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AbstractmPaclitaxel or Taxol has attracted a great deal of
attention in recent years because of its immense success as
a chemotherapeutic agent for numerous types of cancer. It
is known that paclitaxel stabilizes microtubules, and this
characteristic is the presumed primary mechanism for its
antitumor activity. Recently, however, paclitaxel's ability to
regulate gene expression, particularly in the murine system,
has been reported by several groups. Here, we present
research examining paclitaxel's ability to alter expression
of the interleukin-1b (IL-1b) and IL-8 cytokines in primary
human monocytes, T lymphocytes, and four human breast
cancer cell lines: MCF-7, ZR-75-1, MDA-MB-468, and
MDA-MB-231. This report shows for the first time that
treatment with 5±50 mM paclitaxel increases steady-state
levels of IL-1b mRNA in unprimed human monocytes,
MCF-7, and ZR-75-1 cells. Monocytes from eight donors in
16 experiments showed increased IL-1b secretion upon
treatment; however, the increase in IL-1b production by
monocytes was predicated on culturing in the absence of
fetal bovine serum or in the presence of autologous human
serum. In contrast to the IL-1b results, paclitaxel did not

have significant effects on IL-8 expression by monocytes, T
lymphocytes, or the breast cancer cells. These data show a
specific effect of paclitaxel on cytokine synthesis by both
immune cells and cancer cells.
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Introduction

Research in the field of cancer therapy has generated
numerous treatments, which have had varying degrees of
success. One of the most encouraging of these is paclitaxel
(Taxol). Paclitaxel, the chemotherapeutic agent isolated
from the bark of the Pacific yew tree (Taxus brevifolia),
has shown promising results in the treatment of several
types of cancer [17, 20]. Beneficial outcomes have been
demonstrated in patients with malignant melanomas, non-
small-cell lung carcinoma, and prostate cancer, but the most
dramatic effects have been observed in clinical trials using
paclitaxel in the treatment of ovarian and breast cancers
[17, 20, 38]. These results were particularly encouraging
because, in most cases, the tumors had been refractory to
other methods of treatment [17].

Since the mid 1980s, a great deal of effort has been
expended to determine why paclitaxel is such a potent
tumoricidal agent. The primary mechanism by which pa-
clitaxel kills cells is by preventing microtubular depoly-
merization [6, 16, 36, 37]. As a result, cells treated with
paclitaxel are incapable of traversing the G2/M boundary of
the cell cycle. They become growth-arrested and subse-
quently die by an apoptotic mechanism [2, 16, 18, 24].

While treatment with paclitaxel is capable of triggering
programmed cell death in many tumor cells, it may exhibit
pleiotropic effects on many different cells as well. Such
effects may help explain why paclitaxel succeeds where
other drugs, including colchicine and vinblastine, which
also disrupt the normal assembly of microtubules, fail.
Recently, attention has been given to the ability of pacli-
taxel to affect cytokine gene expression, particularly those
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that are sensitive to lipopolysaccharide (LPS) [4, 25, 26].
The work presented here examines the response of three
cell types: human primary monocytes, T lymphocytes, and
breast cancer cell lines, to paclitaxel treatment. The focus is
on the effect of paclitaxel on the expression of interleukin-
1b (IL-1b) and/or IL-8, both of which are inducible by LPS.

We have chosen to investigate these cytokines for
several reasons. IL-1b and IL-8 play significant roles in
the immune response. One hypothesis for the increased
efficacy of paclitaxel over other chemotherapies is that it
triggers an immune response against the tumor. The IL-1b
protein is made primarily by monocytes/macrophages,
although the mRNA can be found in several cell types
[11]. IL-1b is a potent mediator of local inflammation [12].
Encompassed in its myriad of effector functions are induc-
tion of other inflammatory cytokines, for example IL-2,
IL-6, and IL-8, as well as cellular adhesion molecules such
as intercellular adhesion molecule-1 (ICAM-1) and vascu-
lar cell adhesion molecule-1 (VCAM-1) [45]. It also can
enhance the phagocytic capabilities and major histocompat-
ibility complex (MHC) class I antigen expression on
monocytes/macrophages [29, 42]. IL-1b treatment causes
neutrophils to release superoxide and, in hamsters, it has
been shown to be a neutrophil chemoattractant [31, 33, 46].
IL-8 is also important in inflammation. Several cell types
produce IL-8, including monocytes/macrophages, T cells
neutrophils and some tumors [8, 21, 39, 44]. It was
originally characterized by its ability to be a chemoattrac-
tant for neutrophils and has subsequently been shown to
activate neutrophils to degranulate and release superoxides
[14]. It may even be a chemoattractant for T cells, although
there is currently some contention about this [7, 14, 22].

