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Neuroendocrine secretory products and their intienag with epithelial prostate cells are currently
under investigatiom order to understand their significance in ththpgenesisprognosis, and
therapy of prostate carcinoma. These neuropeptials the potential to disrupt the balance betv
cell deathand cell growth in the tumor. Our research was dbasetherole of bombesin in

modulating the mitochondrial membrane poter{A¥, ) in cell death induced by etoposide on PC-3

cells. Cellsvere cultured and stained with 5,5',6,6'-tetraaktbyl’,3,3'-
tetraethylbenzimidazolylcarbocyanimelide (JC-1). At low membrane potentials, JC-1dpices a
greenfluorescence, and at high membrane potentialernit$ "J aggregates®lith red fluorescence.
Cells were examined in a confocal microscdfme. quantitative analyses, regions of interest were
selectedThe size, number of pixels, and ratios betweerréscencéntensity in the red and green
channels in each region of interaare calculated. The loss A¥  in etoposide-treated PC-3 cells

was prevented by bombesin. The quantitative arsabfsiC-1—stainecells revealed a significant
decrease in the red (higsv, ) togreen (lowav ) ratio in etoposide-treated cells when compared

with control cells, which was restored in the preseof bombesi(P < 0.00001). The interaction
between treatments and ¢ (P = 0.0002) was highly significant, and confirmsttR&-3 cells keef
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their apoptosis machinery, showing an apoptoticwm@decrease in response to etoposide. The
protection by bombes occurs by inhibition of apoptosis and maintenarfamitochondrialintegrity.
New therapeutic protocols and trials need to beeld@ecto test drugs acting through the
neutralization of antiapoptotintracellular pathways mediated by neuroendocroreniones[Mol
Cancer Ther 2007;6(4):1292-9]

Introduction

Neuroendocrine differentiation in prostatic ademoiceoma: has received increasing attention in
recent years as a resaftpossible implications in prognosis and therapy}]. Neuroendocrine
secretory products and their interactions \epiithelial prostate cells are currently under
investigationn order to understand their significance in ththpgenesisprognosis, and therapy of
prostate gland carcinom5-8). Recently, we showed that bombesin inhibits etoppsiduced
apoptosis in human androgen-independent prostaticer cellines Q); thus, these neuropeptides
could disrupt the balandetween cell death and cell growth in the tumor.

The most relevant biological interest in apoptosikie possibilityof its modulation, hence, the
identification of inductive angrotective factors and their mechanisms of actemnsto béhe most
relevant challenges in apoptosis research. Theasanghumber of studies enforcing the importa
of mitochondria irepoptosis signaling, with an increase in complexXigs resulteth a strong
debate concerning the exact sequence of mitochadeshents. Mitochondrial dysfunction in
apoptosis is related wigpecific permeabilization of the outer mitochondneembrando large
molecules including ions that are relevant in thepdoticprocess 10). The detection of the
mitochondrial permeabilityransition event provides an early indication & thitiationof cellular
apoptosis. This process is typically defineé@&sllapse in the electrochemical gradient acitoss t
mitochondrialmembrane, as measured by the change in the mitddabmembran@otential Av ).
Loss of mitochondrigA® , indicative of apoptogian be detected by a unique fluorescent cationic
dye, 5,5',6,6'-tetrachloro-1,1',3,3'-tetraethylbemdazolylcarbocyaninedide, commonly known as
JC-1. JC-1 is a cationic dye tleathibits potential-dependent accumulation in mitoudria,
indicatedby a fluorescence emission shift from gre=n ( 52% tamed(~590 nm). Consequently,
mitochondrial depolarization is indicatby a decrease in the red/green fluorescence ityaasio.
The potential-sensitive color shift is due to tlhaaentration-dependefarmation of red fluorescent
"J aggregates”l(l). Thereforea careful analysis of the fluorescence ratio deteutill allow
researchers to make comparative measurements abraeenpotentigand determine the percente
of mitochondria within a populaticdhat responds to an applied stimuli8<15).

