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Abstract

B曰Ckgr0Ⅱ
"沙
Arsenic is a carcinogen thatis assooated w⒒ h

an increased risk of human skin cancer。 On the other hand`

arsenic trioxide (As203) has potentia丨  anticancer activ∶ ty

against a、 vide range of carcinomas.The mechanisms in-

Vo|ved in these tvVo opposing processes remain unc丨 ear.

朋e曲ods:We used norma丨 human keratinocytes(NHKl`the

human keraunocyte HaCaT ce"丨 ine and human epiderma丨

carcinoma ce"s(A431ce""ne)to investigate potentia丨 path-

Ⅵ
`aysinvo丨

ved in the effects on ceⅡ  pro"ferauon and gro、 Ⅳth

inhibition by different concentrations of As203,ResⅡ

`fs:At丨ow concentrations(0.5-32nM)`As203enhanced keratino-

cyte pro"feration and reguIated the expression ofabout172

genes.Arnong them`ceⅡ  cyc"ng pathway genes(inc丨 uding

CDK4and E2F1)were significant|y upregu丨 ated,At high con-

centrations(0.5-10uM)`As203inhibited ce"9rOwth in NHK

and HaCaT ceⅡ s`but notin A43冂  CeⅡ s,As203significandy

induced NHK and HaCaT apoptosis through the acuvation

of caspase-3`as、 ve"as ce"cyc丨 e arrest at the G2-A/l phase,

C0刀 C′Ⅱ5′o″: Our data su99est that different pathvvays

are invo丨 ved in As203ˉ mediated proⅡ feration and grOwth

inhibition。 In addition`skin carcinoma ceⅡ s vvere resistant to

As203ˉ induced ce"grolA/th inhibiuon and apoptOsis l/Vhen

compared tO NHK and HaCaT ce"s。 Therefore`As2O3may not

be appropriate fortreatment of skin carcinOmas。
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IntroduCtion

EpideⅡ 1iol° gical studies have shown a strong associa-

tion between expOsure to arsenic and an increased risk of

tumors in the skin,lung,liver and prostate.Paradox⒈

ca11≯ arsenic can alsO function as a chemotherapeutic

agentin the treatment ofrelapsed Or refractOry acute prO-

myelocytic leukcmh[1_sl,In tl△ e past decade,seⅤera1

studies have identined p。 ssible mechanisIms Of arsenic

carcinogenesis and anticancer eKects, but the precisc

mechanisms remain unclear due tO the lack Ofappropri-

ate anirnal models.Studies in cultured ce11s have shOwn

that low concentrations Of arsenic cOmpOunds cOuld

sti1nulate the prOhferation of vascular cel1s, epithehal

ce11s and keratinOcytes;this ef佗 ct1night be associated

with increased expressiOn Of oxidative-stress-response

genes,transcription factors such as AP-1,or rnembers of

thc MAPK hmiˇ ⒕-6⒈ Studies showing global alter⒉
tion Ofgene expression in human keratinocytes by treat-

ment飞vith inOrganic arsenic support these nndings.

KΛRGER
Fax+41613061234
E-Mal karger@karger ch

W`ˇη⒎karge⒈ com

◎2009S Karger AG,Base1
1660-5527/10/0232_0068$2600/0

Accessible onhne at∶

ww叽karger com/spp

1un Guand Qing Sheng Mi
Department ofDermatology,Changhai Hosp"al

Sccond M⒒ itary Mcdical Univcrsity

Shanghai20o433(PR China)
Tel+862181873318,Fax+862125070622,E-Ⅳ Ιa⒒ bixinhng@163com



As an effectiⅤc chemOtherapeutic agent for acute prO冖

myclocytic leukeⅡ 1ia and some solid tumors,higher con~

centrauOns of丿

`s2C)3can inhibitgroγ
vth and induce apop-

tosis in a variety ofcultured cc11s,Ce11ular events ofarse-

nic¨induCed apoptOsis haVe been associated with the

red0x status of thioredOxin~1and cytochrome c,vvhich

holihte mitochondrhl permeability阮 8⒈ In ad山ton,
the ce11cycle and its regulation play an important rOle in

arsenic¨induced apoptosis.Some studies haveshown that

arsenic induccs ce11 cycle arrest at the G2-M phase

through thc p21signaling pathway in human nbroblasts

[9].LiaO et al。 [10]reported that arsenic induces human
kcratinOcyte apoptosis by thc FAS/FAs ligand pathvvay.