IL-1b and IL-8 have properties that can influence tumor
growth. In vitro IL-1b can decrease the proliferation of
endothelial cells and inhibit angiogenesis stimulated by
basic fibroblast growth factor in the rabbit cornea [10].
By contrast, IL-8 strongly enhances angiogenesis [40]. In
addition gene therapy experiments show direct effects of
IL-1b on certain tumors culminating in either growth
retardation or complete regression [3, 41].

The link between IL-1b, IL-8, and paclitaxel has been
explored to some extent. Experiments performed using
mouse macrophages have revealed that paclitaxel can
increase the level of IL-1b mRNA in these cells [4].
However, similar experiments using human cells suggest
that this is a species-specific phenomenon. In human cells,
paclitaxel could act only in synergy with LPS to enhance
IL-1b transcripts and secretion [1]. With regards to IL-8, a
recent report from our group noted that paclitaxel induced
IL-8 production and transcription in a subgroup of human
ovarian cancer cell lines and freshly explanted tumors [21].
It is also known that the primary pathology observed after
the clinical administration of paclitaxel is neutropenia [17].
Because of its effects on neutrophils, IL-8 may have a role
in causing this neutropenia. This report reexamines the
ability of paclitaxel to affect cytokine synthesis in human
cells and demonstrates, for the first time, that paclitaxel can
affect gene expression in human monocytes and breast
cancer cells.

Materials and methods

Reagents

Paclitaxel was acquired through the generous donation of the National
Cancer Institute (Bethesda, Md.) or purchased from Sigma (St. Louis,
Mo.). In all of the experiments described, paclitaxel was used at
concentrations ranging from 0.1 mM to 50 mM. This range is consistent
with earlier studies using this agent.mThe paclitaxel was dissolved in
dimethylsulfoxide (DMSO) at a concentration of 5 mM and stored at
4 °C or room temperature. Both the paclitaxel and DMSO were tested
for the presence of contaminating LPS by the Lineberger Cancer
Center Tissue Culture Facility (Chapel Hill, N.C.) using the Limulus
amebocyte lysate test (BioWhittaker, Walkersville, Md.) and in all
cases were found to have LPS levels below the lowest level of assay
sensitivity, which was typically below 12.5 pg/ml. LPS (Sigma) and
phytohemagglutinin (PHA) (Pharmacia Biotech, Piscataway, N.J.)
were used as positive controls for monocytes and T lymphocytes
respectively. Polymyxin B sulfate (Sigma) was used as an LPS
inhibitor in some of the monocyte cultures.

Cell isolation and culture

Human primary monocytes and T lymphocytes were isolated from the
peripheral blood of normal volunteers as previously described [5].
Briefly, peripheral blood was collected in the presence of 0.5 M
ethylenediaminetetraacetic acid (EDTA). White blood cells were
separated from red blood cells by centrifugation at 400 g in Histopa-
que-1077 (Sigma) cell separation medium. The white blood cell
fraction then underwent several washes in 0.9% sodium chloride to
remove platelets. To separate the monocyte and lymphocyte popula-
tions, the cells were centrifuged in a discontinuous Percoll (Phamacia)
gradient [43]. Isolated monocytes were placed in RPMI-1640 medium
(Life Technologies, Grand Island, N.Y.) supplemented with 20 mM L-
glutamine (Life Technologies) and were used immediately in experi-
ments. When fetal bovine serum (FBS; Hyclone Laboratories, Logan,
Utah), gentamicin sulfate (Life Technologies), or HEPES (Life Tech-
nologies) was used, they were added at concentrations of 5% or 10%,
50 mg/ml, and 25 mM respectively. All of these reagents were tested
for contaminating LPS as described earlier. No LPS was detected in
any of these assays.

