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Abstract

Purpose To investigate the reversal mechanisms of a
novel semisynthetic taxane derivative, Syl611. Syl611 is a
structurally modified compound from Sinenxan A, and the
chemical structure is entirely new. It was found to signif-
icantly increase paclitaxel-induced cytotoxicity in drug-
resistant cells, while presenting a low level of cytotoxicity.

Y. Zhang - H. Li - H. Wang - F. Su - R. Qu -

Y. Li - X. Chen (X))

Department of Pharmacology, Institute of Materia Medica,
Chinese Academy of Medical Sciences and Peking Union
Medical College (Key Laboratory of Biosynthesis of Natural
Products, Ministry of Health of PRC and Key Laboratory

of Bioactive Substances and Resources Utilization of Chinese
Herbal Medicine, Ministry of Education of PRC), 1 Xian Nong
Tan Street, 100050 Beijing, People’s Republic of China
e-mail: chxg@imm.ac.cn

D. Yin

Department of Medicinal Chemistry, Institute of Materia
Medica, Chinese Academy of Medical Sciences and Peking
Union Medical College (Key Laboratory of Biosynthesis

of Natural Products, Ministry of Health of PRC and Key
Laboratory of Bioactive Substances and Resources Utilization
of Chinese Herbal Medicine, Ministry of Education of PRC),
1 Xian Nong Tan Street, 100050 Beijing,

People’s Republic of China

J. Dai

Department of Biosynthesis of Natural Products,

Institute of Materia Medica, Chinese Academy of Medical
Sciences and Peking Union Medical College

(Key Laboratory of Biosynthesis of Natural Products,
Ministry of Health of PRC and Key Laboratory of Bioactive
Substances and Resources Utilization of Chinese Herbal
Medicine, Ministry of Education of PRC),

1 Xian Nong Tan Street, 100050 Beijing,

People’s Republic of China

Methods The in vitro cytotoxic and MDR-reversing
activities of the Syl611 were determined by MTT assays.
The cytotoxicity enhancement of paclitaxel was performed
using the acridine orange/ethidium bromide double stain-
ing. Rhodamine 123 accumulation and retention assay in
KB/V cells, Caco-2 monolayer model were used to find
mechanism of action.

Results The cytotoxicity of Syl611 was wondrously
lower in all tested cell lines than that of paclitaxel. Cyto-
toxicity enhancement from Syl611 was dramatically higher
than that of verapamil of the same concentration (10 uM):
the reversal fold index for AS549/Paclitaxel, KB/V, and
Bel7402/5-FU were 45.95, 73.56, and 107.13 (Syl611) and
11.36, 23.92, and 70.42 (verapamil). AO/EB double
staining assay equally showed that Syl611 could enhance
the cytotoxicity induced by paclitaxel. Furthermore,
Syl611 could also increase the intracellular accumulation
of Rhodamine 123 in KB/V cells without affecting P-gp’s
expression, and this accumulation was reversible. In bidi-
rectional permeability assay, Syl611 increased the perme-
ability of paclitaxel but decreased the net secretory of
paclitaxel.

Conclusions Syl611 is an effective and potential agent in
reversing multidrug resistance (MDR) by multiple actions,
which attributed to p-glycoprotein inhibition and drug
permeability enhancement.

Keywords Multidrug resistance - P-glycoprotein -
Sinenxan A - Syl611 - Reversing agents
Introduction

The most common obfuscation in face of successful cancer
chemotherapy is multidrug resistance (MDR). MDR
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tumors show cross-resistance to multiple anticancer drugs
of different chemical structures and mechanisms of action,
which eventually results in the shortage of effective che-
motherapy for patients [1]. The main but not unique
mechanical cause of MDR is the overexpression of
P-glycoprotein (P-gp), which occurs when cancer cells are
exposed to a single hydrophobic cytotoxic agent [2]. P-gp,
a 170-kDa transmembrane glycoprotein encoded by the
ABCB1 (MDRI1) gene, is attributed to the excretion of
several anticancer agents including anthracyclines, vinca
alkaloids, and taxanes [3, 4].

The first generation of P-gp inhibitor, verapamil, is
identified as a calcium channel blocker which can inhibit
P-gp-mediated drug efflux, accordingly, increasing the
accumulation of anticancer drugs in tumor cells [5].
However, due to verapamil’s calcium channel blocking
effect on heart toxicity and its adverse effects presented
during animal studies and clinical trials, verapamil was not
authorized for clinical use eventually [6]. After verapamil’s
failure, several other MDR-reversing agents such as val-
spodar, LY335979, and ONT-093 have been studied for
their inhibitory effects on P-gp, but all of them were found
to be of dose-limiting toxicity [7, 8]. Therefore, a novel
compound of promising MDR-reversing activity and low
toxicity was urgently explored upon.