A recent study from our laboratory showed the gbdf etoposidéo induce alterations in trav

with the subsequent releasfentermembrane space proteii$,(17). The development of vitro
models for an adequate approach to neuroendodffeeeditiationof prostatic carcinoma, and its
implications in this diseasts, imperative. In the present article, our reseavak basedn the role ¢
a representative neuropeptide, bombesin, in madgldte mitochondrial permeability transition
alterations of celtleath induced by etoposide on PC-3 cells, thuse@nfpthatthe presence of the
secretory products from neuroendocrine aaisfers antiapoptotic capabilities on
nonneuroendocrine celis the androgen-insensitive prostatic PC-3 canekiine. On the other
hand, the interaction between neuroendocrine and prostatic carcinoma cells is a novel mode

http://mct.aacrjournals.org/cgi/content/full/6/48p 13/09/200
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the studyof basic mechanisms of apoptosis. In this sense tinerapeutiprotocols and trials need
to be developed to test drugs actingugh the neutralization of antiapoptotic intdadar pathways
mediated by neuroendocrine hormones.

Materials and Methods

Cell Culture

Androgen-independent PC-3 cells (American Type@ealCollectionManassas, VA) were grown
in Ham's F12 (Cambrex, Verviers, Belgiustpplemented with 10% fetal bovine serum
(Biowhittaker, VerviersBelgium) and 4% penicillin-streptomycin (Cambrex)a water-saturated
atmosphere of 5% C{Quntil the beginning of the experiments.

Treatment Administration

All experiments were started with unsynchronizepaentiallygrowing cells. Treatment protocols
for etoposide-induced apoptosisd inhibition of apoptosis by bombesin have baewipusly
described by us9( 18-22). Briefly, cells were seeded glass-bottomed microplates (Willco wells;
Amsterdam, th&letherlands) at a density of 200,000 cells per aedl theculture medium was
changed to 5% fetal bovine serum—supplememtedium, and was exposed to different treatments
48 h later.

Etoposide-lnduced Apoptosis. Cells were exposed to 150 pmobtetoposide (Sigma, Steinheim,
Germany), added from a 2 mmoktock solution in DMSO.

Neur opeptide Exposur e Inhibited Etoposide-Induced Apoptosis. Cells were exposed to
combined treatments with etoposide dascribed above) and bombesin (Sigma; 1 nmol/L).

Control Groups. A control group cultured in the standard mediuas used in all experiments;
positive controls were treat with bombesin (1 nmol/L). Cells were examined afti8h ofexposure
to different treatments; at least five experimewtse done. Direct examination by phase contrast
microscopy waslone at the beginning of the experiments.

Growth Kineticsand Cell Viability. Using the 2,3-bis(2-methoxy-4-nitro-5-sulfopher¥H-
tetrazolium-5-carboxanilidener salt viability assay and trypan blue exclasiwith tryparblue in
culture media (0.5%), the growth kinetics and eilbilitieswere determined. After incubation of
cells with trypan bluenonstained cells were regarded as viable cellsparelcellsvere considered
nonviable when observed in a hematocytomé@iee. percentage of viable cells was defined as the
number ohonstained cells / total cell numbed00.

2,3-Bis(2-M ethoxy-4-Nitr o-5-Sulfophenyl)-2H-Tetr azolium-5-Car boxanilide Inner Salt Assay.
Briefly, cells were grown in a 96-well flat-bottocheicrotiter plate at a final volume of 100 pL
culture mediunper well, in a humidified atmosphere (37°C and 5@, CAfter 24 and 48 h, 50 pL

of the 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2&trazolium-5-carboxanilidener salt labeling
mixture (Boehringer-Mannheim, Mannhei@ermany) was added to each well. Cells were
incubated for 4 in a humidified atmosphere, and the absorbancellsf wasneasured using an
ELISA reader at a wavelength of 450 to nm.

http://mct.aacrjournals.org/cgi/content/full/6/48p 13/09/200
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Characterization of Apoptosiswith Light Microscopy and Fluorescence Microscopy

For microscopic quantification of apoptotic celtgtospinpreparations obtained from vitro cell
cultures were used@he sample was taken by collecting the supern@antainingthe floating
apoptotic cells) followed by trypsinization tbfe rest of the monolayer (containing healthy ¢ells
Both fractionsvere combined to reconstitute the total populasiod thercentrifuged at 1,000 rpm
for 5 min to get the pellet. CeNgere then washed twice in PBS and cytospun by mefans
cytobucketsat 1,500 rpm for 5 min. Air-dried samples wererstdifor lightmicroscopy (H&E) and
fluorescence microscopy (fluorescdh6-diamidino-2-phenylindole).

