 FIVEH L7214
W2, BEREERERINL, 4% a— kL7, Bz HiER%. 2MHS0s TRILE
B, v 77— ) =& —% M T, 492 nm T&%E%?ﬁﬂﬁ L7

1-2-10 Dot-blot {512 K % 6-4PPs D
[P BE R ]

Tris-EDTA (TE): MQ /KIZAcH IR 10 mM @ Tris & 1 mM @ EDTA % AN 7=#%. pH
% 8.0 IZFHHEE L, 4°CHBEATIZIRAT LTz,

1%% /L2 3 /L: TE {Z 1% N-lauroylsarcosine sodium salt 2 AiL, {EH& L. 4°CHHEAT

WZPRIF LT,

CsCl &17: MQ /KIZ CsCl 23 7> L, 1.5 gmL (2 L7=#, =iEICHREFE L,

KP1 buffer: K;HPO4 % 348.36 mg/200 mL T MQ /KIZIEL7=tk., U EETpH7.0 1
AR L, S|IR TR LT,

20x SSPE buffer: 175.3 g NaCl, 35.88 g NaH,POs * 2H,0, 9.4 g EDTA % KIZIEH L, 1
L2 L7212, NaOH TpH % 7.4 IZFHE L, =R CHRTF LT,

T-PBS: 0.1%/0.3% |4 T tween 20 (Wako Pure Chemical Ltd,. Japan) & PBS %R E&
L7-t%, | TR LT,

[DNA filiHHiA]

HaCaT Hifid % FT @ WsfE CTHE 28 L72# 12, trypsin 0.05% & EDTA 0.025%% ¥RA0 L 7=
PBS (-) THIA L, OB L7z, B Z 407z sample (2 1%V 2 2 VR % 400 pL
EMNMZ NNy RBRICEMRTHETEN YT 0 7 U CURER 2 /M L,
1% 0> A tube (1PC TUBE: Hitachi Ltd., Japan) (Z 600 uL CsCl & A#L. & @ _EIZ sample
WA L D ITFF T AL, 27°C, 365000 X g T 16 BEffiEE L (Himac CS 150GX
I1 Micro Ultracentrifuge: Hitachi Ltd., Japan) L 7=, /0 #& T L72 tube DJEIZFEH] 72 DNA
Rl vy MR Lk, EBARE SIS LBEZEE L=, 100 uL TE Z /1 2. DNA
Ny ML,

DNA sample (Z proteinase K (PK) % 0.25 mg/mL (2725 £ 9 IZIRA L. 52°CT 12 K
FHRENSOG L, BAEZFRE L7, DNA ORI & HHHE. DNA ﬁ%@%fg%h T
7=, 2 S R ALEE (Bioruptor: Cosmo bio LTD., JAPAN) L7-, D%k, i E
#F (NanoDrop 2000: Thermo Fisher Scientific Inc., USA) T DNA JEE 2 & L. KPI
buffer LG L, —EDOREICHEDET,



[Dot-blot %]

5X9 cm (ZY o7 =FnrE/Nra — A (Trans-Blot Transfer Medium Pure
Nitrocellulose Membrane 0.45: Bio-Rad Ltd., USA) % M & L. 20x SSPE buffer (Z{2 L, 15
LA EHEED U727, dot blot #5E|(ZE v~ k Lz, REZ & HE 7= sample & 100°C TR
AN, 15 3 RPKFPEHEI LT, Z D%, sample % dotblot ZEE D well (27— K, W3]
L. DNA # MW As S 72, 5x SSPE buffer C 30 47 VLS L 722 80°CDIRE T 2
RERIINZA L, DNA ZBEICEE S,

0.1% skim milk PBS T 30 707 2 v %> 7 L72%.0.1% tween PBS & 0.1% skim
milk PBS 1:1 T—K$FLIK (Mouse anti-(6-4)photoproducts (6-4PPs) (Cosmo Bio Ltd., Japan))
YRR 12 R LD EROR S E 72, £ D%, iK% 0.1% Tween PBS T 3 [HI3E L .
0.1% tween PBS: 0.1% skim milk PBS= 1:1 T 2> L 7= ~ K $FLIK (FITC-conjugated
AffniPure Fab Fragment Goat Anti-Mouse IgG (H+L) (Jackson ImmunoResearch Ltd., USA)
1:300) Z[IC 2 RFHLL EROG S/ 72,

0.3% Tween PBS T 3 [EIJei L7-t%, {LFFEEF >~ b Immuno star LD (Wako Pure
Chemical Ltd., Japan) Z{HV>, 1T -7,

1-2-11 SefEH Y a1k K D CPDs. 6-4PPs A2k & B O (RPTHREHE)

UVC DR Y B —Rp— F 7 4 V7 —ER S AR E R LT, Mo T
FaiTo72, 7 4 VH—ORIZHER LTz UVC ([ZHRE SN 7855712 D Fx, CPDs, 6-4PPs
N7 —HAL LUTHEKRT D720, ZDFH1ET CPDs, 6-4PPs DAL EEHE D R T
&% (Fig. 4),

uvC

DNA damage

Polycarbonate Filter

Nuclear

Figure 4 Local UV-irradiation method
Cells were irradiated with UVC through a polycarbonate isopore membrane filter. UVC only passes through the
pores in the filter and generation DNA damage locational. With immunofluorescent staining, damage can be seen

as focus in nuclear.
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[RREFH )

0.2% triton X-100 1% BSA ¥A#%: PBS Z triton X-100 % 0.2%, BSA % 1%IZ72% X 91
Wi L. -20°CTHAFE LT,

2% triton X-100 J&#&: PBS (T Triton X-100 % 2% 2722 £ D IZIRE L. 4°CHEFATIC
A7 L7,

5% formalin ¥AWR: FER A 1A E D ATIC 10% formalin ¥A#Z (Wako Pure Chemical Ltd.,
Japan) & PBS % 1:1 OE|&TIRA Lz,

2N HCl i#i%: 18 ml HC1 % MQ 7K T 100 ml (2 L7=#% . =i CHMEL T,

[HH T515]

35 mm dish {Z 10-mm ¢ glass (Matsunami Glass Ind., Ltd., Osaka, Japan) —EME%Z A
. Z0 kT HaCaT Ml A48\ 7=, HSC-1, AS49 MfADEE . (& 11355\ T,
COLI-coated 12mm micro glass dish (Iwaki glass based dishes: Asahi Glass LTD., Japan) %
Hodz, 2O L& - T, MMRIEZFERRAR SN T CSS LUV ICREE SN D08, KR &
70F T glassdish Z [T 5, 1 FFf] CSS #1EH L7z, A frE L, PBS(-) T
1 [EEF L7, 50 U PBS(-) 1218 L7277 4 /L4 — (3 um, Isopore Membrane Filters:
Milipore Co., USA) % glass dish _EIZ2258, UVC M (HP-50C, wavelengths: 250~258
nm, peak: 254 nm, Atto Co. Ltd., Tokyo, Japan) %4T->7=, FRRHREIXZ T D UV REHIE
4EE (ATR-3W, ATTO Co., Ltd, Japan) TaIHE L, —ERREITEZET D LR REH 2 JE
MRS L7,

(OGS Yt k]

UV 5%, 0.5% FBS DMEM K5t C—Ef s L7, Z D%, glass dish & 5%
formalin A& T 15 pMEE. B L7z, FUREROS LT < T 5728, 2% triton X-
100 AR C 3 /3RO EH 72, HLil%E 0.2% triton - 1% BSA IRICHE DN L, =i T 1
MU ERS Sz, & BIZ, 2NHCL Z 1A, 20 5 HIM0UG S, DNA ARG IE 2 fif
& .CPDs W TMNZ 6-4PPs DHLAR L S LT WK 912 Lz, —kHLiA (Mouse anti- CPDs
(Cosmo Bio Ltd., Japan) 1:600; Mouse anti-6-4PPs (Cosmo Bio Ltd., Japan) 1:600) & ¥kt
{& (FITC-conjugated AffniPure Fab Fragment Goat Anti-Mouse IgG (H+L) (Jackson
ImmunoResearch Ltd., USA) 1:300) Z/EH S ®7-1%. PII&#K % PBS T 1/1000 OF|A T
WL, D DNA 4z, %I glass dish &~ 7 > b A&l (Flouroshild:
ImmunoBioScience Co., USA) TRAX 7 A KA 7 A|Z[EE S &, #EBHME (IX70:
Olympus Ltd., Japan) TH#IE L 7=,

[HE T ALER YA
BB T T VX MBI T EZ IR Y . MlENO 7 +— 1 ADAF % BT
DL, T —HADD > TR OE & AfinE A S 2 72, Sample Z & 200 {EKIAR UL E
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ZHEEF L, Excel T T 7ML LT-RIC, w2 AR, v h=—DO UMETCHEZEZZRD
7=,

1-2-12 fEE

TRTOFERIT, 34 FHEVIEL, BERMEOHDL Z 2R LI, 7 —XIL1FEO
FEBROFHE L L TRLTWD (n=4~200), A EZEMEIT Dunnett’s test 2 VN T—It
BLE analysis of variance (ANOVA) (2 X V1T o7, FEHIZRAEMEIX. *p<0.05, **p<
0.01, ***p<0.001 THL,

1-3 SEBRE B

1-3-1 CSS {EFIC K 5 NER DAL -in vivo IZ 31T 5 -

CSS @ NER (Zxt7 558 % invitro T 5729, HR-1 hairless ~ & A 55K &
OFTEHFAIZ, CSS % 12 WEEEME T 6 [M%Ai L7z, CSS WELIZETRIE L2 &
BRHERT D720, FIEHINIC TE 72 DNA O8EYIKT 4 TUNEL ¥ CRERR L 7= (Fig. 5).
CSS @A L7=%5% . TUNEL positive fifld 23 Sz 2 &b | B S vz CSS 13R
HL. JFHOMRICT R h— R ZF| &L EREZ ONT,

Untreated

Figure 5 Histological TUNEL assay on CSS-applied skin

DeadEnd Fluorometric TUNEL System G2350 (Promega Co., Madison, WI) was used to detect DNA strand
breaks. The experiment was performed according to the manufacturer’s protocol. Briefly, paraffin blocks of skin
were vertically sectioned at 5 um and substituted with xylene and ethanol for a terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling reaction. Sections were incubated with a nucleotide mix and rTdT
enzyme dissolved in equilibration buffer for 1 h. The reaction was stopped by immersing the sections in 2x sodium
citrate buffer for 15 min. Images were acquired on a fluorescence microscope (BX51, Olympus Optical Co., Ltd.,

Tokyo, Japan).
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CSS fEMt. UVB Z &L, 0, 24, 36 Rk, ~ 7 ADOEFEZEZEL L, CPDs
PURIZ X DR e b 24T > 7= (Fig. 6), ~ 7 A D& 2 > 7B H X, invivo T
NER Z 55 72 OI121L UV BEFEER —FHHTH Y HFAZRE ) IV ¥4 ~v—D
AR EBEICOWTORIE S FIERHNL SN TWDH7-HTHDH, CPDs & FFoflifiaix
REEDH LN, BADORIIE CPDs DEA /R L TW5, UVB IZEEINRN-T2H;
A, CPDs (ZYefa S-S HERR T & 72v o 7=, UVB BETE#Z OEE . CSS BAFD
HEZ ) 59, CPDs DY XITIXR U TH o725, 24 FFffaE9 5 &, CSS &
FilZ & 5 CPDs (EHH DEBIENFRD L7z (Fig. 6A), 36 FETlL, UVB OHDEA X
V. CSS B SINT~ T ADKEIZEIT H CPDs DT N 6NN IR > T,

BH% 77 7L LI-fER % Fig. 6B, C |27, Fig. 6B | LAMIBEEE O E 2 7,
MURE%, CSS fEHOFEIZ b b, 1ZIZE U Th o 7203, 24 FFfH, 36 I
[l & RFRURA AR D L A, 36 BRI IITZ ORI b r—/L EIZIER T
7o 7=, —J5. CSS Z1EF SH7-54. 24 FEHX° 36 BEfE]C CPDs 518 D ERIE N GR
D B AV, Fig. 6C (XA OBEEE 5340 2~ AT <IZ EBEEA EmUV, D F D CPDs
MEZ NI TH 5, UVB OALOGE, FEREIZ D, £I2> 7 ML, CPDs I3EE
ENTM, CSSTER SHTHA. TOv 7 bAMz bh, BEMNEEL TWDZ &N
TREHTe, UVB BBEH% 6-4PPs DA OMEIRIZ DU T b MRk 0 % Ye falk ClRBR I FR
AT 72D, O ESRBINRPoTo, MOMFFEIZIBW TS, 6-4PPs DOfHAK YL 5]
(T 7, JRIEEAZED, A EINEL CPDs ODREDIHIZE EdT-,
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Figure 6 CSS delays NER in vivo

(A) Vertical paraffin sections of skin exposed to CSS and/or irradiated with 3 MED of UVB 0, 24, and 36 h
post-exposure were made as described in the Materials and Methods. Four sections were obtained from similar
back skin areas of each animal (n=2, repeated twice). Sections were stained with an antibody for CPDs. Positive
cells are stained brown in the epidermal layer.