Immediately after isolation, monocytes were treated for 24 h under
either adherent or non-adherent conditions. Cells cultured under
adherent conditions were plated in either 60-mm or 24-well tissue-
culture plates at a concentration of (5±10)´105 cells/ml, and incubated
at 37 °C in a 5% CO2 incubator while those treated under non-adherent
conditions were placed in either 6-ml polypropylene tubes or 1.7-ml
microfuge tubes and incubated at 37 °C with continuous movement
[23].

Lymphocytes were cultured in RPMI-1640 medium supplemented
with 10% FBS (Hyclone Laboratories), essential and non-essential
amino acids (Life Technologies) and 50 mg/ml gentamicin sulfate (Life
Technologies) for 1 week to allow for the elimination of residual
adherent cells and B cells. This procedure resulted in a population of T
lymphocytes that was more than 95% CD3+. Following this enrichment
period, (2±5)´106 cells/ml were treated with paclitaxel and incubated
for 24 h at 37 °C in a 5% CO2 incubator. All of the experiments shown
here using T lymphocytes were performed in complete medium
containing FBS.

The human breast cancer cell lines MCF-7, ZR-75-1, MDA-MB-
231, MDA-MB-468 were obtained form the American Type Culture
Collection (ATCC, Rockville, Md.) and were maintained and treated in
RPMI-1640 medium supplemented with 7% fetal bovine serum (Life
Technologies).

Enzyme-linked immunosorbant assay (ELISA)

Microtiter plates were coated overnight at 4 °C with 100 ml 5-mg/ml
solution of a goat polyclonal antibody to either human IL-1b or human
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IL-8 (R&D Systems, Minneapolis, Minn.) in bicarbonate buffer
(1.59 mg/ml Na2CO3, 2.93 mg/ml NaHCO3, 0.2 mg/ml NaN3). The
plates were washed with phosphate-buffered saline (PBS) + 0.05%
Tween 20 and blocked in 200 ml blocking buffer (20 mg/ml bovine
serum albumin, 0.5 NaN3, and PBS) for 2 h at 37 °C. Following
removal of blocking buffer, 100 ml serially diluted recombinant human
IL-1b or IL-8 (R&D Systems), which served as a concentration
standard, or 100 ml cell culture supernate was added and allowed to
incubate overnight at 4 °C. The plates were washed 16±24 h later and a
second cytokine-specific antibody was added at a concentration of
1 mg/ml. The antibodies for the IL-1b and the IL-8 ELISA were mouse
anti-(human IL-1b) (R&D Systems) and rabbit anti-(human IL-8)
(Endogen, Boston, Mass.). After a 2-h room-temperature incubation,
the plates were washed, and 1 mg/ml alkaline-phosphatase-conjugated
secondary antibody was added [either goat anti-(mouse IgG) (Sigma)
or goat anti-(rabbit IgG) (Cappel, Durham, N.C.)]. The plates were left
at room temperature for an additional 2 h, washed, and incubated with
100 ml substrate p-nitrophenylphosphate (1 mg/ml) (Bio-Rad, Her-
cules, Calif.). The reaction proceeded at room temperature until a color
change was observed, at which time the absorbance of the standard and
samples was read at a wavelength of 405 nm. The standards were used
to generate a curve (Cricket Graph or Jandel Sigma Plot computer
software) from which the concentration of cytokine in the samples was
interpolated.

Northern blot analysis

Total RNA was isolated from monocytes using the Trizol reagent (Life
Technologies) adhering to the manufacturer's protocol. The isolated
RNA was resuspended in diethylpyrocarbonate-treated water. Up to
8 mg RNA, as determined by optical absorbance at 260 nm, was diluted
in denaturing mix (Current Protocols in Molecular Biology) at a ratio
of 1:2. The samples were heated at 65 °C for 30 min and electrophor-
esed in a denaturing agarose gel. Subsequently, the RNA was trans-
ferred to nylon membrane, and probed with a 32P-radiolabeled probe
encompassing 250 bases of the IL-1b gene, or approximately 700 bases
of the rat cyclophilin gene, and examined by autoradiography. Quanti-
fication was performed using the NIH Image computer software.