Paclitaxel, an important anti-cancer agent against breast,
ovarian, and non-small cell lung cancers, has been widely
used by many medical practitioners in the past century.
However, this drug has fallen into disuse and is in need of
urgent chemical structural modification or biological
recomposition in order to improve its pharmacological
profile upon its progressively increasing drug resistance
and administration route embarrassment [9—11]. Sinenxan
A (2o, 5a, 10p, 14f-tetraacetoxy-4(20), 11-taxadiene) is a
taxoid, which is isolated from the callus cultures of Taxus
yunnanensis (Fig. 1a) [12]. The rich resources of Sinenxan
A and its taxane skeleton provide the possibility for the
semisynthesis of paclitaxel and other bioactive taxane
derivatives. Through our continuing search for new drugs
from natural products, we used Sinenxan A as the starting
material for reorganizing the structure and obtained a series
of new compounds to study their valuable potential for
drugs. Some research results for these studies have been
reported [13, 14]. Syl611 (9a-cinnamoyloxy-10/-hydroxy-
20, So, 14p-triacetoxy-taxa-4-methyl-11(12)-ene) was
screened out from 67 compounds for its outstanding MDR-
reversing activity and impressive low cytotoxicity
(Fig. 1b). Here, we report the reversing ability of Syl611
against P-gp-mediated MDR. Mechanism study showed
that Syl611 increased the intracellular accumulation of
drugs by inhibiting the function of P-gp and facilitating
inward transmembrane action, thus potentially making
Syl611 a new agent in cancer chemotherapy.
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Fig. 1 Chemical structures of Sinenxan A (a) and Syl611 (b)

Materials and methods
Chemicals and materials

Syl611, a biosynthetic taxane, is obtained as pale yellow
powder and has the molecular formula C35sH4609 and a
molecular weight of 610.31. In vitro, Syl611, paclitaxel,
and vincristine were dissolved in DMSO and stored at
—20°C for less than 1 month before use. Paclitaxel, vin-
cristine, and 5-fluorouracil (5-FU), which were used for
keeping the drug resistance, were obtained from Beijing
Union Pharmaceutical Factory (Beijing, China). Verapamil
was obtained from Sigma. Cell culture media, RPMI-1640,
and fetal bovine serum (FBS) were purchased from Gibco
BRL (Grand Island, NY, USA).

Cell culture

The human lung adenocarcinoma cell line A549 and its
paclitaxel-resistant subline A549/Paclitaxel, the human
oral epithelium cancer cell line KB and vincristine-resistant
subline KB/V, the human hepatocellular carcinoma cell
line Bel7402 and its 5-FU-resistant subline Bel7402/5-FU
were cultured at 37°C in a 5% CO, and 95% air atmo-
sphere using RPMI-1640 with 10% FBS and penicillin
(100 U/ml). The human colon carcinoma cell line Caco-2
were used between passage number of 25-35 and were
cultured using Dulbecco’s modified Eagle’s medium
(DMEM) with 10% FBS. The A549, KB, Bel7402, and
Caco-2 cells were purchased from the American Type
Culture Collection (ATCC) and the Cell Culture Center of
Institute of Basic Medical Science, Chinese Academy of
Medical Sciences. The drug-resistant cell lines were
established by in vitro continuous stepwise exposure of
drugs and identified by the Department of Pharmacology at
our institute. The 160-fold 5-FU-resistant cell line
Bel7402/5FU and 175-fold vincristine-resistant cell line
KB/V have been reported before [15, 16]. The A549/Pac-
litaxel showed about 70-fold higher resistance to paclitaxel
than A549 cells.
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Cytotoxicity assay and MDR-reversing assay

The in vitro cytotoxic and MDR-reversing activities of the
Syl611 were determined by MTT (Sigma) assays. Briefly,
cells were seeded into 96-well plates at a density of
1-2x10*/well (depended on the cell growth rate). Twenty-
four hours later, the cells were exposed to the tested agents.
The cytotoxicity of Syl611 in A549, KB, Bel7402, A549/
Paclitaxel, KB/V, and Bel7402/5-FU was analyzed after
incubation of cells with Syl611 for 4 days. In MDR-
reversing assay, Syl611 combined with paclitaxel was
treated in A549/Paclitaxel, KB/V, and Bel7402/5-FU cells
to detect the reversing activities of Syl611 in those drug-
resistant cells, while verapamil was used as positive con-
trol. The ICs( values defined as the drug concentration that
resulted in a 50% reduction in the number of cells after
incubation for 4 days. We used reversal fold index (RF) as
the index for MDR-reversing activities and which was
defined as the ratio between the ICs value in the presence
of paclitaxel alone and the paclitaxel combined with
Syl611. The reversing activities of Syl611 on vincristine
and 5-FU were tested in the same manner.

Cell viability and morphological characterization assay

Fluorescence microscopy was performed 48 h after treat-
ment of the cells with each combination of drugs. The
assessment of viability by fluorescence microscopy was
performed using the acridine orange/ethidium bromide
(AO/EB) assay. Briefly, 5 x 10 cells were seeded into 24-
well plates for 24 h. After treatment, the cells were washed
with PBS and fixed with 4% paraformaldehyde (Sigma) in
phosphate-buffered saline (PBS) for 10 min at room tem-
perature. The fixed cells were washed with PBS and stained
with 4 ul aliquot of dye mixture consisting of 100 pg/ml
AO and EB for 5 min. The stained cells were washed with
PBS for 5 min thrice and viewed with a fluorescent
microscope. To determine the percentage of viable (green
fluorescence) versus apoptotic or necrotic cells (orange
fluorescence), four microscopic fields, each containing 200
cells were examined. The quantitative visual differentiation
between apoptotic and necrotic cells was based on cell size,
nuclear condensation, and chromatin structure, while
determination was performed according to Hotz et al. [17].