(B) The average brightness of all cells (more than 2500 cells per epidermis section) was calculated using
ImageJ verl1.49. The strongest brightness of positive cells was 177 and that of negative cells was approximately
40. Data are presented as the mean £ S.D. *** p < 0.001 (UVB only vs. CSS plus UVB).

(C) Brightness was sectioned into six groups (<60, 60~80, 80~100, 100~120, 120~140, and 140<) and the % of

each group was expressed.
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1-3-2 CSS {EFIZ L 5 UVB &% NER DOIEIE -in vitro DI -

1-3-2-1 CSS & UVB O G ##EIZ K o Mifldst o i
HaCaT #ifid a2 FHV T CSS & UVB G 2% 24 RFfH % O AR 4 E L7z (Fig. 7).

A 100 . [QUVB only W Both B 100
80 wx ple 80 L
T . [JcsSonly
= =
= 60 < 60 L
= = P Both
2 =
2 Z
:;: 40 3 40 L
20} . . 20 }
ol _i_ o L o~

0 0.01 0.015 0.02 0.025 0.03 0 12525 >0 75

2
UVB Dose (J/cm?) CSS Dose (J/cm?)

C O Untreated CS525% @MUVB 0.015) H Both

100 '.T._ **

80}

=)
e»]

iy
jen]

Survival (%)

[
e

0o a4 12 24
Time after UV exposure (h)
Figure 7 CSS enhances UV-induced cell death

(A) HaCaT cells were treated with CSS (25%) for 1 h, followed by irradiation with UVB (~0.03 J/cm2). After
a further culture for ~24 h, cell survival was assessed using the trypan blue assay. Data are presented as the mean
+ S.D. (n=3). * p<0.05, ** p < 0.01, *** p < 0.001 (UVB vs. both).

(B) HaCaT cells were treated with CSS (~75%) for 1 h, followed by irradiation with UVB (0.015 J/cm2).
After a further culture for ~24 h, cell survival was assessed using the trypan blue assay. Data are presented as the
mean £ S.D. (n=3). * p<0.05, *** p < 0.001 (CSS vs. both).

(C) HaCaT cells were treated with CSS (25%) for 1 h, followed by irradiation with UVB (0.015 J/cm2). After
a further culture for ~24 h, cell survival was assessed using the trypan blue assay. Data are presented as the mean

+ S.D. (n=3). * p<0.05, *** p < 0.001 (vs. untreated).
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UVB FRSH% . AMERITR BRI TN 5 72, 0.025 J/em? Tl 80%FEE DO HIMIFE )
PR & 7=, — . CSS25%% FiTALER L7=34 . 0.015 J/em? T 90%7F2 FE D fa5E H3E8
D HiTz (Fig. 7A), CSS R EAAFIEZ T ~T- /R, CSS DA Tl 50% D% Tl
FEIRFRD HITZDS, UVB & ARG LTICEH . 12.5%, 25% D 5t TR EEAKAFAIIZ B
7R ARRRSED R H 7o (Fig. 7B), & BT, MSHZ ORFEFEIC L oMtz o o o b
L7c, 22 hr—/bR25% CSS DA DA, MIFIENTRD b~ 7, UVB D&
DA, REHE 24 B TR 20%DOHIBREN RO Bz, — 5., HEZE LI HI3E
AR BIR 2 I AE DS e R8 S AL, B 20 24 FERH T 80% DAL it &
iz (Fig. 70),

1-3-2-2 CSS fEAHIC L % UV FREH% D NER DIRIE

HaCaT #lifid Z T 21T > 72, CSS1EM 1 %, PBS(+) (24 %, UVB O
$&E1To7, £9. ML 6-4PPs O/ERL & {ETH % ELISA TililX7= (Fig.8A), M4
6-4PPs D/ERLE L CSS TEH OB EIZh b 53, 1RIER T TH -7, 2 BEERE-S &
6-4PPs DIEIEHFRD HI=H3, CSSTEMIC LV Z OEEITRIE LT-, Z ORI TR
RIFHINZ TH o 7=,

Dot-blot {EIZE W T b [A UMEAI RS S 4U7- (Fig. 8B), 6-4PPs B & /R 3 v |’
190 23D EIFIFIE L Uiz, — . CSSTERH ST HITZDIHRPIEL e o7,

S BT, 6-4PPs, CPDs DEIE ~DFE% JajpT UL T~ 7, 6-4PPs X°> CPDs % 7~
T 74— AEFOMaEIL CSS IEHOFEIZ 2D 5HT, IFIER L ThoTz, —
J7. 6-4PPs D7+ — ) A% 1 FEEfRD & RENTH A, BIE I NTH, 25%%° 50%
CSS #1EH L7234, 6-4PPs O 7 4 — 1 ADHKITFLE S 7= (Fig. 8C), CPDs O~
F—H AT 24 BEEE CHORRE L LZ2S, CSS MEHIC L W 7 4 —H A DL
EINTz, ZOREBLSIE 36 R £ Thi< Z & 3BlEE Sz (Fig. 8D),
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Figure 8 CSS inhibits NER in vitro

(A) HaCaT cells were treated with CSS (25 or 50%) and exposed to UVB (~0.04 J/cm?). The formation and
repair of 6-4PPs were detected with ELISA.

(B) HaCaT cells were treated with CSS (25%) and exposed to UVB (0.02 J/cm?). A dot-blot assay was used to
detect the formation or repair of 6-4PPs.

(C) HaCaT cells were treated with CSS (~50%) and exposed to UVC locally with a filter (3 um, 0.01 J/cm?).
After an ~1 h incubation, immunofluorescence staining was performed for 6-4PPs (green). Nuclei were stained
with PI (red). The picture was taken randomly and the % of cells with 6-4PP-positive foci was calculated (more
than 200 cells per sample (5-6 pictures) were evaluated).

(D) HaCaT cells were treated with CSS (~50%) and exposed to UVC with a filter. After an ~48 h incubation,

immunofluorescence staining was performed for CPDs (green). Nuclei were stained with PI (red).
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1-3-3-3 MR DEWIZI T D CSS ZHRDEIZ SN TORKET

INETE FREAMITH D HaCaT ZHWTHET L TE2, 512, R
RS A TdH D HSC-1 (Fig.9A, C), b b LE bR IREAL CTdH 5 AS49 (Fig.
9B, D) % T CSS fEMIZ &% NER OISOV TR L7z, HSC-1 flifaid CSS
T5%7> & PR FERAFHNC AEAER OWD 277 Lz, UVB BREHC LV | CSS1EA LI=5A0
IR FERIFEN AR ZE 3 TCHE L 7= (Fig.9A), A549 @;,J—:.\ CSS DAHDEE . 100% % {EH
LTH, AFEEORTHBDO NN, UV ICERESED L, 50%LL ED CSS
ZVEF LT285A& D, CSS /%E{Kﬁﬁ@fmmﬂaﬁmm@zm&) &7~ (Fig.9B), CSS fE
FIZ &k D UV BEE OMAEIEDTTHEIL, HSC-1 Al & A549 #liEi% HaCaT #ME (Fig.
7) 2R BRI,

6-4PPs DAERIETE & Jr T GE T~ 72, HaCaT #ifuiZ 50% CSS {FH u‘_

T 1 R L CHIEENE O btz o7 (Fig 8C) —J5. HSC-1 ffm i
MU 6-4PPs O/ERE CSS TEHOAEIZ 6T, 1RIER U Th-o7-, EEIX
~100% % T CSS MEERIFRICILE S 7228, 1 . 50% CSS Z#1EH L7354
FEEE DIEE DT BTz (Fig. 9C), A549 MDA, CSS EHIZ X 5 NER FHEZNE
I% HaCaT #lfu<> HSC-1 MR L 0 55< . 75%, 100%DIEEAEH L TH., 1 K% 6-
4PPs [T FREEITIEIE S v/ (Fig. 9D),
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Figure 9 Difference in efficiency of CSS between cell lines

(A) HSC-1 cells were treated with CSS (~100%) for 1 h, followed by irradiation with UVB (0.015 J/cm?2).
After a further culture for ~24 h, cell survival was assessed using the trypan blue assay. Data are presented as the
mean £ S.D. (n=3). *** p < 0.001 (CSS vs. both).

(B) A549 cells were treated with CSS (~100%) for 1 h, followed by irradiation with UVB (0.03 J/cm?). After
a further culture for ~24 h, cell survival was assessed using the trypan blue assay. Data are presented as the mean
+S.D. (n=3). * p<0.05, ** p < 0.01, *** p < 0.001 (UVB vs. both).

(C) The repair of 6-4PPs was detected in HSC-1 cells. Cells were treated with CSS (~100%) and exposed to
UVC with a filter. After an ~1 h incubation, immunofluorescence staining was performed for 6-4PPs (green).
Nuclei were stained with PI (red).

(D) The repair of 6-4PPs was detected in A549 cells. Cells were treated with CSS (~100%) and exposed to
UVC with a filter. After an ~1 h incubation, immunofluorescence staining was performed for 6-4PPs (green).

Nuclei were stained with PI (red).
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1-4 &%2

NER [Z UV BBEHC L 0 A& B ) 2 VU ¥ (4 ~—=LPAHs BFEIC L D Ak s
% DNA {172 £, DNA MlEtE %2 02 < L35 L 5 72 DNA HIEZEE T2 Z &N
HHALTWD [27], 721X 2L DNA MR A &5 & 5 LW E R KREICE
FNTEY ., ZFEO DNA (A Z R S5 2 &2 in vivo X2 in vitro THRIE S 1L
TW5 [34,35], T 5 721E ZMEIC X D DNA fHIMARIZNER (2 XL 0 B1E S nWiga,
TR RBICL DB ANCENDAREERH D, Bl LT, & MEHESERR T LA
RN ABER D—> L LTHIE I MREEIC LD NER I8 T b b [36,37], B3
SONSMEFRFR VTG D AW A7 ERFEFEO N AVIZE N 573, NER ZHET 5 &
WIOMELH D [38], MIEZ MO FIEINER #LEL, X MREZEICKLDAE
IS PSS o B e 2 ATREME N R STV D [38], ToIiX S MERFRIC L 0 Ak S
7o L) 72 DNA 85 L 721X D ERBIC K DB ANCEN D, X EORMIZE T
BER Z#f L. HIFAAFEREE D L~ % TF, 7213 2RI L 0 iiiEiEE o5&
MWD ENHE S [39], AHEICER{ERY7: DNA $#{5<° DNA IR OERIZES 5
THENVLAT I REYIVUDNA Z ) av 7 —PaRfEIREsSEs L, 22D
ERIFHENRTRHEVIMENHDH [40], ZH 6 OWFRILEIZIT O DNA 15
RFENAMEIZONTHREI LI DO TH D, CMS LV L& Sid CSS DRgFHE AR S
LTV,

AREENL in vivo, in vitro D FIZI\WNT, CSS ##2(2 X 5 NER OFRIEAFERH L7z,
~ U AD G TR S 7z CSS AR K 5 NER ORLEIIREZMI X 0 2 R MK
T2l TNFERIZRE LIS WD E-Bbisd, LL7eR D, in vivo T NER I
FERN R A 52N L2 2 SIS E A =,

CSS fEAIZ £ % NER FHLEZRIT HSC-1 X° A549 #ifd £ U . HaCaT Hkd D 523 & >
ST, AMFFREOFATHIZFE T, MREROMIZ 7 v % F 4 (glutathione: GSH) #REEIC
ZWHDH T EEMI LI, Lo T, MlakkomMic CSSEMIZ L Y NER FHEZ R D=
(FHIREN GSH B2 b B 2 bille, CSS FIZHE 72 NER Z#fHET 5 L 9 7
FOGHED MBS AY GSH & A L. NER BRERNRE B Sz s Bbhniz, =
AU OWNWTLURRDOETZEDOEBIC OV TH LN LTV,

