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Combination chemotherapy is often used to treat cancer. Many studies have shown schedule-dependent
effects between anticancer drugs. Our previous studies showed that K-562 cells pretreated with non-cytotoxic
concentrations of 4-hydroperoxycyclophosphamide (4-HPC), which is a preactivated analog of cyclophospha-
mide (CY), enhanced the cytotoxicity of etoposide (VP-16). The appearance of cellular resistance to anti-
cancer drugs is a major problem in cancer chemotherapy. P-Glycoprotein (P-gp) plays an important role
in drug resistance, and VP-16 is a substrate for this efflux pump. In the present study, we demonstrated
schedule-dependent cytotoxicity of VP-16 and CY in P-gp-overexpressed K-562/P-gp cells. Cytotoxicity of
VP-16 was enhanced in K-562/P-gp cells that were pretreated with a non-cytotoxic concentration of 4-HPC
compared to that of cells not treated with 4-HPC. 4-HPC arrested the cell cycle at S phase. Cells in S phase
are most sensitive to VP-16. The results suggest that cell cycle arrest by 4-HPC pretreatment may be respon-
sible for the enhanced cytotoxicity of VP-16. The findings in this study should lead to improvements in clini-
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cal combination chemotherapy.
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Etoposide (VP-16) is an anticancer drug that is derived
from podophyllotoxin. The cytotoxic mechanism of VP-16
inhibits DNA synthesis by forming a complex with topo-
isomerase II and DNA." Cells in S phase are most sensitive
to VP-16, and the cytotoxicity is decreased rapidly as cells
progressed to G, through G, and M.>¥ VP-16 has been used in
a number of combination chemotherapies with multiple drugs.
Many studies have shown schedule-dependent effects between
anticancer drugs. Chresta et al. reported that pretreatment
with arabinosyl cytosine (Ara-C) enhances cytotoxicity of
VP-16 in a human lymphoblastoid cell line (CCRF-CEM),”
and Lorico et al. reported that pretreatment with methotrexate
(MTX) increased cytotoxicity of VP-16 in a human histiocytic
lymphoma cell line (U937).”

The combination of VP-16 and cyclophosphamide (CY) has
been widely used for treatment of leukemias.® We previ-
ously showed that pretreatment of K-562 cells with 4-hydro-
peroxycyclophosphamide (4-HPC), which is a preactivated
analog of CY, enhances the cytotoxicity of VP-16 via blocking
by 4-HPC of the cell cycle at S phase, which is a specific
phase for VP-16.19

In clinical treatment, multidrug resistance (MDR) is one of
the major obstacles for successful chemotherapy in patients
with cancer. MDR has been associated with overexpression
of P-glycoprotein (P-gp) in cancer cells.""!? P-gp is a 170-
kDa protein encoded by the MDR-1 gene.'*'¥ P-gp belongs to
the superfamily of ATP-binding cassette (ABC) transporters
and actively effluxes various anticancer drugs. The substrates
of P-gp include anthracyclins and epipodphyllotoxins (e.g.,
VP-16), which have been used in the treatment of a variety of
malignancies, especially leukemia and lymphoma.'”” A num-
ber of studies have shown that a lower complete remission
(CR) rate in leukemia patients is associated with an increase
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in P-gp expression.'®!”

There has been an accumulation of evidence showing that
schedules of anticancer drugs affect the cytotoxicity not only
VP-16 but also other anticancer drugs.“’lx) However, the
schedule for the optimal use of anticancer drugs in clinical
treatment has still not been established. Moreover, the effect
in P-gp-positive cells has not been investigated. In the present
study, we investigated that schedule-dependent cytotoxicity of
VP-16 and CY in P-gp-overexpressed K-562 cells. An under-
standing of the schedule-dependent cytotoxicity of VP-16 and
CY may be useful for improving chemotherapy regimens.