FurthermOre,sOme researchers hypOthesized that As2δ δ
could be used tO treat head and neck squamous ceⅡ  car-

onomⅡ [11⒈ HoweⅤer,no哎udks have been undertaken
、vith3different types of keratinocytes in order to coΠ 1-

pare their sens⒒ ivity to arsenic treatIuent.In the present

stu墒、、ve investigatcd the biphasic effects of arsenic in

keratinocytcs,

MateriaIs and Methods

C召J`L`,les伢
`饣

‘f Cl/JF‘
'r召Normal human kα atinocytes(NHK)wcrc obtaincd f、 fom ad

olescent foreskin speci【nens,as prcviouslydcscribed[12⒈ Isolatcd

keratinocytes Ⅵ/ere cultured in kcratinocyte serum-free rnedium
(In呐trogclll wnh Kc。 mbinant epidermal growth佤 ctor lO.2ug/
mll andbovincp⒒ ultary cxtract(20ug红 nll Ce1lhnes HaCaT and
A431wcre rnaintained in Dulbccco、 lnodincd cssential medium
(Gibco/BRL)supplerncntcd with10%允 tal calfserum(Li± e Tech
nologies),2mM砂utaminc(Life Technologies)and100U/mlpen
icⅡhn/strcptomycin at37° C in a hulllidined at1n。sphcrc contain-

ing5%Co2,

Ass召 ss纠幽 莎犭 DN~A匆 刀仂 纟s沁

HaCaT cclls were seeded in96-well plates at5× 10〃 well in

complete rnedia,and allowcd to groxArf。 r an additiona124h Fol-

loⅥ/ing a24-hour starvation period in scrum-free mcdia,cells

lvere then grown in media、 vith various conccntrations of As203,

Eighteen hours later,cel1sin cach wc1l、 vcrc labclcd for24h with

1uCi PH]TdR Cells were co11ccted onto glass flbcr nltcrs,whlch

were dried± or2h Incorporatcd radioactivity、 vas counted in a

hquid scintillation spectrometer,andthe cultureslsTere pcrformed

in triphcate

a亻

`cr。

讶rr叼丿′A″伢l,s′ s

HaCaT cclls were continuous” /trc狨Cd with1nM arsenic for7

days,and total RNA was isolatcd using Trizol(Gibco/BRL);total

RNA O0ug)was converted to cDNA probes by reversetranscrip-
tionwitholigoldT)asprimcr ThecDNAprobes weK labclcdwith
Cy3-dCTP for the control group and Cy5-dCTP for the trcatcd

group,The cDNA lllicroarraγ 1including4,000spots,was ob-
tained from BioStar Genechip.Thc probes were denatured at

95° C for2rnin,and chⅡlcd on ice quickly The cDNA lllicroarrays

were dcnatured in95° C waterror3os,and then placed into watcr

frcc cthano1.Thc dcnatured probes xvere addcd to region ofthe

chip,and thcn scalcd with a covcr gIass Thc hybridization rcac-

tion lasted18h at碴 2° c Thcn,cDNA rnicroarrays were washcd
with05%washing solution1,允 llowed by⒍ 5%washing solution
1and2%washing solution2for10n1in at60° C,and then with
5%washing solution3允 r10min at60° C Chips were washcd
ls/ith05%washing solution1again,and then dricd atroom tem-
perature 沪kll hybridization solutions and washing solutions ls/ere

providedbyBiostarGcnechip ThecDNA】 nicroarraywasscanned
、vith scanArray4000so± tⅥ/are,and theimagcs wcrc processed by

GenePix30sonwarc First,the values丘 Dr Cy3and Cy5wcre ob-
tained aJ:iter background subtraction Second,thc a曲 usted value

of Cy3was obtained by rnultiplying NE)by Cy3,and denoted as

Cy3※ 、ralues。fcy3x undcr200wcrc replaCed with200 Finally,

the Cy5/Cy3x values±or a1l genes werc computcd Genes lvlth a

Cy5/Cy3兴 ratio over2or under05were considered to bc diffcr-

cntially eXpressed between the treated and control groups

Co″
1∫
7rf,I砑 F氵oJl ofD刃 Vrell″伢

`E/【

pr召ssJo″ ” s召 l,l饣 -Q仍伤″″F历历ve

RrPcR
2`sellli-quantitatiVe PCR protocol was cmployed to further

conflrm thc cDNA microarrt辶
)厂
results,Onc-stcp R⒎ PCR(TaKa

Ra)was uscd RNA wasisolated as dcscribcd above One mi11i
gram of puri3cd total RNA was used for each RT-PCR rcaction,

Primers designed±or CD“ ,E2F1and β-actin vfere synthesized
by Shanghai sangon as允11ows:CDK⒋ 5′ ATGTGGAGCGTTG-
GCTGTATC315′ TGGAGGCAATCCAATGAGATC31114bp;
E2F1:5′ CACTGAATCTGACCACCAAGC315′ CTCAGGGC-
ACA GGAAAACATC31509bp;β äctin:5′ CCAGGCACCA-
GGGCGTGAT315′ TACTGGGTCTAGTACAAACT31224bp
PCR products wcrc clcctrophoresed on2%。 agarosc gcls and the

gclilnages xsTere captured and scanncd using a Fluor-sTM Multi-

ImagerlBo Radl

Cc``PvJ夕陶 F饣 o刀 Jll,,l仞″o匆 Ass哕
A呦o3(slgm㈤ was dissol△ ēd in01M NaoH and diIuted in
0.9%phosphatc-buffered NaCl solution(PBs)to generate a50-
n1M stock solution In vitro growth inhibition ofkeratinocytes by

