Biomedical Research 27 (4) 157-162, 2006

Influence of prostaglandin A, on Bax, Bcl-2 and PCNA expression in MCF-7
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ABSTRACT

The effects of 20 pg/mL exogenous prostaglandin A, (PGA,) were determined on Bax, Bcl-2 and
proliferating cell nuclear antigen (PCNA) expression levels in MCF-7 cells. Flow cytometric anal-
ysis indicated a pronounced increase in the S phase and a decrease in the G, phase, whereas a sig-
nificant increase in the DNA content preceding the G,/G, peak was also observed after 48 h of
exposure to PGA,. Confirmation of apoptosis was determined after 12 h, 36 h and 48 h of PGA,
exposure employing the mitosensor reagent that detects potential changes in the mitochondrial
membrane. Twenty-eight percent of PGA,-exposed cells were in apoptosis when compared to the
7.1% vehicle-treated cells after 48 h. PGA, exposure led to statistically significant increase
(1.25-fold) over vehicle-treated controls in Bax expression levels. Decreases in Bel-2 (0.79-fold),
as well as PCNA (0.69-fold) expression levels over vehicle-treated controls were observed. The
Bax/Bcl-2 ratio for PGA,-exposed cells was 2.7. The present study suggests that an accumulation
in the S phase, a decrease in expression levels of PCNA, as well as an altered ratio in favor of

Bax, could lead to the induction of apoptosis in these cells.

Research has shown that prostaglandin A, (PGA,), a
cyclopentenone and endogenous metabolite derived
from arachidonic acid, exhibits potent anti-prolifera-
tive activity in vivo (5, 14, 20, 22) and in vitro (1,
17-19, 21, 23). Concentration-dependent studies
from previous research (12) revealed that 20 pg/mL
results in optimal growth inhibition in vitro. This
was confirmed in our laboratory where IC,, =20 pg/
mL was determined (results not shown). PGA, in-
hibited proliferation of tumor cells depending on
dose, duration of exposure and cell type (12). In ad-
dition, we have demonstrated that the breast adeno-
carcinoma cells, MCF-7, were more susceptible to
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the anti-mitogenic effects of PGA, when compared
to human epithelial cervix carcinoma (HeLa) cells
(11). Furthermore, degree of differentiation of oe-
sophageal carcinoma cells was also shown to influ-
ence tumor cell susceptibility to the anti-mitogenic
effects of PGA,. More differentiated and normal
cells appeared to be less affected, while more pro-
nounced effects were observed in less differentiated
cell lines (12).

Since PGA, targets active proliferating cells and
plays an active role in the induction of apoptosis,
especially in cells that present with carcinogenic
properties (12, 25), the aim of this study was to
confirm the anti-mitogenic effects of PGA, and to
investigate the influence of PGA, on Bax, Bcl-2 and
PCNA expression in MCF-7 cells in order to sug-
gest a possible mechanism for induction of apopto-
sis.
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MATERIALS AND METHODS

Materials. PGA,, minimum essential medium eagle
with Earle’s salts, L-glutamine and NaHCO, (MEM),
trypsin-EDTA, crystal violet, propidium iodide (PI)
and trypan blue were supplied by Sigma Chemical
Co. (St. Louis, MO, USA). Heat inactivated fetal
calf serum (FCS), sterile cell culture flasks and
plates were obtained through Sterilab Services
(Kempton Park, Johannesburg, SA). Phosphate buff-
ered saline (PBS) and MEM alpha medium with
glutamax-1 were purchased from Gibco BRL (USA).
Penicillin, streptomycin and fungizone were ob-
tained from Highveld Biological (Sandringham,
SA). Goat-anti-mouse IgG (H + L) peroxidase con-
jugate, mouse anti-Bcl-2 (clone Bcl-2 100) antibody
and mouse anti-Bax (clone 2DC concentrate) anti-
body were provided by Sterilab Services. Anti-PC-
NA-FITC (fluoroisothiocyanate) and IgG2b-FITC
were supplied by Dako (Glostrup, Denmark). The
BD ApoAlert™ Mitochondrial Membrane Sensor
Kit was purchased from CLONTECH Laboratories,
Inc. (Palo Alto, CA, USA). The Bio-Rad Dye Re-
agent Concentrate protein assay was purchased from
Bio-Rad Laboratories (Miinchen, Germany) and sup-
plied by S.A. Scientific Inc. (Midrand, SA). All oth-
er chemicals were of analytical grade and supplied
by Sigma Chemical Co.