Reverse transcriptase-polymerase chain reaction (RT-PCR)

Total RNA was isolated from primary T cells via the Trizol (Life
Technologies) reagent and from the breast cancer cell lines using
guanidine isothiocyanate cell lysis followed by centrifugation in a
cesium chloride gradient. cDNA was prepared using the Life Technol-
ogies M-MLV reverse transcriptase. Briefly, 10 mg RNA was incubated
at 37 °C for 2 h with 400 U Moloney murine leukemia virus (M-MLV)
reverse transcriptase, 0.5 mg random hexamer primers, and 1.25 mM

dNTP. For PCR amplification, 200 ng cDNA was mixed with Taq
reaction buffer (0.4 U Taq DNA polymerase and buffer (Life Tech-
nologies), 1.25 mM of each of the dNTP, trace amounts of [a-
32P]dCTP and forward and reverse primers specific for sequences
within either the IL-1b (59-AAGATGAAGGGAAAGAAGGTG and
59-TACAGTGGCAATGACGATGAC), IL-8 (59-TCTGCAGCTCTGT-
GTGAAGG TGCAGTT and 59-ACCCCTCTGCACCCAGTTTT-
CCTT), or cyclophilin (59-GGTTTATGTGTCAGGGTGGTG and
59-TTCATGCCTTCTTTCACTTTG) gene. The sequence was ampli-
fied for 20±30 cycles in a thermal cycler (Perkin Elmer Cetus,
Branchburg, N.J.). One cycle consisted of a 1-s, 94 °C denaturing
step; a 1-s, 60 °C annealing step; and a 20-s, 72 °C extension step.
Products were then separated by electrophoresis in a 6% denaturing
polyacrylamide gel and examined by autoradiography.

Results

Paclitaxel stimulates human primary monocytes to secrete
IL-1b in a dose-dependent fashion

ELISA were performed to determine whether paclitaxel
alone could stimulate the production of IL-1b in human
monocytes/macrophages. Peripheral monocytes were taken
from normal donors and exposed to either 25, 12.5, or 5 mM
paclitaxel for 24 h. These concentrations are within the
range used in other studies. Control cells were left untreated
or treated with DMSO, which served as the solvent for the
paclitaxel. After 24 h, there was no increased cell death, as
determined by trypan blue exclusion, in the paclitaxel-
treated samples compared to the control. Medium harvested
from the cultures was tested for the presence of IL-1b by
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Fig. 1A, BmPaclitaxel increases interleukin-1b (IL-1b) protein in
human primary monocytes. Monocytes were isolated from the periph-
eral blood of healthy donors. In these experiments, eight different
donors were used (each symbol represents a donor) for the 16
experiments performed. Cells were cultured in medium, in the presence
of paclitaxel at the indicated concentrations or with dimethylsulfoxide
(DMSO), under either non-adherent (A) or adherent (B) conditions for
24 h. Supernates were collected and examined for IL-1b by enzyme-
linked immunosorbent assay (ELISA). The data are presented as fold
induction over the DMSO control. Horizontal bars, the mean fold
induction for each group



ELISA. The data were standardized to the concentration of
IL-1b produced by control cells treated with DMSO alone;
consequently, they are presented as -fold inductions over
the DMSO control (Fig. 1). Figure 1A is a compilation of
the data from experiments in which the cells were incubated
under non-adherent conditions, while Fig. 1B represents
those performed under adherent conditions. This experi-
ment was conducted 16 times using peripheral blood from
eight different donors. At each of the concentrations tested,
paclitaxel stimulated IL-1b production. The 25 mM con-
centration gave the greatest mean induction: 13.4 and 16.9
for the non-adherent and adherent groups respectively. The
lower concentrations of 12.5 mM and 5 mM also induced
elevated secretion of the cytokine giving inductions of 3.6-
and 4.7- (non-adherent) and 5.8- and 3.5-fold (adherent).