A助 o3was determined by mcasuring thc MTT dye absorbance of
l~ing cdk,Cclls(104/、vcll)wcrc sceded in96-wcll mkrotitcr
platcs(Becton Dkkinson),and were allowed to grow to75%con-

∏uence,CelIs wcre treated with o,038,o75,1,5,3,6,12and24

uM As203for24and48h,thcn2o ul MTT6igmal solution
(5mg/mhn PBS)was addcd to cach Wcll,and the plates were in-

cubated for an additiona1 4 h at 37° C The supernatant was
then aspirated To achicvc solubⅡ ization ofthe formazan formed

in viablc cclls,150ul DMso was added to cach wellbebre mea

surement ofthe absOrbancc at540nm

EI,9J伢砑 饣o″ 犭 ApopFOs沁

Cclls were trcatcd Wnh5uM As203br24h Apoptotic celk
were examincd morphologicalˇ with light micr° scopy and clcc-
tron】nicroscop平 Ap° ptotic cc1ls、 vere also labelcd with annexin

、厂̈FITC and propidium iodide for observation under a nuores~

ccnce rnicroscope,and photoΠ1icrographs wcrc takcn svith an in-

tegratcd camcra.In addition,apoptotic cclls wcre also analyzed

by FACs during the ccll cyclc analysis.Cells、 vere classi丘 cd as

apoptotic if they cxh由 ited sub-G1DNA fluorcscence and允 r

Arscnic-Trioxide Induced Ce11

Prohfcration and Growth Inhibition

skin Pharmacol Physi。12010;23:68-78
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Fig。 1。 Low conccntrations of As203en-
hancc kcratinocyte proh± eration a HaCaT
cells were grOIvn in media with various

concentrations of丿
`s2O3 Eightccn hourslatcr,cclls wcrc labclcd for24h lvlth1uCi

PH]TdR,Incorporated radioact"lty was
counted in a hquid scintnlati。 n spCctro∏ 1

eter,and cultures Ⅵ严crc pcrformcd in trip-

hcate.*p(005vs baschnc b RT-PCR
anaˇSis connrmcd that cDK4and E2F1
Wcrc uprcgulatcd in HaCaT ce11s following

As203tre脏 ment Cells we仰 t仰 ated with
1nM A劫o3允 r7days,and thcn thc total
RNA was anal)厂 zcd by RT-PCR to detc⒈
minc thc cxprcssion levcls of CDK4and

E2F1

、
^严

ard-anglc light scattcring atthc samc Or s1ightIy lowcr intcnsity

whcn comparcd to G1

Ce〃 0de A/lnb“泌
Cell cycle distribution was dctcrn1incd using Cyclc TcstrM

PLUs DNA Rcagcnt Klt(Becton Dlckinson)according to the
manufacturcr’ s instructions. Arsenic-treated and control ce1ls

、
^/crc trypsinized,and then stained with propidium iodidc,The
percentage of ce11s in thc differcnt phases of thc cc11cycle、

^7as
measured W止 h a Fl|kCsCallbur now cyt。 mcter(Bccton Dlcˉ kin-

son),and analyzcd by CELLQucstso± tWarc

VˇzsFε r″ BJo莎 /l″伤l,b`s

Ancr gr。wth to70-80%connuence,cells Werc trcatcd With
As203brtheindkated umes and concentration Cdls were then

washedˇvith cold PBs and lyscd on icc for3o Inin in lysis buffer
Protein concentrations VVcrc dctcrn1incd with a Bio-Rad protein

assay klt,Total ccl1ular protcin(50ug)was clcctrophoresed on

12⒐。sDs polyacrylaΠ1idc gcls,and transfcrrcd to nitroccllulose
mcmbranes Pol,tˉ lonal antibodies against human caspase-3and

