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Altered maturation of dendritic cells by taxol, an anticancer drug
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Taxol is a clinically useful anticancer drug against a
variety of cancers. Although it has been known that taxol
induces the apoptosis of cancer cells through cytochrome
C release and the activation of caspases, the effect of taxol
on dendritic cells (DCs) has not been studied. In this
study, taxol enhanced the expression of MHC class |1 on
DCs, compared to medium-treated immature DCs.
Surprisingly, the viability of DCs was not decreased by
taxol, whereas that of cancer cells was. It was confirmed
that taxol did not induce the apoptosis of DCs based on
annexin V-FITC/propidium iodide (Pl) staining assay.
Since previous study demonstrated that taxol induced the
production of nitric oxide (NO) related to the viability of
DCs, the level of NO from taxol-treated DCs was
determined. Any significant amount of NO was not
detected. Although taxol enhanced the expression of a
maturation marker, MHC class || molecules, it strikingly
inhibited the proliferation of splenic T lymphocytes
activated by DCs. Taken together, this study demonstrated
that taxol induced an altered maturation of DCs, the
increase of MHC class Il molecule but the inhibition of
proliferation of splenic T lymphocytes. It is suggested that
taxol may induce theimmunosuppression in patients with
cancer by the inhibition of DC-activated T cdl
proliferation, but not by thedirect killing of DCs.
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I ntroduction

Taxol is a clinically effective anticancer drug against a
variety of cancers including breast cancer. Taxol binds to
tubulin, retards microtubule depolymerization, impairs
mitosis, blocks cell cycle, and facilitates apoptosis [15].
Although the effect of taxol on tumor cells has been
studied, the effect of taxol on various immune cels
remains unclear. Recent studies demonstrated that taxol
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bound to CD11c/CD18 in concert with CD14 and Toll-like
receptor (TLR) 4 to dlicit taxol-inducible gene expression
in macrophages [14] and enhanced the production of 1L-12
in macrophages of tumor-bearing host through nitric oxide
[12].

Immunosuppression including myelosuppression is one
of mgor side effects in cancer patients treated with
chemotherapeutic agents. Since a variety of immune cells
of bone marrow are in proliferating status, most anticancer
drugs can attack norma immune cells as well as cancer
cells, resulting in myelosuppression [11]. Tumor burden
induces the immunosuppression in patients with advanced
cancer and chemotherapy escalates it. Recent study
demonstrated that the presence of tumor-derived soluble
factor, vascular endothelial growth factor was closely
associated with the decrease of DC number in the
peripheral blood of cancer patients[1].

Dendritic cells (DCs) are the most potent antigen-
presenting cells (APCs) and play a critical role in host
immune system [16]. DCs originated from bone marrow
migrate to peripheral tissue and organ. DCs take up,
process antigen, and present antigenic peptides to naive T
lymphocytes, stimulating their proliferation. Although
taxol is widely used as an anticancer drug against cancers,
the effect of taxol on DCs has not been studied yet. Based
on the fact taxol shares receptors with LPS to bind
macrophages and enhances the production of IL-12, taxol
was expected to induce maturation of DCs and further
enhance the proliferation of T lymphocytes. However, it
was demonstrated in this study that taxol enhanced the
expression of MHC class || molecules, as a marker of DC
maturation, but decreased the proliferation of T
lymphocytes activated by DCs.

It is thus suggested that taxol may induce an altered
maturation of DCs. This study first demonstrated the effect
of taxol on DCs and thus may provide new insight of the
chemotherapy using taxol for cancer patients.

Materialsand M ethods

Animals and reagents
C57BL/6 and Bab/c mice were purchased from Japan
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SLC (Shizuoka, Japan) and maintained in the lab animal
facility for breeding. 7- to 10-week-old female mice were
used for experiments. Purified anti-mouse CD8, CD19, Gr-
1 monoclona antibodies (mAbs, BD PharMingen, San
Diego, CA) were used for the detection of CD8 T
lymphocytes, B lymphocytes, granulocytes in bone
marrow-derived DCs. Cells were stained with trypan blue
solution (Sigma, St. Louis, MO) and counted for viable
and dead célls.