Cell culture. MCF-7 (human breast adenocarcinoma)
cell line was supplied by Highveld Biological (Pty)
Ltd. (Sandringham, SA). Cells were grown as mono-
layers in MEM, at 37°C in a humidified atmosphere
containing 5% CO,. Media were supplemented with
10% FCS, penicillin (100 pg/L), streptomycin
(100 pg/L) and fungizone (250 pg/L). Stock solu-
tions of PGA, were made in ethanol at concentra-
tions of 1 mg/100 pL and stored at —20°C. The final
ethanol concentrations in the medium did not ex-
ceed 0.2% (v/v). Controls included showed that 0.2%
ethanol had no toxic effects on experiments con-
ducted. Known numbers of viable cells were seeded
in appropriate culture vessels and, after 24 h incuba-
tion, exposed to 20 pg/mL of PGA,. Non-viable
cells were excluded with the trypan blue staining
procedure.

Cell cycle progression. Viable MCF-7 cells (500
000) were seeded into 25 cm’ flasks, incubated for
24 h and exposed to 20 pg/mL of PGA, for 48 h at
37°C where optimal effects were observed. Cells
were trypsinized in equal volumes of trypsin (0.25%)
and EDTA (1 mM), fixed in 99.5% methanol and
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stored at —20°C. Methanol was removed by centrif-
ugation at 200 x g for 10 min. The sediments were
resuspended in 1 mL 1% CacCl, and 50 pg/mL prop-
idium iodide and incubated for 20 min while shak-
ing gently. Each analysis was based on at least 10
000 events employing a Coulter Epic-XS flow cy-
tometer. The data were analyzed using a multicycle
analysis program (MulticycleAV software).

Apodlert™ Mitochondrial Membrane Sensor analy-
sis. Confirmation of apoptosis was determined after
12 h, 36 h and 48 h of PGA, exposure by employing
the ApoAlert™ Mitochondrial Membrane Sensor kit
that detects potential changes occurring during apop-
tosis in the mitochondrial membrane. Cells were
seeded, exposed to PGA, as described above and
analysed according to the manufacturer’s instruc-
tions. Briefly, cells were removed from culture
flasks to flow cytometry tubes, centrifuged at 350 x
g for 5 min and resuspended in 1 mL diluted Mito-
Sensor reagent per tube. One mL incubation buffer
was added after an incubation period of 20 min at
37°C in a 5% CO, incubator. The tubes were centri-
fuged at 350 x g for 5 min, resuspended in incuba-
tion buffer and analyzed employing a Coulter Epic-
XS flow cytometer using a band-pass filter for
detection of fluorescein and rhodamine.

Bax and Bcl-2 expression levels. 500 000 viable
cells were seeded in 25 cm’ culture vessels and in-
cubated for 24 h. Cells were harvested after 24 h of
exposure to vehicle controls and 20 pg/mL of PGA,,
respectively. Cells were homogenized in saline
(150 mM NaCl, pH 7.4). Protein concentrations of
each cell extract were determined by means of the
Bio-Rad Dye Reagent Concentrate protein assay ac-
cording to the manufacturer’s instructions. Samples
of known protein concentration (0.1 mg protein per
well) were coated onto a 96 well microtiter plate,
dried under a 150 W lamp in a stream of air gener-
ated by an electric fan and subsequently blocked in
300 uL of PBS (pH 7.4) containing 0.5% casein, for
60 min at 37°C. Blocking medium was replaced
with cell culture supernatant containing the mono-
clonal antibody (diluted 1:100 in blocking buffer)
and incubated at 37°C for 45 min after which the
plates were washed three times in blocking buffer
and incubated for 30 min with peroxidase-conjugat-
ed goat-anti-mouse IgG (heavy and light chain) at a
1 : 500 dilution with blocking buffer. After a second
washing step, 100 uL. of developing buffer (10 mL
citrate, 10 mg o-phenylene diamine and 8 mg hydro-
gen peroxide pH4.5) was added and the reaction
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was monitored at 450 nm with a SLT 340 ATC
scanner (SLT Labinstruments, Austria).

