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BACKGROUND. Aspirin is widely used as a preventive measure against occlusive vascular
diseases. Since the age group in which aspirin use has become prevalent is similar to the one
presenting with prostate cancer, we decided to examine the potential effects of aspirin on
prostate cancer.
METHODS. We studied the effects of plasma-attainable concentrations of aspirin (0.5–2 mM)
on the human prostate cancer cell lines LNCaP, PC-3, and DU 145, employing cytotoxicity
assays and flow cytometric analyses.
RESULTS. Incubation with aspirin for 3 days reduced cellular proliferation by up to 35–55%
in each cell line studied, but induced a tripling of the percentage of cells expressing P-
glycoprotein (an efflux pump conferring multidrug resistance) only in the LNCaP cells. Both
effects were dose-dependent. The effect on P-glycoprotein expression was reflected in the
induction of resistance against adriamycin cytotoxicity. Furthermore, this protective effect of
aspirin was reversed by a specific P-glycoprotein inhibitor, PSC833. The cellular expression of
P-glycoprotein returned to normal within 3 days following the removal of aspirin. Aspirin did
not affect the cell cycle distribution of LNCaP cells.
CONCLUSIONS. This study suggests that aspirin enhances the ability of androgen-
responsive prostate cancer cells to resist chemotherapeutic drugs. These findings could po-
tentially have significant clinical ramifications for prostate cancer patients taking aspirin
shortly before or during chemotherapeutic sessions. Prostate 42:172–180, 2000.
© 2000 Wiley-Liss, Inc.
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INTRODUCTION

A surge in the prophylactic use of aspirin has been
reported. Thousands of people, especially older indi-
viduals, are prescribed aspirin as both a secondary
and primary preventive measure against a wide range
of occlusive vascular diseases, e.g., myocardial infarc-
tion and stroke [1,2]. Prostate cancer is one of the four
most prevalent human cancers. It is estimated that
prostate cancer affected nearly 317,000 men in the
USA in 1996 [3]. Since the age group in which aspirin
use has become prevalent is similar to the one in
which most prostate cancer cases are diagnosed, we
decided to investigate the potential effects of aspirin
on prostate cancer. While the effects of aspirin and

other inhibitors of cyclooxygenase and lipoxygenase
on the growth of various tumors (including colon,
mammary, and lung) have been widely studied [4],
few reports have appeared in which the effect of as-
pirin on prostate cancer was investigated. Both of
these studies were performed in two different models
of rat prostatic adenocarcinoma, and yielded conflict-
ing results. In one case, aspirin suppressed metastases
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but not the primary tumor [5], while in the second
study, the results were exactly the opposite, i.e., aspi-
rin suppressed the primary tumor but not metastases
[6]. Neither report included any in vitro studies ana-
lyzing the direct effects of aspirin on prostate cancer
cells, nor involved the administration of chemothera-
peutic drugs. Therefore, we studied the direct interac-
tions between aspirin and prostate cancer cells.

Cellular stress (by heat shock and arsenite) induces
the expression of the multidrug resistance gene 1
(MDR1, a gene that encodes an efflux pump capable of
removing anticancer drugs from cells), and sodium
salicylate activates DNA binding by the heat shock
transcription factor [7,8]. Therefore, we assessed po-
tential effects of aspirin (acetyl salicylate) on the re-
sponse of prostate cancer cells towards anticancer
drugs. This issue is of special importance due to the
poor rate of success (8.7–15%) in treating advanced
prostate cancer with cytotoxic chemotherapy [3,9].

MATERIALS AND METHODS

Cells

The LNCaP cell line [10] is an androgen-responsive
human prostate adenocarcinoma which was isolated
from a biopsy of a lymph node aspirated from a pa-
tient with a confirmed diagnosis of metastatic prostate
carcinoma. PC-3 and DU 145, both unresponsive to
androgen, are also human prostate adenocarcinomas.
All cell cultures were performed in RPMI-1640 with
10% fetal calf serum (Biological Industries, Beit-
Haemek, Israel), and cells were allowed to adhere
prior to every treatment mentioned below.