Preparation of DCs

DCs were cultured from bone marrow of mice using a
general method that wasinitialy established by Inaba et al.
[6]. Briefly, bone marrow cells were harvested from tibia
and femur of mice by flushing with PBS. Cells were
cultured at a concentration of 2x 10° cellsml in 6-well
culture plates. RPMI-1640 medium containing 5% fetal
bovine serum (FBS), L-glutamine, penicillin/streptomycin
(@l from Life Technologies Inc, Gaithersburg, MD), and
10ng/ml mouse GM-CSF (Biosource International,
Camarillo, CA) were used. The culture medium was
replaced with fresh medium at every two days. To increase
the purity of CD11c" DCs, floating cdlls including T, B
lymphocytes, and granulocytes were thoroughly removed
a 2 and 4 day of culture. At 6-10 day of culture, 70% (v/v)
of the medium was replaced by fresh medium and floating
cells were used as DCs for experiments. DCs in this study
were over 85% CD11c" DCsbased on FACS analysis.

T cell preparation and proliferation assay

Spleen cells from Bab/c mouse were prepared by
mechanical disruption and hypotonic lysis of red blood
cells as described in previous report [7]. The non-adherent
cells were washed twice with Hanks balanced sdline
solution (HBSS) and used for dlogeneic T cel
proliferation assay. 2 x 10° cells'well T cells were cultured
with 1 x 10° cells’well DCsin 96-well culture plate. Before
experiments, DCs were treated with taxol (Paclitaxel®,
Sigma) or LPSfor last 48 hr of DC culture, usualy at day
6-8, and washed twice with HBSS. The cell number and
viability of T cellswere measured by trypan blue exclusion
test.

Assessment of cytotoxicity by MTT Assay

The viability of DCswas measured by using MTT assay.
Briefly, cells were seeded at a concentration of 5x 10°
cels/ml in 96-well culture plate and treated with taxol.
B16F10 mouse melanoma cells were used as positive
control cells for taxol. After 48hr culture, 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium  bromide
(MTT, Sigma) was added at a concentration of 0.5 mg/ml
and incubated at 37°C in CO, incubator for 24 hr. Viable
DCs generate insoluble crystal, but DCs are floating and
loosely attached on the surface of culture plates. So, 100

p/well 10% SDS solution containing 0.0L N HCl was
directly added into wells to avoid the potentia loss of and
dissolve the insoluble crystal generated by DCs. After 24
hr, the absorbance of sample was measured at 570 nm, 630
nm as reference by using microplate reader (Molecular
Devices, Sunnyvale, CA).

Determination of nitric oxide production

To analyze nitric oxide (NO) release, -culture
supernatants were harvested after incubation of DCsin the
absence or presence of taxol or LPS for 48 hrs. Cell debris
was removed by centrifugation at 10,000 rpm for 30 sec.
The nitrite levels were determined using modified Griess
reagent (Sigma) following the manufacturer’s manual.
Briefly, 50 pl culture supernatant of DCs was mixed with
50 Yl Griess reagent at a fina concentration of 40 mg/ml.
The O.D. of mixture was measured at 570 nm after 15 min.
A serid dilution of NaNO, was used as standard.

Flow cytometry analysis

To block Fc receptors, cells were incubated with purified
anti-mouse CD16/CD32 mAb (BD PharMingen) a a
concentration of 1 pg/100 p/10° cells for 15 min at 4°C.
Cells were incubated with each mAb at a concentration of
1pg/100 W for 30 min a 4°C and washed twice with
HBSS containing 5% FBS and 0.1% sodium azide.
Fluorescein isothiocyanate (FI TC)-labeled anti-mouse I-A”
mADb, phycoerythrin (PE)-labeled anti-mouse CD11c mAb
(BD PharMingen) were used for direct staining. FITC- or
PE-labeled isotype-matched mAb (BD PharMingen) was
used as control, respectively. Cells were stained with 2 pl/
sample annexin V-FITC (Biosource International) and
propidium iodide (Pl, Sigma) a 4°C for measuring
apoptosis of cells. After staining, cells were analyzed with
FACSCadiber flow cytometer (Becton Dickinson,
Mountain View, CA) and CellQuest software.

Statistical analysis

INMTT and T cell proliferation assay, the result of each
sample is mean + standard deviation (SD) from three
independent wells. Most of data are the representative of
three individual experiments with similar results. The
statistical significance of experimental data was evaluated
by the Student's t-test. P<0.05 was considered as
statistically significant.