F 7o, B AURIRE AS49 (2% LT, CSS fEAIC & 5 NER FHEZDN IR DS, Flids A
TFNELTEET DL, ERMEREE N AMEROMm#E % VT CSS 12 L% NER FH
ENROENEBLZ L 2T LR B, (6o T, i AMIEOA 53, EH ik
fd (WI-38 72 &) Z W TAZRMRETT RE LB X TV 5D,
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¥ CSSTEMIZ LD NER BBED X =X L

2-1 FFif

FH—EIZBUWT, in vivo, in vitro 7123 T CSS YEHIZ K 5 NER DAL % FEH
L7z, NER %479 728121, NER |ZBE T 25 HE HE P EEINIER T 2 081N H
%o NER TITHEEGENI G0 S ND Z E TEENBE D, 0%k, ~VU 1 —BiEt%E
7O TFIIH X° XPA 72 EEPENERM L. ASEMEE L ILE S, XPF & XPG 23815
ERALICEERE LOIWr 247 9, %2 PCNA ° DNA R U 2 7 —E R =i o 2 B8
L. NER Z5%E T 3% % [30],

AWFFEC 1T D NER OFHERA =X LOAFEME L TRD 3 OB EZ bR, —
SHIX CSS 2k % DNA HEAZEET 5722, NER BEEAE N EbNS Z &1
& o T UV O DNA HBEEHE I 9 NER BIEE E N A E L7-REETH D,
XPA / v 7 7 v Mz HWT, VAT T B K (formaldehyde:FA) 1ER % AE1FR
DI A AT FE R MIRZEN T L= 2 ST, T O REMEZ R LTV 5 [41], 2 O
HiZ. CSS HDOSMHED @B AS NER BIEE A & #5 4 L. NER BEEAE
DB & ZIRIE S 7= f[REMETH 5D, Luch 1%, FA IX NER BHE[X 7 CTH %5 DDB2 X°
XPC HURZOEES DNA L OfRALEHET L2 2WMEL TS [42], 3 2HIZ
NER BH#E H'E & CSS FIZE £ D ISEDO B MEEWE 03 FE A L. NER BIEE [
ENGRENT- R TH D, BlE LT, Tang H[31]OHFFET, CSS HFIZEEND
acrolein 7% XPA X° XPC Z{H/V S5 Z La@ESnW5, 77 b RHEICEFET D
ZEWZED, TATE RBMIMLEEREIT YT 7 V=ML fRSd Z &R
HHAILTWD DT [43,44], NER BI#E HE 1T CSS AERIZ &L 0 43 S 2 mTREMEDS
Aoy (N

% Z CTARETIZ, GGR X° TCR M 7ICBH#E 4 % 8 HE TFIIH X° XPA, XPG DM %
JRPTIREETAME/E L, NER BIEEAEOE Y 2 VU F A ~— LN ~DBITIZ
%45 CSS TEHOREZME L=, £7-. CSS{EM%. TFIH 72 & NER B H'E
EZ AT LTz,

2-2 FEERAERERS X OV TE

2-2-1 CSS O
1-2-1 L [RAERICAT o T2,
2-2-2 Al OBEFEE
1-2-6 & [AERIZAT - T2,

2-2-3 JRPTHRGTEIZ K A NER B HELEMRE O f
MO EE MR SR IT 1-2-11 & [ARRICAT o 72, R TTIE L LT UVC E.0.5%
FBS DMEM EZHIiZ Az #a L, — EHF[E C glass dish % 5% formalin &% C 15 47 [ [E & .
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B L7z, £Dt%, HUik & OGS L9 <5720, 2% triton X-100 ¥Rk T 3 73 S
SHT, PiRZ 0.2% triton 1% BSA ¥R L, =R T 1 RHLL ERIS Sz, —
KPR (Rabbit anti-TFIIH (Santa Cruz Biotechnology, Santa Cruz, CA) 1:200; Rabbit anti-
XPA (Santa Cruz Biotechnology, Santa Cruz, CA) 1:200; Rabbit anti-XPG (Santa Cruz
Biotechnology, Santa Cruz, CA) 1:200) fEff% PBS (-) T 3 [EI¥EH L. —IRFUAK(FITC-
conjugated* AftniPure Fab Fragment Goat Anti-Mouse IgG (H+L) (Jackson ImmunoResearch
Ltd., USA) 1:300) & {EF & &, HEPBS(-) T3 [EEEL-, “EHREROET 572D, 5%
formalin ¥ T 15 2MIEE L. & 512, 2N HCl % 20 43 T DNA ARSI E 2 fif = |
CPDs, 6-4PPs DHUL L IS LT < X912 L7z, —&kHLEA (Mouse anti-CPDs (Cosmo
Bio Ltd., Japan) 1:600; Mouse anti-6-4PPs (Cosmo Bio Ltd., Japan) 1:600) & —RHL{K
(Cy5-conjugated AffniPure Fab Fragment Goat Anti-Mouse IgG (H+L) (Jackson
ImmunoResearch Ltd., USA) 1:300) #={EH &#7=%. PLi&#K % PBS T 1/1000 OE|E T
AL, DO DNA 9 7, &I glass dish %~ 7 > KAl (Flouroshild:
ImmunoBioScience Co., USA) TA T A NAZ AIT[HEE L, #IEBEMEL (IX70: Olympus
Ltd., Japan) TEIZ L, BERY L7, BMOGEZ BRI L, 2 (60-80 &
IKD) DT — T ADFEE L, M L=, BEHICHWEZ 7 4 VX —(TIFET
DROBUTT o Z D7D T, M —DIZk L TEED 7 =D ABFELTH, —D
LN T A —HAPFELRLS T, 74 —B A 7] LHELE,

2-2-4 Western blot 1512 X %5 NER Bh#EE HEREOHH

(PR

Lysis buffer: 50 mM Tris-HCI (pH 8.0), 5 mM EDTA, 150 mM NacCl, 1% nonidet P-40
HIE TIRAG LIz, 4°CHBE P CIRAFE LT,

FEARHZ: 25 mM Tris, 192 mM glycine, 0.1% sodium dodecyl sufate DE| A TIRA L7254,
HIRTRIF LT,

Blotting buffer: 100 mM Tris, 192 mM glycine, 5% methanol D EIA TREA L72t. =ik
TIRAFE LT

CBB Y:f431%: 25% ethanol, 10% acetic acid DE|S TIRS L72%. CBB # i &2 AfL.
FIRTHRAF LTz, BiAHRIL CBB & AZLCRVIESIR A L7,

T-PBS: 0.1% & 0.3%DEIE T tween 20 & PBS Z{RA L7cth, =R TR L7,
1% skim milk: SEERIERTIC skim milk % 1% %A T PBS I[ZIAEfiE L7,
[ e 0D Vs iR ]

CSS 1EMt., Mz =L L, i &7 lysis buffer TR L, HEE LI L 72, 2 KefH
K ECEE. 12000 rpm Tzl L EESZHRE LT,

EHETEEST v b (DCProtein Assay: Bio-Rad Ltd., USA) CTEHAE* E&EL1-%. &
HE &% lysis buffer TH 4. 2x sample buffer & 1:1 TIRAE L. EXIKEHT 70
L7,
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[Western blotting]

15%7 27 0 R7 X R7VCTERKE LTz, i~ — =B 7 Vv O—F TIZEET
LETKEIDEE LT, EI KT A4 7 vy T 0 7 %EE (AE6675: ATTO Co. Japan) T
80mA. 1 F¢fif] PVDF Jli¥ (Immobilon Transfer Membranes Immobion-P: Millipore Ltd., USA)
(CEREZERE LT,

CBB Qe taifi T 5 3 filgeta L7tk iR T 10 43 3 mIfita L7z, £ D%, PBS T
5 orfvEs L, VKB SH — 2 EB AF v Lic, % 1% skim milk T 30 437 @ v %
VU, —IRPUAE 0.1% TPBS:1% skim milk  (1:1) ORI THAIR L. 4°CT 8 B
VL EAR & 9 Ui & 72, —WRPUIK (Rabbit anti-TFIIH (Santa Cruz Biotechnology, Santa
Cruz, CA); Rabbit anti-XPA (Santa Cruz Biotechnology, Santa Cruz, CA); Goat anti-PCNA
(Santa Cruz Biotechnology, Santa Cruz, CA); Goat anti-Actin (Santa Cruz Biotechnology,
Santa Cruz, CA)))&# . 0.1% TPBS T 3 [EIFEyf L. TPBS/milk JEAKR T kPR
(Peroxidase-conjugated AffniPure Goat Anti-Rabbit IgG (H+L) (Jackson ImmunoResearch
Ltd., USA); Peroxidase-conjugated AftniPure Rabbit Anti- Goat IgG (H+L) (Jackson
ImmunoResearch Ltd., USA)) ZA R L, 2 K LA E=IR TR & 9 IS S Wiz, £ D%,
0.3% TPBS T 3 [Al, 0.1% TPBS T 1 FI¥EH L, {LFFNKF >~ N ECL+ (Pierce Western
Blotting Substrate Plus: Thermo Scientific Ltd., USA)% H\W TR 21T - 72,

2-2-5 ME L

TRTOERIL, 3~4EVIRL, FRAMOHD Z 2R LTz, 7—2 T 1HEO
FEEROWEEL L TR LTWD, AEEMEIL Dunnett’s test & VN T—IohALiE 53 157
BT (analysis of variance :ANOVA) IZ X V1T o7z, #aliR A EMEIL, *p<0.05, **p<
0.01, ***p<0.001 THELT,

2-3 SEERGE S

2-3-1 CSS EAHIZ & % NER B B 4EFE D IELE

HaCaT Hifid &2 F\C, RFTHREHE T NER BE#LE HE RE % OEFRE % fit L7z (Fig.
10-13), FR&F#L 15 43fE]. TFIIH (Fig. 10), XPA (Fig. 11), XPG (Fig. 12) OEREIZED b
T2e T LT, 3097005 60 732/ CTDNABEDEE & &bz, T HITZDNA NS
EAL7z, CSS 1EMIIE NER BdEE AE OB 2 R ERAFRIZILE L7z, CSS 12.5%%°
25%HAEM LT2356 . HRAYICTIWEERE O FLEN TR O HAL722y, 50% TR BRI
FHEE <7z,

HSC-1 MAZ I\ CIREBRICHRES 21T o 72(Fig. 13), £ DFER. CSS 75%<° 100% % 1
LIS A RO BIEN TR B 7=, HaCaT #IIE 50% T5e4iZ TFIH OHEFEAFHE
EXNZDOT  (Fig.10), HSC-1 #MIZ T CSS EMIC L 5 NER B FE £ 5
EOHFIL HaCaT ML L 0 IV E BB NI 72 o T2,
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Figure 10 CSS inhibits the recruitment TFIIH

HaCaT cells were treated with CSS (~50%) for 1 h and exposed to UVC locally with a filter (3 um, 0.01 J/cm?).
The recruitment of TFIIH was detected by immunofluorescence staining. CPDs were stained to find the sites of
DNA damage. 5-6 pictures per sample were token randomly and the percentage of cell with foci were calculated.

Data are presented as the mean + S.D. *p<0.05, **p<0.01, ***p < 0.001 (vs. untreated).
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Figure 11 CSS inhibits the recruitment of XPA

HaCaT cells were treated with CSS (~50%) for 1 h and exposed to UVC locally with a filter (3 um, 0.01 J/cm?).
The recruitment of XPA was detected by immunofluorescence staining. CPDs were stained to find the sites of
DNA damage. 5-6 pictures per sample were token randomly and the percentage of cell with foci were calculated.

Data are presented as the mean + S.D. *p<0.05, **p<0.01, ***p < 0.001 (vs. untreated).
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Figure 12 CSS inhibits the recruitment of XPG

HaCaT cells were treated with CSS (~50%) for 1 h and exposed to UVC locally with a filter (3 pm, 0.01 J/cm?).
The recruitment of XPG was detected by immunofluorescence staining , nuclei were stained with PI because the
antibody for XPG originated from mice, similar to the antibodies for pyrimidine dimers. 5-6 pictures per sample
were token randomly and the percentage of cell with foci were calculated. Data are presented as the mean + S.D.

*p<0.05, **p<0.01, ***p <0.001 (vs. untreated).
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Figure 13 CSS inhibits the recruitment of TFIIH in HSC-1 cells

HSC-1 cells were treated with CSS (~100%) for 1 h and exposed to UVC locally with a filter (3 pm, 0.01 J/cm?).
The recruitment of TFIIH was detected by immunofluorescence staining. 6-4PPs were stained to find the sites of
DNA damage. 5-6 pictures per sample were token randomly and the percentage of cell with foci were calculated.