MATERIALS AND METHODS

Chemicals VP-16 was purchased from LKT Laboratories
Inc. (St. Paul, MN, U.S.A)). It was dissolved in dimethyl sulf-
oxide (DMSO) (stock concentration: 20mg/mL) and stored
at —20°C. An activated analog of CY, 4-hydroperoxycyclo-
phosphamide (4-HPC), was purchased from Toronto Research
Chemicals Inc. (Ontario, Canada). Stock 4-HPC was stored at
—80°C and diluted in cell culture medium immediately prior
to use. Quinidine sulfate was purchased from AstraZenace
Inc. (Osaka, Japan). WST-8 reagent, thymidine and RNase
were purchased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). NP-40 was purchased from Sigma-Aldrich (St.
Louis, MO, U.S.A.). These agents were dissolved in phosphate
buffered saline (PBS). All other chemicals were of the highest
grade available.

Cell Culture The human chronic myelogenetic leukemia
cell line K-562 was purchased from RIKEN (Ibaraki, Japan).
K-562 and K-562/P-gp cells were cultured in RPMI-1640 me-
dium supplemented with 10% fetal bovine serum (FBS), peni-
cillin (100 UI/mL), and streptomycin (100 ug/mL) at 37°C in a
humidified atmosphere with 5% CO, and 95% air.

Cytotoxicity Assay For combination chemotherapy, a

© 2014 The Pharmaceutical Society of Japan
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Schedule A Schedule B
Low concentration of 4-HPC Low concentration of VP-16
R > R T —— >|
VP-16 4-HPC
0h 24 h 48 h 0h 24 h 48 h
Fig. 1. Schedules of the Two Protocols for Combination of VP-16 and 4-HPC
suspension of exponentially growing cells (1X10* cells/well) 0.5 N.D.
was added to 96-well microplates. Cells were pretreated with _ r "
a non-cytotoxic concentration of VP-16 or 4-HPC for 24h 28 04 |
prior to treatment with the other drug. The concentrations of ‘g g 03 : :
VP-16 and 4-HPC for pretreatment were 1.0 ug/mL and 5ug/ © g’
mL respectively, and it was confirmed that these concentra- £E 02
tions did not influence cell viability by the WST-8 assay as =
described previously.'” After exposure to the drugs, the cyto- 01
toxic effects of the drugs on K-562 and K-562/P-gp cells were 0
determined by the WST-8 assay. The two schedules used are K-562 K-562/P-gp K-562/P-gp
shown in Fig. 1. The absorbance of each well was measured (control) Quinidine
at 450nm with a microplate reader. Results were calculated (20 pg/mL)

as a percentage relative to unpretreated controls and plotted
in logarithmic dose-effect curves, and ECy, was determined
by using Origin® (version 9.07J). A curve was fitted using the
following equation:

A+ A

= ATHm 4y,
1+(x+x) 7

where 4, is the initial value, 4, is the final value, x is the con-
centration, x, is the EC;, value, and P is power.

Cell Cycle Analysis The cell cycle was measured by flow
cytometry. K-562 cells were incubated in culture medium con-
taining 5 ug/mL 4-HPC for 24h. The cells were washed with
PBS, fixed in 90% cold EtOH, and then treated with staining
buffer (final concentrations: 1 mg/mL RNase, 0.01% NP-40,
20 ug/mL propidium iodide) for 20min. Cell cycle distribution
was determined by using a FACScan flow cytometer (Becton
Dickinson).

Cell Cycle Synchronization Cells were synchronized by
a double thymidine block as described previously.'” Briefly,
cells were incubated for 24h in a medium containing 2mm
thymidine followed by incubation for 12h in a thymidine-free
medium. Synchronization of cells at the G,/S boundary was
then achieved by further incubation for 14h in a medium con-
taining 2mm thymidine. The thymidine block was released by
washing the cells with PBS, followed by incubation in a fresh
medium.

Uptake Studies K-562 and K-562/P-gp cells were sus-
pended at 5X107 cells/mL in a transport buffer (25mm Tris-N-
(2-hydroxyethyl)piperazine-N'-2-ethanesulfonic acid (HEPES),
pH 7.5, 140mm NaCl, 54mm KCl, 1.8mm CaCl,, 0.8mwm
MgSO,, 5mm glucose), and 200uL of the cell suspension
was added to 1.5mL microcentrifuge tubes. The cells were
preincubated for 15min at 37°C. After preincubation, 200 uL
of transport buffer containing 25ug/mL VP-16 was added
and incubated for 60min at 37°C. Uptake experiments were
terminated after 60min by adding 1mL ice-cold transport
buffer and centrifuged at 210Xg for Smin at 4°C. The cells