Reagents

All the reagents used were purchased from Sigma
Chemical Co. (St. Louis, MO) unless otherwise stated.
PSC-833 (a specific P-glycoprotein (P-gp) inhibitor)
was a kind gift from Novartis Pharmaceuticals (East
Hanover, NJ).

Cytotoxicity Assays

Inhibition of cell proliferation was determined by
the CellTiter 96 Aqueous Non-Radioactive Cell Prolif-
eration Assay (Promega, Madison, WI). Upon comple-
tion of a given experiment, MTS (a tetrazolium com-
pound) at 333 mg/ml + phenazine methosulfate (at 25
mM) were added to each well of a 96-well plate for 1 hr
at 37°C. This allowed for the development of the re-
action in which dehydrogenases reduce the MTS in
metabolically active cells. Since the cells were not

washed before the addition of MTS, we did not have
any problem with potentially loosely adherent cells.
The soluble MTS formazan product was measured at
490 nm by the CERES 900 HDi ELISA reader (Bio-Tek
Instruments, Inc., Highland Park, VT). Optical density
is directly proportional to the number of living cells in
culture. Cytotoxicity (%) was calculated in the follow-
ing way: [(OD of control cells − OD of drug-treated
cells)/OD of control cells] × 100. Since the same num-
ber of cells was aliquoted into each well initially, de-
creased optical density in wells containing treated
cells reflects cellular death and/or decrease in the rate
of proliferation. To distinguish between these two
possibilities, we employed an additional cytotoxicity
assay which detects cell death by lack of trypan blue
exclusion (see below).

Cell death was determined by trypan blue exclu-
sion. Cells were incubated with 0.1% trypan blue for
2–5 min, and the percentage of dead cells (those which
did not exclude the dye) was determined microscopi-
cally.

Determination of P-gp Expression by
Flow Cytometry

Cells were harvested from six-well plates by scrap-
ing in cold PBS, and washed. No trypsin was used to
avoid the destruction of P-gp molecules on the cell
surface. Reduction of nonspecific antibody binding
was achieved by incubating the 1 × 106 cells for 10 min
at room temperature in 1% BSA + 0.02% sodium azide
(Merck, Darmstadt, Germany). The cells were washed
and incubated for 45 min on ice with 25 ng of the first
antibody: either a specific anti-P-gp antibody (4E3
by Alexis, San Diego, CA), or a nonspecific mouse
IgG kappa isotype control (MOPC 21). The cells were
washed and the second antibody (FITC-conjugated
F(ab8)2 fragment goat anti-mouse IgG, at 13 mg/ml,
Jackson, West Grove, PA) was added for 30 min on
ice, protected from light. The cells were washed, fixed
in 0.5% paraformaldehyde (Merck), and kept pro-
tected from light until analyzed by flow cytometry in
a FACSORT (Becton Dickinson, San Jose, CA).

Cell Cycle Analysis

Cells were harvested from six-well plates by scrap-
ing in cold PBS. One million cells per sample were
fixed in 0.1% paraformaldehyde + 0.1% Triton X-100
and stored at 4°C. On the day of analysis, the cells
were incubated with 0.1 mg/ml propidium iodide (a
DNA probe) for 20 min at room temperature and ana-
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lyzed by flow cytometry in a FACSORT (Becton-
Dickinson).

Statistical Analysis

The statistical significance of the results was deter-
mined (where appropriate) by two-tailed Student’s t-
test.