Data are presented as the mean + S.D. *p<0.05, **p<0.01, ***p < 0.001 (vs. untreated).
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2-3-2 CSS 1EfIC & % NER B E FE D45 i

CSS EH % . NER BH#E ['E DO# &% Western blot 15 THFT L 72 (Fig. 14A), Actin
% loading control & L CHiti L7z, TFIIH & XPA D54, CSS EMT# 30 7075 1
[ L2 IR PRS0 U PEAR A 72 8D 338D B U7, PCNA T CSS TEFNC L 2 25 R &
72Tz, NER Tix7Ze <, 150 DNA EHEIZBET 58 F'E Mrell <° Ku70 (2D
WTHMET LTz, ZOfE%E ., Mrell |& TFIIH <° XPA & [ U X 9 CSS fEHIC L 0 2 fif
SHLTEH, Ku70 TIHGEDRTE O b7,

a7 T Y —ALRERTH D MGI132 ZHIEH S5 &, CSSEHIZ X 5 NER B
HAB ORI Z 517z (Fig. 14B),

Time after

e Oh 0.25h 0.5h 1h

CSS (%) 0 125 25 50 0 12525 50 0 12525 50 0 125 25 50

" EREERERSRNE - 28 - ~

XPA

AR B

PONA W00 e e e o e s e e e o -
Mrell”"..-.—.-~.- ..
KUTO e e e e e s—————— . g w5

ACTN N - - ——— - -

Harvestafter  Untreated MG132 (+)

CsS 1h

CSS (%) 0 125 25 50 0125 25 50

TFIH ..p - '."
AC S ————————

Figure 14 CSS degrades NER-related proteins

(A) HaCaT cells were treated with CSS (12.5, 25 or 50%) for ~1 h. Then were harvested and lysed for western
blotting to detect expression levels of TFIIH, XPA, XPG, Mrell and Ku70. Actin was used as a standard for the
equal loading of proteins for SDS-PAGE.

(B) HaCaT cells were pretreated with MG132 (10 mM) for 30 min followed by treatment with CSS (12.5, 25
or 50%) for 1 h.
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2-4 E45

i Cik 7= X 912, NER I GGR & TCR 1245717 H45, GGR IX DNA —E L+
INEEICBANTEDL L) RBEZRA L, BETLZ L TEBETOEREZ, —
J7. TCRIZEEE A 7 1w 735 XK 97 DNAHIELZEE L, EF 8 n - 0OIRE 4 i
¥ 52 & T, MIIELPI < [26,27], BF—FTRINT L 91T, CSSIEMIZ X v flfa
AFROELTARD LNT=DT, REBRIZEBWTIEL TCR 2AHE SNz AlRErENE
bid,

NER Z1T 9 121%, £7 DNA “EHOLYAMEDELD B H 7 ik T 5, IRIZ~
U —BiEEROBEARICEI Y “TELEAMEEZYI VL [2627], LT, = R
X7 LT —BIEEEFOR TR EEEZYI D D, &BIZ, b Ea R ldiAEn
%, ARETIL, CSS1EH#. TFIH <° XPG K& O XPA FREH % OZ@Ec -\ T, Rt
FHECTAH L &8, #BEtE1T-o72, TFIH X9 >V 7 2=y TR LI-EAIKTH
D, ~UD—BiEEEZFDL, DNA O “ELEAMEEZY VL, XPG Iy KX
LY —BIEHEZ D, DNA BED 3000k 2% E 2 FF> NER BHEEHE TH D
[26,27], XPA % RPA, ERCC1, DDB2 <° TFIIH 72 CEER#E A & f5A L. TFIH (2
LY W EEE X 2D [26,27], Z4U5 O NER (ZBE T 5 5 HE T B S 2E
IZ DNA HEICERT L2 8L TWD, XPG O%E, HSH#%IUEIZ DNA HE
EALICERRE L. UK 200 0 C DNA HRIEGEAL & K 4 RIS T 5, ZOREIELIE
WHSHE 2 FF> TFIH RN E & ST 5 [45], AREBRICEHWTIX, TFIH 72 &
NER B K773 U Sl ICHBE N~ L7 2 & 28153 T& 72 (Fig. 10), — /7.,
CSS ZHIEH L7356 SRR 12 O B VB AR TR DI IEH3FE 8O & 1u 72, TFIIH <° XPA
X OARBREE A YLIET A& EIZE S . NER BHEO LR TEIL 28, F0 EificE 5
DDB2 > XPC 72 & DNA & #5837 2 EAEMFET D [26,27], 4 IAlIX NER 24K
IZDOWTHRFHTT 5729, GGR & TCR Z#IF L, 7o Bt THh D TFIH X° XPA %
At L7=, XPC <° DDB2 72 El1EZ4 EFET L TV 0, fRIZ CSS fERIC L W 2 b
HEREREEENIHI SN LS, TIRICOIEREOEBENLE L IND
DT, TFIIH X° XPA 72 & Tl dH 2 EAEOEBEI MG SN Dl L B X 6D,
XPG OEFMITERIE X 7203, XPG OEMITIEFHEEZ FF> TFIIH 2S00 E LW ) #Hids
238 H DT [45], CSS & XPG DEFELRAEA T TlX7e <, TFIH & XPG OFHAAE
oMb XPG EREOMEGI O RIKIZ 22 5 FIREMEN B 2 Tz,

CHVETIZIZZEAZEH L, SR, NER BET 5EAE THDH XPC,
XPA. XPG OZEFNZOWTHGT L72HFZEIZW < 2% 5, Holcomb & 1%7=1F Z E#hH
¥)~200 pg/mL Z AMfHERE IMR-90 (Z 24 FEE/EH L7, £ OR5HE. NER 235fHE S,
NER (2T % XPC DR HFD Hivlz, —J5, NER BEK 1 TH 2D XPA OFlZ
DRI o7 (28], Lee HIFIX A~ U AW ABRBZESHIZ L A, 8 M
DO RE CIL, EAEICEEBII 20 -o 7208, 16 M o 7% Tl NER BHEK v
Td 5 XPG M) BER HE K+ TdH 5 hOGG1 DD Z3FE Lz [29], AETIE, —
AEHEIIEr> DNA- HE 244 72 £ DNA HHEEEIZBE S 5 Mrell @ CSS {EH#% D5y
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gz R LT, ©F V. CSSYEMIZNER 7217 TlidZe < | > DNA HEEEERIKICH
BB AlRetE 2~ Lo, £72 NER BEE H'E Th 5 PCNA & NHEJ ICBH# T % Ku70
X CSS TERIC LD IERD -T2 LT, T XTOEAEN CSS D4
ZUF DT TIERNZ ENRALNNI 2o T2,

el _7= X 91z, 77 b REIZKXOMIMERTEZEREIRX Y 0T T YV — A,
ZOHTH20S 7mT T V=AMLV SEisd [43,44], KETIX, o777V —
LPHERIMG132 1ER . CSS EAIC & % TFIH J8i) O % B & /2 L 7= (Fig.14B),
Lo T, CSSEMIZ &% NER B AEEMOHEFIINER EHE w77 YV — Al
X0 TFIIH " Shi-Z Ll kb &2 bz,

F£7-. CSS EA%. NER & (35D DNA EERE % 5 DNA {52787 2 8%K
ORI A VEA L, DNA AU~ — 1 —ThH Hy-H2AX R L& 24 [63]. &
{EHI72 DNA 552 37F5 7T 5 H0,, —AREUIM 25559 5 etoposide ° _AFHGI W %
FHEG 5 bleomycin DV Hy-H2AX OHIHIZEO S T=(T —Z R &), y-H2AX
I DNA HEEBIC L > TEEREE 2R L TWDHOT [64]. CSS L NER LFtD
DNA HIEDEBICHHET L EE X b D,

AETIX, NER BIERK ML CSS EHIC L vl s s 2 & Z 0EMEOIH
DJFIAIL NER BI#EEFE D CSSTEHIC L D0 CTh o Z L #H LM LT,
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=% CSS{EMIZ X5 NER AR KYE DFEH

3-1 Frif

HF—., ZFIZBWT, CSSIEINER ZIEIESEHZ L AR L7, 72, CSSIZ X
% NER ##IEDJF K 1% TFIH 7¢ & NER BI#EE FE0N 0 S D 2 &1 X DL O
ThHA[REMEN RSN, Tk, CSS F )3 NER B E A/ & 54 L. NER B
EABDREFELT=DOTHAHIN?Z T, KN E 2 5LFWEIZOWVWTARET
RRET L7,

T X 2D HITITR 4800 FERE DAL FENE E D, £ DOFUTER DN ISTED
W, b L<IEZE ORI O SISERS S B E DMFET D [14]. REHHZ L ATEMEAE
AWELE LW S SUSMEDmEWMEFEE & LT, 747k FEBRET LIS, CSS
WZEENDTT B REI, ROBENHMA FA O X527 17 FEL oB-REd
77 e N, fafn7r v v NEO 3 EEIC T 6D [47] BT v 7 e R Ch
% FA ZT VT NVEZR 7202 BOSMER T VT & REOHF TRIZEW E Wb
Do LB-AEAFIT VT B REEIXT VT & REIMA, alBREOMIC EHAEFED,
RETBHEZZTOTWIZDRIGHERE W EWbiLD [47-48], FA SOAffI 7 L7 &
RETdH % acrolein X° crotonaldehyde (3 FHECR7'F RO SH A LS L. EAE
DI RAFET D Z LN SN TWD [49-52], Hilton &% NER BI#[A+ XPA (2
X, 7T e FEERIS LT WY D UEEAPEETIZZHFEL VWL 2P b
T L7z [46], Z3UHDHEND CSS H D FA A7 /L5 b KEEIX NER EHE
EREA L. DEHESE L AREMENEZOND,

ZITARETIE, £, 747 FRHEISLLTWT I A& ilEhicffotk
J1/V23Y R (Semicarbazid: SEM) % HVNTC, CSS 2267 /b7 & REEZFRZE L, NER [
EIZBITH T AT REOBEG %5 LTz, £7=. FA, acrolein, crotonaldehyde, trans-2-
pentenal, propionaldehyde, butyraldehyde, valeraldehyde 7 Fi¥5> 7 /L7 & R&Z/EH L, UV
FEG5T% D NER OZIRIZHOW TG L7z, trans-2-pentenal <X° valeraldehyde (% CSS H(Z
IFEAEGFEELRWA, fafnk ORI 7 LT B R E OO 7= DR LT,

3-2 EERM RS KOGk

3-2-1 fifa D EEEE KON UVB O RS
HaCaT #lifalX 1-2-4 & [RERICE:#E L7, UVB ORHHE 1-2-5 & R T - 72,

3-2-2 fila~D 7T VT v REEOERE

a7 R 90% DM Z 0.5% FBS D& 415 DMEM CTH# L, 71Tt
N A 2 BEREIER L7z, £ 0%, PBS(HICZE 2. UVB 5 L7z, SEM R4 %
BA121X, pH % SN NaOH THYEIZHHE L 72 3 mM @ SEM % CSS EFT % 30 43 fH]
ANCAER S®72, CSS OEMIE 1-2-1 L [FERIZIT - 72,
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TVT b REIZHM T LT & R Toh 5 formaldehyde (Kanto Chemical Co., Inc., Tokyo,
Japan) 2 fEH L 7=, fadfn7 /L5 & K¥E1E propionaldehyde, n-butyraldehyde, and n-
valeraldehyde (Kanto Chemical Co., Inc., Tokyo, Japan) ZfEiH L7=, AEfn7 /L7 b R
X acrolein (Tokyo Chemical Industry Co., Ltd., Tokyo, Japan), crotonaldehyde (Kanto
Chemical Co., Inc., Tokyo, Japan), trans-2-pentenal (Sigma-Aldrich Co., LLC., St. Louis,

MO)ZMEH L7z, i 6 ORiEIL Fig. 15 1ZR7,
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Figure 15 structure of aldehydes
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Figure 16 SEM recovers the CSS-induced delay in NER

HaCaT cells were treated with SEM (3 mM) for 1 h, treated with CSS (25 or 50%) for 1 h, and then irradiated
with UV.

(A) Cells were exposed to UVB (0.04 J/cm?). The formation and repair of 6-4PPs were detected with ELISA.

