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Abstract: Gliotoxin, a secondarymetaboliteproducedby marinefungusAspergillussp,
possessesvarious biological activities including anticancer activity. However, the
mechanisnunderlyinggliotoxin-inducedcytotoxicity on humancervicalcancer(Hela) and
humanchondrosarcoméSW1353 cells remainsunclear.In this study,we focusedon the
effect of gliotoxin induction on apoptosis,the activating expressionf caspasdamily
enzymesin the cells. Apoptotic cell levels were measuredhrough DAPI and Annexin
V/Propidium lodide (PI) double staining analysis The apoptotic protein expressionof
Bcl-2 and caspasdamily was detectedby Westernblot in Hela and SW1353cells. Our
resuls showedthat gliotoxin treatment inhibited cell proliferationand inducedsignificant
morphological changes Gliotoxin induced apoptosiswas further confirmed by DNA
fragmentation chromatincondensatiorand disruptedmitochondrialmembranepotential
Gliotoxirnrinducedactivation of caspase3, caspase3 and caspas®, downregulation of
Bcl-2, up-regulationof Bax and cytochromec(cyt c¢) releaseshowedevidencefor the
gliotoxin activity on apoptosisThesefindings suggesthat gliotoxin isolatedfrom maine
fungusAspergillussp inducedapoptosisn Helaand SW1353cells via the mitochondrial
pathwayfollowed by downstreaneventdeadingto apoptoticmodeof cell death.

Keywords: apoptosis Aspergillus sp; gliotoxin; human cervical cancercells human
chondrosarcomaells

1. Introduction

Apoptosis,a major form of cell death,is characterizedy severaluniquefeatures,including cell
shrinkage, nuclear collapse, membrane blebbing, and internucleosomalDNA cleavage (DNA
fragmentation)[1,2]. Programmedcell death plays critical roles in a wide variety of physiologic
processegluring fetal developmentand in adult tissues[3]. Defectsin apoptosisfacilitate tumor
progressionpy renderingcancercells resistantto deathmechanismselevantto metastasisgrowth
factor deprivationandchemotherapy4]. The evidencesveregraduallyaccumulatedhatmanycancer
chemotherapeutiagentskilled the cancercell by inducingapoptosisMainly two apoptoticpathways
are known as the intrinsic (death receptormediaed) and the extrinsic (mitochondriailmediated)
pathway[1]. In theintrinsic pathway,mitochondriaplay a key role in mediatingapoptosisopeningof
the permeabilitytransition pore and a subsequentirop in mitochondrialmembranepotential (g M
have been suggestedas the main mechanismg2]. Mitochondrial damageis associatedwith the
induction of caspasesnd reactiveoxygenspeciesproduction Loss of go( nleadsto the releaseof
cytochromec (cyt ¢) from mitochondria leadingto the activaion of caspas® andfurther activating
thedownstreaneffectorcaspase [5].

Caspasectivationis a widely acceptedpathwayof cell death.Caspaseslso cleavea variety of
substratesnvolved in activities that lead to dismantlingof the cell suchas disruption of organelle
function cytoskeletagland nucleardisassemblyresultingin the typical hallmarkfeaturesof apoptotic
cell death[6,7]. Caspase activation is an important step in apoptosisexecution[8]. Pro- and
antrapoptoticproteinsare membes of Bcl-2 family, which are found to be up-regulated(Bax) and
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downregulated(Bcl-2) in a numberof apoptosis Translocatiorof Bax to mitochondriaresultsin the
releaseof cyt ¢ into cytosol. Thetumor suppressop53inducesapoptosisvia severalmechanism$9].
Thep53is ableto activatecell cycle progressionDNA repairandapoptosig10,11].

To date, the cervical carcinomais the secondmostcommoncancerin women,and is one of the
major causesof deathamongwomenin the world [5,12]. Chondosarcomas a malignantprimary
bone tumor and the third most common primary malignancy of bone after myeloma and
osteosarcomfl3,14]. Thus,we chosehumancervicalcancercells (Hela) andhumanchondrosarcoma
cells(SW1353 for the study.

Marine-derivedfungi haveprovedto be a promisingsourceof bioactivemetabolitesanda growing
number of marine fungi have beenreportedto producebioactive secondarymetabolites[15,16].
Aspergillus speciesare filamentous saprophyticfungi that can be found in almaost all aerobic
environmentsThey havebeenfoundto producea wide rangeof complexmetabolitessomeof which
have important commercial application potentials. Several fungal metabolites isolated from
Aspergillus sp. It has beenshown to exert antitumor antiinflammator, induced cytotoxicity and
antibacterial activity [17]. One of them, gliotoxin, belongs to the family of
epipolythiodioxopiperazineghat is characterizedby a disulfide bridge acrossa piperazinering
(Figure 1). Gliotoxin, one of the secondary metabolitesproducedby a number of Aspergillus
Gliocladium and Penicillium species,is a tricyclic alkaloid [18/ 20]. Gliotoxin is an inducer of
apoptoticcell deathin a numberof cell types[21i 23]. It hasbeenfound to be associatedvith some
diseasesttributeddirectly or indirectly to fungalinfections.