Fig. 2. Uptake of VP-16 by K-562 and K-562/P-gp Cells

Cells were incubated for 60min at 37°C at pH 7.5 with 25 um VP-16 in transport
buffer. For inhibitory assays, K-562/P-gp cells were preincubated with 20 ug/mL of
the P-gp inhibitor quinidine for 24h. The concentration of VP-16 was determined
using an HPLC system. Each column represents the mean+S.D. of 3 measure-
ments. *Significantly different from control at p<<0.05.

were washed twice with 1 mL ice-cold transport buffer and
centrifuging at 210Xg for 5min at 4°C. The cells pellets were
resuspended in 200ug phosphate buffer (10mm Na,HPO,,
10mm KH,PO,, pH 7.0) and disrupted by freezing at —80°C
for 10min. The disrupted cell suspension was divided for pro-
tein analysis and HPLC analysis. The HPLC system consisted
of an L-7110 pump, L-7300 column oven, L-7420 UV-VIS de-
tector, and D-2500 integrator (HITACHI, Tokyo, Japan). The
column was an Inersil ODS-4 (100mmX2.1mm id., 3um)
(YOKOHAMARIKA CO., Yokohama, Japan). Fifty micro-
liter of the sample and 50 uL of acetonitrile were added. After
shaking the mixture vigorously, the sample was centrifuged at
21500Xg for 10min at 4°C. The injection volume of the sam-
ple was 15uL. A mobile phase containing methanol—distilled
water—acetonitrile (42.7:55:2.3, v/v/v) was used at a flow rate
of 0.2mL/min. The detector was monitored at 229nm. The
protein content was measured by the method of Lowry."

Statistical Analysis Data are presented as means with
S.D. Student’s #-test was used to determine the significance of
differences between two group means. Statistical significance
among means of more than two groups was evaluated using
ANOVA followed by the Tukey—Krammer test. Statistical sig-
nificance was defined as p<<0.05.

RESULTS

Function of P-gp in K-562/P-gp Cells Firstly, we in-
vestigated VP-16 uptake by K-562 and K-562/P-gp cells for
60min (Fig. 2). The uptake of VP-16 for 60 min by K-562/P-gp
cells was significantly decreased compared with that by K-562
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Fig. 3. Effects of VP-16 on Viability of K-562 and K-562/P-gp Cells

K-562 and K-562/P-gp cells were exposed to 0.5-100 ug/mL VP-16 for 24 h. For inhibitory assays, K-562/P-gp cells were preincubated with 20 ug/mL of the P-gp inhibi-
tor quinidine for 30min. Cell viability was assessed by the WST-8 assay. Each column represents the mean=S.D. of 4-7 measurements.
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Table 1. EC,, Values of Combination Chemotherapy on K-562/P-gp
Cells
ECs, value
A: Low-concentration 4-HPC—VP-16
Low-concentration 4-HPC free N.D
5.0 ug/mL N.D
B: Low-concentration VP-16—4-HPC
Low-concentration VP-16 free 10.1+0.52
1.0 ug/mL 11.1£0.30

Quinidine concentration (ng/mL)

Fig. 4. Effects of Quinidine on Viability of K-562/P-gp Cells

K-562/P-gp cells were exposed to 20, 25 and 30 ug/mL quinidine for 24.5h. Cell
viability was assessed by the WST-8 assay. Each column represents the mean=S.D.
of 3 measurements. * Significantly different from control at p<<0.05.

cells (control). On the other hand, the decrease in uptake was
recovered to the control level by preincubation with the P-gp
inhibitor quinidine.

Effect of P-gp on Cytotoxicity of VP-16 The cytotoxicity
of VP-16 in K-562/P-gp cells was decreased compared with
that in K-562 cells (control), and the decrease in cytotoxic-
ity was recovered to the control level by preincubation with
quinidine (Fig. 3). We confirmed that 20 ug/mL quinidine did
not influence cell viability (Fig. 4).