β actin wcre uscd asthc primary antibodics Immunoblot analy
sis was carried out using a rnouse IgG antibody coupled to horse-

radish peroxidasc Protcin blots were Visuahzcd using an cn-

hanccd chcmiltlminescence kn(Amcrsham BlOscicncc),

sF伤 F`sF泌夕J'亻 l彳砑
!,'s氵
s

statistical analyscs wcrc pcrFormed using sPss so± t、

^/arc All
values arc prcscntcd as mcans± sD ANoˇ A wcrc pcr允 rlllcd
、vhcn appropriate statistical signi± lcance、 Vas tcsted using Dun冖

nett’s test,and acceptcd at p<(005

ResuIts

CDK4伢竹〃E2FΙ A″ Ⅰ彳voJvBd j″ A~sˉ ,O3ˉ凡亻BJj伢 FcJ Cε JJ
P9。oJ夕 m″ o彳

TO Obtain further evidence th扯 low lcvels ofAs203er

posure enhance keratinocyte prohferation,ce11s、 ∧/ere ex-

aⅡ1ined by[3H]TdR incOrporation assay.There was an

initid stimul扯 on ofFH]TdR incorpor菠 on into HaCaT
celk扯 low concentr扯 ons lO.5-32nM)of A助 O3,as well
as an inhibition of FH]TdR incorporation vVl△ en arscnic

concentrations werc incrcased(fig,1a),

To elucidate the rnechanisms by wllich As2C)3enhanc-

es cell prOli1℃ration,gene expressiOn in respOnse to As2C〉 3

was evaluated昕 cDNA micrOarr呼 MicrOarr呷 ma圩 sis
shOwed th扯 172genes lvere aberrant圩 expmssed aRer

arsenic exposure,ofthese172genes,57ˇ Vere found to be

upregulated and115ˇvere doˇvnregulated.These includ-

ed genes cncoding ce11cyde regulators such as CDK⒕ ,as
l冫、厂ellas genes encoding growth factors and cytOkines such

as insuhn-hke grOwth factor-binding protein4and TNF

supcrfaIllily member缶 。 Genes with altcrcd cxprcssion

alsO included signal transductiOn and transcriptiOn fac-

tors(table1),The expressiOn of the E2Fl transcription

factOr was increased 32-R⒒d Over the control, whⅡ c

CDK4expression increased3.5¨ fold。 The CDK4_pRb

As203 As203+

1nM As2O3

°
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Table1。 List ofdiffercntia11y expresscd gcncsin As2O3ˉ treated HaCaT ce11s

Gene Ratio Denniti。 n Modtdation

Enzyme and cnzymc rcgulatory genes

NlNI 006367
NM 004衽 19
NM 005857
NΔ汪 015205

NNI 002396
M73047
BC002586
AF200478
NM 000701
丿

`F102542NM 014748
NM 212482
NM 005969

structt【r缸 molectIle∝ tix· l〃

BC048198
NM 015059
TranscⅡ ption hctor

BC050340
NM 005524
NM 078628
AB209219
AF022158
NM 016271
NM 005225
NΛ汪 018179
Cell adhcsion rnolcculcs

NM 000624
AB003592
NM 0010123
NΛ压 033641

NΛ压 004625
NM 012218
NM 182470
BC000652
BC035514
NM 021643
NΔ汪 003026
AB209049
BC002352
Apoptosis-associated genes

N1ˇΙ 181861

Rcccptor

NM 175611
NN/I 006667
BC036030
BC042897
D26070
BC017890
NlXI 002296
NM 173198

signal transduction-related gcncs

aden`ate cyclase associatcd protein1

dual-specinclty ph。 sphatase5(DUsP5)
zinc rneta11opcptidase

ATPase,11A
malic cnzyme2(ME纷
tr”eptid/peptd灬 cⅡ
pol乃厂mel灬c(RNA)IⅡ
protcin scrinc/threonine phosphatasc4

ATPase α1

β△,⒍Na∝呗glucosamin/transferase
sorting nexin17(SNX17)

丘bronedin l(FN1)
nuclcOsome assembly protcin1-hkc4

α-2Hs g!`copr。 tein
talin2(TLN2)

zinc nngCr protein230

hairy and enhancer ofspht1

male specinc lcthd3-like1(MSL3L1)

zinc丘nger protein200variant protcin

KRAB domain zinc nngCr proton(zFP37)
ring丘nger protcin138(RNF138)
E2F transcription factor1(E2FI)

ATF7interacting proton(ATF7IP)

serinc(or cysteine)proteinase inhibitor

ncural adhesion lnoleCulc NB-3

opioid binding protein

collagcn,”PCIv,α6(COL4A6)

WNT7A
interleukin cnhanccr binding factor3(ILF3)

pyruvatc kinasc,muscle(PKM2)

signal recognition particlc

TEK tyrosine kinase,endothehal

trlbbles homolog2(Drosop汔
`J伤

丿(TRIB2)

sH3dom缸 n GRB⒉ like2(SH3GL2)
nuclcOsidc-diphosphate knase7

Hsp40homolog,subfan1ily B,rncmbcr l

apoptotic protease ad⒒ ating factor(APAF1)

glutamatc rcceptor,ionotropic,kainate1

progesterone receptor rnembrane component1

gamma aminobu〃 ric atid(GABA)A receptor
nuclcar K∝ ptor sLlb勤 miˇ 2,mcmb∝ 2

Ⅱ C1inositol l,4,5-trisphosphatc rcccptor

putative nucleic acid binding protein RY-1

lanⅡn B rcccptor(LBR)

nuclc征 rcceptor sub兔 m⒒y4A3(NR4A3)

