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Contribution of combined exposure to chemicals and ultraviolet rays in recent
increase of skin cancer
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In this study, the effect of exposure to chemicals on formation and repair
of ultraviolet ray (UV)-induced DNA damag was examined in vitro and in vivo. In cultured human
cells, cigarette sidestream smoke condensate (CSS), oxidant forms of polycyclic aromatic
hydrocarbons, metal nanoparticles, etc. disrupted histone modifications, especially histone
acetylation. In the condition of the disrupted histone modifications, the sensitivity to UV was
increased. UV-induced DNA damage, pyrimidine dimers, were similarly formed, whereas the repair was
delayed. Hairless mouse skin treated with CSS was exposed to UVB. The immunohistochemical staining
of cyclobutane pyrimidine dimers revealed that their repair was delayed by the CSS treatment. These
results suggested that combined exposure to some chemicals and UV may be a factor in increasing skin

cancer.

NER DNA DNA



¢ X C—19, F—-19—1, Z—19, CK—19 (@m)

1. WFZEBIA Y DY =

AR GRS (WHO) o#iE 1z LiuE,
OGN A CEMERANE) ORERT
1980 AEARIT L, 2~3 fFITHIM L TW 5,
HARIZBW T, LR A, ARGmiE s
ADOEIMMBHEENT VWD, THHEENRA
DOIME, FMOIEER, IEFOT A T AR
ANDOEA, LN, AV VBRI LD
HELNRBOWMMN TS THLEEZLN
L0, Fxlx, TORKO—DICERELTFY)
BHIZLDAEER~DEEL ZNIZES S
BISEOBENEE L TS EEZ TS,

t MI, ALFEWE LRSI IRIRRER S
%, SRR ERE N A D E R ERIL, AR
WCED AT I EY IV A M~—%1T 0
i3T5 DNABEETHLIN, Bxlk, Zh
FTOMRICL Y, EONDOREIFWES
BILEVR, Y ID A, ~v—DBEEL R
METHZEAEALMNILTWNS, -, b
MEICEDE) VA A ~—DEEH
HEREIZ oW T, Fex 1 DNA & E D0 T
AFEEAE CHAE AN IZERHLTY
b, BERBNXTBF LR RX T LR E
B2 I (bR B 52 1. E )t DNA & OF
HAYERZZEZ D12, 7 a~F 4Gz iz
FITBRE SIS, 7 uvT L oBEEIX
FEOBMBFHOFED L XM %5 =
2720 Tl HIBEER T OERBRF
72 PR EE, DNA HIEBEEEE 2 H/i
THEBEZOND, (LFWERE I SHE
AN AR E LT DT EBEZLNTVD N,
ZTOMIEILE D72 ALFWERZE% O
DNA #{EEHE & ORIz >V CiTIx &
A ERFES TR0,

2. WHEOHM
FRROERERIZ, AU TIE, bFEYE
LD E R N AEMIE L, SEAMRICK D
DNA &4 - EH & DD Zfifn L~
LTHLMNI L, ZNEFEREMW CIHIET S
Lz kY IERFEOREN AYEIN O IR
WCEBRT A2 Z 2B ET 5,

3. WDk
OIbEWEIZL D A b AR Z—2 D
Rt

ARt MEEMRICEEWE 2 ER%. b

A N ABHHOEE, VD AKX T vy ME,

TG AIRIZ LD AT L=, & MR E
FRERIAR AB49 X Ve N ILEEMIM MCF-7
|X Japanese Collection of Research
Bioresources (Japan) mGEEA L7, B b
B )& #4 6 # MY HaCaT (X Dr. N Fusening
(German Cancer Research Center, Germany)
K UEE I, LFWEI, 721X 2 EIRE
(CSS). ffn - RfagFn7 L7 b NE, &)@
JRiR, 2R ERRICKFERE L, CSS
X, 72IE T 5 ARG DIRBERE A 100m] O AfaRE
FREEH (DMEM) (2T D 72 Thy Ty
7L, 100% %7 e Liz,

BACFEME EER LTctk, —ERRIZ &1
A AL L, 1 mL MS Buffer (5mM Tris-HCI
(pH7.5) . 1 mMEDTA (pH7.5) . 210 mM mannitol,
70 mM sucrose. 1% protease inhibitor) %
MAZ, BEDFAX HOLOBEL, By %
B U7z, WesternBlotting f Lysis Buffer
(50 mM Tris (pHS. 0) .5 mM EDTA, 150 mM NaCl,
0. 5% nonidet P-40) |ZHE@E L. 1 5[ CHEF
WAL L, EEHEERE%. SDS-PAGE, &ffit
A NEMPURIZ LDV =R T ey T
4 T EAT T,