Schedule-Depended Cytotoxicity of VP-16 and 4-HPC in
K-562/P-gp Cells K-562/P-gp cells were pretreated with a
low concentration (1 ug/mL) of VP-16 for 24h and then treated
continuously with 4-HPC (1-20 ug/mL) for 24h. The logarith-
mic dose—effect curves and EC;, values showed no differences
compared with those in the VP-16-untreated group (mean
EC,, values: 11.1 ug/mL vs. 10.1 ug/mL) (Fig. 5 schedule B,
Table 1B). On the other hand, cells pretreated with a low
concentration (5Sug/mL) of 4-HPC for 24h and then treated
continuously with VP-16 (0.5-100ug/mL) for 24h showed

Cell viability was assessed by WST-8 assay. Each value is the mean*=S.D. of 3
measurements.

reduced viability compared with that of cells in the 4-HPC-
untreated group. ECy, values could not be determined because
ECy, was not less than 50% (Fig. 5 schedule A, Table 1A).

Cell Cycle Progression after Drug Exposure K-562/P-
gp cells were treated with 5ug/mL 4-HPC for 24h. Follow-
ing 4-HPC treatment, cell cycle progression was blocked at S
phase (Fig. 6).

Effect of Cell Cycle Progression on VP-16 Uptake by K-
562/P-gp Cells To clarify cell cycle-specific VP-16 uptake,
we investigated VP-16 uptake by K-562/P-gp cells that were
synchronized by a double thymidine block. After release of
the block, cells were allowed to progress through the cell
cycle and collected at every one or two hours. The degree of
synchronization was confirmed by flow cytometry analysis.
Cells were in G;, S and G,/M phases at 1h, at 6h and 10h
after removinig thymidine, respectively (Fig. 7). We previ-
ously reported that K-562 cells were in S, G,/M and G, phases
at 0—6h, at 6-8h from 8h after thymidine release, respec-
tively.!” Based on these results, to investigate VP-16 uptake
in different phases of the cell cycle. There was no significant
difference between each fraction and non-synchronized cells
(control) in the rate of VP-16 uptake (Fig. 8).



1326 Vol. 37, No. 8

Schedule A Schedule B
120 }
100 f _
g % 100 } #
= -
s 80 S8t
3 .
X 60 S 60
240 —o— 4-HPC free 2 40 1 —6—  VP-16 free
= -8 5.0 pg/mL 4-HPC Z 20} —&— 1.0 pg/mL VP-16
S 20 | S
o
ot
0 L L L '] L L L (]
0.1 1 10 100 1000 0.1 1 10 100 1000
VP-16 concentration (ng/mL) 4-HPC concentration (pg/mL)

Fig. 5. Effects of Schedule-Dependent Chemotherapy on Viability of K-562/P-gp Cells

Schedule A: Viability of K-562/P-gp cells pretreated with 5.0 ug/mL 4-HPC for 24h and subsequently exposed to 0.5-100 ug/mL VP-16 compared to that of cells not
treated with VP-16. Schedule B: Viability of K-562/P-gp cells pretreated with 1.0 ug/mL VP-16 for 24h and subsequently exposed to 1-20 ug/mL 4-HPC compared to that
of cells not treated with VP-16. Cell viability was assessed by the WST-8 assay. Each point represents the mean=S.D. of 3 measurements.

- -U 200 4':":":L2_£UU 200 1000 - -:IZI 200 4IZIIi'I:L2_EIZII] g00 1000
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2 2
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£
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Fig. 6. Cell Cycle Distribution of K-562/P-gp Cells
K-562/P-gp cells were treated with either 1.0 ug/mL VP-16 or 5.0 ug/mL 4-HPC for 24h. Cell cycle was analyzed by using a FACScan flow cytometer.