0,钅 50

0471
2,189

2.260

2.326

2.465

2810
0304
0,362

0378
0477
0衽98

0,310

0,衽 04

0,369

04茌3

0,钅 55

2,014

210钅

2,562

2963
3,216

2.179

0.455

2,084

2.090

0.319

0455
0422
0,431

0,431

0486
0495
2,388

0,370

0403

0,490

2024
2123
2163
2,186

2231
41茌4

2407
2520

↓

↓

↑

↑

↑

↑

↑

↓

↓

↓

↓

↓

↓

↓

↓

↑

↑

↑

↓

↑

↑

↓

↓

↓

↓

↓

↓

↓

↑

↓

↓

Arscnic-Trioxide-Induced

Proli灸 raton and Growth
Cell

Inhibition
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Table1(continued)

Gene De丘nition Ⅸ压odulation

DNA binding gcncs
BC000奎 59

NΔ汪 003286
NM O14321
RNA binding genes

丿、B209403
NΔ汪 006386

C/oknC-rclatcd gcncs
NΔ压 003326
NⅨ压 001552
NM 007051
NⅨ犭 000584
Membrane protein

AB209870
NM 005797
NM 016447
Tumor-related genes

NN/I 182643
NM 004326
NN/I001982
AB208831
Metabolism-related gcncs

NM 001969
AB013380
AB209119
Cc11cycle control genes

NM 003550
NM 000075
Unknown
NΛ压 002973
NM 007192
NM 000113
NΔ汪 018695

0433
0.403

0.497

0,429

2001

0,456

032饣

0,331

0331

0,427

2468
2636

0433
0,500

0415
0,413

2.108

2.120

3004

2211
3,513

0419
2123
2,125

2217

polymerase dclta2,regulatory subunit

topoisomerase(DNA)I(TOP1)
origin recognition complcX,subunit6

iron-rcsponsive element binding protein2

DEAD(Asp-Glu-Ala-Asp)box po0'peptide17

TNF supcl勤mi圩,mcmbσ 衽(TNFsF4)
IGF binding protein4(IGFBP4)
Fas(TNFRsF6)associatcd facˉ tor1(FAF1)
intcrlcukn8(IL8)

HLA classI h必 tocompatlbili1∶】
``ant螅

en,E
epithelid V lik ant螅 en1(EVA1)
memblane pIOtcin,palmito/atCd6(MPP6)

dcleted in hver cancer1(DLC1)

B-ce11CLL″γ勹mphoma9(BCL9)
crb-b2crythroblastic lcukclllia oncogcnc3

v-rafrnurine sarcoma3611viral oncogcne

eukaryotic translation initiation faCtor5(EIF5)

mono'伞kTP-binding cassette protein

cukaryotic TIF茌 γ,3

MAD1mitotic arrest dc丘 cicnt冖likc1

Cyclin-dependent klnase4(CDK4)

ataxˉin2(ATXN2)
suppressor of Ty16homolog fs c纟 昭I ls′伢d
tosin兔 miˇ 1,member A(torsin A)(TOR1A)
crbb2interacting protein(ERBB2IP)

↓

↓

↓

↓

↓

↓

↓

↓

↓

↑

↑

↑

path、、厂ay plays a signincant r。 le in ce11cycle prOgressiOn

thrOugh the Gl_S phasc,E2F-1is a transcription factor

that is acuvated in the Jf∶ ilnal stagcs of the Rb path、 vay,

OverexpressiOn ofCDK⒕ and E2F1observed by Π⒒crOar-

rayaRer arsenic exposurc was also COnnHued byRT-PCR

(丘g.1b),

As2O~R「 f· B伢 F钓饣“ 莎助切乙饣莎eJ r9,c Growh场 ∝ NHK伢灼歹
H伢 C伢T⑺讶 NoF A亻引丿CcJJs
preⅤ

i。us reports have suggested that As2O3could in-

ducetumorce1l apOptosis frOll13to5uM· HCre,wc tested

vvhether As2O3cOuld induce apoptosis in A341skin tu-

mor ce1ls.As shown in ngure2a,there was a signiscant

concentratiOn-dependent inhibition of growth in NHK

and HaCaT cells,TheIC50values ofAs2O3for NHK cells

after24h incubation were about10uM.In HaCaT cclls,

the concentration of As2O3requircd允r50%grOwth in-
hibition was about6uM;the concentration rcquired for

80%growthinhbitiOnwas about10uM.HowCvcr,As203ˉ
treated A⒕ 31ce11s did nOt shOlv signi3cant effects at Con-

centratiOns less than10uM· These results suggest that

A431ce11s、vere resistant to growth inhibition by arsenic

when compared to NHK and HaCaT cells;thus,As2O3
Ⅱ1ight nOt be suitable for treatI△ ent ofskin tumors,