Cell Staining. For H&E staining, air-dried slides were fixed10% formaldehyde and stained in
hematoxylin and counterstainedth eosin. For fluorescent 4',6-diamidino-2-phaéngble staining,
air-dried slides were fixed in methanol at —20°€20 min, air-dried, and stained with 4',6-
diamidino-2-phenylindoléServa, Boehringer-Ingelheim, Heidelberg, Germatypom temperature
for 20 min in the dark, and mounted with an antiigdnedium(O-phenylenediamine; Sigma) in
glycerol (Merck, Darmstadt, Germangnd preserved at —20°C in the dark until examinatiba
fluorescence range between 300 and 400 nm. Themegsof apoptotic cells was defined as the
number of apoptotic cellsotal cell numbek 100. At least 200 cells should be courfeadeach
experiment.

Assessment of Apoptosis by Annexin V

Cells were stained with Annexin V as recommendethbysupplieréMolecular Probes, Leiden, the
Netherlands), conjugated w Alexa Fluor 594 for the evaluation of translocatain
phosphatidylserir to the outer leaflet of the plasma membrane, antd®¥ Green(Molecular
Probes) for nuclear staining, to a final concemratf 1 umol/L. The SYTOX Green nucleic acid
stain is a high-affinityzucleic acid stain that easily penetrates celll witmpromiseglasma
membranes, and yet, will not cross the membranégedtells. The SYTOX Green/DNA complex
has excitation and emissiamaxima of 504 and 523 nm, respectively. Annexinovjagatedvith
Alexa Fluor 594 shows excitation and emission maxafb90 and 617 nm, respectively. Briefly,
after discarding theulture medium, cells were washed with cold PBS, astainingolution with

80 pL of SYTOX Green solution in Annexoinding buffer and 20 puL of Annexin solution were
addedo a final volume of 100 pL of staining solutionrpeell. Cells were incubated at 18°C to 24°
C in the dark fod5 min, and then washed twice with Annexin binddfer (supplied)prior to
fixation for 10 min in 70% methanol and mountingiw/ectashield (Vector Laboratories,
Burlingame, CA). Cells werexamined in an inverted confocal microscope LeiC&ISL (Leica
Microsystems, Barcelona, Spain).

Mitochondrial Permeability Potential

Cells were stained with the cationic dye JC-1 (it Immunohistochemistrifechnologies,
Bloomington, MN), which exhibits potential-depentlaocumulation in mitochondria. At low
membrane potentials, JCetintinues to exist as a monomer and produces a ftewescence
(emission at 527 nm). At high membrane potentialsomcentrations]C-1 forms J aggregates
(emission at 590 nm) and producega fluorescence.

Staining Procedure. Cells were stained as recommended bystippliers. Briefly, cells were
cultured in glass-bottomed Willagells for the assay, not exceeding a final amofinob cells/mL,
and after discarding the culture mediurx MitoPT stainin(solutions obtained from a 1x stock

http://mct.aacrjournals.org/cgi/content/full/6/48p 13/09/200



Loss of mitochondrial membrane potential is intfadiby bombesin in etopos-in... Pégina5 de13

was added to the welf6.5 mL/well). Cells were then incubated at 37°€C¥6min in a CQ

incubator and, after discarding the medium, washed twice with 1 to 2 mL of assay buffer
warmed to 37°CThe wash was discarded and a drop of assay bufieraddedo the wells prior to
immediate examination in the inverteahfocal microscope (Leica TCS SL), equipped withtHLCX
PLAPO CS 40.x 1.25 oil immersion objective, with an incubatsystem consisting of a cube that
completely covers the microscoped allows us to keep cells at 37°C in a contradiedosphere

with a mixed air/CQ flow of 4 L/h and 5% CQduring image collectioand analysis.