RESULTS

Aspirin Suppresses the Proliferation of LNCaP
Prostate Cancer Cells

LNCaP cells were incubated in the presence of con-
centrations of aspirin detected in the plasma of pa-
tients taking this drug [11]. The rate of cellular prolif-
eration and percentage of dead cells were determined
after 3 days. Since these cells divided every 60 hr, we
chose 3 days as an appropriate time frame, allowing
each cell to be potentially affected by aspirin at every
point in its cell cycle. Aspirin decreased the number of
cells in a dose-dependent fashion (Fig. 1). Extended
incubation with aspirin for up to 5 days did not result
in a different effect from that achieved after 3 days
(data not shown). In order to differentiate between cell
death and suppression of cellular proliferation, we
also assessed the number of dead cells in the aspirin-
treated cell cultures, using the trypan blue exclusion
assay. The percentage of dead cells following aspirin
treatment did not differ from that in the control
samples (5–10%), suggesting that aspirin did not kill

the LNCaP cells but rather suppressed their rate of
proliferation. Since some anticancer drugs are rela-
tively ineffective against nonproliferating cancer cells
[12], we assessed whether the ability of aspirin to sup-
press the proliferation rate of prostate cancer cells
would interfere with the response of these cells to such
anticancer drugs.

Aspirin Decreases Adriamycin-Induced
Cytotoxicity in LNCaP Prostate Cancer Cells

LNCaP cells were incubated with or without aspi-
rin (1 mM) for 3 days and washed. Adriamycin was
added for 24 hr, and the extent of cellular proliferation
was determined. Adriamycin was used here as an ex-
ample of an anti-prostate-cancer drug whose activity
is highly dependent on target cell proliferation [9,12].
Adriamycin had a cytotoxic effect on the cells in a
dose-dependent fashion, and aspirin decreased this ef-
fect at the higher concentrations of adriamycin (Fig. 2).

While a decreased proliferation rate may contribute
to decreased sensitivity towards anticancer drugs,
other mechanisms must be suspected as well. P-gp is
an efflux pump encoded by MDR1, which removes
certain anticancer drugs (including adriamycin [9])
from the tumor cell, thereby reducing the effective
concentrations of the drugs [13]. Nuclear factor of in-
terleukin 6 (NF-IL6) is a transcription factor that acti-
vates the human MDR1 promoter [14], and protein
phosphorylation (probably by protein kinase C) en-
hances the transcriptional activity of NF-IL6 [15,16].

Fig. 1. Effects of aspirin on the proliferation of LNCaP cells.
LNCaP cells (at 5 × 104/well) were seeded in 96-well plates and
allowed to adhere overnight. Aspirin at the indicated concentra-
tions was added for 3 days. Optical density representing viable
cells was determined by the CellTiter 96 Aqueous Non-
Radioactive Cell Proliferation Assay. Aspirin suppressed cellular
proliferation significantly at P < 0.005 for 0.5 mM, and P < 0.0005
for 1 and 2 mM, n = 4.

Fig. 2. Modulation of adriamycin cytotoxicity by aspirin. LNCaP
cells (at 5 × 104/well) were seeded in 96-well plates and allowed
to adhere overnight. Aspirin at 1 mM was added for a 3-day
preincubation period. Aspirin was washed away, and adriamycin
(at the indicated concentrations) was added for 24 hr. Optical
density representing viable cells was determined by the CellTiter
96 Aqueous Non-Radioactive Cell Proliferation Assay. Diamonds,
cells preincubated in medium only; squares, cells preincubated in
medium with aspirin. Aspirin decreased adriamycin (at 8 and 16
µM) cytotoxicity significantly, P < 0.05, n = 6.
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Since we found that aspirin-like drugs induce protein
kinase C activity and transcription factor DNA-
binding activity [17], we decided to assess the possi-
bility that aspirin induces P-gp in prostate cancer cells.

Aspirin Enhances P-gp Expression on LNCaP
Prostate Cancer Cells

LNCaP cells were incubated with or without aspi-
rin (1 mM) for 3 days and washed. P-gp expression
was determined by flow cytometry (see Materials
and Methods). Aspirin almost tripled (14.1% vs.
41.0%) the percentage of cells expressing P-gp (Fig. 3).
Furthermore, aspirin at 0.25–2 mM enhanced P-gp ex-
pression on LNCaP cells in a dose-dependent manner
(Fig. 4).