Western blotting for P-gp

MDR-reversing agent-treated and untreated drug-resistant
cells were collected and prepared for cell lysates. Briefly,
total cellular proteins (100 pg/lane) were electrophoresed
on 10% SDS—polyacrylamide gels. After electrophoresis,
the proteins were transferred to a PVDF membrane
(Millipore, USA). The membranes were blocked for 2 h in

Tris-buffered saline (TBS) containing 5% (w/v) dry
skimmed milk powder (Sigma, USA) and incubated over-
night with primary antibodies to P-gp (mouse monoclonal
IgG,, Santa Cruz, USA) and actin (goat polyclonal IgG,
Santa Cruz, USA). The membranes were then washed with
TBS-0.05% Tween 20 for 15 min thrice and incubated with
secondary antibodies and were visualized with an enhanced
chemiluminescence detection kit (Amersham Life Sci-
ences, IL, USA).

RT-PCR for MDR1

The RT-PCR was performed by RT-PCR kit (Takara,
Japan) and operated according to the manufacturer’s
instruction. Briefly, total RNA was extracted by TRIZOL
(Invitrogen, USA). The integrity and purity of the RNA
were checked by UV Spectrophotometer for OD260 and
0OD280, then reverse transcripted from mRNA to cDNA
using the RT-PCR kit. The cDNA then was used as the
template for PCR. The primer sets for MDR1 were 5'-AG
AAGGTTCTGGGAAGATCGC-3' (sense) and 5'-GG
CACCAAAGACAACAGCTG-3' (anti-sense); and the
primer sets for actin were STGTTTGAGACCTTCAACA
CCC-3' (sense) and 5'-AGCACTGTGTTGGCGTACAG-3’
(anti-sense). The PCR product of MDR1 was 286 bp, and
the actin was 529 bp. The PCR profile was as follows:
10 min at 95°C, followed by 30 cycles of 30 s at 95°C and
1 min at 60°C. The PCR product was separated by 2%
agarose gel electrophoresis, and the gels were stained using
ethidium bromide and viewed by UV transillumination.

Rhodamine 123 (Rh123) accumulation and retention

Fluorescence intensity of intracellular Rh123 (Sigma,
USA) was determined by flow cytometry. Briefly, after
treatment of exponentially growing drug-resistant cells
with 10 pM Rh123 (with and without MDR-reversing
agents) in serum-free RPMI1640 for 3 h, cells were har-
vested and then washed with PBS. The retention group
cells were incubated in PBS for another 1 h followed by
harvesting. The mean fluorescence intensity of intracellular
Rh123 was detected using flow cytometry. The mean
fluorescence intensity was then automatically calculated
from the fluorescence intensity of 1 x 10* cells by the flow
cytometry machine.

Caco-2 monolayer model and bidirectional
permeability assay

The Caco-2 cells (passage No. 25-35) were seeded on
top of Millicell Cell Culture Insert polycarbonate filters
(pore size, 0.4 um; diameter, 13 mm; growth area,
0.6 sz) (Millipore, USA) at a cell density of
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40,000 cells/cmz, which was inserted in 24-well plate
(Corning, USA). The culture medium was replaced every
2 day and essentially everyday if the cells almost fully
covered the top of filters. The transepithelial electrical
resistance (TEER) was tested after changed the medium.
About 21 days later, the monolayer would be used for
permeability studies when the TEER values were greater
than 1,000 ohm cm?.

The transport medium was Hank’s balanced salt solution
(HBSS) buffer containing 10 mM HEPES. After washed
the warm medium (37°C) twice, the test compounds
(paclitaxel alone or combined with Syl611 otherwise
verapamil) were added into either the apical (for apical to
basolateral transport; AP to BL) or basolateral (for baso-
lateral to apical transport; BL to AP) side of the monolayer.
The monolayers were then placed in a swing incubator at
37°C. Samples were taken from both the apical and baso-
lateral compartment during the test process (no more than
3 h), and the concentration of paclitaxel were analyzed by
a high-performance liquid chromatography—-UV (HPLC-
UV) as previously described [18, 19]. The detection of
paclitaxel was at 227 nm for UV absorption.

Statistical analysis

The results are expressed as mean =+ standard error of the
mean. Statistical comparisons were made using one-way
ANOVA by SPSS (version 10.0, SPSS Inc., Chicago, IL,
USA). P value < 0.05 was considered statistically significant.