Image Collection and Analysis

Images were collected and processed using the mpagiftwaregrovided by the Leica TCS SL
system. All samples were expogedhe laser for a time interval not more than % toi avoid
photobleaching. J-1 was excited at 490 nm. The excitation beaiitter selected was a DD
488/543. Emission fluorescence veadlected in TRITC (590 nm) and FITC (530 nm) chalsn
simultaneouslyThe laser was set to the lowest power that wastalgeoduce fluorescent signal.
The maximum voltage of photomultiplierss used to decrease the required laser power &ts aisu
possible 440.1 V being the lowest and 499 V the highestagat A pinholef 1 Airy unit was used.
Images were acquired at a resolutdri,024x 1,024, with a voxel size of 247.66 nm.

For quantitative analysis, at least 120 regionstefrestwere selected in each group (control,
etoposide-treated cellstoposide plus bombesin—treated cells, and bomibesiteccells) to
quantify changes iav . All of the regions of interestere cells selected under the following

criteria: well-definedimits, clear identification of nucleus, and abset intersectionvith
neighboring cells. The size, number of pixels, eattbsbetween fluorescence intensity in the red
(high membrane potentiadnd green (low membrane potential) channels in ezgibn ofinterest
were calculated. An increase in the ratio was pregedas an increase Av, .

Statistical Analysis

The statistical analysis was done with the SPS§ram. A two-wayANOVA analysis was used to
compare the mean values of the red/graéins, also introducing the cell size factor affgize
groupsdefined by the quartiles of the distribution ofaseThe normalitpf the groups was
contrasted with Kolmogorov-Smirnov test armmogeneity of variances with Cochran's C testt Pos
hoc contrastavere carried out to detect the differences betvggeunps.

Results

Char acterization of the Apoptotic Process

Per centages of Apoptotic Cells. After 48 h of treatment withOO pg/mL of etoposide, the
percentage of apoptotic cedetermined according to the examination of H&E, é&xinV, and 4',6-
diamidino-2-phenylindole—stained cells Wils 7% in exposed cells and 7.1% in nontreated cbntr
cells.In PC-3 cells, the addition of bombesin resulted markedlecrease of apoptosis (20.43% of
apoptotic cells), whereas he bombesin-treated group, 5.4% of the cells wpoptotic Annexin V
was used to confirm the induction of apoptosis giaisonfocal microscope.

Growth Kineticsand Cell Viability. All etoposide-treated groupsesented worse viability than 1
control groups. The additiiof neuropeptides resulted, as expected, in anaser@ ce viability.

http://mct.aacrjournals.org/cgi/content/full/6/48p 13/09/200
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Av_ Assessment by Confocal Microscopy. Control cells showed heterogenestaning of the

cytoplasm with both red and green fluoresceromxisting in the same ceHi@. 1A). Consistent
with a mitochondrialocalization, the red fluorescence was mostly foumbd-shapednd granular
structures distributed throughout the cytoplasithough a minority of the mitochondria exhibited
only greerfluorescence; these were most conspicuous in afeggoplasnsurrounding the nuclet
Treatment of PC-3 cells with bombesicreased the red fluorescence and frequent ctusfer
mitochondriavere seenKig. 1B). Exposure of PC-3 cells to etoposide induceaked changes A
¥, as evident from the disappearance offi@arescence or the increase of green fluorescience

most cellswith a predominantly peripheral distribution. Soosdls weredevoid of red fluorescenc
which is an indication of the los$ A¥  and the severity of cell damaged. 1Q. Cell treatment

with etoposide plus bombesin increased the readiaencén most cells, and protected cells which
presented a simil distribution pattern to that observed in the cdrgroup,from the loss oAv

(Fig. 1D).

Figure 1. JC-1 fluorescence imaging of mitochondria in
the selected regions of interdstsets, a higher
magnification of cellsléft). Cells were stained with JC-1
for 15 min.Green fluorescence, depolarized (monomer)
mitochondriayed fluorescence, hyperpolarized (J
aggregates) mitochondria, control; B, bombesin-treated
cells; C, etoposide-treated cellB, etoposide plus
bombesin—treated cells.