Results

The expression of MHC class |1 on DCs was enhanced
by taxal

DCs were cultured from bone marrow cells by using 10
ng/ml GM-CSF. Cdls were characterized by FACS
anaysis using anti-CD11c mAb as a DC marker. To
investigate if taxol affects the maturation of DCs, the
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Fig. 1. Taxol enhanced the expression of MHC class Il on DCs. After 6-8 day culture, DCs were seeded at a concentration of 5x10°
cellgml in 24-well culture plate. Cells were incubated with taxol for 48 hr. After washing twice with HBSS, the expression of MHC
class 11 molecules was analyzed by using flow cytometry. L PS was used as a maturing agent for DCs. Result is a representative of three

individual experiments.

expression level of MHC class || molecules, a maturation
marker, on DCs was measured using FACS analysis (Fig.
1). Taxal consistently enhanced the expression of MHC
class 1l on DCsat arange of concentration (1-10 uM). The
expression of MHC class Il on total cell and viable cells
gated by size were compared, but there was no significant
difference. Mature DCs treated with LPS expressed more
MHC class Il than immature DCs on their surface. It is
thus suggested that taxol may induce the maturation of
DCs.

No change in the viability of DCs by taxol, an
anticancer drug

MTT assay was performed for measuring the viability of
DCs. Cells were cultured in 96-well culture plate and
treated with taxol in 3-fold seria diluted concentration.
The optimal concentration of taxol was determined based
on its biologica activity on other immune cells including
macrophages in previous studies [12,14]. Surprisingly,
taxol did not decrease the viability of DCs (Fig. 2). To
confirm the cytotoxicity of taxol, B16F10 melanoma cells
were used as positive control cells. Taxol decreased the
viability of B16F10 melanoma cells in a concentration-
dependent manner. This data suggest that taxol may
differentially act on DCs compared to cancer cells.

Taxol did not induce the cell death of DCs
Annexin V-FITC staining was performed to check if
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Fig. 2. The viability of DCs was not decreased by taxol, an
anticancer drug. DCs were harvested at 6-8 days after culture.
Cells were washed twice with HBSS before experiment and
seeded a a concentration of 5x10* cells'well in 96-well culture
plate. Cells were cultured with taxol for 48 hr. Then, MTT
reagent and 10% SDS solution were sequentially added into
wells and the absorbance was measured. The O.D. value of DCs
treated with DM SO control was set to 100% since taxol was
dissolved in DMSO. B16F10 melanoma cells were used as
positive control cells for taxol. Results are means+ SD from
three independent wells and a representative of three individual
experiments.
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Fig. 3. Taxol did not induce the apoptosis of DCs. Asdescribed in Fig. 1, DCs were seeded and treated. Cells were stained with annexin
V-HTC/PI and analyzed by using flow cytometry. An anticancer drug, mitomycin C was used as positive control for the apoptosis of

DCs. Result is arepresentative of threeindividua experiments.

taxol induces the apoptosis of DCs. Annexin V is a 35-36
kDa cal cium-dependent phospholipid binding protein with
high affinity for phosphatidylserine, which found in outer
cell membrane beginning early in the process of apoptosis
[1Q]. In preliminary experiments, the duration of taxol
treatment was determined for annexin V-FITC staining
since annexin V specifically binds to apoptotic céls at
early stage of apoptosis (data not shown). In addition, cells
were stained by propidium iodide for the detection of DC
necrosis. Annexin V-positive/Pl-negative, annexin V-
positive/Pl-positive, annexin V-negative/Pl-positive cells
represent cells in early apoptosis, late apoptosis, necrosis,
respectively. Taxol did not significantly increase the cell
death, apoptosis and necrosis, of DCsin any concentration
(Fig. 3). Thisresult is consistent to that of MTT assay asin
Fig. 2. It is strongly suggested that an anticancer drug,
taxol may not kill DCs.

No detection of NO in the supernatant of taxol-treated
DCs

Previous report demonstrated that taxol induced the
production of NO in macrophage [12]. NO is well known
to induce the apoptosis of DCs and inhibit the proliferation
of T lymphocytes activated by DCs [8]. The level of NO
was determined by using Griess reagent. Indeed, there was
no detectable amount of NO in the supernatants of DCs
treated with taxol at a range of concentration (1-10 pM).

30
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Fig. 4. Taxol failed to produce significant amount of NO. DCs
were treated with taxol at a range of concentration for 48 hrs.
Supernatants of DCs were harvested and used for the
determination of NO levels. NO concentration was divided by
cell number to caculate NO concentration/10° DCs. LPS was
used as a positive control for the production of NO. Results are
representative of three experiments.