IL-1b mRNA is increased in paclitaxel-treated monocytes
in a dose-dependent fashion

To determine whether paclitaxel treatment altered the level
of IL-1b mRNA in monocytes, primary monocytes were
cultured with 5, 12.5, or 25 mM paclitaxel. Total RNA and
supernatant medium were collected from the cultures 24 h
later. The RNA was examined for IL-1b by Northern
analysis (Fig. 2). The data were quantified and adjusted
for uneven mRNA loading as determined by the cyclophilin
signal. These results are shown in Table 1 as -fold induction
over the DMSO signal. The supernates from these same
cells were examined for IL-1b protein by ELISA. These
results also are shown in Table 1. The data clearly show a
correlation between increased IL-1b mRNA and increased

protein secretion. The dose-dependent response observed at
the protein level is reflected at the mRNA level as well,
suggesting that elevations in IL-1b mRNA upon paclitaxel
treatment are likely to contribute to increased IL-1b secre-
tion.

Fetal bovine serum inhibits paclitaxel-induced IL-1b
increase in human monocytes

Previous research using human cells suggested that pacli-
taxel alone does not stimulate human macrophages to
increase IL-1b secretion [1]. Because our results contradict
this, it was necessary to explore reasons for these differing
results.

A potential explanation for the results reported here is
that IL-1b induction is due to LPS contamination of the
culture system. If this were indeed the case, then the
enhancement observed could be attributed to synergy be-
tween LPS and paclitaxel. Several precautions were taken
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Fig. 2mPaclitaxel increases steady-state levels of IL-1b mRNA in
umprimed human monocytes. Total RNA was harvested from approxi-
mately 2.75´106 human peripheral blood monocytes, which were
treated with either paclitaxel (25 mM, 12.5 mM, and 5 mM) or
DMSO (control) for 24 h under adherent conditions. The RNA was
analyzed for IL-1b transcripts by Northern blot analysis

Fig. 3mIncreased IL-1b production is not due to lipopolysaccharide
(LPS). Monocytes from two donors were left untreated (a), or treated
with DMSO (b) or with 5 mM (c), 12.5 mM (d), or 25 mM (e) paclitaxel
(Taxol) in the absence or presence of polymixin B sulfate. Cells from
donor 1 and donor 2 were treated with 200 pg/ml and 1 ng/ml
polymixin B sulfate respectively. The cells were cultured on plastic
tissue-culture plates at a concentration of about 6´105 monocytes/ml.
After 24 h, the supernates were collected and analyzed for IL-1b by
ELISA*. Samples that were below the minimum detection limit of the
assay

Table 1mInduction (-fold) of interleukin-1b (IL-1b) mRNA and
protein secretion in paclitaxel-treated monocytes. mRNA was quanti-
fied by NIH Image analysis; IL-1b protein secretion was determined by
enzyme-linked immunosorbent assay

[Paclitaxel]
(mM)

mRNA
(-fold)

IL-1b
(ng/ml)

25.0 13.8 63.3
12.5 10.8 25.3
5.0 6.4 12.3



to minimize this possibility. The medium, paclitaxel, and
DMSO were all tested for the presence of LPS. The test
results confirmed that any LPS in the medium used were at
levels below the lower detection limit of the Limulus
amebocyte assay (BioWhittaker) (512.5 pg/ml). In addi-
tion, three experiments (the results from two are shown in
Fig. 3) were done in the presence of a great excess of
polymyxin B sulfate, which binds to LPS and inhibits its
ability to activate cells presumably by interfering with
binding to CD14, the LPS receptor [9]. The Limulus
amebocyte assay determined that the LPS contamination
in the culture medium, if present, was less than 12.5 pg/ml.
We empirically determined that a 20:1 ratio of polymyxin
to LPS could block all of the LPS- stimulated IL-1b
induction. The cells from donor 1 were incubated with a
20-fold excess of polymyxin in conjunction with paclitaxel
or DMSO, assuming that 10 pg/ml was the level of
contamination, while those of donor 2 were in the presence
of a 100-fold excess. In both experiments, paclitaxel
induced IL-1b secretion beyond the DMSO control despite
the presence of a great excess of the LPS inhibitor. The fact
that the IL-1b protein concentration was slightly decreased
in some of the polymyxin-treated samples is likely attribu-
table to polymyxin's ability to inhibit protein kinase C. The
protein kinase C signal-transduction pathway has been
implicated in the paclitaxel-induced production of tumor
necrosis factor a (TNFa) observed in mouse macrophages,
and in both IL-1b and TNFa induction by Toxoplasma
gondii [15, 19].

