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Circumvention of tumor multidrug resistance
by a new annonaceous acetogenin: atemoyacin-B!
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ABSTRACT

AIM: To explore the effect of atemoyacin-B { Ate) on
overconing  nmltidrug  resistance ( MDR ).
METHODS; Bullatacin (Bul} was used as a positive
control . Cytotoxic effects of Bul and Ate were studied
with cell culture of buman MDR breast adenocarcinoma
cells, MCF-7/Dox and buman KBssy cells. and their
parental semsitive cell lines MCF-7 and KB,
Cytotoxicity was determined by tetrazolium { MTT )
The function of P-glycoprotein. { P-gp} was
examined by Fura 2-AM assay. Cellular accumulation
of doxorubicin ( Dox) was determined by fluorescence
spectrophotontetry . Apoptosis was measured by flow
cytometry. RESULTS: IC5, of Ate for MCF-7/Dox,
MCF-7. KByay. and KB cells were 122, 120, 1.34,
and 1,27 nmol - L™, respectively. 1Cy, of Bul for
MCF-77Dox. MCF-7, KByyyg. and KB cells were
0.60, 0.59. 0.04, and 0.04 nmol-L. "', respectively.
The cytotoxicities of Bul and Ate to MDR cells were
similar to those to parental sensitive cells. Bul and Ate
markedly  increased  cellular  Fura-2 and Dox
accumulation in MCF-7/Dox cells. but not in MCF-7
cells. The mates of apoptosis in MDR cells were
similar to those in sensitive cells induced by Ate.
CONCLUSION: There was no cross-resistance of

assay.
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P-gp positive MCF-7/Dox and KBz, cell lines to Bul
and Ate as compared with their sensitive P-gp negative
MCF-7 and KB cell lines. The mechanism of the
circumvention of MDR was associated with the decrease
of P-gp function and the increase of cellular drug
accunmulation in MDR eells,

INTRODUCTION

Multidrug resistance (MDR ) is characterized by a
decreased sensitivity of fumor cells not only to the drug
employed for chemotherapy but also t0 a broad
spectum  of anticancer drugs with neither obvious
stuctural  homology nor  comunon  targets.  The
resistance is usually associated with the overexpression
of a 170-kDa plasma membrane integral protein known
as permeability glycoprotein ( P-gp) encoded by mdr-1
gene. P-gp is an ATPase-dependent actuve outward
transporter of the anticancer drugs and so intracellular
drug accumulation is diminished in MDR cells!? .

Chemotherapy is successful for the treatment of
several neoplasias, yet many patients continue to perish
due fo intrinsic or acquired chemoresistance of tumor

cells. MDR is a main obstacle of tumor
chemotherapy. The circumvention of MDR has 2
pathways. A promising approach is to utilize nontoxic

and potent agents with the reversal of MDR. the
combination of anficancer drug with the modulator
increases the anticancer effect. Several commpounds
such as  verapamil, Thepridil.  trifluoperazine,
tetrandine'*) ciclosporin,  §9788'*, -and other
hydrophobic compounds® reversed MDR in vitro, but
could not be used in clinic because of side effects.
The other way is to look for new anticancer drugs with
no resistance 0 MDR cells.

Bullatacin { Bul} is an annonaceous acetogenin,
which had potent cytotoxicities to varous tumor eell
lines and anticancer activity in vive and being used as a
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positive control' . Atemoyacin-B { Ate) is a novel
bis-tetrahvdrofuranyl

atemoya p]antu'] .

annonaceous  acetogenin  from
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The inhibition of NADH dehydrogenase { Complex
1) in the oxidative phosphorylaton pathway in
mitochondria and ATF depletion was the mode of action
of annonaceous acetogenjnsm. P-gp was an energy-
dependent agent exflux pump. So we infer that ATP
depletion could decrease or loss the activity of P-gp.
The MDR cellular accumulation of acetogenin and other
anticancer drugs was increased. MDR cells could be
sensitive to annonaceous acefogenins. This study was
to expiore the effect of atemoyacin-B { Ate) on tumor
MDR.

MATERIALS AND METHODS

Materials The MDR cell lines MCF-7/Dox and
the parental sensitive cell line MCF-7 were generously
provided by Prof LIU Xu-Yi {the cells from National
Cancer Institute, USA). KBygyg cells and parental
sensitive KB cells were obtained from Chinese Academy
of Medical Sciences, Beijing. Fura 2-AM and Fura 2
were parchased from Sigma Chemical Co. DMEM
was purchased from Gibco BRL. Dox was purchased
from Huaming Pharmaceuatical Co.  Bul and Ate were
generously provided by Prof CHEN Wen-Shen. South
China Instimte of Botany, Chinese Academy of
Sciences.