10uM LPS
1 ug/ml

LPS, as a positive control, produced significant amount of
NO under same condition (Fig. 4). This result suggested
that taxol may differentially act in DCs compared to other
cell typesincluding macrophage.
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Fig. 5. Taxol inhibited DC-mediated T cell proliferation. Allogeneic T cells were harvested from spleens of Balb/c mice and cultured
with taxol-treated DCs in 96-well culture plates (A). To investigate the direct effect of taxol on the interaction of DC/T cell, taxol was
added into the culture of allogeneic T cells with non-pretreated DCs (B). After 5 day culture, the number and viability of T cells were
determined by trypan blue exclusion test. Results are representative of three experiments.

Taxol-treated DCs strongly inhibited the proliferation
of T lymphocytes

To investigate if taxol may affect the APC function of
DCs, T cél proliferation assay was performed. After the
treatment of taxol for 48 hr, DCs were washed twice with
HBSS and cultured with alogeneic T lymphocytes for 5
days. The number and viability of T lymphocytes activated
with DCs were determined by trypan blue exclusion test.
Taxol significantly inhibited the proliferation and viability
of T lymphocytes activated by taxol-treated DCs (Fig. 5A).
To verify the direct effect of taxol on the interaction
between DCsand T lymphocytes, taxol was added into the
culture of no pretreated DCs and T lymphocytes at arange
of concentration (100 nM-10 uM). Taxol significantly
inhibited the proliferation and viability of T lymphocytes
a 1pM and 10 uM, but not 100nM (Fig. 5B). It is
suggested that taxol may inhibit the APC function of DCs.

Discussion
A plant-derived diterpenoid, taxol has been recognized

as a potent inhibitor of cell cycle progression, resulting in
cell cycle arrest and death of cancer cels [9]. Taxol
demonstrated significant anti-cancer efficacy in human
clinic trids and became a representative
chemotherapeutic agent for the treatment of breagt,
ovarian, and non-small cell lung cancer [4,5]. In addition
to its well-characterized anti-cancer activity, taxol induces
the activation of macrophage in host [12]. Taxol and LPS
share some receptors, CD11b/CD18, CD14, and TLR4, to
transduce signals in macrophages [14]. Taxol has LPS-
mimetic capabilities, the production of NO, IL-1 beta, IL-
12, TNF-dpha and through TNF-adpha and NO
production, taxol enhances the cytotoxicity of cancer cells
[3]. Although the mechanism of taxol has been well
characterized in tumor cells, the effect of taxol on immune
cellsremains unclear.

This study demonstrated that taxol did not kill DCs, the
most potent APCsinimmune system, based on MTT assay
and annexin V-FITC/PI staining. Since taxol has aready
well known efficiently to kill cancer cells, this data
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suggests that taxol may remove cancer cells, but not DCs
in host upon application. Furthermore, taxol enhanced the
expression of MHC class || molecules, a representative
maturation marker, on DCs. Since previous reports
demonstrated that the maturation process tranduced
survival signalsin DCs, thereis apossibility that taxol may
provide DCs with survival signa through maturation
process to protect taxol-induced cytotoxicity of DCs. The
signal tranduction of taxol in DCs can be a valuable topic
for further study.

To investigate the effect of taxol on antigen-presenting
capability, DCs were pretreated with taxol and incubated
with alogeneic T lymphocytes. Interestingly, taxol
inhibited the proliferation of T lymphocytes activated by
pre-treated DCs even though it enhanced the expression of
MHC class Il molecules. Furthermore, taxol only
marginaly inhibited the proliferation of T lymphocytes
activated by non-treated DCs when it was directly added
into the co-culture. These data strongly suggest that taxol
may negatively change the APC function of DCs. It should
be valuable in future study to investigate the production of
immunosuppressive molecules including 1L-10 from DCs
treated with taxol [2,13]. As a candidate molecule, the
level of NO was determined in the supernatants of DCs
treated by taxol, since previous study demonstrated that
NO induced the apoptosis of DCs, inhibited the
proliferation of CD4" T lymphocytes activated by DCs,
and furthermore taxol produced NO in macrophage [8,12].
Taxol did not produce any detectable amount of NO in
DCs, suggesting that taxol may have unique effector
molecules or regulatory mechanismin DCs.

Taken together, it was in this study demonstrated that
taxol did not kill DCs, further induced an altered
maturation of DCs, the enhanced expression of MHC class
Il but the inhibition of T cell proliferation. This study may
provide clinicd trias using taxol with new insights to
develop more effective therapy.
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