Characterization of Aspirin-Induced
P-gp Expression

In order to assess whether the effect of aspirin on
LNCaP cells is associated with a modification of the
distribution of the cell population between different
cell cycle stages, we performed a cell cycle analysis.
The cell cycle distributions of control and aspirin-
treated cell populations appear to be very similar, not
exhibiting any significant differences that could be as-
sociated with the different percentages of P-gp-
expressing cells in these cell populations (Fig. 5).

Another issue we addressed, which may have clini-
cal significance, was for how long the aspirin-
enhanced expression of P-gp lasts. LNCaP cells were
treated with aspirin for 3 days and then washed. P-gp
expression was measured either immediately or after
1, 2, or 3 days of incubation without aspirin. Upon
aspirin removal, P-gp expression in LNCaP cells re-
turned to the basal level within 3 days (Fig. 6).

Relationship Between Aspirin Modulation of P-gp
Expression, and of Adriamycin Sensitivity

In order to evaluate whether 1) the reduction of
adriamycin cytotoxicity by aspirin, and 2) the en-
hancement of P-gp expression by aspirin are related,
we measured the former in the presence of a P-gp-
specific inhibitor. PSC833 is a specific and efficient
inhibitor of P-gp-mediated efflux. It is a cyclosporin D
analog which binds directly to P-gp and does not ex-
hibit the immunosuppressive activities of cyclosporin
A [18,19]. PSC833 canceled a significant portion of the
ability of aspirin to reduce adriamycin cytotoxicity to-
wards LNCaP cells (Adr + Asp vs. Adr + Asp + PSC,
P < 0.05; Fig. 7). In fact, there was no statistically sig-
nificant difference between the cytotoxicity of adria-
mycin by itself (Adr; Fig. 7) and that following prein-
cubation with aspirin, and in the presence of PSC833

(Adr + Asp + PSC; Fig. 7). PSC833 at the concentration
used (10 mM) was not cytotoxic by itself.

Effects of Aspirin on PC-3 and DU 145 Prostate
Cancer Cells

In order to assess the effect of aspirin on other hu-
man prostate cancer cell lines, we incubated PC-3 and

Fig. 3. Enhancement of P-gp expression by aspirin. LNCaP cells
(at 5 × 105/well) were seeded in six-well plates and allowed to
adhere overnight. The cells were then treated with or without
(Basal Expression) aspirin at 1 mM for 3 days. P-gp expression was
determined by flow cytometry. Cells labeled with a nonspecific
mouse IgG kappa (Non-Specific Binding) served as control. The
results shown are representative of three similar experiments.
The percentage of P-gp-positive cells is indicated.
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DU 145 cells with aspirin and measured proliferation
and P-gp expression. Similar to its effect on LNCaP
cells, aspirin suppressed the proliferation of PC-3 and
DU 145 cells in a dose-dependent fashion (Fig. 8).
However, aspirin did not enhance the percentage of
cells expressing P-gp in these cell lines (data not
shown).

DISCUSSION

Aspirin (at clinically relevant concentrations [11])
suppressed prostate cancer proliferation in LNCaP,
PC-3, and DU 145 cells. It also induced resistance to
adriamycin and enhanced cellular P-gp expression in
LNCaP cells. Aspirin-induced resistance to adriamy-
cin was at least partially P-gp-dependent. Finally, the
enhancement of P-gp was reversible.

The reduction in number of cells (in comparison to
control cultures) following aspirin treatment did not
result from cell death but rather appeared to reflect a
decrease in the proliferation rate. While two reports
indicated a decrease in prostate tumors in vivo in re-
sponse to aspirin treatment [5,6], this is to the best of
our knowledge the first study about the direct effects
of aspirin on prostate cancer cells in vitro. Studying
the direct interactions between aspirin and tumor cells
is essential, since the reported in vivo effects of aspirin

on prostate tumors may result, at least partially, from
indirect effects of aspirin on immune and inflamma-
tory processes. Several other inhibitors of eicosanoid
biosynthesis (nonsteroidal antiinflammatory drugs, or
NSAID) affected prostate cells similarly, i.e., sup-
pressed proliferation while not inducing death [20].
Also, various NSAID suppressed growth in vitro and
in vivo in a number of other transformed cells, includ-
ing colon and breast cancer [4,21,22]. Our particular
interest in aspirin stems from its wide use, especially
in the age group presenting with prostate cancer [1,2].