(B) Cells were exposed to UVC locally with a filter (3 um, 0.01 J/cm2). After an incubation for ~90 min,
immunofluorescence staining was performed for 6-4PPs. Nuclei were stained with PI. The images obtained are
shown in Supplementary Fig. 4A. The picture was taken randomly and the % of cells with 6-4PP-positive foci was
calculated (more than 200 cells per sample (5-6 pictures) were evaluated).

(C) Cells were exposed to UVC locally and the recruitment of the NER factor, TFIIH was detected by
immunofluorescence staining. CPDs were stained to find the sites of DNA damage. Nuclei were stained with PI.
The images obtained are shown in Supplementary Fig. 4B. 5-6 pictures per sample were token randomly and the

percentage of cell with foci were calculated.
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Figure 17 FA inhibits NER
(A) HaCaT cells were treated with FA (0.3 mM) and exposed to UVB (0.02 and 0.04 J/cm2). The formation

and repair of 6-4PPs were detected with ELISA. *p<0.05, **p<0.01.
(B) HaCaT cells were treated with FA (0.3 mM) and exposed to UVB (0.02 J/cm2). A dot-blot assay was used

0 0 30 60 120

Time after UV exposure (min)

to detect the formation or repair of 6-4PPs.

(C) HaCaT cells were treated with FA (~1 mM) and exposed to UVC locally with a filter (3 wm, 0.01 J/cm?2).
After an ~2 h incubation, immunofluorescence staining was performed for 6-4PPs. Nuclei were stained with PI.

(D) HaCaT cells were treated with FA (~1 mM) and exposed to UVC with a filter. After an ~48 h incubation,
immunofluorescence staining was performed for CPDs.

(E) HSC-1 cells were treated with FA (~1 mM) and exposed to UVC with a filter. After an incubation for ~2 h,
immunofluorescence staining was performed for 6-4PPs.

The picture was taken randomly and the % of cells with 6-4PP-positive foci was calculated (more than 200 cells

per sample (5-6 pictures) were evaluated).
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Figure 18 FA inhibits the recruitment of repair molecules
HaCaT cells (A~C) or HSC-1 cells (D) were treated with FA (~1 mM) for 2 h and exposed to UVC locally
with a filter (3 pm, 0.01 J/cmz). The recruitment of the NER factors, (A, D) TFIIH, (B) XPA, and (C) XPG

was detected by immunofluorescence staining. CPDs or 6-4PPs were stained to find the sites of DNA damage.

Nuclei were stained with PI.
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Figure 19 SEM recovers FA-induced delays in NER

(A) Cells were exposed to UVB (0.04 J/cmz). Formation and repair of 6-4PPs were detected with ELISA.

(B) Cells were exposed to UVC locally with a filter (3 um, 0.01 J/cmz). After an incubation for ~90 min,
immunofluorescence staining was performed for 6-4PPs (green). Nuclei were stained with PI (red). The picture
was taken randomly and the % of cells with 6-4PP-positive foci was calculated (more than 200 cells per sample
(5-6 pictures) were evaluated).

(C) Cells were exposed to UVC locally and the recruitment of the NER factor, TFIIH was detected by
immunofluorescence staining (green) 15 min after irradiation. CPDs (red) were stained to find the sites of DNA
damage. Nuclei were stained with PI (red). 5-6 pictures per sample were token randomly and the percentage of
cell with foci were calculated. Data are presented as the mean + S.D. * p<0.05, ** p<0.01, *** p<0.001 (untreated

vs. treated with SEM).
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Figure 20 Unsaturated aldehydes enhance UV-induced cell death

(A) Unsaturated aldehydes, not saturated aldehydes, induced cell death. HaCaT cells were treated with
aldehydes (~3 mM) for 2 h, and aldehydes were then removed. After a further culture for 24 h, cell survival was
assessed using the trypan blue assay.

(B) UV-induced cell death was enhanced by unsaturated aldehydes. HaCaT cells were treated with aldehydes
(~3 mM) for 2 h, followed by irradiation with UVB (~0.03 J/em®/~30 sec). After a further culture for 24 h, cell

survival was assessed using the trypan blue assay. *p<0.05, **p<0.01, ***p<0.001 (vs. untreated with aldehydes).
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Figure 21 Unsaturated aldehydes inhibit the repair of 6-4PPs
(A) The repair of 6-4PPs was inhibited by unsaturated aldehydes. HaCaT cells were treated with aldehydes for
2 h, exposed to UVB (0.04 J/cm?/40 sec), and then incubated to allow for repair for 2 h. The formation and repair

of 6-4PPs were detected with ELISA.

(B) The repair of 6-4PPs was inhibited by trans-2-pentenal dose-dependently. HaCaT cells were treated with
trans-2-pentenal (~0.3 mM) for 2 h, followed by an exposure to UVB (0.04 J/cm2/40 sec), and then incubated to
allow for repair for ~2 h. 6-4PPs were detected with ELISA.

(C) The repair of 6-4PP positive foci was inhibited by unsaturated aldehydes. HaCaT cells were treated with
aldehydes (~10 mM) for 2 h and exposed to UVC locally with a filter (3 um, 0.01 J/cm2/50 sec). After an

incubation for ~2 h, immunofluorescence staining was performed for 6-4PPs.
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Figure 22 Unsaturated aldehydes inhibit the recruitment of repair molecules

(A) The recruitment of TFIIH was inhibited by unsaturated aldehydes. HaCaT cells were treated with
aldehydes (~10 mM) for 2 h and exposed to UVC locally with a filter (3 um, 0.01 J/cm?/50 sec). The recruitment
of TFIIH was detected by immunofluorescence staining.

(B) The recruitment of XPG was inhibited by trans-2-pentenal. HaCaT cells were treated with trans-2-pentenal
(~1 mM) for 2 h and exposed to UVC locally with a filter (3 pm, 0.01 J/cm?/50 sec). The recruitment of XPG

was detected by immunofluorescence staining.
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TV b REEH O NER B# & 8 O3 f# % western blot 12 Tl 7= (Fig. 23),
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Figure 23 Aldehyde degrades NER-related proteins

(A) HaCaT cells were treated with aldehydes (FA:0.3 mM; Acrolein:0.2 mM; trans-2-Pentenal:0.3 mM;
butyraldehyde:3 mM; valdehyde:3 mM; propionaldehyde:3 mM) for 2 h. Then were harvested and lysed for
western blotting to detect expression levels of TFIIH, XPA and XPG. Actin was used as a standard for the equal
loading of proteins for SDS-PAGE.

(B) HaCaT cells were pretreated with SEM (3 mM) for 30 min followed by CSS (25 or 50%) for 1 h.
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bt R¥EIL CSS /EHIZ & D NER DIEFES® NER BHE K T-HEEOBEICEET L - & &
SN L2, 74T b REIZE D NER IZxT B 8EIZHONWT, WL O0DOHFZED
H D [42,54], Wang 51, acrolein (X DNA &fEA L. Acr-dG MK Z R S, B
b MfFRAE SR ML NHLF 00E% 70 b MAUE 3 AR NHBE, fifi2s Al AS49 @
NER < BER #[H5 L. NHLF, NHBE #iflZ3\ Tl NER B[R 1 XPC <° XPA O
DREEFHEIE DL Z L AHE L TW5H[31], Luch 53 FA /EHIZ X % NER O BE A+
T 5 DDB2 OEFRIRIEZ HE L, NER OEIEIZHOWTHB LML TWD [42],

AWFFE AR T /LT b REIXEF T LT & REX Y BERE -T2, ST VT
b RT3 mM Z21/EH L CHMBEDRZRD S hno 723, REEf7 VT B REETIE
~1 mM CIEERTFINCEINZSMIEIEN R BT, fafn, REgf7 L7 b REOE
BrtEaZE2 5L ZoBIIABETITZ2W, Raf 7T LT v REO K]
acrolein>>crotonaldehyde> trans-2- pentenal &\ 9 &5 H 1 [46]. AMFIE T/ Lf:'}?/l/
Tt NEOBEEDORS & — L7z, NER OEDR G SO S & —F Lz, R
M7 T b REEVEHT NER FHEZh 51T acrolein 73 crotonaldehyde & trans-2-pentenal &
Vg o Tz, LRI TICT AT e FEEEAEICE ENT- R Ee-T 2/,
FA = A IFY = VES DNAIZEENTEREOBRINT 2 I T DR &
EZBND, TITE RIZXK D DNA IMEDERE X, NER BEEK 7 XPA <> XPF 28
WL LA I TV D [54,55], FA AR /L7 & REAIX DNA fHIMEE AT 5
&L BT, NER B#EEPES, AERNKT &G L7 <. DNA BIEEE ZHES
HZENRBEZ LN, Lo T, DNABEOFEE, HEBEEORE 5 WiEH 5o CSS
DRENIEE ER ST EREZLND,

46



FIE ROS E7-IF LR ONT LT b REEIC L A NER EEE O B

4-1 FFif

BoE TR, FA ORI LT B REEN CSS /EAIC L% NER BHEOFRKNYE T
HHTEEHLNC U, MIIXFA 72 87 VT b REEICEFE S5 & ROS D3 pEA S
NDHZEDRMBEILTWD [49-52], Saito & OHFFEIE Jurkat E6-1 FfEIZ FA Z{EHT %
RN OB EN LR/ L2 Z & Z2ME L72[49], S BI2, 747 b FEXE
N aldehyde dehydrogenase (ALDH)IZ X W G5, £ DifE T ROS D—FfETH
% superoxide radical ("~ 02) 23ZEAK S 415 [51,56], Superoxide radical % superoxide
dismutase (SOD) (2L W FrESIN DM, ROS I DNA REHE #B L 3, Bbm
DNA {5 TH 5 8-0x0-dG 72 EH R I HDH Z L nHE ST 5,

8-0x0-dG IZFIZBER IZ L W IEBH ESND Z LML TWVWDH A, NERIZHEIHT 5
[24], ROS (2L % K& 7: DNA #5IX NER IC L W EE &, NERIZH H S A NER [
K 1% 5 73, BER TH XPG <X° PCNA % Y 5N H D [24],

% 2T, RFE T, HIIRIZ CSS 7 VT b REEREZ OHIBRNERLEY O E R &%
Bt L7z, S HIZ,ROS & CSS°7 /LT & RE/EH# NER [LEDBRZ TR L7290,
H,0, Z/EAI L, FREH% D NER ~D 22 %° NER B HE O ZFEIZ OV TRET L 7=,

4-2 FEEAEHRS KO TE

4-2-1 721X 2o
1-2-1 & [FkEIC CSS ZhbH L7,

4-2-2 RIEDIEH

HaCaT Hifa % 24 BRI 7 U — OIRFE T AR L7, £ Dk, CSS OIEH I 1 Kefif,
AT AT v FEOERIT 2 KEIZERE L, EBRZ1T>72, NaOH T pH % 7.0 IZ
FH L 7= 1 mM N-acetyl-L-cysteine (NAC) % 5 AE FH AT 1 BERIC AL L 7=,

4-2-3 ROS DERKIT & 2 A PR RRE D I E

FMARNER (L IRRE X 6-carboxy-2°,7’-diclorodihydrofluorescein diacetate, di (acetoxymethyl
ester) (DCFHDA) (Molecular Probes, Eugene, OR) % fV T, 5 %417 > 72, DCFHDA (&
AN T 27 7 —BIZ LV 7 &£ F /L L. DCFH (272 %5, DCFH |& ROS 2Rk S
D LA NREDFFO DCF 1IZ72%, £ 2T, ABFZETIE 10 mM DCFHD % 1 F§fE] AL
L, BUEZEH L, £k, MifldZzal L, PBS (Z/&# S, DCFHDA % f51% &
LC7ur—H%A hA—%— (FCM) CHIE L7=,

4-2-4 ELISA |Z X % 6-4PPs DOHIE
1-2-7 L [RAEEIZAT o T2,
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4-2-5 JRPTHBSHEIC X % CPDs. 6-4PPs & ONR S 7% NER BEE R 4EF8 O # HY
1-2-9 & [RAERIZAT o T2,

4-2-6 RIEE

TRTOFERIT, 34 FHEVIEL, BERMEOHDL Z 2R LI, 7 —XIL1FEO
FEBROFHE L L TRLTWD (n=4~200), A EZEMEIT Dunnett’s test 2 VN T—It
BLE analysis of variance (ANOVA) (2 X V1T o7, FEHIZRAEMEIX. *p<0.05, **p<
0.01, ***p<0.001 THLT,