DISCUSSION the best therapeutic efficacy is still uncertain. In clinical

chemotherapy, overexpression of P-gp is often an obstacle of

Some previous clinical studies have suggested that the com-  treatment. Therefore, we investigated the schedule-dependent
bination chemotherapy of VP-16 and CY is effective and safe cytotoxicity of VP-16 and CY in K-562/P-gp cells.

for adult patients with hematological malignancies.®” How- First, we confirmed that MDR-1 mRNA was expressed in

ever, the optimal schedule for drug administration to achieve K-562/P-gp cells but not in K-562 cells (data not shown). Up-
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Fig. 7. Cell Cycle at 0, 1, 2, 4, 6, 8 and 10h after Release from Thymidine Block
The thymidine bock was released by washing K-562/P-gp cells with PBS, followed by incubation in a fresh medium.
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Fig. 8. Cell Cycle Phase Specificity of Uptake
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K-562 cells and K-562/P-gp cells were incubated at 37°C for 60 min at pH 7.5 with 25 um VP-16 in transport buffer. The concentration of VP-16 was determined using an

HPLC system. Each column represents the mean*S.D. of 3 measurements.

take of VP-16 by K-562/P-gp cells was significantly decreased
compared with that by K-562 cells, and the decrease in uptake
was recovered to the control level by the P-gp inhibitor quini-
dine (Fig. 2). We also investigated the effect of P-gp expres-
sion on cytotoxicity of VP-16. The cytotoxicity of VP-16 in
K-562/P-gp cells was decreased compared with that in K-562
cells, and the decrease in cytotoxicity was recovered to the
control level by quinidine (Fig. 3). These results indicate that
K-562/P-gp cells actively transport VP-16 out of cells.

P-gp is highly expressed in many clinically resistant cancer
cells. Previous clinical trials have shown that several drugs in-
cluding verapamil and cyclosporine inhibit P-gp and modulate
MDR.?2) However, few of these MDR modulators achieve
clinical success.?” Therefore, strategies for overcoming resis-

tance to anticancer drugs are important.

We focused on the schedule of anticancer drugs and inves-
tigated the effect of cell cycle arrest on cytotoxicity of VP-16.
For combination chemotherapy, we showed that pretreatment
with a non-cytotoxic concentration of 4-HPC enhanced the
cytotoxicity of VP-16. On the other hand, pretreatment with
a non-cytotoxic concentration of VP-16 did not influence the
cytotoxicity of 4-HPC (Fig. 5, Table 1). The cell cycle pro-
gression of cells treated with 4-HPC was blocked at S phase,
which is a specific phase for VP-16 (Fig. 6). Differences in
cellular topoisomerase II levels have been reported in relation
to different phases of the cell cycle.”® Cells that are actively
synthesizing DNA are more sensitive to topoisomerase II
inhibitors.?® Lorico et al. reported that pretreatment of U937
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cells with a low concentration of MTX increased the propor-
tion of cells in S phase and the levels of topoisomerase II in
cells and subsequently increased DNA breakage and cytotox-
icity of VP-16.” We also investigated whether the function
of P-gp is cell cycle-dependent. K-562 and K-562/P-gp cells
were synchronized in G,, S and G,/M phases by a double
thymidine block (Fig. 7). For each cell cycle, VP-16 uptake
was not affected by the cell cycle (Fig. 8). These results sug-
gest that 4-HPC enhances the cytotoxicity of VP-16 due to
cell cycle arrest at phase specificites of VP-16. In our study,
we demonstrated that pretreatment of K-562/P-gp cells with a
non-toxicity concentration of 4-HPC increased the cytotoxic-
ity of VP-16. The enhanced cytotoxicity of VP-16 occurs at a
clinically relevant concentration.>*2%

In conclusion, we demonstrated schedule-dependent cy-
totoxicity between VP-16 and 4-HPC in vivo. The results
indicate that pretreatment of cells with 4-HPC enhances cyto-
toxicity of VP-16 by blocking the cell cycle at S phase, which
is a specific phase for VP-16. This schedule may affect the
therapeutic outcome. Moreover, cell cycle progression after
drug exposure may influence the cytotoxicity of cell cycle
dependent anticancer drugs. However, these data are cell line-
specific and limited in vitro. Further clinical studies are need-
ed to establish the schedule of VP-16 and CY administration.

Acknowledgments This study was supported in part by
JSPS KAKENHI Grant Number 25460203 and Japan Re-
search Foundation for Clinical Pharmacology. K-562/P-gp
cells were kindly provided by Dr. Tatsuhiko Furukawa, De-
partment of Molecular Oncology, Graduate School of Medi-
cal and Dental Sciences, Kagoshima University, Kagoshima,
Japan and by Yoshikazu Sugimoto, Division of Chemotherapy,
Faculty of Pharmacy, Keio University, Tokyo, Japan.