Cell culture The MDR cell line MCF-7./Dox
and the parental cell line MCF-7 were grown as
adherent monolayers on the flasks in DMEM with 10 %
fetal bovine serum, benzylpenicillin 50 kU-L~"', and
streptomycin 50 mg * L™ at 37 € in a humidified
atmosphere of 5 % CO; +95 % air. KBy cells and
KB cells were collured with RPMI-1640 culture
medium.  Both MCF-7/Dox cells and KBy cells
were overexpression of P-gp which was main cause for
inducing MDR'¥ .

Fura 2-AM fluorescence measurements
This was a new method to examine the function of P-gp
because Fura 2-AM was the substrate of the MDR
transporter ( P-gp). Fura 2-AM, which can be
hydrolyzed to Fura-2 and AM in the cells, was
transported out of the cells from the lipid phase of the
plasma membrane, so the intracellular accunmulation of
Fura-2 was reduced in MDR cells.  But the extrusion
of Fura 2-AM could be biocked in the MDR cells when
the function of P-gp was decreased or lost and the
cellular accumulation of Fura-2 was increased in MDR
cells.  Such measurement of the accumulation of Fura-
2 can be used as a method for studying P-gp function
and screening the modulators of MDR induced by
P-gp--.

MIT cytotoxicity assay The cells were
collected and resuspended at 4 x I0F cells*L™". The
aliquots { 0.19 mL } were seeded in 96-well
multiplates.  The acetogenin was added after 24-h
incubation. After 72 h, the cell growth inhibition was
evaluated by the MTT method on miplicate assays'™ .
IG5, {95 % vondidence limits) were calculated from
cytotoxicity curves with Bliss-Finney s weighted probit
analysis. The degree of resistance was calculated by
dividing the 1C;, for MCF-7/Dox cells by that for
MCF-7 cells.

Cellular Dox accumulation MCF-7 cells and
MCF-7/Dox celis were each collected in 1 mL of
medium at a density of 4 x 10° cells - L-%,
respectively, Dox 10 pmol - L™' was added in the
absence or presence of Ate 168 nmol* L~ or Bul 160
nmoiL~!.  The cells were incubated at 37 C for 3 h,
and the cellular suspension was centrifuged and washed
3 times with cold PBS. The cells were resuspended in
HCI 0.3 mol*L™! in 60 % ethanol. Following
cenirifugation,  the  supematant was  assayed
spectrofluoromerrically at A, 470 nm and A, 590
nm'"-.  The annonaceous acetogenins did not affect
the absorbance or emission spectra of Dox. The
accumulation fold of Dox was calculated by dividing the
value in the presence of Ate or Bul by that without Ate
or Bul. The cellular Dox accumulation reflexed the
accurmulation of annonaceous acetogenin in cells.

Cellular apoptosis The agent was added in
growth adherent monolayers cells and incubated for 24
h. And then the ceils were collected and washed 3

times with PBS. The cellular apoptosis was
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determined by flow cytometry!'' . MCF-7/Dox cells
were resistant to apoptosis induced by Dox' .

RESULTS

Cytotoxicity The resistant extents of MCF-7/
Dox cells to Dox and KBy, cells to vincristine were
66 .6-fold and 57.0-fold compared to their parental
sensitive cell lines MCF-7 and KB cells, respectively.
Bul and Ate exhibited polent cytotoxicities to MCF-7/
Dox, MCF-7. KBvyy. and KB cells.  The IC5; of Bul
and Ate for MDR cells were similar to those for their
parental sensitive cells { P > 0.05). This suggested
that the sensitivities of MCF-7/Dox and KBy, cells to
Bul or Ate were similar to those of their parental cells
MCF-7 and KB cells. (Tab 1).

Tab 1. Cytotoxic effects of bullatacin and atemoyacin-B
to MCF-7/Dox, MCF-7, KBy, and KB cells.

1t =3 independent experiments.

P >0.05 vs parental sensitive cell group.

1C5'95 % confidence limits)/nmol-L~!

Bullatacin Atemoyacin-B
MCF-7 0.59 (0.38-0.81) 120 (112 - 128)
MCE-7"Dox 0.6 (0,33 -0.87)* 122 {104 -139)¢
KB 0.1 (0.03 -0.05) 1.27 (1.18- 1.37)
KBuay g0 (0.03-0.05)*  1.34(1.18-1.45)*

Cellular accumulation of Fura-2 The Fura-2
accumulation in MCE-7 cells was 4.13-fold comparsd
with that in MCF-7/Dox cells. The cellular
accumulation of Fura-2 was markedly increased in
MCF-7/Dox cells. but not in MCE-7 cells in the
presence of Bul or Ate (Tab 2).