4-3 SEERGE B

4-3-1 72X THE, 7T e NMEFER%ZOMIRAER R D21

CSS kU7 V7 & Rf% HaCaT MIIZ/EH S, ROS DAERKIT K 2 MRk
REZ 3i~7=, Fi#llZ DCFHDA O# &2/ LY, FIBEIT 513, Mg
BRI EN 2 < 725, CSSAEMIC LV RERFRITMRNERLIREEN ER/- LT, £
LT, CSS {EAIC L VAR & 7= ROS 1% NAC 1EHIZ & v BEE S 7= (Fig. 24A), R~
fafnr VT e REAZERSE2 L CSS LRERIC, Ml (LIRED R 23 &
Teo —H, BT VT B REIZOWTIE, 2EZ2MENEL LR S ienroTz,
NAC ZRMEH &% & Rfafn7 7 v REERIC X 2 MmN IE RS S v (Fig.
24B),
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Figure 24 ROS produced by CSS and aldehydes
(A) HaCaT cells were treated with DCFHDA for 1 h, followed by NAC (1 mM) for 30 min. After an incubation

with CSS (~75 %) 1 h, fluorescence was detected with FCM.
(B) HaCaT cells were treated with DCFHDA for 1 h, followed by NAC (1 mM) for 30 min. After an incubation

with aldehydes (~3 mM) for 2 h, fluorescence was detected with FCM.
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4-3-2 HiEE(LAI NAC 1% NER DL % [F1E 9%

NAC % HaCaT #HAIZHIEAH L. CSS fEH#% NER OMHEZMF L7 (Fig. 25). &
DOFEFE, CSS EHIZ X W NER OBFHENEIE L7z (Fig. 25A), S 512, NAC % aifEH
L. JRIATRESE T trans-2-pentenal 1E 1% . 6-4PPs &8 OB % 5~ 7= (Fig. 25B), trans-
2-pentenal {EHIT% 6-4PPs {18 O FHLE X NAC {EHIC X 0 KigEIZ[EIE L7,

Oh 2h
A 0.40 -

CSS
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0.30 - O NAC (-)
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Figure 25 Relationship between ROS formation and the delay of NER

(A) After pretreatment with NAC (1 mM) for 30 min, HaCaT cells were treated with CSS (12.5, 25 and 50%)
for 1 h. They were exposed to UVB (0.04 J/cm?), and then cultured for 2 h to undergo repair. The formation and
repair of 6-4PPs were detected with ELISA. *p<0.05, (NAC(-) vs. NAC(+)).

(B) NAC recovered the trans-2-pentenal-induced inhibition of 6-4PP repair. After the pretreatment with NAC
(1 mM) for 30 min, cells were treated with trans-2-pentenal (0.3 mM) for 2 h, then exposed to UVC locally with
a filter (3 um, 0.01 J/em® /50 s). After an ~2 h incubation, immunofluorescence staining was performed for 6-
4PPs. The picture was taken randomly, and the % of cells with 6-4PP-positive foci was calculated (more than 200

cells per sample (5—6 pictures) were evaluated). ***p < (0.001 (vs untreated with NAC).
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4-3-3 @BERL/KFIERIZ L 5 NER OFLE K& O NER BI#E&E HEERMOEL

DCFHDA Z# MW T, Aafi7 7 b FEIEH%ZOMBANORR{LARY) O & & H0;
VEF% DFMIEN OB LA Rk D 8 % Lhlik U 7= (Fig. 26A), < OfEH., Rafn7 L5 e R
FEOEHIZ 03 mM H0: & IFFEH LWMBaNER LA O&ETH S Z EAVHI LTz,
FIZT, TATE FORDHYIZ 0.3 mM @ H0p 2 VT, NER 2K 2 824 & T
FRAHE TRET L 72 (Fig. 26B), FESHT% 60 2375 90 43 D H.0, fEHIC X 0 IR EEARAFIIC
6-4PPs (ETE OFLENHEGR I T2, S HIZ, H0: Z1/EH L. UVC FéSf % NER Bis# K 1
DEF AR LT-, XPA(Fig.26C) & XPG (Fig. 26D) D34, Ha0x fEHIC X 0 K
FINCERBOMENER ST, —J7. CSS R ffn7T 7 b REEHR L B 7D
TFIIH (Fig. 26E) 13 HoO0x 1EH) & BEfR7Z2 < EERE L 72,
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Figure 23 H,0, delays NER

(A) Comparison of the fluorescent increase of DCFHDA after treatment with H,O, and aldehydes. HaCaT cells
were treated with DCFHDA for 1 h, followed by H,0, (~0.5 mM) for 1 h or aldehydes for 2 h. Fluorescence was
detected with FCM.

(B) H,0, inhibited the repair of 6-4PPs. HaCaT cells were treated with H,0, (~0.3 mM) for 1 h, then exposed
to UVC locally with a filter (3 um, 0.01 J/cm?/50 sec). After an ~1.5 h incubation, immunofluorescence staining
was performed for 6-4PPs. The picture was taken randomly and the % of cells with 6-4PP-positive foci was
calculated (more than 200 cells per sample (5-6 pictures) were evaluated).

(C) (D) (E) H,0, inhibited the accumulation of XPA and XPG, not TFIIH. HaCaT cells were treated with H,O,
(~0.3 mM) for 1 h, then exposed to UVC locally with a filter (3 pm, 0.01 J/em’/50 sec). After an ~1.5 h incubation,
the recruitment of the NER proteins, (C) XPA, (D) XPG, and (E) TFIIH (green) was detected by
immunofluorescence staining. Cyclobutane pyrimidine dimers (CPDs) (red) were stained to find sites of DNA
damage. In XPG staining, nuclei were stained with PI (red) because the antibody for XPG originated from mice,

similar to the antibodies for pyrimidine dimers. *p<0.05, **p<0.01, ***p<0.001 (vs. untreated with H,0,).
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4-4 E 5

CSS oA fafn 7 L7 v NEITMNBIL AR D&% EH X872, ZHETIZ FA
REOT T e FEIZ KLV MIRARBCAEROEN LT 52 EnlESnTWnD,
%1 21X Jurkat E6-1 fifaiZ3V T 1 mM FA Z1EA S &5 EMilRNERLAERY O RO
FFO LT [49], AfaFI7T LT v RFEEERIZ L D ROS OFEATX NADPH 4%
F—BEHET D EVOIWMERHD [51], AMafaT VT v ROF A —/v & D RIE,
NADPH # &% v ¥ —B{EME%E FRXE5, Lo T, T4 1LHTHDH N-=F /L~
LA I RN ROS DFEAZHEIES®ES [55], Lo T, 747t b ROS DFEA % IR
SHAHAREMENRE Z LD,

ARFFE Tl AT VT b FEER SRIER C X 5 Z2/iaimigit 2554 5 H0;,
B (03mM) CTEBRZIT-7-, CSS ORI T LT v REEH & FIERIZ, Ha0, DIE
FHIZNER ZPHE L=, BEEAE THH Ku EEESL HRCC3 & VB O 72815
X ARBHYIB OEEZRET D Z ERRE SN TWD [56], FE{LAY7: DNA 815 8-
0x0-dG 1% BER IZ L VW EEENSH, BER BEICEHETIEAE THD 0GG-1 X
MUTYH DNA glycosylases DFE2{LAY72$8151% BER Z[HE T 5 [57], NER B#EEERE
MR b S 4L, DNA BEEICEET 2HME L H D, XPA 1T ATV UEELZNM LT, B8
{BIZ & % NER EERE TH D PCNA & OZEENEA S+, NER Z 3035 Al Mt
LEZOLNTND [58], T/T b FEERICE D, BEEARESTZ T TiER, 7L
7 b FEERICHEE IS ROS 2LV | BEE'ES DNA b etBiE 2= F. £
D ORERE L VN, A AEHIICIZ DNA BIBEBEAIET L2 2 LB b,

CSS OARfFNIT VT & REE RV | H0, A% TFIH (T8 0 E£REED 6
Nz, EHEOE AF VU 5RREIT ROS IZHEBEIND, MBSz ATV U5 MR
BRI 28I AFTET AR E I E OBEKRICEET S RERE 2 6N
%o FERMTIEZE, XPG X° XPA £ CSS oA fafi 7 /L7 b K& RERICEMMNILE X
N7=DIZ, TFIH Z I EBRRESNRDPSTZONIARHOEETH Y . & HITHEH
THNLETH D,

—F., BEREICBWTHEZR LD, TAT e REMEMICX % DNA HECEREH
72HR51T DNA BEICEET 2 ERELHE L, NER ZE T2 652615,
7T B R¥ES° ROS |2 & % DNA 151X 52 DNA (KA TH 5, DNA A DE
81X BER 7217 T72 < | NER EIERIE & 5, il & LT, NER B [K+ Tdh 5 XPG &
Aty 72 DNA BEDREICEG L TWD [24], 20, 77 b FEERHIZE Y &
% S 4% DNA H5<° ROS 12 X 5L 7: DNA 54 E1H 9 5 72912, NER BE[A
THEMEETDHOT, TDOH%RIZUVC 2 L TH, 5%V @ NER B#K 721072 < &
ERREINTZZEHEEZLND,

NAC OFERIE CSS oA T L7 & REIEMIZ X 5 NER BIEA R S H 723, £
W TOoREMERE X BND, —D2HIE. NAC fEFIZE Y. ROS MFrE S, NER
hERNEIE Lo r[etE Th D, DO HIX SEM EFEEEIZ, NAC IZE ENDT A4 — 3k
ETNATE RS L, 7T e NN N7 v 7 ENT=rRETh 5, SEM ER%Z D

53



NER D[RIE X552 TIE 720> 7253, NAC Z{EH &H7- /713, NER [BIHEZI RS SEM L
DR > T2, SEMERIZT VT B RLDRETE 72V, NAC IZT7 VT & REEITFT
[372<, ROS HLERETE D2 &5, CSS°T /LT B KD NER BHEIZIE ROS 23—
BIHLTWD Z ENRBI NI,
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FHE 72X 7 4 v Z RO

5-1 Frim

7L ZHEE CMS & CSS 123 bivd, CMS (X7 4 v F — %L T AT D%
L. CSSIZ7 4 X —%Jr L TRV, 7RI ORI LD TH D, 7404
— %L TRODOT, CSSHIZEEFNDH= hat I X PAHs, 7/L7 & REIX CMS
ol @iEEsnTnd, BilE LT, CSS DHIZ FA 1L CMS @ 14.8 f%. acrolein I
2535 HH 5 [13], WA AMEIZEI L TlX, Mohtashamipur & [59]1DFEERTiX, CSS %
TEHSE T~ T ADKEIL, CMS D 6 5L ETh o7z, —FH ., TNERRE CTEH S
HI-BE. ~ 7 ADREDOEEAREICHOWT, CSS 1L CMS EIFFFR U Lric7e
S, EBIT, KREBESITRS E. CSS X CMS O FREICHEE AR Z Lz Z &2
WA 4T D, Schick H[60]DHFZE T, CSS &4 LT~ 7 ADELFHIT CMS |2 %%
B SHTEH L VRN LIRS, 80 R DR N A LTI & Z A, CSS 1L CMS
D 3 BRI T L, & 512, BUEZE - 212, 7,12 dimethylbenz( @)anthracene
(DMBA)% CSS X° CMS L HAMIZRZE S EH L. CSS DA, IEOEIT 4 (5
IZ EH L7z, —JF. CMS & DMBA ##AMICERTE L5, TEEORIT 3 HFREIC
SHELTZ, CSSR°CMS ITIRNADA = ==X —THHV, 7unE—4—THLd b
Z Ll CSSIECMS KRN AMENTRN L 2VRENTZ, Gairola & [61]DAFFE Tl
~ U A H W AR S, CSS & CMS R DEZRE LT-, FORH., CSS < CMS &
Bth, ~ 7 AMIEH LR FT~NEZ 0 E L LV TIRIRIER U Th o 7228, Flifkic
T& 72 DNA IR Z Kt L7255 Tk, CMS 13 CSS L 0 £ < @ DNA A DA%
EHE L, L LINDIEHEERAETIEIRN T, ZNEDOHFZEIZ LV CSS L CMS
LV IRONEMEZFOR, CMS IZOWTH, (KRG TIX CSS &Rk #FM A R
GEaENnbHZ ERRIN TS,

CSS L CMS A EMEDEIZONWT HIEZ 74 VA —D AT —EHREEZ HND,
T TARETIE, CSS &72IXZ 7 4 & —TAil L7z CSS (Filterd cigarette sidestream
smoke : FCSS)D 7 /L7 b NIHIREECHENE L O NER BHEZN RO Z A2 ME Lz,