REFERENCES

1) Liu LF. DNA topoisomerase poisons as antitumor drugs. Annu. Rev.
Biochem., 58, 351-375 (1989).

2) Loike JD. VP16-213 and podophyllotoxin. A study on the relation-
ship between chemical structure and biological activity. Cancer
Chemother. Pharmacol., 7, 103-111 (1982).

3) Reis C, Giocanti N, Hennequin C, Mégnin-Chanet F, Fernet M,
Filomenko R, Bettaieb A, Solary E. Favaudon V. A role for PKC-
zeta_in_potentiation of the topoisomerase Il activity and etoposide
cytotoxicity by wortmannin. Mol. Cancer Ther., 4, 14571464

(2005).

4) Chresta CM. Hicks R, Hartley JA, Souhami RL. Potentiation of
etoposide-induced_cytotoxicity and DNA damage in CCRF-CEM
cells by pretreatment with non-cytotoxic concentrations of arabino-
syl cytosine, Cancer Chemother. Pharmacol., 31, 139145 (1992).

3) Lorico A, Boiocchi M, Rappa G, Sen S. Erba E. D’Incalci M. In-
crease_in_topoisomerase-1I-mediated DNA_breaks and cytotoxicity
of VP16 in human U937 lymphoma cells pretreated with low doses
of methotrexate. /nt. J. Cancer, 45, 156162 (1990).

6) Bostrom B, Weisdorf DJ, Kim T, Kersey JH, Ramsay NK. Bone
marrow transplantation for advanced acute leukemia: a pilot study
of high-energy total body irradiation, cyclophosphamide and con-
tinuous infusion etoposide. Bone Marrow Transplant., 5, 83—-89
(1990).

7) Long GD, Amylon MD, Stockerl-Goldstein KE, Negrin RS, Chao
NJ, Hu WW, Nademanee AP, Snyder DS, Hoppe RT, Vora N, Wong
R, Niland J, Reichardt VL, Forman SJ, Blume KG. Fractionated

8)

Vol. 37, No. 8

total-body irradiation, etoposide, and cyclophosphamide followed
by allogeneic bone marrow transplantation for patients with high-
risk or advanced-stage hematological malignancies. Biol. Blood
Marrow Transplant., 3, 324-330 (1997).

Toubai T, Tanaka J, Mori A, Hashino S, Kobayashi S, Ota S, Miura

9)

Y, Kato N, Kahata K, Izumiyama K, Yonezumi M, Chiba K, Kondo
T,_Toyoshima N, Asaka M, Imamura M. Efficacy of etoposide,
cyclophosphamide, and_total body_irradiation_in_allogeneic_bone
marrow transplantation for adult patients with hematological malig-
nancies. Clin. Transplant., 18, 552557 (2004).

Shigematsu A, Kondo T, Yamamoto S, Sugita J, Onozawa M. Ka-

10)

hata K. Endo T, Shiratori S. Ota S, Obara M, Wakasa K. Takahata
M, Takeda Y, Tanaka J, Hashino S, Nishio M, Koike T, Asaka M,
Imamura_M. Excellent outcome of allogeneic_hematopoietic_stem

cell_transplantation_using_a_conditioning regimen with _medium-
dose VP-16. cyclophosphamide and total-body irradiation for adult

patients with acute lymphoblastic leukemia. Biol. Blood Marrow
Transplant., 14, 568—575 (2008).
Tazawa Y, Matsumura K, Takekuma Y, Sugawara M. Schedule-de-

11

pendent cytotoxicity of etoposide (VP-16) and cyclophosphamide in

leukemia cell line K-562. Biol. Pharm. Bull., 35, 11321136 (2012).
Germann UA. P-Glycoprotein—a mediator_of multidrug resistance

12)

13)

in_tumour cells. Fur. J. Cancer, 32, 927-944 (1996).