PCNA-FITC flow cytometry. Cells were seeded at
500 000 per flask after trypan blue exclusion and
exposed to either 0.2% ethanol (control) or 20 pg/
mL of PGA, for 48 h. After trypsinizing the cells
and washing twice with PBS, ice-cold methanol was
added. Cells were stored at —20°C overnight. Sam-
ples were centrifuged at 100 x g for 5 min, resus-
pended in 2 mL PBS containing 20% goat serum
and 3% bovine serum albumin for 30 min at room
temperature and centrifuged as mentioned above.
10° cells were incubated with 10 pL FITC-conjugat-
ed anti-PCNA mouse monoclonal antibody diluted
in 1 mL PBS containing 10% goat serum and 3%
bovine serum albumin for 1 h at room temperature.
Isotypic controls were exposed to irrelevant mouse-
IgG2b-kappa-FITC. Subsequently, cell pellets were
washed three times with PBS. PI (18 pg/mL) and
RNase (40 pg/mL) in PBS were added and samples
were analysed on a Coulter Epic-XS Flow cytome-
ter. Data was analysed employing MulticycleAV
software.

Statistics. Data obtained from independent experi-
ments are shown as the mean + SD and were statis-
tically analyzed for significance using the analysis
of variance (ANOVA)-single factor model followed
by a two-tailed Student’s t-test. Means are presented
in bar charts, with T-bars referring to standard devi-
ations. P-values < 0.05 were regarded as statistically
significant and indicated by an * or number as indi-
cated in the legends.

RESULTS

Cell cycle progression

The effects of 20 ug/mL PGA, after 48 h of expo-
sure on MCF-7 cells were evaluated on cell cycle
progression. Flow cytometry analysis showed an in-
crease in the number of treated cells in the S- and
G,/M phases, as well as the DNA content preceed-
ing the G,/G, peak. The latter indicates reduced
quantity of DNA or hypercondensed DNA that
may represent apoptotic bodies, as others and we
have previously illustrated (3, 8, 25). In addition,
a marked decrease was observed in the G, phase

(Fig. 1).

Apodlert™ Mitochondrial Membrane Sensor analy-
Sis

PGA,-induced apoptosis was confirmed in a time-
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dependent study of 12h, 36 h and 48 h employing
the ApoAlert™ Mitochondrial Membrane Sensor
analysis procedure. 28.0% of PGA,-exposed MCF-7
cells were in apoptosis when compared to the 7.1%
vehicle-treated cells after 48 h (Fig. 2).

Bax and Bcl-2 expression levels

The effects of 20 ug/mL PGA, were evaluated on
the expression levels of Bax and Bcl-2 in MCF-7
cells compared to vehicle-treated controls after 24 h
of exposure. PGA, exposure led to statistically sig-
nificant increase (1.25-fold) (P < 0.05, indicated by
an * on the graph) over vehicle-treated controls in
Bax expression levels. In contrast, a decrease in
Bcl-2 expression levels (0.79-fold over vehicle-treat-
ed controls) was observed. The Bax/Bcl-2 ratio for
PGA,-exposed cells was 2.7, normalized against
Bcl-2 levels (Fig. 3).

PCNA-FITC flow cytometry

The influence of 20 pg/mL PGA, on PCNA induc-
tion in MCF-7 cells was measured by means of flow
cytometry. Cells were exposed to 20 ug/mL PGA,
for 48 h. In each analysis 10 000 events were count-
ed. In the negative control (isotypic) only 1.6% of
cells were labelled with PCNA and PIL. 61.6% cells
stained positive for PCNA and PI in the vehicle-
treated control. PGA, caused a decrease in PCNA
levels (0.69-fold) when compared to the vehicle-
treated control. The percentage of cells labelled with
PCNA and PI is given in Fig. 4.