5-2 EEMEHS KOGk

5-2-1 fifa DBz KON UVB O RS
HaCaT #lifalX 1-2-4 & [RERICE:#E L7, UVB ORHHE 1-2-5 & R T - 72,

5-2-2 RIEOF & Mg ~D CSS ZEDIERE

CSS DOFRFECIE M RFEIXATE & [FERIZAT o 72, FCSS ZRE 3 2 B%% 5 A7
IMB 7 A4 NE—%KEMRY | tube WIZDOD, 74NV X —TABLLETLIXTIMESE
DMEM EHlZ b5~ 7 LT,

3 mM SEM D RTLHREEEE 2 EF 3 % 30 2 RTICTT - 72, NaOH T pH % Hik | F%k
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L7z 1 mM NAC (Z3REEEH AT 1 RE TRl L 7=,

5-2-3 AEfFROHIE
1-2-6 & [FIARIZAT > 72,

5-2-4 ELISA |2 X % 6-4PPs OHIE
1-2-76 L [REEICIT -T2,

5-2-5 JRPTRRENEIC L D CPDs. 6-4PPs } ONR S 1% NER BEE K R O H
1-2-9 & [RAERIZAT o T2,

5-2-6 Western blot 512 2 5 NER BHEE AEREORMRH
2-2-4 L[RIERIZAT - 72,

5-2-7 I-IX 2R 7 LT v REEEE OHIE

CSS R° FCSS 7 /L7 & REAIEFE L Amplite™ Colorimetric Aldehyde Quantitation Kit
(AAT Bioquest, Sunnyvale, CA) Z MW THIE L7z, HIEIZT w2 h=a—/ L@ 7 >7,
CSS <° FCSS Z AT EIRE (~100%) (AR L., 96-well plate IZ 50 uL T2 3F LTz, 7
L7 & K standard (~1 mM) % [RERIZ 50 uL 3200 1F L7z, & D14, 2 x AldeView™ Yellow
reaction mixture % 50 uL & & BT3B L7z, 2l T 30 & L72%. 550 nm WA
(Power wave XS, BioTek Instruments, Inc., VT) TR L 7=,

5-2-8 ROS DA RRKIT X 2 Al PNER AR FE DI E
4-2-3 E[REIERICAT - T2,

5-2-9 RRIEE

TANTOERIL, 3~4 BV RL, BEEOHD ZEEMHR L, 7—2I13 1D
EBROVHEE L TELTWND (n1=4~200), A EZMEIT Dunnett’s test 2 UV T—7t
B i& analysis of variance (ANOVA) (2 X V1T o7, WEIAIZRAEMEIZ. 7, 7, #p<0.05, 7,
T, wEp<0.01, T xxxp<0.001 THE LT,
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5-3 FEERAE R

5-3-1 FCSS & CSS {EMIZ £ % UVB sz T o b
FCSS & CSS (~100%)% HaCaT @iz 1 Rl /EH &8, UVB (0.015 J/em?) % FRET L |
24 W% D AELFREZWE LT- (Fig. 27) CMS & CSS 13V 1 b R FRYIC A E R
AR T S 72 50%E CEH & 72854 CSS 13 10%F2 5 OFAEFE 358D H AT 23,
FCSS TITHIIEIE A FRD B> 7=, CSSX° FCSS fEf#%. UVB OFHIZNH D
AR AE 2 TUAHE S 72, CSS X° FCSS HM THIAUIE TR B AL 0> 7 25% D THE
% UV & BB 8724854, CSS EH & 87254613 FCSS XV 20%F2E #ll i 58 o TLtE
WO BT, 50%DHE . CSS Tl 80%, FCSS Tl 40%DHMIIEFENFERD B vz,

100 ~
Iz :|. [ CSS only
0 T FCSS only
B Ei] B
- W CSS+UVB
o\o *xE IE -
'%;' 60L : W FCSS+UVB
2 ;
= ||
w 40L s
20| e
125 25 50
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Figure 27 CSS enhances UV-induced cell death more effectively than FCSS

HaCaT cells were treated with CSS or FCSS (~100%) for 1 h, followed by irradiation with UVB (0.015
Jicm?). After further culturing in fresh medium for 24 h, cell survival was assessed using the trypan blue dye
exclusion assay. ***p<0.001 (CSS vs. FCSS). ###p<0.001 (untreated vs. treated with CSS or FCSS), +p<0.05,
+++p<0.001 (UVB only vs. CSS+UVB or FCSS+UVB).

5-3-2 FCSS & CSS EMIC & % NER BEIED 7

FCSS & CSS Z1Ef L. UV &% D 6-4PPs DRk & E1E % ELISA TR L 72 (Fig.
28A), T, 2 RO & 6-4PPs [T R ICEIE S a3, CSSER S 7284
TR AERC P E DR bz, FCSS DA, 50%D I TREZEAZED bl
3, PHEZNFIL 25%CSS ERIL L)L Tho T2,

CSS I FCSS L ¥ NER [HEZENENZ & ZHET 5 1-02, JHATIREE T 6-4PPs
@éﬁj‘z&@%ﬁ Z 7= (Fig. 28B), = OfEHE, CSS X° FCSS 1EMIZ 0> 53, 6-4PPs
DOAEREIZIFIEIR U Tdh-o72, ELISA OFEE & FEEIC, CSS X 25%, 50% T KA
AJIZ NER Bﬂirb)mh&b%ﬂto —J7. 50% FCSS #{EH & ¥ 724512 NER [HE DG
HIVTEDS, ZFDONERIL CSS 1255 o T2,
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Figure 28 CSS inhibits the repair of 6-4PPs more effectively than FCSS

(A) HaCaT cells were treated with CSS or FCSS (25 or 50%) for 1 h, followed by irradiation with UVB (0.04
Jicm?). The treated cells were cultured for 2 h in fresh medium to undergo repair. The formation and repair of 6-
4PPs were detected with ELISA.

(B) HaCaT cells were treated with CSS or FCSS (25 or 50%) for 1 h and exposed to UVC (0.01 J/cm?2) locally
with a filter (3 um pore size). After an incubation for 1 h, immunofluorescence staining was performed for 6-
4PPs (green). The time-dependent foci remaining up to 2 h was counted. The picture was taken randomly and
the % of cells with 6-4PP-positive foci was calculated (more than 200 cells per sample (5-6 pictures) were
evaluated).

*p<0.05, ***p<0.001 (CSS vs. FCSS). #p<0.05, ##p<0.01, ###p<0.001 (untreated vs. treated with CSS or
FCSS).

58



5-3-3 FCSS & CSS 7EMIC & % NER BHE & (B £ O RIED 7%

FCSS & CSS 1EH L. & D TFIIH <° XPG OEFE % /AT REHE THE L7 (Fig.
29), TFIIH X° XPG % 5 23] CHREMALIZE E 57223, CSS ° FCSS fEAIC L W 2D
LEIIPAE STz, CSS R S H 7256 IREHRFRIICERE N E S /-, — 7, FCSS
DA 50%DIRE T HENRN G0 > T2,
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Figure 29 CSS inhibits the accumulation of NER-related proteins more effectively than FCSS
(A) HaCaT cells were treated with CSS or FCSS (25 or 50%) for 1 h and exposed to UVC (0.01 J/cm?) locally
with a filter (3 um pore size) The recruitment of TFIIH and XPG was detected by immunofluorescence staining.
(B) Cells with foci of TFIIH or XPG in Figure 15A were calculated. Pictures were taken randomly and the %
of cells with positive foci for repair molecules was calculated (more than 200 cells per sample (5-6 pictures)
were evaluated). *p<0.05, ***p<0.001 (vs. CSS with FCSS). #p< 0.05, ##p< 0.01, ###p< 0.001 (untreated vs.
treated with CSS or FCSS).
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5-3-4 FCSS & CSS fEAIC & % NER B & (VB )i D 7=
CSS & FCSS 1EM# . TFIIH D43 fif % western blot ¥ CTHisf L 7= (Fig. 30), 1 FFREI#%
CSS Z#{EH s ¥ 7-%4 . 1 KEfdi#& TFIH |3 AR 72 27~ L7-, FCSS Z{EH
SHTGE . CSS I RITBEE Tld o 72,
Oh 1h
CSS  FCSS CSS  FCSS

Dose (%) O 2550 2550 0 25 50 25 50

L R
PAYGUTRIE A ——

Figure 30 CSS degrades NER-related proteins

HaCaT cells were treated with CSS or FCSS (25 or 50%) for 1 h. They were harvested and lysed for western
blotting to detect expression levels of TFIIH. Actin was used as a standard for the equal loading of proteins for
SDS-PAGE.

5-3-5 FCSS & CSS FHEZEDE O DJFRIZ DWW T OfRG

5-3-5-1 FCSS & CSS HiZEEN D TT & NEEEDOZEIZOWTOMRG

CSS EHIZ L% NER FHEOFHEWEITEICT VT RETHD &FH =F Tt L
7zo CSS & FCSS fEMIC L % NER FAERROZELRFT 572012, £, 77tk
REEx v FZHWT CSS X FCSS HIZEENDH T VT v NEDEZMF LT (Fig
31A), 100% CSS D HIZIFAI 250 uM 7 /LT & REEMAFE LT, FCSS HDOT AT E R
FAIREEIX FCSS OB RRETH -T2,

ZZ T, SEM ZHW\T, 77 b NERERX, CSS<° FCSS {fEMIZ L% UVB &%
PEDZEAL 2 G~ 7= (Fig. 31B), CSS fEMIZ L% UVB @il SEM mifERIZ &L Y
KIFIZEE L=, 522 TlidZeno72, FCSSEHDEA S SEM 12 X i X iz,
ZH B BEAREIE TIIR o7,

X512, ZOfER %A ELISA THiGE L 7=(Fig. 31C), CSS OF — X [FFMNE TR LT
HLO LRI L THD, FCSS DT —H % Fig. 25A I Mx27=2b D TH %, SEM (% CSS
X° FCSS fEAIZ & % NER [HEZ#H S 7=, Lo>L. CSSIZ XL 558\ NER =X —
HIEE L2 b DD, 100% TldZeno>72, 20 SEM OZIFRIX, EFEROFER L FET
HoT,
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Figure 31 Amounts of aldehydes are related to the different potency for NER inhibition between CSS
and FCSS

(A) Concentrations of aldehydes in CSS or FCSS were quantified with Amplite™ Colorimetric Aldehyde
Quantitation Kit. *p<0.05, ***p<0.001 (vs. CSS with FCSS). #p<0.05, ##p<0.01, ###p<0.001 (untreated vs.
treated with CSS or FCSS).

(B) HaCaT cells were pre-treated with SEM (3 mM) for 1 h, followed by CSS or FCSS (25 or 50%) for 1 h,
then irradiation with UVB (0.015 J/cm?). After further culturing for 24 h, cell survival was assessed using the
trypan blue dye exclusion assay. *p<0.05, ***p<0.001 (SEM(-) vs. SEM(+)), #p< 0.05, ###p< 0.001 (untreated
vs. treated with CSS or FCSS), +p<0.05, +++p< 0.001 (UVB only vs. CSS+UVB or FCSS+UVB).

(C) After pretreatment with SEM (3 mM) for 1 h, cells were treated with CSS or FCSS (~50%) for 1 h,
exposed to UVB (0.04 J/cm?). Then, they were further cultured for 2 h to undergo repair. The formation and
repair of 6-4PPs were detected with ELISA. *p<0.05 (SEM(-) vs. SEM(+)). #p< 0.05, ###p< 0.001 (untreated
vs. treated with CSS or FCSS).
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5-3-5-2 FCSS & CSS 1T & 2 i NER (LA B & D 222D\ T O FRGRT

CSS I =F TR LT —# L RRRICHIIINER (LA & 4 FA SE 7 (Fig. 32A).
FCSS 1EA L7=%6 . fMlaNER L A 81T S L7228, CSS L W EF-ENENn-T-,
FCSS % 75%=E CEH L TH, ML AR &L CSS 25% LW\ L/ Th-o
7eM. CSS50% & EH L7ca . BIZfiaNmR b &ED EA-PEO b, Bt
FR{bA NAC ORLELL, CSS & FCSS MEMNC & 2 MilaNmb A & o LR 2%
Lay bra—LEELC L-ULICE L2, NAC RiALERE: . CSS <2 FCSS 1EHIZ & 5 NER
FHEZN R DZEAIZ- DU T ELISA THiFT L7 (Fig. 32A), CSS OF — X [ THEIE TR L
ZHbOLRITLEDOTHD, WG 2 K%, 6-4PPs [ ZEH I 7225, CSS X° FCSS 1EH
(X ENERERAFHICEE L2, NAC AilBE &5 &, CSS & FCSS fEFIZ L % 6-
4PPs {&1H DOPLE 2 KiFIZ[Al1E S, UVB O & EIFIER U LUl -7z,
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Figure 32 ROS are related to the different potency for NER inhibition between CSS and FCSS

(A) HaCaT cells were treated with DCFHDA for 1 h, followed by NAC (1 mM) for 30 min. After an incubation
with CSS and FCSS (~75 %) for 1 h, fluorescence was detected with FCM.