Figure 1. Chemical structure of gliotoxin fromspergillussp.

The major purposeof the presentstudy was to determinethe effect of gliotoxin on Hela and
SW1353cellsto evaluatdts anticancerpotential.ln this study,we demonstratethatgliotoxin actively
induced apoptosisand reducedproliferation of Hela and SW1353 cells. Our results suggestthat
gliotoxin inducesapoptosighroughmitochrondrialdependentaspas@athway

2. Resultsand Discussion
2.1. Cytotoxicityof Gliotoxin

The 3-(4,5-dimethylthiazol2-yl)-2,5diphenyltetrazoliunmbromide (MTT) assaywas performedto
measureahe viability inhibitory effectof gliotoxin onthe HelaandSW1353cells. It canalsobeusedto
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determinecytotoxicity of potentialmedicinalagentsandtoxic materials.Thoseagentsvould stimulate
the inhibition of cell viability and growth. The Hela and SW1353cells were treatedwith different
concentration®f gliotoxin. As shownin Figure 2, gliotoxin treamentinhibits cell growth of Hela
(73%), SW1353(3%%6) cells at 36 h and SW1353cells (59%) at 48 h. Thus, SW1353cells were
incubatedwith gliotoxin at 48 h for eachexperiment.The gliotoxin showedstrongantiproliferative
activity in a dosedependentnanner,by presentingelative HeLa cells viabilities of 94%, 74%,54%,
and 27%, and SW1353viabilities of 83%, 69%, 56%, and 41% at concentration®f 10, 30, 50, and
90 M, respectivelycomparedo the controlgroup.Here,cytotoxicity effecton Hela cells washigher
thanthaton SW1353cellHtreatmentwith gliotoxin at90 M of concentration.

Figure 2. Effects of gliotoxin on the viability of Hela and SW1353 cells. Cells were treated
with gliotoxin at 10, 30, 50, and 90 pM. The cell viability was detered by MTT assay.

Results of independent experiments were averaged and represented as percentage cell
viability. Values represent means +S&E= 3) { P < 0.05).
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2.2. DAPI Stainingof Helaand SW1353ellswith Gliotoxin

DAPI stainingrevealedthat nuclei with chromatincondensatiorandapoptoticbodieswereformed
in cellsthatwereculturedwith gliotoxin. As shownin Figure3, the cellswerestainedwith DAPI dye
andobservedundera fluorescencemicroscopeViable cells (control group) with intact DNA andjust
slightly activatedin the fluorescencamicroscopemagewere negativeto DAPI. Furthermore DAPI
positive cellsandtheir intensitieswereincreasedn a gliotoxin dosedependenmanner.This indicates
thatmostof the cellsunderwentell deathprimarily throughapoptosidy thetreatmenbf gliotoxin.

2.3. Induction of DNA Fragmentation

Yang et al (2006) [8] reported that measurement of the molecular weights of the fragments is
consistent with internucleosomal cleavage characteristic of apsp@haracteristic ladder bands can
be obtained by agarose gel electrophoresis of DNA extracted from apoptotic cells. Ind-iDiva
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ladder bands could be observed at and above 30 pM glictos@ied group and reached a maximal
level in the 90 M gliobxin-treated group in Hela and SW1353 cells, and vehicle treated cells did not
show any DNA fragmentation in assays. These phenomena demonstrated that gliotoxid induce
apoptosis irHela and SW1353 cells in a dedependent manner.

Figure 3. Induction of @optosis by gliotoxin treatment in Hela) and SW1353K) cells.