DISCUSSION

Previous research has revealed that PGA, plays an
active role in the induction of apoptosis, especially
in cells with carcinogenic properties (12, 25). We
have shown that 20 ng/mL PGA, significantly de-
creased cell numbers of HelLa (cervical carcinoma)
and MCF-7 cells, with the latter cell line being
more susceptible to PGA,’s anti-mitogenic effects
(11). These anti-mitogenic effects were confirmed
by morphological studies, mitotic indices and flow
cytometry, as well as propidium iodide and Hoechst
33342 cell staining conducted after 48 h of exposure
to PGA,. Results suggested that the decrease in cell
numbers initially observed was probably not due to
inhibition of proliferation, but could be ascribed to
an induction of apoptosis resulting in cell death (11).
The aim of this study was therefore to confirm the
anti-mitogenic effects of PGA, and to investigate
the influence of PGA, on Bax, Bcl-2 and PCNA ex-
pression levels in MCF-7 cells in order to suggest a
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Fig.1 Flow cytometry analysis of MCF-7 cells after 48 h
of exposure to 20 pg/mL exogenous PGA,. Cell cycle anal-
ysis showed an increase in both S- and G.,/M phases, as
well as a marked decrease in the G, phase in the amount
of PGA,-treated cells. The DNA content below the G, /G;
peak increased after exposure to PGA, and is presented
as the apoptotic fraction. Each analysis was based on at
least 10 000 events employing a Coulter Epic-XS flow cy-
tometer. The data were analyzed using a multicycle analy-
sis program (MulticycleAV software).
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Fig. 3 Bcl-2 and Bax expression levels of PGA,-exposed
MCF-7 cells and vehicle-treated control cells after 24 h.
PGA, exposure led to statistically significant increase
(1.25-fold; indicated by an * on the graph) over vehicle-
treated controls in Bax expression levels. In contrast, a de-
crease in Bcl-2 expression levels (0.79-fold over vehicle-
treated controls, however not statistically significant) was
observed. Means are presented in bar charts, with T-bars
referring to standard deviations. P-values <0.05 were re-
garded as statistically significant and indicated by an *.

possible mechanism for induction of apoptosis.

In this study, PGA, caused an accumulation in
both the S- and G,/M phases, a marked decrease in
G, phase and an increase in DNA content preceding
the G,/G, peak (indicative of apoptotic body forma-
tion) after 48 h of exposure thereby confirming pre-
vious results obtained (11). Similarly to our cell
cycle progression status results obtained after PGA,
exposure, Grzanka et al. (2005) also observed a de-
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Fig.2 Detection of mitochondrial transmembrane potential
changes after PGA, exposure of MCF-7 cells. PGA,-in-
duced apoptosis was confirmed in a time-dependent study
of 12h, 36h and 48 h. 28.0% of PGA,-exposed MCF-7
cells were in apoptosis when compared to the 7.1% vehi-
cle-treated cells after 48 h. Each analysis was based on at
least 10 000 events employing a Coulter Epic-XS flow cy-
tometer. The data were analyzed using a multicycle analy-
sis program (MulticycleAV software).

70 -
60 -
50 -
40

30
20 -
10 -

0 I

WPCNA

% of cells positive for PCNA

—

Isotypic Control PGA2

Fig. 4 Influence of vehicle-control and 20 pg/mL PGA, on
PCNA levels in MCF-7 cells. Isotypic controls are also in-
cluded. PGA, reduced expression levels of PCNA 0.69-fold
when compared to vehicle-treated control cells after 48 h of
exposure. Each analysis was based on at least 10 000
events employing a Coulter Epic-XS flow cytometer. The
data were analyzed using a multicycle analysis program
(MulticycleAV software).

crease of K-562 leukemia cells in the Gy/G, phase,
an increase in the G,/M phase, as well as an in-
crease in the number of apoptotic cells after expo-
sure to another anti-mitogenic drug, doxorubicin. It
was suggested that increased expression of cyclin A
may have contributed to the induction of apoptosis
in these cells (7).