View larger version (57K):
[in this window]

[in a new window]

Statistical Analysis

Descriptive Analysis. For the variable ratio, which is equivalémthe quotient between the mean
values of red and green pix@tseach region of interest that corresponds toséir@blecell area,
significant differencesR < 0.00001) betweethe four groups were founéi@. 2).

Figure 2. Quantification ola¥ _ (box-whisker plot)

expressed as a ratio (J aggregates/monomer) giffeeent
treatment groups. Descriptive variabl¥saxis,N for each
treatment groupy-axis, red to green ratio.

http://mct.aacrjournals.org/cgi/content/full/6/48p 13/09/200
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TREATMENTS
View larger version (15K):
[in this window]
[in a new window]

Two-Way ANOVA. Using the quartiles of the variable area, fgraups were established in the
selected cells as a second faetas added which could affect the treatment, witibtal of 16
groups, four defined by treatment and four defingdheareas, with four levels per group. Area
influence on the red/greeatio between the four treatment groups, treatnméluienceon the
red/green ratio related to area, and the red/geendifferences depending on the cell area were
assessed by meaofsa two-way ANOVA.

The ANOVA revealed a highly significant differenicetween theneans of ratios between
treatmentsk = 0.000), and the meaaératio for the area sizeB € 0.000), and the interaction
between treatments and ar®a50.0002) was also highly significamgdicating that the differences
between ratios of the area dependhe treatment. The assumptions of normalithefdistribution
in the 16 groups were satisfied (except for oneigy@nd th&Cochran's C test for homogeneity of
variance reported a significanierel of >0.05 P = 0.12), that is, we accept that the varianeese
not significantly differentfig. 3). This is a strongteraction effect and is unlikely to be due to
chance, as showoy ANOVA analysis. Post hoc contrasts were doneémfirmationof the
significance.

e O Figure 3. Profiles of the ratio for marginal means of size
' for treatment factorA), treatment groups in théaxis anc
red to green ratio in thé-axis; and for marginal means for
size factor B), data for size in th¥-axis and for red to
green ratio in th&-axis.

View larger version (16K):
[in this window]
[in a new window]

Post hoc Comparisons. The post hoc comparisons show the differemc@sodel-predicted means
for each pair of factor levels. this case, because the interaction effect wasfgignt, the

http://mct.aacrjournals.org/cgi/content/full/6/48p 13/09/200
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differences between the different levels of treattfiactorfor each of the levels of the factor size
were examined to contraahd estimate significant differences between tHeréint treatments
conditioned by the factor size. Due to the existenica controgroup, the Dunnett test was used
(Table 1). Furthermore, thBISD test of Tukey was used to contrast the pairdiSerences
between treatment3 ble 2).

View thistable: Table 1. Differences between each treatment group and control group
[in this window] with 95% confidence interval showing the influence of size
[in a new window]

View thistable: Table 2. Pairwise differences between the four groupswith 95%
[in this window] confidence interval
[in a new window]

Discussion

The presence of neuroendocrine differentiation—ustdedas an exaggerated ratio of
neuroendocrine cells to neoplaguthelial cells in the prostate carcinoma—is asgedwith
worse prognosis, higher tumor progression, andtiigogen-independestiatus of the tumor, whic
becomes unresponsive to hormaih&rapy, and has received increasing attentioadant yearas ¢
possible result of implications of theraj1—4).

The putative function of neuroendocrine cells imstatingproliferation and/or inhibiting the
apoptotic process, worsenitige prostate cancer outcome through a paracrimadral mechanism,
provides a rationale for the experimental use afdwhict could inhibit the secretion of
neuroendocrine products, taen of which is to counteract tumor progressiors( 23-25). In the
present article, our research was b on the role of bombesin in modulating the inductién
mitochondrialmembrane potential alterations in etoposide-indwediddeathin an androgen-
independent PC-3 prostate cancer cell line.

In apoptosis, mitochondria have two essential fonest Firstto provide energy in the form of ATP,
which is required focells to die by the apoptotic pathway. Secondelease proapoptotproteins
normally sequestered in the intermembrane spac¢h@tcytosol, in which they trigger downstream
apoptotic signalingathways 26-30).