@t A kI AEH & SRR DNA 54k, E1E
Ik & o BEE A O fiE T

OTHLMNZR TR FW e XA h &
fifi N F — AR & 2R 2 ®IR L
BRI ER R, AR ERRE L, BV R
Y v X A4 < — (cyclobutane pyrimidine
dimers (CPDs), 6-4 photoproducts (6-4PPs))
DR, EEREZME L, B IV &4
~—@OE®EIL, ELISA, Fv 7' m v ME,
T 4 VB —H A LT SRR oy FR A % D 4
PEYAEIEIZ X VATo 72, F£72, DNA i~ —
H—ThbbHb ARy HAX OV A
(y-H2AX) OFEEMRMT L7z,

DNA BTN ~DEE /> T OHEREIX, 3 um
DREZHTH 7 4% —Millipore) Z i L
TSN UVC(254 nm, 7 h—) ZMRE L, B
RENALY IV XA ~w—~D TFIIH D%
WA AEOLRaBEIC Iy 7r— AL L
TR L, FHIL7=,

@ ~UREEHSRICBT D, {LFEWE. %
SRR TE % O DNA HBIEBEE Z L ORKGE
OIZB W TH 57237 DNA HEEBEE B IE % 3
HL7z CSS #HWT, v U RAKEIZEBAE,
SHMNRAE RS L, R L7- CPDs OIETE 24
g IR L R LT,

4. WFFERCR
OIEEWEIC L D e 2 R AERI SN Z — 2 D
Wt

b RIS ECEYE 2 ER &
5 &, SALFEWBEICIN LT Bg -7 A K
NEHiNZ =BG BN, FRlo. SBREE

Benzo [a) pyrene (10 M) § 1.6Benzo [4] pyrene quinone (105 M)

Untreated

1 4 8 12 24 36 48 S5 1 4 8 12 24 36 48 (h)

y-H2AX| e —
p-H3$1o|» i e = m |
Ac-HK| I . oo o J——
Achakia s e - ———]|
TotaIAc»Hii' AR v S — — ——l
b

CBB |

¥ 1 Benzo[a]pyrene & Z OFE{LIKIZ L5 B X
~ AES DRI ZE AL

BaP (10 M), BaP-1,6-quinone (10°° M)% A549 flfaiZ /£ M

L., 48IfflEThOE X N AEMZE(LERET LT,



untreated CSS 25%

01 2 4 8 12 16 24 0 1 2 4 8 1216 24(h

T e ——

p-H3S10

Ac-H3K9 [ —t-.“ﬁﬁ' -

ACHIKLA | e e o e i -

Total Ac-H3 |.~.“.”— - |

H3>| |
CBB

X2 72X ZERECSS) 12 LB e & b AEiD
IRFHIZ L

CSS % 25% Y C HaCaT M Z/EF &1, 48 RAEIETOE A K

AT VAR LT

BALEORLIR, &F T/ R8Ik,
t A N TEFIUERFEI N, ZBRETE
WAL &Y T D  benzolalpyrene, % O
b TH 5 1, 6-benzolalpyrene quinone %
EHEE%OE A R AR — 2 % [X
1 127”79, benzolalpyrene (T {1 L BE
BT v TF b EIR LTz, &S ki1 Tl
AL ShCER L SR B W T T B F AL NFR
O IR, BEERCER L T Z 7 & TCIEE
LD B o Tz, T, CSS AL
TATE FETIE, A T BF AR
TLE (®2),

@t A |~ EH & SRS DNA HIEE R, E18
RIEAL & OERENE D fEMT

b A U PMEMIEAL LRI S8 Rk %
AL, Z0%OE ) I VXA <w—DHERL,
B % RIE LTz, benzolalpyrene DEE{LIA,
CSS 2 &, EA MU TRFIMEITIMNT &
F AL ST AL Tl SRIMVRIREE % O
y-H2AX OFENTLHE L - IE T L, HARE
IZ& D DNARGHERICHEEN H D Z LIRS
iz (F—4mpR_&F), £ZT, kbBEHER
BAbE R LT CSSIZOWT, B I VA
~— DR EEREZRE LT, CSS 1EM .
UVB % FR5, 0~2 FEfCTo 6-4PPs &4 HIE
L7z, Fv 7 v b, ELISA ZHVW-F

Oh 1h 2h
03
D Untreated
0-25T Wl css 25%

| Ml cssso%

Absorbance
o
=
wv

0 0.02 0.04 0.02 0.04 0.02 0.04
UVB dose (J/cm?)