It is interesting that aspirin decreased adriamycin
cytotoxicity only at the higher concentrations of the
latter (Fig. 2). One possible explanation is that the
“basal” level of cytotoxicity (∼12%) caused by the low-
est adriamycin concentration used (4 mM) is not modi-
fied by the resistance mechanism(s) aspirin induces.
Mechanistically, it could be that adriamycin at higher
concentrations is more efficiently removed by P-gp,
due to pharmacodynamic considerations, and there-
fore the induction of P-gp by aspirin is more effective
against these concentrations. Different NSAID modi-
fied the effects of anticancer drugs on breast and lung
tumors [4,23], but we could not find any such reports
regarding prostate cancer. In some experiments with
nonprostate tumors, NSAID decreased the effects of
anticancer drugs, similar to our findings with prostate
cancer cells.

Several lines of evidence point to P-gp induction
being the mechanism through which aspirin increases
the ability of LNCaP cells to survive the cytotoxic ef-
fect of adriamycin: 1) aspirin at the same concentration
enhanced P-gp expression and decreased the cytotox-
icity of adriamycin; 2) adriamycin is a substrate of
P-gp [9]; and 3) a specific inhibitor of P-gp (PSC833)
cancelled the protective effect of aspirin against adria-
mycin. A report suggests that basal levels of P-gp
could not be detected on LNCaP cells by Western blot
[24]. However, we demonstrated basal expression of
P-gp on LNCaP cells by flow cytometry, which detects
the molecule at the single-cell level. Moreover, using
this method we were able to show a tripling of the
number of cells expressing P-gp upon exposure to as-
pirin, i.e., a very significant increase (to more than
40%) of the portion of the population capable of ex-
hibiting the multidrug resistance phenotype.

Cellular proliferation and DNA synthesis are essen-
tial for the mechanism of action of certain anticancer
drugs, including adriamycin [9,12]. Therefore, the re-
duction in cellular proliferation is probably an impor-
tant contributor (in addition to aspirin-induced P-gp
expression) to the increased survival of aspirin-treated
LNCaP cells, when exposed to adriamycin.

Aspirin did not induce any significant changes in
the distribution between different stages of the cell
cycle. This suggests that the induction of P-gp is not

Fig. 4. Dose-dependent enhancement of P-gp expression by as-
pirin. LNCaP cells (at 5 × 105/well) were seeded in six-well plates
and allowed to adhere overnight. The cells were then treated with
or without (basal expression) aspirin at the indicated concentra-
tions for 3 days. P-gp expression was determined by flow cytom-
etry. Enhancement of basal expression (17.3 ± 1.7%) is presented.
Every aspirin concentration enhanced P-gp expression significantly,
P < 0.005, n = 3.
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associated with a higher prevalence of cells at a certain
cell cycle phase. The lack of aspirin-induced cell cycle
changes also implies that the aspirin-induced decrease
in proliferation is not associated with a cell cycle ab-
normality. This is different from the effect of the
NSAID sulindac sulfide on colon cancer cells [22],
where suppression of proliferation was associated
with a G2/M arrest. The difference is probably related
to the different biology of prostate vs. colon cells,
which is also reflected in the fact that NSAID induce
cell death in colon [22] but not prostate cancer cells. A
possible explanation for why it takes 3 days (a com-
plete cell cycle) after aspirin removal for P-gp expres-
sion to return to normal levels, is that induced P-gp
expression lasts throughout the cell cycle and the as-
pirin effect expires only at a certain stage of the cell
cycle. Thus, it takes a whole cycle for every cell in-
duced to express P-gp, to reach that critical stage. Our

findings suggest that aspirin-induced P-gp expression
is a reversible pharmacological response which is not
mediated by modifications at the genetic level.