Results

Syl611 showed low cytotoxicity on three human tumor
cell lines and their related drug-resistant cell lines

Considering the action modality of MDR-reversing
agents, low cytotoxicity is the emphasis of these agents as
they relate to anticancer drugs. We used three human
tumor cell lines: A549, KB, and Bel7402, and their
related drug-resistant cell lines: AS549/Paclitaxel, KB/V,
and Bel7402/5-FU to detect the cytotoxicity of Syl611 by
MTT assay. The inhibition rate of each drug concentration
was recorded, and paclitaxel was used to validate the
feasibility of this assay. The experiments were carried out
in triplicate. As the data shown, the cytotoxicity of Syl611
was wondrously lower in all tested cell lines than that of
paclitaxel. As reported, all the drug-resistant cells were
more resistant than their parental cells to paclitaxel, but
when these drug-resistant cells were treated combined
with Syl611, the chemosensitizing effects to paclitaxel
increased (Fig. 2).
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Fig. 2 The cytotoxicity of Syl611 on A549, KB, and Bel7402 and
their related drug-resistant cell lines: A549/Paclitaxel (a), KB/V (b),
and Bel7402/5-FU (c). Cell viability was determined using the MTT
assay as described in “Materials and methods”, and “Results” were
showed as inhibition ratio (%)

Syl611 treatment increased paclitaxel-induced
cytotoxicity in drug-resistant A549/Paclitaxel,
KB/V, and Bel7402/5-FU cells

In order to explore the molecular mechanism for the MDR-
modulating activity of Syl611, we used P-gp-overexpres-
sed A549/Paclitaxel, KB/V, and Bel7402/5-FU cells to
detect the MDR-reversing activities of Syl611. First of all,
we treated these three drug-resistant cells with paclitaxel
alone (100 nM) or drug combinations [paclitaxel associ-
ated with Syl611 (2.5, 5, 10 uM) and verapamil (10 puM)].
In these results, the combination treatment of Syl611 with
paclitaxel markedly enhanced the paclitaxel-induced
cytotoxicity in  drug-resistant cells.  Furthermore,
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cytotoxicity enhancement from Syl611 was dramatically
higher than that of verapamil of the same concentration
(10 uM): the RF for A549/Paclitaxel, KB/V, and Bel7402/
5-FU were 45.95, 73.56, and 107.13 (Syl611) and 11.36,
23.92, and 70.42 (verapamil), respectively. Compared to
drug-resistant cells, the RFs of 10 uM Syl611 on parental
cells were very low than drug-resistant cells: the RFs of
A549, KB, and Bel7402 were 4.30, 8.10, and 1.22,
respectively (Fig. 3a). The cytotoxicity enhancements of
Syl611 on vincristine and 5-FU in their resistant cells KB/
V and Bel7402/5-FU were checked in parallel. Syl611
obviously increased the cytotoxicity of vincristine (6.35,
49.83, and 55.39) and 5-FU (22.93, 54.73, and 65.34). The
cytotoxicity enhancements of Syl611 were stronger than
10 uM verapamil (7.39 vincristine, 6.42 5-FU). Homoge-
neously, Syl611 showed very low modulating actions of
vincristine on KB (6.38) and 5-FU on Bel7402 (1.07)
(Fig. 3b).

The expression levels of P-gp in the three tumor cells
were then determined via Western blotting. Results showed
that Bel7402/5-FU had the highest level of expression for
P-gp in these cells, and the level of expression for A549/
Paclitaxel was the lowest. This notion was similar to the
RF index results and indicated that the reversing effect of
Syl611 was related to the P-gp (Fig. 3c).

Syl611 treatment increased paclitaxel-induced
apoptosis in drug-resistant A549/Paclitaxel cells

It has been well known that paclitaxel can facilitate cell
apoptosis by disturbing microtubule function during cell
cycle progression [20]. We examined the effect of Syl611
on the morphological characterization of A549/Paclitaxel
cells. A549/Paclitaxel cells were treated with 0.1 uM
paclitaxel alone or in combination with 10 pM verapamil
or Syl611 for 48 h (Fig. 4). Untreated A549/Paclitaxel
cells displayed normal cell conformation with organized
chromatin structure, an intact cytoplasm and rounded cell
nuclei (Fig. 4a). Likewise, the treatment of 10 pM Syl611
alone did not affect the nuclear morphology of AS549/
Paclitaxel cells, and nuclei displayed no obvious change
(Fig. 4b). On the other hand, a concentration of 0.1 M
paclitaxel led to a decrease in cell number and observable
morphological changes. These resulting morphological
changes presented as typical apoptotic features: cell
shrinkage, chromatin condensation, and nuclear fragmen-
tation (Fig. 4c). When treated with the combination of
10 uM  verapamil (Fig. 4d) or Syl611 (Fig. 4e) with
0.1 uM paclitaxel, there were greater deceases in cell
number and more serious apoptotic features. And even cell
death was observed compared with paclitaxel alone.
According to the Hotz et al., apoptosis ratio was detected;
Syl611 (72.2%) and verapamil (47.8%) all induced a
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Fig. 3 Syl611 treatment increased paclitaxel-induced cytotoxicity in
drug-resistant A549/Paclitaxel, KB/V, and Bel7402/5-FU cells. The
action was not obvious in parental cells (a), Syl611 also increased the
sensitivities of KB/V and Bel7402/5-FU to vincristine and 5-FU (b).
Fold index (RF) was used as the index for MDR-reversing activities.
RF index represents means = SD of three independent experiments.
The statistical difference between the Syl61l1-treated group and
positive control was determined by one-way ANOVA (*P < 0.05).
The expression levels of P-gp were measured by Western blotting (c¢)

greater level of apoptosis when they were used in combi-
nation with paclitaxel (Fig. 4f). The same effect of Syl611
with verapamil demonstrated that Syl611 might increase
the potential of paclitaxel by allowing its intracellular
accumulation, due to the inhibition of P-gp function.