X 3 721X Z BIIE(CSS) & SR AR 2 1 D
6-4PPs DAk, 1&18

CSS % 25, 50% EEC HaCaT ARIICIEFI &, UVB (0.02, 0.04

J/en?) % BB, 0-2 BRGS0 6-4PPs % BLISA THIE L7z,

Untreated 25% CSS

15 min

0 min 15 min 0 min

[J Untreated [ 12.5%

80+
60 -
40+
20+
0 15

0

M 25% M 50%

Cell with foci (%)

30 60

Time after UV exposure (min)

M4 72X 2RI (CSS) (2% DNA {5
REA~DIEE ST DRI E

CSS ZAEH LIZHIIC 7 1 V& —FA L CHINRE YR

5L, 2% L 7= CPDs #i7~0 TFIIH O Z S Yy

BRI L R L,

Bz X AE, UVB FREHIC L v ARk L7z 6-4PPs
X, CSS OFEZ b LT RETH -T2,
CSS 72V E 1. 6-4PPs 1. 2 R E TI
R EERAFRIICEE S uiz2y, €SS EF L=
BlZiE, FoBEEI A EICHE 27z, ELISA
WL DREREK 3ITRT,

V) I VUE A~ —DEENIH ST
AL LT HAIT200EKEE 2 TWD,
—Dl%, DNA B FEEAE ThDH
AN DEMICEY ., 7 a~TF UomEENREL
L. BERERMETLEZE, 9 —ld,
VIV HA~—%,BETDH-OICERMT
L SFOERE M S ORI XY B
B EFRE CE R - REMETH S, b
AR WAL LT B BRI A BT RS
LTWAHZ ENnD, RIFIEEZLNDZ LT
b, o, BEIZHOWVTH, FEBIZ, 7+
VB —Z WSROy STz K o | 48]
BARELIAE T 3 T 0NMEFE T 5 28, €SS 1E
Azl 2oEBIAZICmHESHE (K
4) Z b, BEESA~OERIIH S
T-RIBEMERE 2 DTz,

CSS, 7Tt Kizcks e R b EfMZEL
OURSME DNA HEEEEAE X, MR LY
ZO/MBENERY (T2 RS, Zhd,
KEFHTHHLT AT E RERIGT DM
WAL G D BEDEWVITEIET A Z L BNE L
LTz,

@ ~vUAKEHRCRB TS, LEWE. %
S ERIE R % O DNA HEIBEEZ L ORRGE

CSS fEH L7258, ZoEEMET
HZ LN in vitro THREINTZDO T, [FEED



Oh Oh
® £
® @ v‘ﬂ;‘ (]
¢ ERR W L DA
£ TG, ae
=] : Y,
(7))
4]
. ‘)1‘, % 2 ‘.,,’ 3
.& ’(-.‘; ~.3'; . f\fm‘% X ‘ 2 \"“fw.::— &

ESK“:@%E©®&+ﬂﬁ%%%®EJ //&4v—®iﬁ&%@
ZHRIL. 0, 24, 36 WEf#% . ~ 7 ADIFE %I L, CPDs HUIRIC LA Mk u s Yeta AT 72,

CsS fEfI#%. UVB

HBEAEEEN in vivolZBWTH B[ & 2
INDDONEIDHLZT H7-2DI1Z, HR-1
AT LA A E O ERPEIZ, €SS
BTV A 12 REEREIRE T 6 [BIEAR L7214,
UVB ZM&IL7-, 0, 24, 36 BEfifg, w7 &
DAGER & A (B L, CPDs HiiRIC L A Ak oh
gEgutaik 1T (K5),
C%s@%ﬁ%@ﬁ%@<%b%hAﬁ@%
SIL CPDs DEZ R LTV 5D, UVB |[ZIRER &
oo 7oA CPDs It S AU 7 Hilfal iﬁ%w
TE 7o Tz, UVB BREERZOSE, CSS &
i DOF DI 5T, CPDs DYl TIZIE A
CThHo7ons, 24 BERE 5 &, CSS BAfi
KiéC%s@@@Eﬁﬂwb%hto%ﬁE
[ TlX, UVB OADEFE AT, CSS B &
N~ 2A0OKEIC fécms@rﬁéﬂ
B SN2, invitro T L L=Ab
FWE I LD DNA REEEILEN in vivo T
HRIERICHER S T,