Our findings with PC-3 and DU 145 cells suggest
that the effects of aspirin on LNCaP proliferation are
not unique and may apply to human prostate cancer
cells in general. On the other hand, aspirin enhanced
the percentage of cells expressing P-gp, but only in the
LNCaP cell line. Since LNCaP cells are androgen-
responsive, while PC-3 and DU 145 cells are not, this
cellular characteristic may be related to the response
to aspirin. How these two responses could be related
is currently unknown.

It is reasonable to assume that the classical activity
of aspirin, i.e., blocking of arachidonic acid metabo-
lism, mediates the pharmacological effects reported
here. Nevertheless, the current knowledge regarding
prostate cancer cell biology and effects of NSAID on

Fig. 5. Cell cycle analysis of aspirin-
treated LNCaP cells. LNCaP cells (at 5 ×
105/well) were seeded in six-well plates
and allowed to adhere overnight. The
cells were then treated with or without
(Control) aspirin at 1 mM for 3 days.
DNA content, reflecting cell cycle stage,
was determined by flow cytometry (Fluo-
rescence intensity). The y-axis (Events)
represents percentages of cells containing
different quantities of DNA. The results
shown are representative of three similar
experiments.
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cancer cells suggests the opposite. Arachidonic acid
can be metabolized by cytochrome P-450, cyclooxy-
genase, 5-lipoxygenase, and 12-lipoxygenase [4]. Us-
ing selective inhibitors of these different metabolic
pathways, several groups have proved that only the
5-lipoxygenase pathway is significant for cell survival
in prostate carcinoma cells [25—27]. Some of these
studies were carried out with the same cells we used,
i.e., LNCaP, and showed that 5-lipoxygenase (but not
cyclooxygenase) mediates effects of NSAID on cell
proliferation [25,26]. Furthermore, a lipoxygenase in-
hibitor caused a dramatic decrease in prostate tumor
growth in mice [27]. A metabolite of cyclooxygenase
(prostaglandin E2) was detected in malignant prostat-
ic tissue [28], and expression of the 12-lipoxygenase
gene in prostate tumors is elevated in half of the pa-
tients [29]. However, the studies with different inhibi-
tors of arachidonic acid metabolism establish a con-

Fig. 6. Duration of the P-gp-enhancing effect of aspirin. LNCaP
cells (at 5 × 105/well) were seeded in six-well plates and allowed
to adhere overnight. The cells were then treated with or without
(Basal Expression) aspirin at 1 mM for 3 days. The cells were then
washed, and P-gp expression was determined by flow cytometry,
either immediately (Day 0) or after 1–3 additional days of incuba-
tion without aspirin (1-day washout, 2-day washout, and 3-day
washout, respectively). Cells labeled with a nonspecific mouse IgG
kappa (Non-Specific Binding) served as control. The results shown
are representative of three similar experiments. The percentage of
P-gp positive cells is indicated.

Fig. 7. Inhibition by PSC833 of the modulatory effect of aspirin
on adriamycin cytotoxicity. LNCaP cells (at 5 × 104/well) were
seeded in 96-well plates and allowed to adhere overnight. Aspirin
at 1 mM (Asp) was added to some wells for a 3-day preincubation
period. The cells were washed, and adriamycin at 8 µM (Adr) was
added to some wells for 24 hr. Some of the adriamycin-treated
cells received PSC833 at 10 µM (PSC) 30 min prior to the admin-
istration of adriamycin. Optical density representing viable cells
was determined by the CellTiter 96 Aqueous Non-Radioactive
Cell Proliferation Assay. PSC833 significantly inhibited the de-
crease in adriamycin cytotoxicity caused by aspirin, P < 0.05,
n = 3.