(B) After pretreatment with NAC (1 mM) for 30 min, cells were treated with CSS or FCSS (~50%) for 1 h,
exposed to UVB (0.04 J/cm?). Then, they were further cultured for 2 h to undergo repair. The formation and
repair of 6-4PPs were detected with ELISA. *p<0.05 (NAC(-) vs. NAC(+)). #p< 0.05, ###p< 0.001 (untreated
vs. treated with CSS or FCSS).
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5-4 BE

TR ZHRICIEZ S ORBAMEILTMERGENTND, TDIEEALLEN
benzo[a]pyrene ® X 9 7Z2RIFENBNAME. OF U AERANRBNC LV IEHEL ST 2 WE T
HD, —FH, FASKREET LT & N7 X DNA REHE L E#CHEST D L 9 2%
DAE HHFET D [13], 1999 4 Massachusetts Benchmark DA% [13] T, CSS HiZ
EEND FAREIZCMS PFIZEHEENIRED 1478 fFI2bm <. 207 VT e R
JHIZHBWTEH CMS 12 12 FRES W ERHE S TWD, ARIFFET CSS <X
FCSS FUZEHEND T NVT b REREZFHT-HER, CSS 1X FCSS OfEFFEEIZT VT
t REMNFEET D Z ENHBNZ7e D . Massachusetts Benchmark OAFZE & 1FIE—E L
7oo TVT b REIFKMEEIZEE T 09 VWO T, A58 T DMEM Iz N7 Y 7
N7 THZLET, IFEAEDT VT E REEA NI v I CEEEZILND,

TIUTE REIL DNA REAEOMIMESCAE L5 SR L, EREOKEEL E
T5HZ L ERIEE TSI L=, CSS < FCSS i /5 & % NER JEAEX> NER REiH K14
FEDIEAE A 5| &L Z L7223, CSS 1X FCSS X 0 @R ToH o7, SEM THLHE X
L% & CSS & FCSS fEAIC X 5 NER OFHFEITRIEICEE S dv, S, mFI6E
WL LT 5Tz, ZHUT, CSS R FCSS HIZH £ D7 /L7 b NEIRE DX NER
HEDRAZOFHERK THDLZ ENBZ BN, H-ETIE, CSSHIZHEND FA R
Afafn7 V7 b REEIX NER ZHET S 2 L ##HiE L7z, $£72. FA X acrolein £#&|C
XU NER DNBIET 5 Z LT T TIZWL OO T SN TV 5 [31, 42, 53], &
WIFETT VT b REBEZHE L2, 2TV OETHY ., BEDT LT
RIBEE XN D o 7223, AREIFI T /LT b REEIX FCSS I2E X, CSS D E W & 48
ETET,

F 72, CSS =° FCSS D#EiF%EA LTz ROS 12 X DN b A &%, CSS @
@0l HUETIRRZL 912, NAC 7Tk REEKIGEL, ROS & b7
v THILEHLTE D, NAC IE CSS, FCSS O w52l flE L=, —J7. SEM
YER . CSS. FCSS TEHIZ & 5 6-4PPs (18 DBEIEIX[RIIE L 7= 3, 2R TIE e o7,
KoT, ZRZERICEENST VT B REIDNZ, 72X EREFEIZELS ROS OFE
4% CSS & FCSS EHIT D NER FHEZR O ZEIZEARN & 2 AR E 2 b LT,
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TAX ML, CMS & CSSIZREL BT b, CMS ODEFEHEICHOWTIZZNET
ISR ENTVD N HKITIZ72 > T.CSS TN THLZDAEEENEHINTVDS
CMS & [AARIZ CSS FOLFWERZ OGEHIL DNA s L, K7 £ DNA
BEEEKRT D720, BPRADRKE2D Z ENMBNTWS, ZiLH DNA 51T
NER R EBEE 72 £ D DNA HEBEEREK AT L TEERE SN 525, DNA HE5E
WARBITHEDAFEE ERHIFLZE0NHMESNTND, ZHET, CSS 2L %5 DNA
BEARICOW TN 2 SN TE 7275, DNA #BEEE ST 2 BB IZHOW T
T BRRET DTV T VRV, F 2 TAMETIX, CSS fEIZ L D NER ~D 8
DWTHRR Z1T > 72,

F—ETIE, vV AKFR DT b b EEEE ML A 6 LT, CSS fEH# (2. NER
X DEERK LT 5 FNL DNA HETHLHE Y IV ¥ A ~— (cyclobutane
pyrimidine dimers (CPDs), pyrimidine(6-4)pyrimidone photoproducts (6-4PPs))% %3 5
UV (UVB,UVC)% S LR L7z, CSSIE 5 RD7=1EZ 2R S, 0% 100 mL
DMEM i E 721X PBS (NN T V> 7 E3H 8T v LTz, TOEWKEE 100%E LT3
BRIZ v 72, HR-1 hairless mouse (8 weeks) DR G2 CSS % 12 REfHFEIFE T 6 [A]%
i L, UVB 8%, CPDs D4R & EHE & Mk o Z Ye o ik TR Tz, T ORER, A
EL £ CPDs fl% CSS WA DA MIZE DL LI R U ThH o723, CSS #8AN LA,
36 IRffE]1% CPDs ODEME DS KIRIZIEIE LTz, Z OFfEREMRT 2720, b M RE A
i (HaCaT) # MW\ CEBREZIT -7, HaCaT Mifld% 24 FEEIME 7 U —DMEM TH:#E
L7z, £Dtk, CSS % 1 Keff{EH &8, UVB M4 L7, 1T U DIc, EFRZHE L
& A, CSSAMLERIZ LV, UVBIZ L D HIEFEN A BICTTE L=, KIZ ELISA ik
T 6-4PPs DA LEH Z /st L7z, 6-4PPs DAk &EIX CSS 1EAIC L W &k L7gd»
7o 2 W%, 6-4PPs IR & TIEE S /=23, 50% CSS Z1/Efl S ¥4, 6-

4PPs DIEBEIXIZITRD Lo 7z, 6, UVC WA U H—HRp— K7 4 )L Z—
c:‘fﬁ%ﬁéhé% M2 R H U CRpT iR 2470, %F‘?ﬁﬁ‘é‘ﬁ“@fﬁ LB EMRE AT
72 7 A4 VH—D R il L UVC |2 S 72585512 DA, CPDs, 6-4PPs 237 4 —

AL UTHER LT, FDOERILCSS DAEEIZRE D 6?‘!7&&2710710 —5. D7
F—H ADHERIL CSSTERIC K VIBIE L7z, PLEOKEE XD, CSS X NER #BHET
HZEDRENT,

BB T, CSSIZX 2D NER BIEA I = X LIZHOWNWTHH L7z, NER #1795 72
21X, NER [ZBH# T 5 0 F B HEEMMICEE S RITEe 5720, NER BHE
(TFIIH, XPA, XPG) DOAREHINL~DHERE %2 RFTIREHE CHRET L7z, UVC IS 5~15 4y
B“ENO O FIXRAEAICER L, 1 FEM®%IERE L7, —H. CSSIEHIZL Y £ b
DOHEFEIT CSS BEKRFIICILE SN TZ. NER HFDOEMBEBIEOHED —> & LT,
NER 5377 CSS HHOALFWE & B LR ST AlREMEDN B 2 b b, £ Z T, CSS
YEF % NER B8 53 1 D 43 fiF % Western blot {ztﬂﬁspﬁf ut Z Ot CSS EA#% TFIH
DERFRD HAL, S HIZ, proteasome FHEHFINC K U I S iz, LLEORR

65



XV, CSSIENER & & 0fRd 5 Z L2k > T, DNA HEBEEBAL~D NER 451D
FEZFHE L, NER ZEBIESHE D Z LALLM -T2,

B -FTlX, CSSIZX D NER EL%:%I T 29 CSS F L FMEIZ O\ TR &
Tolz, FE_ETHLNIR-To K912, 2L EIX NER 41 % Ul o fif
50%EEK%6L%¢wCS¢®m%%T WZT7NAT e RERH D, I TETHD
12, CSS HDOT VT b FEZRE L, NER IZHT 2EBICOWTHRH LT, 71Tt
R¥E & i35 SH K% £ semicarbazide (SEM) % mijfLEE S5 & . CSS 12 X % NER @
FEIEDS ] S AU, NER 0 FOEMAE S BIE L7z, RIZ, CSSHTIZHENDL EEZH
nNa57 VT e REA CSS b v (Z/EH &4, NER _ﬁﬁ“é%ﬁfiﬂ%iﬁ% Lic, TV
T b REE L Cidkd Hili/afiE D formaldehyde, o,B-REZF17 /L7 & K¥H(acrolein,
crotonaldehyde, trans-2-pentenal), £iF17 /L7 & RNH(propionaldehyde, n-butyraldehyde, n-
valeraldehyde)® 7 FiZ{EH ¥ 7=, £ ODO#EF, formaldehyde <o, B-4~ ﬁ@?ﬂ?/l/?‘t N
Al CSS LAk NER (x93 AAEA /R L=, —J7, fafi7 /L7 & REIL NER |
R HENRBD LR hoTo, £72, CSS LIAKIZ, NER 7 45 @Bﬁ}—%ﬂea’f’f
D43fi#EH formaldehyde o, B-HEFIT LT & REHICEBW RO b2 b, CSS
YERIZ X % NER OIEIEIL, CSS HIZEH £45H formaldehyde XCo,B-FAEaFI T /LT & N
EREORKRME TH D EZ 2 b,

FINETIX, CSS BLOT /T b REICE Y AT HIEMEREFE reactive oxygen
species (ROS)? NER PHE~DOBEHIZOWTHHF L7z, CSS BIOT LTt REEE
HI®E5 &, ROS BEA Lfco PilR{LAI T3 5 n-acetyl-L-cysteine (NAC)IZ L ¥ ROS
ZERET H & NER I TTEAICEIE L7z, NAC X, SEM [AEEDOT V7 R
BT OMEES A L, ROS Maafa‘é 728, SEM IZH~ NER 28 5E £ CmliE Lz &
E 2z Bz, CSSIZX D NER OFRLEIZIL, 74T & REEIZ K D NER 20 F DO fiRi=1)
T/ < ROSIZ X Db/ &b —E#R 5 L T\ S AletES R S e,

%ﬁ%f“li CSS & FCSS @ NER (Z%]4 5 [HE &ﬁ%@#ﬁ%ﬁ L7-, CSS {EH &
W75, 6-4PPs DIETE N EELE L7-72%, FCSS EH S¥ 7284, CSS &t~ NER fH
mxﬁ%'%rbx%#oto F7-. NER B KFDHEFRE| ukb\f%\ TFIIH X°> XPG TlZ CSS
DILEN I FCSS L 0 g~ 7=, CSS & FCSS FICEEND T /VT b REORE %
BE L7fER. 100%CSS IZE N5 T AT b REOEE I 250 uM TH Y FCSS(HI
130 uM) L 0 f5FEEE = v o> 72 . SEM HITLER T CSS. FCSS fERIZ & 5 NER DIRIE % 58
ETF v nEEsSEZ &b, 747 ' REEIZ CSS & FCSS @ NER [HEO £
KTH Y, W3O NER FHENROEIL, TOREDEWVIZEDZ ENEX LN,
AMFFETIL, CSS IE NER B FIZHET 52 LIZL> T, NERZBIET L2 L%
oMM LT, £72, CSSHDOT VT v RENZDRKE LR FETHDHZ L %
REBH L7,

ZIVET.CSIZ LD AFEM FTHIRDAEEIZ OV TIL.CS FO/LFYE D DNA
& DRUOGZE HINCE 2 HAIVTE 722, ABFSEIL CSS 25 DNA HIEEEHE 2~ 2 (b S+
HZ W BT L, DNA 15 L RRFZEOEBEIZOWT O T 25 2 &L oEEM,
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ZHR LT, £7-. NER BLED SN, CS FOLEWEDOHF T, TAT e RERED
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