Syl611 increased the accumulation of Rh123 in KB/V
cells without affecting P-gp expression

The MDR phenotype is characterized by decreased accu-
mulation and enhanced efflux of anticancer drugs, which is
reversible upon treatment with P-gp inhibitors such as
verapamil and cyclosporin. To find the MDR-reversing
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Fig. 4 Syl611 treatment
increased paclitaxel-induced
apoptosis in drug-resistant
A549/Paclitaxel cells. Untreated
A549/Paclitaxel cells displayed
normal cell conformation with
organized chromatin structure,
intact cytoplasm, and rounded
cell nuclei (a). Cells were
treated with 10 uM Syl611
alone (b) or 0.1 pM paclitaxel
alone (¢) or in combination with
0.1 puM paclitaxel and 10 pM
verapamil or Syl611 for 48 h
(d, e). After fixation, cells were
stained with AO/EB and cell
morphological characterization
was analyzed using a
fluorescence microscope. The
apoptosis ratio was calculated
according to the “Materials and
methods” (x100
magnifications)

mechanism of Syl611, we chose the KB/V cells (which
have higher levels of P-gp expression) as the drug-resistant
model. The results of RT-PCR and Western blotting
showed that Syl611 treatment (10 uM) of KB/V cells could
not alter the expression levels of P-gp mRNA and protein
(Fig. 5a). The accumulation of P-gp’s substrate Rh123,
which was detected by flow cytometry, demonstrated the
drug efflux function of P-gp. Relative fluorescence inten-
sity was used to denote the effects. As shown in Fig. 5b,
Syl611 increased the accumulation of Rh123 in KB/V cells
compared with control and verapamil-treated cells. The
enhancement of accumulation due to 10 pM Syl611 (943)
was significantly higher than from treatment with 10 pM
verapamil (149.8). Furthermore, we evaluated gradient
concentrations of Syl611 on the accumulation of Rh123 in
KB/V cells (Fig. 5c). The relative fluorescence intensity
curve of Syl611 showed as a sigmoidal curve. In addition,
the accumulation was reversible: the intracellular amount
of Rh123 fell back (Fig. 5c) after cells incubated with PBS
for 1 h. To determine whether Syl611 have the same
fluorescence characteristics as Rh123, so to prevent false-
positive results, we identified the fluorescence character of
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Apoptosis Ratio (%)

Syl611. The results showed that Syl611 cannot form sim-
ilar fluorescence absorption compared with Rh123. Rh123
had a maximum fluorescence absorption wavelength at
about 530 nm, and Syl611 cannot form fluorescence
absorption in the same wavelength range between 510 and
600 nm.

Syl611 increased the bidirectional permeability
of paclitaxel in Caco-2 monolayer model but decreased
the efflux ratio

The bidirectional permeability assay is regarded as the gold
standard in identifying P-gp substrates and also used for
measuring the characteristics of P-gp inhibitors. As a sup-
plement methods for detecting the functional mechanism of
Syl611’s reversal ability, the results in the presence showed
that Syl611 unexpectedly increased the bidirectional per-
meability of paclitaxel that was completely different with
the action of verapamil. As shown in Fig. 6a, paclitaxel
(50 pM) is typically a P-gp substrate because of the obvious
transportation from BL to AP and almost not from AP to BL.
Verapamil (50 and 100 uM) could inhibit the permeability



Cancer Chemother Pharmacol (2010) 66:851-859

857

A Syl611 (10 pM)

0 12 24 48 72h

<— actin 529bp

<«— MDR1 286bp
<«—200bp

[—- — — —-—‘ “— P-gp 170KDa

[ T ——— | +— Actin 42KDa

B=

= 1200

g #
E 1000} * T
Q

o *

© 800 [

w

2

S 600t

=

[}

™ 400

)