Fig. 8. Effects of aspirin on the proliferation of PC-3 and DU 145
cells. PC-3 (open bars) and DU 145 (solid bars) cells (at 5 ×
104/well) were seeded in 96-well plates and allowed to adhere
overnight. Aspirin at the indicated concentrations was added for 3
days. Optical density representing viable cells was determined by
the CellTiter 96 Aqueous Non-Radioactive Cell Proliferation As-
say. Aspirin suppressed PC-3 proliferation significantly at P < 0.05
for 0.5 mM, and P < 0.005 for 1 and 2 mM; and suppressed DU 145
proliferation significantly at P < 0.01 for 0.5 mM, P < 0.005, for 1
mM and P < 0.0005 for 2 mM, n = 4.
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nection between biochemical activities and the fate of
the cancer cell in vitro and in vivo, thereby providing
compelling evidence for the unique role of 5-lipoxy-
genase in prostate cancer cell biology [27]. Since aspi-
rin is a selective inhibitor of cyclooxygenase [30], the
effects of aspirin on prostate cancer cell proliferation
described by us cannot be attributed to the classical
mechanism of activity of this drug.

In a different experimental approach, the suppres-
sion of human prostate cancer cell proliferation by cy-
clooxygenase inhibitors was found to be independent
of the modulation of prostaglandin E2 levels by these
inhibitors [20,31]. The effect of the cyclooxygenase in-
hibitor sulindac sulfide on colon cell proliferation is
also prostaglandin-independent [22].

Aspirin and similar drugs have long been shown to
exert their effects through eicosanoid-dependent as
well as independent mechanisms [11]. While the sup-
pressive effect of cyclooxygenase inhibitors on pros-
tate cancer cell proliferation is well established, its
mechanism is yet to be determined.

A possible mechanism of the induction of P-gp by
aspirin lies in the regulation of the MDR1 gene. NF-
IL6, a member of the C/EBP family of transcription
factors, activates the human MDR1 promoter [14].
Phosphorylation enhances the transcriptional activity
of NF-IL6 [15], and the protein kinase C inducer TPA
caused a significant increase in the DNA-binding ac-
tivity of NF-IL6 [16]. We have shown NSAID to induce
calcium mobilization, protein kinase C activity, and
transcription factor DNA-binding activities [17,32].
Therefore, aspirin may be able to enhance P-gp ex-
pression in LNCaP prostate cancer cells by inducing a
signal transduction pathway, leading to the induction
of MDR1 and P-gp expression.

CONCLUSIONS

The widespread use of aspirin [1,2] requires careful
assessment of its potential effects on prostate cancer
cells and their response to anticancer drugs. Reduced
cell growth on the one hand, and decreased response
to chemotherapy on the other, are opposing effects
from the point of view of the tumor mass in treated
cancer patients. It may be that although aspirin re-
duces the number of cells (by decreasing their prolif-
eration rate), increasing the percentage of drug-
resistant cells will have an effect of promoting even-
tual tumor growth. To the extent that one may deduce
from our in vitro system to the patient, the potential
promoting effect of aspirin on the androgen-
responsive tumor could lead to a worse clinical out-
come. Based on our findings, the negative effects of
aspirin can be reversed by discontinuing the drug for
3 days prior to chemotherapy. Another potential con-

tradiction between aspirin and cancer treatment was
suggested in a system of human erythroleukemia. As-
pirin enhanced cellular thermotolerance, and it was
suggested that the use of aspirin should be carefully
monitored in cancer patients undergoing hyperther-
mic treatment [33]. Chemotherapy and drug resistance
are not an issue in the prevention of prostate cancer.
Therefore, our results support the rationale for popu-
lation-based trials in which aspirin will be assessed as
a chemopreventive agent against prostate cancer.

One way of potentially separating the opposing ef-
fects of aspirin is to analyze the signal transduction
pathways through which aspirin induces its cellular
effects. Identifying events unique to the pathway pro-
moting drug resistance may provide targets for selec-
tive inhibition. Upon such inhibition, only the antipro-
liferative effects of aspirin would be spared, resulting
in a benefit for the prostate cancer patient.
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