We next examined the possibility that variances in
methodologies caused the differing results. One variable
already shown is the utilization of nonadherent rather than
adherent culture conditions. Other investigations used only
adherent conditions. Figure 1 shows there is no significant
difference between the mean -fold inductions of IL-1b
secretion between the non-adherent and adherent groups.

Another major difference between the experiments de-
scribed here and previous work using human monocytes is
that the cells used here were cultured in the absence of FBS.
Figure 4A represents one experiment comparing the effect
of FBS on adherent and non-adherent cultures. These
experiments have been performed with four additional
donor samples yielding a similar trend. The addition of
serum to non-adherent or adherent cultures not only inhib-
ited the paclitaxel-induced enhancement of IL-1b but, in
many cases, also diminished the amount of IL-1b secretion
to levels below the sensitivity of the ELISA. LPS overcame
the inhibitory effect of FBS, but paclitaxel did not. While
the underlying mechanism is unclear, this may explain the
discrepancy between our data and that previously publish-
ed. Autologous serum, however, did not yield the same
negative effect. Cultures supplemented with 5% (donors 1
and 2) or 10% (donor 3) autologous serum showed an
induction pattern similar to that observed in Fig. 1 (Fig. 4B).
In two of the three donors examined, paclitaxel significant-
ly increased secretion of IL-1b. In the other donor, pacli-
taxel caused a less dramatic but detectable increase. This
suggests that the inhibition observed in the presence of FBS
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Fig. 4A, BmFetal bovine serum (FBS) inhibits IL-1b induction by
paclitaxel. A ELISA for IL-1b protein was performed using supernates
from monocytes (5´105/ml) cultured for 24 h under non-adherent or
adherent conditions with (hatched bars) or without (solid bars) 5%
FBS. Paclitaxel was used at concentrations of 5 mM, 12.5 mM, and
25 mM. LPS (1 mg/ml) was added as a positive control for monocyte
stimulation. * Samples that were below the minimum detection limit of
the ELISA; + the actual concentration was above the maximum
detection level. B Primary monocytes from three donors were cultured
for 24 h in either 5% (donors 1 and 2) or 10% autologous serum in the
presence of DMSO (black bars) or 25 mM (checkered bars) paclitaxel.
Supernates were examined for IL-1b by ELISA



is specific and not a general characteristic of all serum. The
fact that the induction can be observed in the presence of
human serum also indicates that it is possible that paclitaxel
stimulates IL-1b production in vivo.

IL-8 expression in human primary monocytes and
T lymphocytes is not affected by paclitaxel treatment

We previously reported that paclitaxel induces IL-8 mRNA
and secretion in certain human ovarian carcinomas [21]. To
determine whether this induction is limited to those cells or
whether it is specific for the IL-8 gene regardless of cell
type, paclitaxel-treated monocytes were examined for IL-8
protein secretion by ELISA. Four different donors provided
monocytes for the eight experiments represented in Fig. 5.
All of these experiments were conducted in serum-free
medium. The mean -fold inductions of the experimental
groups treated with paclitaxel and the DMSO control were
indistinguishable. Paclitaxel did not modify IL-8 protein
levels at any of the concentrations tested.

T lymphocytes are another source of IL-8 in humans. To
examine the effect of paclitaxel on IL-8 expression in these
cells, RNA from paclitaxel-treated T lymphocytes cultured
in complete T cell medium was isolated and analyzed for
the presence of IL-8 mRNA (Fig. 6). The first eight lanes
depict the amount of cyclophilin present in each sample.
Lanes 9±16 show the levels of IL-8 mRNA. Control
reactions performed in the absence of cDNA were negative
for any signals (data not shown). T lymphocytes treated
with either 5, 10, or 25 mM paclitaxel (lanes 12, 13, and 14)
did not show an increase in IL-8 message after a 24-h
treatment. In fact there was a slight decrease at all con-
centrations except for 50 mM when compared to the
DMSO-treated control (lane 10). To corroborate our find-
ings, IL-8 secretion was analyzed by ELISA. The amount
of IL-8 released mirrored the results from the RT-PCR (data
not shown). No increase was observed at any paclitaxel

concentration used. After culture for 24 h, none of the
samples showed signs of proliferation; however, an increase
in IL-8 was observed in the cultures treated with the T cell
mitogen PHA (Fig. 6, lanes 15 and 16) indicating that 24 h
is sufficient time to stimulate IL-8 production in T cells.
The experiment shown in Fig. 6 was done in the presence of
FBS. In others performed without it, no IL-8 protein was
detected after treatment with paclitaxel, and the cells were
resistant to induction by PHA.