£

% 200 *

=

_8 0 1L - 1 L L e
o« control wverapamil- Syl611- Syl611- Sylé11-

10uM 5uM 10um 15uM

C 1200

-+ Accumulation
-u- Retention

800

E-Y

(=3

o
T

-

Rhodamine123 fluoresence
intensity

0 s ) N L . s . J
,\’G)&‘\ Q{g§ )&“‘ q,Qé‘ h&& ﬁ\?“\ ,\Q§ ,\63§
o Syl611

Fig. 5 Syl611 treatment increased the accumulation of Rh123 in KB/
V cells without affecting P-gp expression. After treatment of KB/V
cells with 10 uM Syl611 for indicated time points, the expression
level of MDRI1 and P-gp was analyzed by RT-PCR and Western
blotting (a). The relative fluorescence intensity of intracellular Rh123
was determined as described in “Material and methods” and
represented means £ SD of three independent experiments. The
statistical ~difference was determined by one-way ANOVA
(*P < 0.05) (b, ¢)

of paclitaxel from BL to AP but Syl611 gradually increased
the bidirectional transportation along with the increased
dosage (10, 20, 50, and 100 M) and time lapse (15, 30, 60,
90, 120, and 180 min). Especially, in the absorptive direc-
tion phase (AP to BL), bigger dosage of Syl611 could dis-
tinctly bring forward the appearance of paclitaxel in
basolateral side. In the results of Fig. 6b, Syl611 dramati-
cally decreased the efflux ratio (ratio of BL to AP/AP to BL)
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Fig. 6 Syl611 treatment increased the bidirectional permeability but
decreased the efflux ratio of paclitaxel in Caco-2 monolayer model.
Paclitaxel (50 pM) alone and combined with verapamil (50, 100 pM)
or Syl611 (10, 20, 50, 100 uM) were treated on the Caco-2 monolayer
in the basolateral or apical side. The concentration of paclitaxel in the
opposite was tested at the indicated time point (15, 30, 60, 90, 120,
180 min) and represented means = SD of three independent exper-
iments (a). Efflux ratio (b) was the ratio of BL to AP and AP to BL,
the amount of AP to BL in Syl611 10 uM at 60, 90 min and Syl611
20 uM at 60 min almost could not be detected, so the efflux ratio was
indicated by “MAX?”. The ratios before 60 min were not showed here
on the condition that they all are “MAX”

in concentration-dependent and time-dependent manner.
The efflux ratio indicated the bidirectional transport speed
that Syl611 could decrease the net secretory of paclitaxel.
Similarly, with Rh123 accumulation assay, the action of
large dosage maintained saturation effect. These results
would be the circumstantial evidence of Rh123 accumula-
tion assay for accumulated intracellular paclitaxel. In order
to eliminate the false-positive detection of paclitaxel, we
found that the UV absorption peak of Syl611 was at
278.16 nm and the retention time was different from pac-
litaxel in the same test condition of HPLC-UV.
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Discussion

In the past five decades, the usage of anticancer agents has
become one of the most important ways of controlling
malignant cancers. However, the development of multi-
drug resistance to anticancer agents among patients con-
tinues to pose a serious obstacle to cancer chemotherapy
and those medical professionals and researchers who
investigate it. The overexpression of P-gp, which is a
membrane protein transporting drug, is the main mechan-
ical cause of MDR. The reversing of MDR would be the
key for overcoming drug resistance in modern cancer
therapy. Currently, many MDR-reversing agents such as
synthetic chemicals and natural products have been
developed for anticancer therapy, but most of these prod-
ucts have been abolished during clinical usage for their
toxicity in crux organs [8]. Thus, finding novel interference
form on drug efflux effect from P-gp would be the indi-
cation of the next generation of P-gp inhibitors. The
present study shows that Syl611, which is semisynthesized
from the biosynthetic taxane, Sinenxan A, can lead to the
reversal of MDR phenotype by inhibiting P-gp’s function
and facilitating inward transmembrane action.

Our data showed that Syl611 is devoid of cytotoxicity in
three varieties of tumor cell lines and their parental drug-
resistant cells in vitro. Syl611 has the same diterpenoid
structure with paclitaxel, but the replacement and modifi-
cation of the taxane structure resulted in opposite cyto-
toxicity. The low cytotoxicity provides the foundation
property for Syl611 because the MDR agents would better
not bring in side effects such as cytotoxicity effects. Sev-
eral taxane-based chemicals possessing excellent MDR
reversal abilities have been reported by Ojima et al. [21,
22], and modification of the special position brings about
high potency against drug efflux mediated by P-glycopro-
tein, these research results boost our confidence to find new
chemicals. Based on the abundant developing experience
on taxane derivatives in our institute, Syl611 was screened
out and obtained from new structural modification.

In the MDR-reversing assay, Syl611 increased the
cytotoxicity of paclitaxel in a dose-dependent manner. Ten
micromolar Syl611 maintained a greater than fourfold
difference in RF values than the positive control verapamil
in A549/Paclitaxel cell line, more than threefold in KB/V
cell line and 1.5-fold in Bel7402/5-FU cell line. P-gp level
in Bel7402/5-FU cells was highest in those three cell lines
and that in AS549/paclitaxel was the lowest. Homoge-
neously, the RF value in Bel7402/5-FU was the highest and
the A549/Paclitaxel was the lowest in value. Furthermore,
Syl611 showed the similar modulating action of vincristine
and 5-FU on their resistant cells, the levels of reversing
activities were associated with the amount of P-gp. Vin-
cristine and 5-FU were also the substrate of P-gp.