Detection of the mitochondrial permeability traimiteventrovides an early indication of the
initiation of cellular apoptosig.his process is typically defined as a collapst@electrochemical
gradient across the mitochondrial membrane, asunediby theehange in the mitochondriA¥
Changes in the mitochondriA¥ lead to the insertion of proapoptotic proteins ithi® membrane
and possible oligomerization of Bid, Bak, Bax, @dB Thiscould create pores, which dissipate the
transmembrane potentithereby releasing cytochrorc into the cytoplasm31-34).

http://mct.aacrjournals.org/cgi/content/full/6/48p 13/09/200
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Loss of mitochondrigA® , indicative of apoptosisnd detectedith JC-1. JC-1 was incorporated
(for easy penetration) intells and healthy mitochondria, in which it aggitegaand fluorescesd
(590 nm). When the mitochondria¥  collapses in apipcells, the reagent no longer accumul
inside the mitochondriand instead, it is distributed throughout the d&then disperseit this
manner, it assumes a monomeric form which fluoegeen (527 nm; refd.1, 35-37).

A loss ofAv  leads to the induction of apoptosis in etoposidatedPC-3 cells and this damage is

prevented by bombesin. The quantits analysis of JC-1—stained cells revealed a sigmfica
decrease in the red (higiv ) to green (lowA¥ ) ratio in etoposide-treatextlls compared with

control cells, which was restored in fhreesence of bombesin. In bombesin-treated cellgy@aase
in the ratio was observed. Signal transduction madés activatetdy bombesin include
phosphoinositid-3-kinase/Akt, with subsequeattivation of transcription factor8§, 39), whereas
the Aktpathway has been involved in the regulatioavf as well asf cell size £0).

The interaction between treatments and aPea (.0002), indicatinghat the difference between
ratios of area depends on treatmenhighly significant. Data obtained for etoposideated cells
confirm that PC-3 cells keep their apoptotic maehynshowingan apoptotic volume decrease in
response to etoposidél). The channel activation leads to a significant desean potassium
content, and a significant increase in sodid@+{4). The variation in cellular volume was evalue
using the surof the sodium and potassium contents)(In previous studiesye have shown that
etoposide-treated cells passed througlraes of morphologically identifiable stages iaith
pathwa) to death. A progressive decrease of intracellubdagsiumas cells progress through the
different stages, with a dramakowering in the final stage2(), 22).

Combined treatment with etoposide and bombesirtezsin amodulation of the apoptotic respor
with a decrease in apoptosasid an increase in cell viability even with resgeatontrolcells. The
differences in treatment factors vary for each gioeip. Clear differences were found for size 1s
betweerbombesin-treated cells, etoposide plus bombesatteieells, and control cells with resp:
to etoposide-treated cellsor size 2 cells, differences were found betweenli®sin- an@étoposide
plus bombesi-treated cells with respectd¢ontrol and etoposide-treated cells. For sizesd34an
bombesin-treatecells showed a higher ratio than cells in the othexe groupsThe differences
between treatments were remarkable in the coatletoposide plus bombesin—treated cells, but
not inetoposide-treated cells and cells exposed to bamb&me If there were no interaction
effects, the lines in the figur@sould be parallel. This is a positive fact whicmfioms the
experimental design, and that these data supporbth ofbombesin as a growing factaerq 47).
The protection by bombesagainst etoposide-induced lossA¥ . as shown in this studggcurs by

the inhibition of apoptosis and maintenance of ohittndrialintegrity.

Our evidence shows that the presence of neuroendamlisand their secretory products confers
antiapoptotic capabilitiesn nonneuroendocrine cells in androgen-insengtiestaticcancer cells.
New therapeutic protocols and trials need 1 developed to test drugs acting through the
neutralization ointiapoptotic intracellular pathways mediated byroendocrindnormones.
Hopefully, this will lead to the development of iealty new therapeutic approaches in hormone
refractory prostate canc

http://mct.aacrjournals.org/cgi/content/full/6/48p 13/09/200
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