Paclitaxel treatment increases IL-1b transcripts in a
subgroup of breast cancer cell lines but has no effect on
IL-8

Our previous results with ovarian cancer cell lines suggest
that paclitaxel may induce cytokine expression in the
cancer cells themselves [21]. To determine the effect of
paclitaxel on IL-1b expression, we tested several breast
carcinoma cell lines for mRNA and protein induction. As
with monocytes, some breast cancer cell lines also re-
sponded to paclitaxel by increasing the steady-state level
of IL-1b mRNA present in the cells (Fig. 7). In the
estrogen-recept(ER)-positive cell line MCF-7, paclitaxol
increased IL-1b in a dose-dependent manner. This reached
a maximum of approximately 25-fold induction over the
DMSO control at 25 mM paclitaxel. In a second ER-positive
cell line, ZR-75-1, paclitaxel also induced IL-1b mRNA,
but to a much lesser extent (a maximum of 5-fold; data not
shown). Analysis of two ER-negative cell lines, MDA-MB-
468 and MDA-MB-231, showed no induction. These data
demonstrate that paclitaxel is able to induce IL-1b mRNA
expression in some breast cancer cell lines. A more ex-
tensive survey is necessary to determine if the differential
effects on ER-negative and -positive lines are significant.

None of these breast cancer cell lines induced IL-8
mRNA in response to paclitaxel treatment, nor could they
be induced to secrete IL-8 protein in response to paclitaxel
treatment. The results are not shown because they are
largely negative data.
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Fig. 5mIL-8 production in monocytes is not increased by paclitaxel.
Primary monocytes cultured under non-adherent or adherent conditions
were incubated for 24 h. The cells were either left untreated (medium)
or treated with paclitaxel at the indicated concentrations or with
DMSO. After the incubation, supernates from the cultures were
analyzed for IL-1b protein by ELISA. Four different donors (different
symbols) provided monocytes for the eight experiments. Horizontal
lines, the mean -fold induction other the DMSO control

Fig. 6mPaclitaxel has minimal effects on IL-8 production by human,
primary T lymphocytes. Total RNA was isolated from T lymphocytes
following a 24-h incubation with paclitaxel at concentrations ranging
from 5 mM to 50 mM, DMSO, and/or phytohemagglutinin (PHA; 2 mg/
ml). The amount of IL-8 mRNA was measured using a semi-quanti-
tative reverse transcriptase/polymerase chain reaction (RT-PCR). Lanes
1±8 cyclophilin; Lanes 9±16 IL-8



Discussion

Since 1971, when paclitaxel was purified from the Pacific
yew tree, diligent research has proven that it has beneficial
indications in the treatment of many tumor types including
breast and ovarian cancers [17, 20]. It is clear that pacli-
taxel stabilizes microtubules, and this stabilization can
result in cell death [6, 16, 37]. However, other conse-
quences of paclitaxel treatment on both tumor and non-
tumor cells have only recently been documented. Most
notable are the effects of paclitaxel on cytokine production.
The goal of this work was to investigate the effect of
paclitaxel treatment on two human leukocyte populations,
monocytes/macrophages and T lymphocytes, and a primary
therapeutic target of paclitaxel, breast cancer cells, focusing
on its ability to regulate expression of the IL-1b and IL-8
cytokines. A large sampling of human primary monocytes
and four breast cancer cell lines (MCF-7, ZR-75-1, MDA-
MB-468, and MDA-MB-231) were examined for altered
IL-1b production following paclitaxel treatment. These cell
types, as well as human primary T lymphocytes, were also
examined for changes is IL-8 expression in response to
paclitaxel. Surprisingly, in monocytes, paclitaxel alone
elicits an increase in IL-1b secretion and mRNA. The in
vitro culturing conditions appear to be critical for this
induction as the absence of nonhuman serum is required
for observing the IL-1b increase. Thus, the use of bovine
serum in other studies may have obscured the effects of
paclitaxel. Estrogen-receptor-positive breast cancer cell
lines (ZR-75-1 and MCF-7) are also shown to induce IL-
1b mRNA. Unlike IL-1b, paclitaxel treatment does not
increase IL-8 secretion by monocytes, breast cancer cell
lines, or T lymphocytes, and in fact it may have had a slight
adverse affect on its synthesis in T lymphocytes. These
studies suggest a pattern of complex cell-specific effects of
paclitaxel treatment which may have implications for its
therapeutic usage.