Cellular Dox accumulation  After 3-h incubation
of cells with Dox 10 pmol + L', cellular Dox
accumulation in MCF-7 cells was 4.9-fold compared to
that in MCF-7/Dox cells. Bul 160 nmol-L~"' and Ate
168 nmol+ L™ increased cellular Dox accumulation by
3.2- and 2,9-fold in MCF-7/Dox cells, but not in
MCF-7 cells. (Tab 2)

Apoptosis induced by acetogenin The
apoptosis induced by Dox 10 pmol*L~! was 74.6 %
and 14.3 % in the MCF-7 and MCF-7/Dox cells,
respectively.  These results suggested that MCF-7/Dox
cells were resistant % apoptosis induced by Dox.

Tab 2. Effects of Bul and Ate on the accumulation of
Fura-2 and Dox in MCF-7 and MCF-7/Dox cells.

n =3 independent experiments. % = s.

"> 0.05, P <0.05, P <0.01 vs control.

Accurnulation .
Drug { poal 10° cells) Accumulation fold
(ol L™} MCF-7/ . MCET/
MCE-7 Do MCF-7 Do
Fuma-2
Conrol ) 102220 260139 1.00 10
Bul 160 1W029+46* 84227 1.0 314
Al 168 1022+51" 7Tup+22 1.00 2.0l
Darorubicin
Comrol O 2099+9%4 40816 1.00 1.0
Bul 160 2074 +48° 16712 1445  0.90 1.10
Ate 168 2080 +68° 1330+ 122 1.0 328

But Bul and Ate induced apoptosis of both sensitive
cells and MDR cells { Tab 3)

Tab 3. Apoptosis induced by Bul, Ate, and Dox in
MCF-7 and MCF-7/Dox cells. n = 3 independent
experiments. %P > (.05, ‘P<0.01 s parental sensitve
cell group.

Acetogenin Apoptosis’ %

nmol- L.~} MCF.7 MCF-7/Dox
Control 0 5.4£2.5 49+2.1
Dox 10000 doxl23 14.3+3.2¢
Bullaracin 160 40.2+5.2 02«1.1*
Atemoyacin-B 163 A0.2+£3.6 17.4x2.7*

DISCUSSION

The annonaceous acetogenins are a series of
apparently polyketide-derived fatty acid derivatives that
possess tetrahydrofuran ring and a methylated ¥-lactone
with various hydroxyl, acetoxyl, and/or ketoxyl groups
along the hydrocarbon chain. They exhibit a broad
range of potent biological activities including
cytotoxicity . antitumor, antimalarial. antimicrobial and
pesticidal and so on.

P-gp plays an important role in varions mmor
resistance to multiple drugs'™ . Actually. P-gp is an
energy-dependent efflux pump responsible for reducing
intracellular drug accurnulation in resistant cells. We
infer that the function of P-gp is obstacle or loss if the
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intracellular energy is depleted. The action target of
bullatacin is the complex I in mitochondrial” .  The
inhibition of complex T blocked up the production of
ATP and then the intracellular energy was depleted and
the function of P-gp was lost. The results of this
research showed that the cytotoxicities of Bul and Ate to
MDR cells were similar to those to their parental
sensitive cells. Bul was effectively cytotoxic to MCF-
7/Dox cells, but more to MCT-7 cells'*.  These
results suggested that annopaccous acetogenins were
promising in the treatment of tumor with MDR .

The extrusion of Fura 2-AM was reduced or
blacked in the decrease or loss of the function of P-gp.
and cellular accomulation of Fura-2 was increased in
MDR cells. Our experimental results showed that Bul
and Ate increased Fura-2 accumulation in MDR cells,
but not in MCF-7 cells. This suggested that the
annenacecus  acetogenins blocked the Fura 2-AM
extrusion in MDR cells.

The
agents, such as Dox, dauxorubicin, vincristine was

intracellular  accumulation of anticancer

energy-dependent in MDR cells.  The accurmnulation
was reduced when the cellular energy was depleted in
MDR cells''*) . Annonaceous acetogenins depleted the
energy in cells”'.  Our experimental results showed
that the accumulation of Dox was increased in the
presence of Bul or Ate in MCF-7/Dox cells. These
suggested that the annonaceous acetogenins depleted
cellular energy and resulted in the dectease or loss of
the function of P-gp, and blocked the efflux of agents
in MDR cells. So MDR cells were sensitive to
annonaceous acetogening with no cross-Tesistance.,

MDR cells were resistant to apoptosis induced by
natural anticancer drugs'® . The results of this
research showed that MCF-7/Dox cells were resistant to
apoptosis induced by Dox, but not by Bul and Ate,
These results suggested that annonaceous acetogenins
were polent to sensitive tumors and promising in the
treatment of MDR fumors.
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