In a study conducted by Distefano et al. (1997) it
was shown that the anti-mitogenic drugs, paclitaxel,
docetaxel and a series of new analogs synthesized
from 14beta-hydroxy-10-deacetylbaccatin III also in-
duced a cell cycle block in G,/M (4). The latter re-
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sult correlated significantly with apoptosis measured
in the sub-G, region and occurrence of apoptosis
was confirmed by DNA gel agarose electrophoresis
(4). Premature activation of p34(cdc2) has been im-
plicated as a prerequisite for apoptosis induction in
cells arrested in G,/M (27). In addition, Seegers et
al. (2000) demonstrated a decrease in p34(cdc2) ac-
tivity in PGA,-treated WHCO3 oesophageal carci-
noma cells (24). In this study confirmation of
apoptosis was determined by employing the mito-
sensor reagent that detects potential changes in the
mitochondrial membrane. 28.0% of PGA,-exposed
cells were in apoptosis when compared to the 7.1%
vehicle-treated cells after 48 h.

Since the Bcl-2 family of proteins is regarded as
key regulators of apoptosis, the influence of PGA,
on Bax and Bcl-2 expression levels in MCF-7 cells
were subsequently investigated. Bcl-2 is perceived
as anti-apoptotic, whereas Bax can be regarded as
pro-apoptotic and an increased ratio of pro-apoptotic
Bax to anti-apoptotic Bcl-2 can be associated with
apoptosis. The pro- and anti-apoptotic Bcl-2 family
of proteins are responsible for either the induction
or prevention of mitochondrial membrane permea-
bility important in regulating cytochrome c release
from mitochondria (2, 6, 13, 16, 28).

In this study, PGA, exposure led to statistically
significant increase (1.25-fold) over vehicle-treated
controls in Bax expression levels. In contrast, a de-
crease in Bcel-2 expression levels (0.79-fold over ve-
hicle-treated controls) was observed. The Bax/Bcl-2
ratio for PGA,-exposed cells was 2.7, normalized
against Bcl-2 levels. It was previously reported that
15-deoxy-Delta (12,14)-prostaglandin J(2) (15d-
PGJ(2)) also induced apoptosis in the human chon-
drosarcoma cell line, OUMS-27 by down-regulation
of anti-apoptotic Bcl-xL and up-regulation of
pro-apoptotic Bax (26). Furthermore, Joubert et al.
(2005) obtained similar results after exposure of
squamous oesophageal cancer cells (WHCO3) to
2-methoxyestradiol (2-ME), another anti-mitotic
drug and tubulin poison. The Bax/Bcl-2 ratio for
WHCO3-treated cells was determined as 1.45, nor-
malized against Bcl-2 levels (9). Exposure of human
cervical carcinoma cells (HeLa) to PGA, and 2-ME
revealed a Bax/Bcl-2 ratio of 2.06 and 1.87 respec-
tively, normalized against Bcl-2 levels in these cells,
also suggesting that this altered ratio in favor of
Bax could lead to the induction of apoptosis in
these cells (10).

Furthermore, PGA, caused reduced expression
levels of PCNA (0.69-fold) when compared to vehi-
cle-treated control cells after 48 h of exposure. Liu
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et al. (2005) also revealed a decrease of PCNA to-
gether with nuclear changes that are characteristic of
apoptosis, a decreased mitochondrial membrane po-
tential and activation of caspase 3 in human promy-
elocytic leukemia HL60 cells (15).

Although the exact mechanisms of apoptosis in-
duction by PGA, and the role of key molecules
influenced in MCF-7 cells require further investiga-
tion, the present study suggests that an accumulation
in the S phase, a decrease in expression levels of
PCNA, as well as an altered ratio in favor of Bax,
could lead to the induction of apoptosis in these
cells. More knowlegde regarding the function and
regulation of the Bcl-2 family will allow researchers
to consider potential pathways of apoptosis signal-
ing mechanisms for diseases where apoptosis can
potentially be controlled.
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