A助 O3ˉrIl〃仍cε d G2-山 fP,l伢sc Arrε s∫
`搿

NHK伢彳d
Ff9C伢 T CcJJs

To further de丘ne potential1nechanis1ns involved in

growth inh山itionbyA助 O3,the ef佗ct ofA劫 O3on the cell

cyde was deterIuined by FACs analysis。 Asshown in丘 g-

skin Pharmacol Physio12010;23:68-78 Bi/Gu/Guo/Tao/Wang/Tang/WLI/Mi
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Fig。 2。 a Effect ofA助 o3on the growth inhibition ofNHK,HaCaT
and A431cc11hnes Cc11growth inhibition was asscsscd by MTT
assay Results represent means ± sD of3indepcndent oxperi-
melltswitIltrVlicatcwells.b Flow cytometrk anaˇ s必 ofcell cycle
distribution in kcratinocytes Ce11s wcrc cultured with mcdium

alonc and various concentrations of As203for24h as dcscribed

in‘ Materials and Methods’ ,Cc11cycle distribution Was analyzed

by flow cytometry,
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ure2b,3independent expcri1nents shovved induction of

an appreciable G2_M phasc arrcstin NHK and HaCaT

cells follOwing24h exposurc to As2O3,In HaCaT cclls,

18.94%of ce1ls were arrestcd in the G2_M phase at5uM

A助O3and41.63%ofcclls扯 10uM;this was accompankd
by a concOΠ1itant increase in the number of ce11s at the

sub-G1phase(ng.3d)。 A蚯milar p缸 tern was obserⅤ ed for
NHK cells。 There was no signi丘cant change in cell cyde

distribution f0r y1431 cel1s following treatInent with

As2O3。 Taken together,these results suggestthat ce11cycle

arrestin the G2_M phaseis a non-tumOr-ceⅡ  rnechanism

ofgrowth inh山 ition by A助O3.

As2O~3rfz沏 cεd Apop夕0s泌 仞胞 r伢跏 o哕 r召 s

Apoptosis induction is another possible1mechanism

f0r gr0、 vth inhibition by As2C)3。 To test this,we analyzed

apoptosis aRer As2O3treat1nent。 Direct hght mkroscop-

ic exaⅡ1inauon ofNHK and HaCaT cells revealed a con-

centration-dependentincreasein the number ofdetached

cells with condcnscd cytOplas1△  and nuclcus (Bg,3a),

Elcctron lllicrOscopic analysis revealed the late stage Of

apOptosis evidenced by advanced chrOmatin condcnsa-

tiOn and formation Of DNA△ agmen“ (ng.3bl。 At the

same concentration,'`431cells did not shOw rnorpholog-

ical features Of apoptOsis。 To further con3rm theinduc-

tiOn of apOptosis by As2C)3,we analyzed the binding of

annexin V FITC to phosphatidylserine exposed on the

cell sur兔 ce"an carl)厂 marker Of apoptosis in combina-

uOn."th propidium iodide,After treatment with5uM

As2O3fOr24h,a gre扯 er numberofNHK and HaCaT cells

showed green∏ uorescence under rluOrescence Π1icros-

c0py(丘 g.3c)。 U“ng FACS analyso,we demon欲 r扯 ed th扯

the proportion Of apoptotic cel1s(sub~G1phase)vvas in~

creased in a concentration-dependent1nannerin NHK

and HaCaT ce11s。 There was no obⅤ ious changein sub-G1

phasc distribution aRcr cxposure to10uM As203in A431

ce11s(ng,3e),

As2(93ˉ rfld仞εε丿zKpopFOs`s玉 RBJ劢ε〃Fo C伤 .sp“召-3

AcF`v‘乙F`o/l

It has been reported thatseveral pathways are invOlⅤed

in As2O3induced apoptosis B,10]。 Caspase3is an apop-

tosis冖prOmOting enzyme responsible允 r cleaving ce11ular

substrates;this process leads to the characteristic altera-

tion in ce11morpholOgy.As2O3treatlment significantly

induced caspase-3activation in NHK and HaCaT cc11sin

a cOncentration-dependentFnanncr(丘 g,4a,b).Thcsc rc-

suks demonstrate that the underlying mechanisI△  of

As203ˉ induced apoptOsis in keratinocytes invOlves the

activatiOn Of caspase冖 3。

DiscussIOn

In the present stu、、wc inⅤestigated the effects of

As2O3on ce11growth as we11as apOptOsis and its signal

transduction pathvvays in human keratinocytes Consis-

tent w止h previOus repOrts,the current results indicate

that2`s2O3has dif佗 rent cffects on ce11growth dcpend-

ing on its concentration [13, 14⒈ Recentl≯ it has been

found that arsenic rnight activate the EGFR_ERK path-

way to induce gene expression and Π1itogcnicity in sev-

eral cell hncs[6,15].Zhang et al。 [13]reported that low
cOnccntrations of arsenite-prOmoted telOmerase activity