@ Springer

Consequently, this notion indicated that the reversing
abilities of Syl611 are relative to the membrane drug efflux
protein P-gp. The AO/EB double staining assay showed
that Syl611 could enhance the cytotoxicity induced by
paclitaxel. In drug-resistant AS549/paclitaxel cells, the
impressive low cytotoxicity of Syl611 did not show any
changes between Syl611-treated drug-resistant cells and
the untreated control (rounded nuclear with green fluores-
cence and orange in cytoplasm, complete cell size). How-
ever, when Syl611 and paclitaxel were combined to contact
cells, the toxicity enhanced and was observed as an
increase in apoptosis. Such apoptosis was revealed in the
form of the nuclear concentration (anomalous nuclear with
green fluorescence), the shrinkage of cell size, and even the
necrosis of cells (red fluorescence with shrink size). These
phenomena confirmed the results of the MTT assay and
indicated that Syl611 could increase the intracellular
accumulation of paclitaxel. All of the former results led us
to believe that the P-gp would be the target of Syl611’s
reversing mechanism, but how did Syl611 act on P-gp?

It is unlikely that the MDR-reversing activity attributes
to the diminution of P-gp, as Syl611 did not change the
expression of P-gp and its mRNA. As shown in Fig. 5b,
Syl611 is very potent at reversing the accumulation deficit
and blocking the efflux of Rh123 from P-gp-overexpressed
cell line KB/V. Furthermore, the accumulation abilities of
gradient concentration Syl611 presented as a sigmoidal
curve demonstrating the dose saturate property of the
effect. According to the dose-response relationship of
Syl611 and Thomas’s review [8], we hypothesize that
Syl611 may bond to P-gp and take up the functional
position, sequentially disturbing the efflux of drugs. This
hypothesis would need further researched in relation to its
chemical structure and protein affinity. The finding that the
result was not affected by the Sy611’s own fluorescence
characterization further indicated that the reverse of drug
resistance by Syl611 is probably attributable to the inhi-
bition of P-gp-mediated drug efflux. Meanwhile, the
accumulation of Rh123 was reversible, which response the
mechanism of Syl611 and low side effects.

In the bidirectional permeability assay, Syl611 unex-
pectedly increased the transmembrane of paclitaxel in
Caco-2 monolayer model, but the net secretory amount of
paclitaxel was decreased, these results gave corroborative
evidence of the increasing accumulation of intracellular
paclitaxel in Rh123 accumulation assay. In the drug-
resistant cells, drug permeability crossing the cell mem-
brane is in the same manner with monolayer model cells,
but the extracellular concentration is much higher than
intracellular. The net secretory of paclitaxel that goes down
would obviously increase the intracellular accumulation.
Drug transportation across the cell membrane is a complex
multi-pathway process. In the Caco-2 model, besides the
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function of P-gp or other efflux pumps, passive transcel-
lular, active transcellular, facilitated diffusion, paracellular,
and so on would mediate the drug transportation together.
Besides the interference of P-gp, Syl611 also manifested a
facilitated inward transmembrane action of paclitaxel to
increase the intracellular accumulation of paclitaxel.
Additionally, the action of large dosage maintained satu-
ration effect. The phenomena were similar with Rh123
accumulation assay thus the following research on P-gp
affinity of Syl611 is the key to reveal the mechanism of
action. Consequently, Syl611 would be used as a novel and
effective agent for improving oral administration obfusca-
tion of paclitaxel, which exhibits a well developing
perspective.

In conclusion, our current study demonstrates that
Syl611, a novel semisynthetic taxane derivative, is effica-
cious in reversing MDR by combined action, which attri-
butes to the inhibition of the drug efflux function of P-gp
and facilitation inward transmembrane action. The low
cytotoxicity, non-interference on the expression of P-gp,
and reversible blocking action of P-gp suggest its favorable
pharmacology profiles. Our studies suggest that Syl611 is
an attractive chemotherapeutic agent for treating malignant
tumors with P-gp-mediated MDR, Therefore, in order to
follow up the results obtained about Syl611 and Sinenxan
A derivatives, it is advised that further research be taken to
investigate Syl611 and other potential MDR reversal
agents.

Acknowledgments We thank Dr. Xuguang Zheng and Christopher
Shih for critical reading of this paper. This study was supported by the
National Natural Science Key Foundation (Grant No.30630069)

References

1. Higgins CF (2007) Multiple molecular mechanisms for multidrug
resistance transporters. Nature 446:749-757

2. Nooter K, Stoter G (1996) Molecular mechanisms of multidrug
resistance in cancer chemotherapy. Pathol Res Pract 192:768-780

3. Gottesman MM, Fojo T, Bates SE (2002) Multidrug resistance in
cancer: role of ATP-dependent transporters. Nat Rev Cancer
2:48-58

4. Kimura Y, Matsuo M, Takahashi K, Saeki T, Kioka N, Amachi T,
Ueda K (2004) ATP hydrolysis-dependent multidrug efflux
transporter: MDR1/P-glycoprotein. Curr Drug Metab 5:1-10

5. Tsuruo T, lida H, Tsukagoshi S, Sakurai Y (1981) Overcoming of
vincristine resistance in P388 leukemia in vivo and in vitro
through enhanced cytotoxicity of vincristine and vinblastine by
verapamil. Cancer Res 41:1967-1972

10.

11.

12.

13.