Leith CP, Kopecky KIJ, Chen IM, Eijdems L, Slovak ML, McCon-
nell TS, Head DR, Weick J, Grever MR, Appelbaum FR, Willman
CL. Frequency and clinical significance of the expression of the
multidrug resistance proteins MDRI1/P-glycoprotein, MRP1, and
LRP in acute myeloid leukemia: a Southwest Oncology Group
Study. Blood, 94, 1086—-1099 (1999).

Riordan JR, Deuch_ars K, Kartner N, Alon N, Trent J, Ling V.

14)

15)

Amplification_of P-glycoprotein _genes in multidrug-resistant mam-
malian cell lines. Nature, 316, 817819 (1985).

Gottesman MM, Pastan I. The multidrug transporter, a double-
edged sword. J. Biol. Chem., 263, 12163-12166 (1988).

Kim RB. Drugs as P-glycoprotein substrates, inhibitors, and induc-

16)

17)

ers. Drug Metab. Rey., 34, 47-54 (2002).

Guerci A, Merlin JL, Missoum N, Feldmann L, Marchal S, Witz F,
Rose C, Guerci O. Predictive value for treatment outcome in acute
myeloid leukemia of cellular daunorubicin accumulation and P-gly-
coprotein expression simultaneously determined by flow cytometry.
Blood, 85, 2147-2153 (1995).

Vitgle A Gugrini A, Ariola C Melncini M, Mecucci C, Cuneo A,

18)

19)

20)

21)

22)

Pane F, Saglio G, Cimino G, Tafuri A, Meloni G, Fabbiano F, Rec-
(ﬁi A, Kropp MG, Krampera M, Ca_scavilla N, Ferrara F. Romano
A, MBZE P. FOZE C, Paoloni F, Vignetti M, Foa R. Adult T-cell
acute lvmphobla_stic leukemi&: biologic profile at presentation eﬁl
correlation with response to induction treatment in patients enrolled
in the GIMEMA LAL 0496 protocol. Blood, 107, 473—479 (2006).
Furuse S, Adachi M, Ijichi K, Ohta S, Torigoe S, Nakazawa M,
Miura S, Mitsudo K, Tohnai I. Pre-radiation enhances the cytotox-
icity of docetaxel in head and neck squamous cell carcinoma cells.
Oncol. Rep., 23, 1339-1343 (2010).

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measure-
ment with the Folin phenol reagent. J. Biol. Chem., 193, 265-275
(1951).

Dalton WS, Grogan TM, Meltzer PS, Scheper RJ, Durie BG, Taylor
CW, Miller TP, Salmon SE. Drug-resistance in multiple myeloma
and non-Hodgkin’s lymphoma: detection of P-glycoprotein and po-
tential circumvention by addition of verapamil to chemotherapy. J.
Clin. Oncol., T, 415-424 (1989).

Yahanda AM, Alder KM, Fisher GA, Brophy NA, Halsey J, Hardy
RI, Gosland MP, Lum BL, Sikic BI. Phase I trial of etoposide with
cyclosporine as a modulator of multidrug resistance. J. Clin. Oncol.,
10, 1624-1634 (1992).

Robert J Jeery C. Multidrug re%nce reversal agents. J. Med.

Chem., 46, 4805—4817 (2003).