and increased telOmere length,which corrcspondcd γ、砬th

the inductiOn ofce11proh免 ration,Ho1vever,high cOncen-

trations Of arsenite decreased telOmerase activity,telo-

merelength and induced apoptOsis.Here,weshowed that

low cOncentrations of'`s2C)3can significantly enhance

keratinocyte prOliferation and regulate the expression of

about172genes。 丿
`mOng these genes,CDK4and E2F1wcrc“gnincant圩 upregulated,In contrast,high conccn-

trations Of As2C)3¨ induced ceⅡ  grOwth inhibition and
apoptOsisin NHK and HaCaT cc11s thrOugh cell cytˉ lc a⒈

rest atthe G2-M phase,as well as caspase-3activatiOn,

E2F1plays a critical role in regulating ce11cycle prO-

gression frOm G1to S phase。 E2F1binds to its heterOdi-

meric partne△ DP-1,and complexes withthe under-phos-

phor￠扯ed允rm ofthe ret血 oblastoma gene produd pRb。
During1nid-tO late G1,after phOsphorylation of pRb by

cyclin D/CD“ ,pRb dissociatcs丘 oIu E2F1/DP△ ,欲imu-
lating the transcriptiOn ofgenes neccssaryfor C)1-S phasc

transition [16, 17⒈  several studies have suggested that
OVerexpressed E2F1protein could function as an oncO-

gene product based On its abⅡ ity tO sti1nulate cell prOli孓

eraton[18,1纠 ,CDK衽 m呷 挝so pl呷 an imporhl△ t role in
this process,To gain more insight intO the1ncchanisms

OfkeratinOcyte prOliferation sti1nulated by alow concen-

trations ofAs2O3,lve exalllincd gcne expression changcs

using a cDNA microarraγ 1A total Of172genes werc
judged to be either induced(57genes)Or suppressed(115

genes)。 Categ0rizatiOn Ofthese genes based On their biO-

lOgical or rnOlecular functions revealcd that they encode

products involved in regulation Of transcription,signal

transduction,metabOhsm,ce11cycle and cel1adhesion,

Cellcrlec圩 sregul扯onhas been implicatedin thepatho

gene盂 s of most human cancers⒓Ol.The CDn~pRb
path、vay plays a particularly important role during ce11

cyclc pr0gression through the G1-S phase [21],In this

stud≯ both E2F1and CDK4were signi丘 cantly upregu-
lated;this丘 nding was con丘 H△ed by RT-PCR,Although
genes assOciated with the MAPK pathway did not show

S⒗n Pharmatol Physlo12010;2⒊ 68-78 Bi/Gu/Guo/Tao/Vfang/Tang/Vft1/Mi
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F;g。 3。 As203induced apoptosis in NHK and HaCaT,but not
A431,cclls,Cclls wcrc trc狨 cd with10uM AS203允 r24hR/Ior
phological features of apoptosis Ivere then observed and percent-

agcs ofcc1lsin the sub-G1phase were analyzed by± loⅥ/cytomctr)∴

a HaCaT ce11s ×200 b Electron∏ 1icrOscopic nndings of apop-

totic NHK cells,×4,ooo,C Apoptotic HaCaT cclls showcd grccn

fluorcscence ×200 d2`nalysis ofthe sub-G1phase showed con-

centration-dependent cκccts of丿
`s203on thc induction ofapop-tOsis in HaCaT cclls
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Fig。 3。 e Comparison ofthe proportion ofapoptotic cel1sin NIIK,

HaCaT and A431cells using FACs analysis,

sharp upregul扯 ion On A助 o3tre扯ment,DUSP5was si⒏
ni丘cantly downrcgulatcd.since DUSP5,a member ofthe

dual-spcci丘cityprOtcin phosphatase subfalllily,negative-

圩∞gLllates membσ s Ofthe MAPK superfamiˇ (MAPK/
ERK,JNK,p38),downregulation of DUSP5should lead
to activation of the M丿

`PK pathlvay in keratinocytes⒓丬.