15.

17.

20.

21.

22.

. Couture L, Nash JA, Turgeon J (2006) The ATP-binding cassette

transporters and their implication in drug disposition: a special
look at the heart. Pharmacol Rev 58:244-258

. Cnubben NH, Wortelboer HM, van Zanden JJ, Rietjens IM, van

Bladeren PJ (2005) Metabolism of ATP-binding cassette drug
transporter inhibitors: complicating factor for multidrug resis-
tance. Expert Opin Drug Metab Toxicol 1:219-232

. Thomas H, Coley HM (2003) Overcoming multidrug resistance

in cancer: an update on the clinical strategy of inhibiting
p-glycoprotein. Cancer Control 10:159-165

. Rowinsky EK, Onetto N, Canetta RM, Arbuck SG (1992) Taxol:

the first of the taxanes, an important new class of antitumor
agents. Semin Oncol 19:646-662

Sparreboom A, van Asperen J, Mayer U, Schinkel AH, Smit JW,
Meijer DK, Borst P, Nooijen WJ, Beijnen JH, van Tellingen O
(2007) Limited oral bioavailability and active epithelial excretion
of paclitaxel (Taxol) caused by P-glycoprotein in the intestine.
Proc Natl Acad Sci USA 94:2031-2035

Geney R, Ungureanu M, Li D, Ojima I (2002) Overcoming
multidrug resistance in taxane chemotherapy. Clin Chem Lab
Med 40:918-925

Dai J, Yang L, Sakai J, Ando M (2005) A taxa-tetraene from
microbial transformation of sinenxan A. Chin Chem Lett 6:736-738
Du H, Zhang M, Yin D (2007) Synthesis and biological evalua-
tion of new 4-deacetyl-1, 7, 9-trideoxy-10-oxopaclitaxel via
Sinenxan A. Synth Commun 37:3779-3791

. Zhang M, Yin D, Guo J-Y, Liang X-T (2005) Synthesis of 7, 9-

dideoxybaccatin IV analogs from sinenxan A. Tetrahedron
61:5519-5527

Jin J, Huang M, Wei HL, Liu GT (2002) Mechanism of
5-fluorouracil required resistance in human hepatocellular carci-
noma cell line Bel(7402). World J Gastroenterol 8:1029-1034

. Zhang XH, Zhang FY, Ji XJ, Li ZY (1994) Vincristine resistant

human KB cell line and mechanism of multidrug resistance. Yao
Xue Xue Bao 29:246-251

Hotz MA, Gong J, Traganos F (1994) Flow cytometric detection
of apoptosis comparison of the assays of in situ DNA degradation
and chromatin changes. Cytometry 15:237-244

. Chong S, Dando S, Soucek K, Morrison R (1996) In vitro per-

meability through Caco-2 cells is not quantitatively predictive of
in vivo absorption for peptide-like drugs absorbed via the
dipeptide transporter system. Pharm Res 13:120-123

. Willey TA, Bekos EJ, Gaver RC, Duncan GF, Tay LK, Beijnen

JH, Farmen RH (1993) High-performance liquid chromato-
graphic procedure for the quantitative determination of paclitaxel
(Taxol) in human plasma. J Chromatogr 621:231-238

Parness J, Horwitz SB (1981) Taxol binds to polymerized tubulin
in vitro. J Cell Biol 91:479-487

Brooks TA, Minderman H, O’Loughlin KL, Ojima I, Baer MR,
Bernacki RJ (2003) Taxane-based reversal agent modulation of
P-glycoprotein-, multidrug resistance protein- and breast cancer
resistance protein-mediated drug transport. Mol Cancer Ther
2:1195-1205

Ojima I, Borella CP, Wu X, Bounaud P-Y, Fumero C, Sturm M,
Miller ML, Chakravarty S, Chen J, Huang Q, Pera P, Brooks TA,
Baer MR, Bernacki R (2005) Design, synthesis and SAR of novel
taxane-based multi-drug resistance reversal agents. J] Med Chem
48:2218-2228

@ Springer



	Syl611, a novel semisynthetic taxane derivative, reverses multidrug resistance by p-glycoprotein inhibition and facilitating inward transmembrane action
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Chemicals and materials
	Cell culture
	Cytotoxicity assay and MDR-reversing assay
	Cell viability and morphological characterization assay
	Western blotting for P-gp
	RT--PCR for MDR1
	Rhodamine 123 (Rh123) accumulation and retention
	Caco-2 monolayer model and bidirectional permeability assay
	Statistical analysis

	Results
	Syl611 showed low cytotoxicity on three human tumor cell lines and their related drug-resistant cell lines
	Syl611 treatment increased paclitaxel-induced cytotoxicity in drug-resistant A549/Paclitaxel, KB/V, and Bel7402/5-FU cells
	Syl611 treatment increased paclitaxel-induced apoptosis in drug-resistant A549/Paclitaxel cells
	Syl611 increased the accumulation of Rh123 in KB/V cells without affecting P-gp expression
	Syl611 increased the bidirectional permeability of paclitaxel in Caco-2 monolayer model but decreased the efflux ratio

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