http://dx.doi.org/10.1146/annurev.bi.58.070189.002031
http://dx.doi.org/10.1146/annurev.bi.58.070189.002031
http://dx.doi.org/10.1158/1535-7163.MCT-05-0156
http://dx.doi.org/10.1158/1535-7163.MCT-05-0156
http://dx.doi.org/10.1158/1535-7163.MCT-05-0156
http://dx.doi.org/10.1158/1535-7163.MCT-05-0156
http://dx.doi.org/10.1158/1535-7163.MCT-05-0156
http://dx.doi.org/10.1007/BF00685101
http://dx.doi.org/10.1007/BF00685101
http://dx.doi.org/10.1007/BF00685101
http://dx.doi.org/10.1007/BF00685101
http://dx.doi.org/10.1002/ijc.2910450128
http://dx.doi.org/10.1002/ijc.2910450128
http://dx.doi.org/10.1002/ijc.2910450128
http://dx.doi.org/10.1002/ijc.2910450128
http://dx.doi.org/10.1111/j.1399-0012.2004.00225.x
http://dx.doi.org/10.1111/j.1399-0012.2004.00225.x
http://dx.doi.org/10.1111/j.1399-0012.2004.00225.x
http://dx.doi.org/10.1111/j.1399-0012.2004.00225.x
http://dx.doi.org/10.1111/j.1399-0012.2004.00225.x
http://dx.doi.org/10.1111/j.1399-0012.2004.00225.x
http://dx.doi.org/10.1016/j.bbmt.2008.02.018
http://dx.doi.org/10.1016/j.bbmt.2008.02.018
http://dx.doi.org/10.1016/j.bbmt.2008.02.018
http://dx.doi.org/10.1016/j.bbmt.2008.02.018
http://dx.doi.org/10.1016/j.bbmt.2008.02.018
http://dx.doi.org/10.1016/j.bbmt.2008.02.018
http://dx.doi.org/10.1016/j.bbmt.2008.02.018
http://dx.doi.org/10.1016/j.bbmt.2008.02.018
http://dx.doi.org/10.1248/bpb.b12-00159
http://dx.doi.org/10.1248/bpb.b12-00159
http://dx.doi.org/10.1248/bpb.b12-00159
http://dx.doi.org/10.1016/0959-8049(96)00057-3
http://dx.doi.org/10.1016/0959-8049(96)00057-3
http://dx.doi.org/10.1038/316817a0
http://dx.doi.org/10.1038/316817a0
http://dx.doi.org/10.1038/316817a0
http://dx.doi.org/10.1081/DMR-120001389
http://dx.doi.org/10.1081/DMR-120001389
http://dx.doi.org/10.1182/blood-2005-04-1754
http://dx.doi.org/10.1182/blood-2005-04-1754
http://dx.doi.org/10.1182/blood-2005-04-1754
http://dx.doi.org/10.1182/blood-2005-04-1754
http://dx.doi.org/10.1182/blood-2005-04-1754
http://dx.doi.org/10.1182/blood-2005-04-1754
http://dx.doi.org/10.1182/blood-2005-04-1754
http://dx.doi.org/10.1021/jm030183a
http://dx.doi.org/10.1021/jm030183a

August 2014 1329

23) Markovits J, Pommier Y, Kerrigan D, Covey JM, Tilchen EJ, Kohn  25) Mross K, Reifke J, Bewermeier P, Kruger W, Hossfeld DK, Zander

KW. Topoisomerase II-mediated DNA breaks and cytotoxicity in re- A. The pharmacokinetics and toxicity of two_application schedules
lation to cell proliferation and the cell cycle in NIH 3T3 fibroblasts with high-dose VP-16 in patients receiving an allogeneic bone mar-
and L1210 leukemia cells. Cancer Res., 47, 2050-2055 (1987). row transplantation, Ann. Oncol., 7, 8388 (1996).

24) Schwinghammer TL, Fleming RA, Rosenfeld CS. Przepiorka D, 26) Ren S, Kalhorn TF, McDonald GB, Anasetti C, Appelbaum FR
Shadduck RK, Bloom EJ, Stewart CF. Disposition of total and un- Slattery JT. Pharmacokinetics _of cyclophosphamide and_its me-
bound_etoposide following high-dose_therapy. Cancer Chemother, tabolites in bone marrow transplantation patients. Clin._Pharmacol.

Pharmacol., 32, 273278 (1993). Ther., 64, 289-301 (1998).



http://dx.doi.org/10.1007/BF00686172
http://dx.doi.org/10.1007/BF00686172
http://dx.doi.org/10.1007/BF00686172
http://dx.doi.org/10.1007/BF00686172
http://dx.doi.org/10.1093/oxfordjournals.annonc.a010486
http://dx.doi.org/10.1093/oxfordjournals.annonc.a010486
http://dx.doi.org/10.1093/oxfordjournals.annonc.a010486
http://dx.doi.org/10.1093/oxfordjournals.annonc.a010486
http://dx.doi.org/10.1016/S0009-9236(98)90178-3
http://dx.doi.org/10.1016/S0009-9236(98)90178-3
http://dx.doi.org/10.1016/S0009-9236(98)90178-3
http://dx.doi.org/10.1016/S0009-9236(98)90178-3