In the present study,we also investigated the effects of

high conccntrations of As2C)3on growth inhibition in

NHK,HaCaT and A431cells.As2O3inh此 ited the grOwth
ofNHK and HaCaT cells(ng,2a)The IcsO OfA助 o3was
about6-10uM in NHK and HaCaT cells,whkh was
higherthan thatpreviously shown fOr hematOpoietic ce11s

[13,23]。 HoweⅣcr,even at a h圪hα concentr扯 ons(>10

uM),A助 o3stⅡ l onˇ shght圩 inh山ited the growth of
A431cells。 Using∏Ow cytomeLrk analysis,we demon-

stratcd that As2C)3proΠ1incntly induced G2_M phase ar-

restin NHK and HaCaT celk following24h Ofcxposurc

lvhcn comparcd to A431ce11s.These results were consis-

tent With thosc of other investigators,whO shOvved that

the antiprOhferative actions ofarsenic γvere hnked to G2-

M phase arrestin U937myeloⅡ  leukemh celk⒓ 3⒈ A⒍

cording to previous reports,As2C)3induced cell cycle ar~

rest at the G1and/or G2-M phase depends On the ce11

typC l94]。 Prev0us“ ud抬 s ako showed that A助 O3in-
duced G2_M phase arrest Was aCcompanied by concen-

tration-dependent decrcascs of cyclin A concoΠ 1itant

with reduced acuvity of CDK2assooated kinase⒓ 到.

ApoptOsis inductiOn is anOther pOssible mechanisn1for

arsenic-induccd growth inhibitiOn WeshOwed that arse-

nic扯 10uM induced apoptOsisin NHK and HaCaT cells

As203

o     1      2     5     1o    uM

Caspδ se-3

β-Actin

As203

o     1      2     5     10    uM

Caspase-3

β-Actin

uM

Caspase-3

β-Actin

Fig。 4。 Vfestern blot anaˇ sis of caspase3expression in A劫 ○3¨
treated kcratinocytcs NHK,HaCaT and A431cclls wcrc trc荻 cd
with diffcrcnt conccntrations ofAs203for24h Totalcel1ular pro-

tein Was sublected to Western blot analysis± or the detection of

caspase-3as described in‘ Materials and Methods’ Caspase-3ex-
pression is shown in NHK la),HaCaT(b)and A431cclls lc),

as eⅤidenced by ce11shrinkage,chromatin condensation

and the appearance Ofannexin V staining(ng。 3a_c)。 The
maniFestatiOns ofapoptosis were cOnsistentˇ vith a previ-

ous report⒓ 6⒈ Howe℃r,no⒍ gnincant m。rpholo莎 cal
changes wcrc observed in/1431cel1s。 Ce11cycle analysis

alsO revcaled accumulation in the sub-G1phase允 rNHK
and HaCa飞 but not/、 431,celk(丘 g,3el.Thus,NHK and
HaCaT cells were sensiti、 厂e tO arsenic-induccd apOptO蚯 s,

and A衽31cells were more resistant.Chcn ct耐 .⒓ 7]rc~

ported that acute promyelocytic leukeⅡ lia and B-cell

Skin Pharmacol Physio12010;23∶ 68-78 Bi/Gu/Guo/Tao/Wang/Tang/ˇ Vu/Mi



lymphOma ce11s wcre I△ ore sensitive to As2C)3ˉ induced
apoptOsis than othα 〃p∝ ofleukemh and圩 mphOma
cc11s。 It、

^严

as suggestcd that this selectivity rnight partiaⅡ y
be due to lower levek of cellular glutathone⒓ 刨。Ⅳhny
mechanisIus havebeen prOpOsed to beinvolved in As2C)3ˉ

induced apoptosis,including production ofreactive oxy-

gen species,activatiOn of caspase[11]and induction of

1NK ad⒒ ity B⒈ The caspase cascade o inithted by adi
vatiOn of caspase-8,lvllich in turn induces actiVation of

caspasc-3.In Our study,caspase-31vas activatcd in a con-

centrauon-dcpcndent1uanner、、厂hen NHK and HaCaT
cc11sˇ vere expOsed to As20R,indicating the prcsencc of

ce11ular apOptOsis. The result was consistent vvith the

3ndings Of LiaO et al。 [10],who sho、 ved that arsenic in-

duces apOptosis in human keratinocytes by the FAs/FAS

hgand path、 vay.

A recent study shoⅥ厂ed that a higher concentration(20

uM)ofAs203cou1d uprcgulate p21and inducc toxiC⒒ y in

A431cells ll到 ,Our rcsults alsO suggest that a high lcvcl

(20uM)Of arsenic wOuld lead to signiRcant toxicity in

NHK 、vhen compared to mahgnant epidermal ccl1s.
Therefore,chnical apphcation of high cOncentratiOns of

As2O3for trcatlllent Ofsquamous ce11carcinoma rnay re-

sult in i眄 ury to normaltissues before any therapeuuc erˉ

fect can be obserⅤ ed.We there允 re suggest cautiOn when

using arsenic to treat certain types of solid cance1。 al-

though recent studies have reported that As20s has an

antitumor effect in head and neck cancer[11],In sun⒈

mary,our data indicate that,depending on the concen-

tration,As2C)3treatment can result in keratinocyte pro-

h允rati0n or apoptOsisthrough dif炙 rent patlllNˉ ays。 These

rcsults rnight help tO explain the paradoxical carcinogen-

ic and anticancer effects of arsenic。
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