We show that paclitaxel increases steady-state IL-1b
mRNA levels, but not IL-8, which suggests that the IL-1b
enhancement is a gene-specific effect. There are few
published data addressing paclitaxel's effect on transcrip-
tional or post-transcriptional mRNA regulation. In the last

few years, a substantial argument has been made for linkage
of the paclitaxel signaling pathway to that of LPS in both
the human and murine systems. A report by Perera et al.
described how paclitaxel could induce the translocation of
the transcriptional activator NF-kB to the nucleus of murine
macrophages in a manner mimicking LPS [34]. In the
nucleus, NF-kB could have a role in activating the IL-1b
promoter. However, NF-kB is also found in the IL-8
promoter, but no increase was seen in IL-8 production
with paclitaxel treatment. This suggests that, if the increase
is transcription-mediated, paclitaxel affects other transcrip-
tion factors or the other factors within the IL-1b promoter
make it more sensitive to NF-kB. Also, the IL-1b transcript
contains A+U-rich sequence elements, indicative of genes
that can be post-transcriptionally controlled. Interferon-g-
enhanced LPS stimulation increases IL-1b mRNA by
elevating transcription and mRNA stability; however, the
evocation of this dual mechanism of mRNA increase is
dependent upon the stimulus [13, 32]. Paclitaxel treatment
does result in the stabilization of granulocyte/macrophage-
colony-stimulating factor RNA in murine B cells [35]. In
addition, a role for paclitaxel in the translation or post-
translational modification of IL-1b is not inconceivable. By
altering the cytoskeletal architecture within cells, paclitaxel
may activate an intricate cascade of events influencing
transcription, post-transcription, translation, and post-trans-
lational modifications.

Results of monitoring the effect of paclitaxel on human
primary T lymphocytes are also shown. The data show that
paclitaxel did not enhance IL-8 levels in these cells, and
may even cause a down-regulation of its production. One of
the few published reports addressing how T lymphocytes
respond to paclitaxel treatment stated that paclitaxel could
inhibit the cytotoxic effector functions of T cells [30].
Whether paclitaxel causes a general down-regulation of
these cells or whether the IL-8 down-regulation observed
here is a specific phenomenon will require further study.

Paclitaxel's place as an effective chemotherapeutic has
been firmly established. It has been found to be effective in
cases where other microtubule-affecting drugs have not.
Taking into consideration the evidence presented here that
paclitaxel causes IL-1b production by human monocytes
and some tumor cells, one could postulate that this effect
may contribute to its greater efficacy. There are numerous
ways in which cytokines could be deleterious to tumors. For
example IL-1b could initiate an inflammatory response
against the tumor or impair vascularization of the tumor,
which would restrict its growth. Currently studies are
underway to determine the most beneficial route of pacli-
taxel administration for the treatment of ovarian cancer,
intravenously or intraperitoneally [27, 28]. Intraperitoneal
administration would expose peritoneal monocytes to high
concentrations of paclitaxel which, as our results show,
could increase IL-1b synthesis, aiding in tumor regression.
This model will require testing, but it is clear that under-
standing the effects of paclitaxel on cells of the immune
system and within the tumor will help improve the drug's
efficacy.
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Fig. 7mPaclitaxel increases the level of ILl-1b mRNA in MCF-7 breast
cancer cells. Semi-quantitative RT-PCR was performed using RNA
from MCF-7 estrogen-receptor-positive breast cancer cells. The cells
were treated with either DMSO or paclitaxel at concentrations ranging
from 1 mM to 50 mM for 24 h. The RNA was examined for IL-1b and
cyclophilin transcripts. Cyclophilin was used to standardize lane
loading. The control lane does not contain cDNA
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