PLEORER LV, v 2 N AEME (LS ®
HAEWE L, X7 LA TF REREEERE 4
BEIEDZENHALNE STz, BRI, T
VT b RO SO @V LR E 1
B2 2o fia N gy 7. T ERAMER DNA $8 5 D
BEICLER R/ a~TF UEEDFE
ERETHHE AN EBRUS L, FDRERE
’%@?5 EWNRENT, Ko T, LFEY

LEESROEAIRTE L. DNA HBEEE O
Etfwb\ DNA ZER D TLHEIZ D778 5 Al REME A
EZ bz, X7 LATF REREEELSD
DNA HBEBEEREIC OV TIIA EIFE LT
RV, A L XD ICEEPEESN TN DA
RRENEZ X bNDHTD, SHMRFEITV 0

5. TR ILF

GEaEamsa) Gt 7140
1. G Yang, Y. Ibuki. Cigarette
sidestream smoke delays nucleotide
excision repair - inhibited
accumulation of repair proteins at DNA
Carcinogenesis, 39, 56-65
doi: 10.1093/carcin/bgx109.

lesions.

(2018).

o

(2

-~

G. Yang, Y. Ibuki. «, B-Unsaturated
aldehyde—induced delays in nucleotide
excision repair and the contribution
of reactive oxygen species. Chem. Res.
Toxicol., 31, 145-155 (2018). doi:
10. 1021/acs. chemrestox. 7b00304.

X. Zhao, T. Toyooka, Y. Ibuki. Silver
nanoparticle—induced phosphorylation
of histone H3 at serine 10 is due to
dynamic changes in actin filaments and
the activation of Aurora kinases.
Toxicol Lett. 276:39-47 (2017).
doi:10.1016/j. toxlet. 2017. 05. 009.

X. Zhao, F. Takabayashi, Y
Coexposure to silver nanoparticles
and ultraviolet A synergistically
enhances the phosphorylation of
histone H2AX. J. Photochem. Photobiol.
B 162, 213-222 (2016).

FRB T bFEWEICLDEe R B
fifi & &= e Bio Clinica 31(5) 93-96
(2016).

. Ibuki.

Y. Tbuki, M. Shikata, T.
Toyooka. y~H2AX is a sensitive marker
of DNA damage induced by metabolically
activated 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone. JToxicol. in

vitro. 29, 1831-8 (2015).
X. Zhao, Y. Ibuki. Evaluating the
toxicity of Ag nanoparticles by

detecting phosphorylation of histone
H3 in combination with flow cytometry
side—-scattered light. Environ. Sci.
Technol. 49, 5003-12 (2015).

¥R Gt 231F)

O ALFIEIC L DX 7 VAT K
PREBEOME— 2 b EMmE L
PR O L HARERIEA K LR
PRGN 6 MIEES (5



201842 H 10 H.

2. ¥, B IR ZEIEEIZ X
HX 7 VAT NEREEEOEIE L Z0
A Jp =X L. ConBio2017 (FHF) 2017
F12 A.

3. R, #: fafn/ARfafn Ty v
Fe FEIZEDXZ LAF RIREEE
DOFZE. % 43 Bl H ARKHMEFS (k)
201747 A.

4, JHBEME, BT FEERT KL

Tk Db R A L DFE
A B =X LOME. 45 [0 H AKBREE A
HF2s (o< 1) 2016 4 11 H.

5. HEBEME, SRS, RS R
J BT LSRR O S DRI X D
bR DNA HEEEOHIM E B 2 k> H2AX D
U UL, 5 44 [] HABRBEZ BIFEA
(f& ) 20154 11 H.

6. Y. TIbuki: Histone modifications
induced by chemicals and change of
sensitivity to UV. 15th International
Conference of Radiation Research
(Kyoto), May 2015

(KE) G 24
1. V. Tbuki, Silver and Histone
modifications. “Handbook of
Nutrition, Diet, and Epigenetics”
eds. V.R.Preedy, V.B. Patel, Springer
International Publishing AG (2017)
doi: 10.100/978-3-319-31143-2_74-1

2. GHRIAT, Ot & Emod TSRS
DERER]  AANEMER R WE
2016 4 2 A

(Z D)

A==

http://sweb. u-shizuoka—ken. ac. jp/ pho
tobio/

6. WFFTHHRR

(D) FfFzEREH

Fk 7 (IBUKI, Yuko)

ERIE RS K« B SRR R - Hf%
W35 30236781

(2) Wrge s
L

(3) EHEMFIE
SEII Fniy (HIRAKAWA, Kazutaka)
i K - LERRER
WreE % : 60324513

(4) W5t 11

AR (ZHAO, Xiaoxu)
¥t (YANG, Guang)