After being treated with 10, 30, 50, and 90 pM of gliotoxin, the cells were fixed and
stained with DAPI. Stained nuclei with DAPI solution were then photographed with a
fluorescent microscagpusing a blue filter.
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Figure 4. Detection of DNA fragmentation in Hel&) and SW1353E) cells treated with
different concentrations (10, 30, 50, and 90 M) of gliotoxin. The genomic DNA was
extracted, electrophoresed in a 1.2% agarosargk and visualized by ethidium bromide
staining under ultraiolet light. Lane M is a 100 bp plus DNA ladder.
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2 4. GuL Effectson Helaand SW1353ells MembranePhosphatidylserine

To determinewhether the growth inhibitory effect of gliotoxin is associatedwith cell death,
Annexin V/ Propidiumlodide (PI) double stainingof Hela and SW1353cells and flow cytometric
analyseswere performed As shownin Figure 5A,B, the numberof apoptoticcells increasedn a
dosedependenmannerafter incubationwith 10, 30, 50 and 90 M gliotoxin. The upperleft (Q1)
quadranbf the cytogramsshowsthe deadcells, with positiveto Pl andAnnexinV negative(AnnexinV'
and PI"). The lower left (Q4) quadrantof the cytogramsshowsthe viable cells (Annexin V and PI
negativg. In the upperright (Q2) quadrantsit showsthe late apoptotic and early necrotic cell
(Annexin V* and PI") populationincreases The lower right (Q3) quadrantshows apoptotic cells
(AnnexinV* andPI'). Here,apoptoticcell® effecton Hela cells washigherthanthaton SW1353cell
treatmentwith gliotoxin at 90 M of concentration comparedto the control group Theseresults
demonstrat¢hattheinhibition of cell growth by gliotoxin wasdueto theinductionof apoptosis.

Figure 5. Hela (A) and SW1353K) cells were incubated with 180e M gl i ot ox i n
without gliotoxin in vitro and analyzed by Annexin V/PI staining. Frames were divided

into four quadrants: Q3 represents apoptotic cells positive for Annexin V and negative for

Pl (Annexin V" and P1); Q2 represents late apoptotic and eaggrotic cell{Annexin V'

and PI); Q4 represents normal celfnnexin VV and P!); and Q1 represents cells
undergoing necrosi§Annexin VV and PT). Ce | | dm di ssi glatoxinnon i nd
Hela (C) and SW1353 Q) cells were exposed tgliotoxinat 10190 € M and st ai ne
JG1 staining and Hoechst 33342Red fluorescence represents the mitochondrial

aggregation form of J4 i ndicating i ntact pdm. Gr een
monomeric formofJ& 1 ndi cating a dissipation of odm.
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Figure 5. Cont.
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Depletionof gp { nis oneof the early eventsthat occurfollowing inductionof cellularapoptosisin
this work, upon incubation of Hela and SW1353 cells with gliotoxin (0i 90 uM), the g nwas
determinedThe gliotoxin-treatedcells showedprogressivdoss of red JGaggregatdluorescenceand
appearancef greenmonomeifluorescencen the cytoplasmat 50 and90 pM. We foundthatgliotoxin
treatment attenuatedthe g mlevd, and this decreaseoccurred in a dosedependentmanner
(Figure 5C,D). These data suggest the involvement of the intrinsic pathway of apoptosis in the
mechanism of cell death induction by tji@toxin.
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2.6. Effecs of Gliotoxin on Proteinand GeneExpressionLevelsin HeLaand SW1353ells

To determinewhethercyt ¢, Bax, and Bcl-2 was involved in modulatingapoptosisinduced by
gliotoxin, we investigatedhe effectsof gliotoxin on mRNA andproteinexpressionsf cyt ¢, Bax, and
Bcl-2 in HeLa and SW133 cells. Different concentrationsof gliotoxin were addedto HelLa and
SW1353cells. In the RT-PCR results,gliotoxin treatmentpromotedthe mRNA expressiorof cyt c,
downregulatedBcl-2 and up-regulatedBax expressionsn a dosedependentmanner(Figure 6A,B).
Collectively,theseresultssuggesthatgliotoxin inducedapgtosisby activatingexpressiorof Bax and
inhibiting Bcl-2 in boththecell lines.

Figure 6. Effects of gliotoxin on the mRNA expression levels of cyt c-Bend Bax of

the HeLa A) and SW1353 B) cells using RTPCR analysis. Effects of gliotoxin on the
MRNA expression levels of caspadecaspas® and caspas@ and p53 of the HelLaC|

and SW13530[)) cells. The cells were treated with various concentrations (10, 30, 50, and
90 M) of gliotoxin. GAPDH was used as an internal control.
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To elucidatethe possible mechanismsof apoptosisby activating caspasefamily in HelLa and
SW1353cells, we investigatedhe effectsof gliotoxin with respecto mRNA expressiorby RT-PCR.
As shownin Figure 6C,D, the expressionievelsof caspase, caspase, andcaspas® increasedtthe
concentration®f 10, 30,50,and90 M comparedo the untreatedyroup,andcontinuouslyincreased
dosedependentlyHowever,gliotoxin did notinducetheincreasedjeneexpressiornevelsof p53.



