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Abstract
AIM: To investigate the reversal effect of LY980503, 
a benflumetol derivative, on multidrug resistance in 
vincristine (VCR) -resistant human gastric carcinoma cell 
line SGC7901/VCR.

METHODS: Cells of a human gastric cancer cell line, 
SGC7901, and its VCR-resistant variant, SGC7901/VCR, 
were cultivated with LY980503 and /or doxorubicin (DOX). 
The cytotoxicity of drugs in vitro  was assayed by MTT 
method. Based on the flow cytometric technology, the 
uptake of DOX was detected in these cells by measuring 
DOX -associated mean fluorescence intensity (MFI).

RESULTS: SGC7901/VCR cells were 23.5 times more 
resistant to DOX in comparison with SGC7901 cells. 
LY980503 at the concentrations of 2.0 μmol/L -10 μmol/
L had no obvious cytotoxicity to SGC7901 and SGC7901/
VCR cells. After simultaneous treatment with LY980503 
at the concentrations of 2.0, 4.0 and 10 μmol/L, the 
IC50 of DOX to SGC7901/VCR cells decreased from 1.6 
± 0.12 μmol/L to 0.55 ± 0.024, 0.25 ± 0.032 and 0.11 
± 0.015 μmol/L, respectively, thus, increasing the DOX 
sensitivity by 2.9-fold (P  < 0. 05), 6.4-fold (P  < 0. 01) 
and 14.5-fold (P  < 0. 01), respectively. In the uptake 
study of DOX, simultaneous incubation of SGC7901/VCR 
cells with LY980503 significantly increased the DOX 
-associated MFI in SGC7901/VCR cells. No such results 
were found in parental SGC7901 cells.

CONCLUSION: LY980503 at non-cytotoxic concen-
trations can effectively circumvent resistance of 
SGC7901/VCR cells to DOX by increasing intracellular 
DOX accumulation.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Resistance of  tumor cells to chemotherapeutic drugs is a 
major problem in clinical treatment of  cancer. Multidrug 
resistance (MDR) is the most important form of  drug 
resistance characterized by decreased cellular sensitivity to a 
broad range of  chemotherapeutic drugs[1,2]. Classic MDR is 
mainly caused by over-expression of  P-glycoprotein(Pgp), 
which is coded by the MDR1 gene and functions as an 
ATP-dependent drug-efflux membrane transporter that 
rapidly extrudes a variety of  hydrophobic anticancer drugs 
from exerting cytotoxic effect[1-3]. Agents that inhibit the 
ATP-dependent transporter can suppress the efflux of  
hydrophobic drugs from resistant cells and increase their 
intracellular accumulation. A number of  agents, including 
verapamil and cyclosporin A, bind to and inhibit Pgp to 
restore drug sensitivity to cancer cells in vitro. However, to 
date, no effective resistance modulators have been used in 
clinic due to their toxicity or unacceptable side effects[3,4]. 
Therefore, development of  safe and effective MDR 
reversal agents is eagerly required.

Our previous study has proved that LY980503, a derivative 
of  benflumetol (Figure 1), could effectively reverse Pgp-
mediated MDR in doxorubicin (DOX) -resistant human 
breast cancer cell line MCF/DOX[5]. However, the effect of  
LY980503 on MDR in human gastric cancer cells remains 
unknown. The present study was therefore undertaken to 
explore the reversal effect of  LY980503 on MDR in vincristine 
(VCR)-resistant human gastric cancer cell line SGC7901/VCR.
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MATERIALS AND METHODS
Drugs and chemicals
LY980503 was synthesized in our laboratory, and dissolved 
in dimethyl sulfoxide (DMSO). MTT, DOX were 
purchased from Sigma, VCR from the Twelfth Shanghai 
Pharmaceutical Product Factory.

Cell culture
Human gastric cancer cell line SGC7901, and its VCR-
resistant counterpart SGC7901/VCR selected by stepwise 
exposure of  parental SGC7901 cells to increasing 
concentrations of  VCR, were purchased from Wuhan 
University Type Culture Collection (Wuhan, China). Both 
cell lines were grown in RPMI 1640 medium supplemented 
with 10% fetal calf  serum at 37℃ in a humidified 
atmosphere of  5% CO2. The SGC7901/VCR cells were 
cultured in the presence of  0.8 μmol/L VCR and grown in 
drug-free medium 2 wk before the experiments.

Cytotoxicity assay
The ability of  LY980503 to potentiate DOX cytotoxicity 
was evaluated in SGC7901/VCR and SGC7901 cells by 
MTT method[5]. SGC7901 and SGC7901/VCR cells in 
exponential growth were seeded in 96- well plates at a 
density of  4 × 104 cells per well and 24 h later graded 
DOX (at the concentrations of  0, 0.01, 0.03, 0.1, 0.3, 1.0, 
3.0, 10 μmol/L) and LY980503 (at the concentration 
of  1.0, 2.0, 4.0, 10 μmol/L ) were added simultaneously, 
respectively. The total medium volume of  each well was 
200 μL. Three days after drug addition, 10 μL MTT (5.0 
g/L in PBS) was added. After 4 h incubation, supernatants 
were removed and replaced by 150 μL DMSO. After 
formazan solubilization, the absorbance at 570 nm was 
recorded using an automated microplate reader. IC50 
(concentration resulting in 50% inhibition of  cell growth) 
values for DOX were calculated as 100% from plotted 
results using untreated cells. The reversal fold (RF) was 
calculated as follows:

RF = IC50 of  DOX/IC50 of  DOX in the presence of  
LY980503

Intrinsic cytotoxicity assay
SGC7901 and SGC7901/VCR cells were seeded into 96- 
well plates at 4 × 104/well. After 24 h incubation, 2.0, 4.0, 
10, 20, 40 μmol/L of  LY980503 were added, respectively. 
The cells were incubated for 72 h, and the intrinsic 
cytotoxicity of  LY980503 was determined as above.

Intracellular DOX accumulation
The assay was performed as described by Broxterman et 
al[6]. Briefly, the cells in exponential growth were seeded 
in 96- well plates at a density of  4 × 104/mL. After 24 h 
incubation, the SGC7901 and SGC7901/VCR cells were 
exposed to 4.0 μmol/L DOX in the presence of  graded 
LY980503 (at the concentration of  1.0, 2.0, 4.0, 10 μmol/L, 
respectively) for 60 min. Following incubation, the cells 
were washed twice with ice-cold PBS and respended in 100 
μL of  ice-cold PBS. DOX-associated MFI was measured 
by flow cytometry at an excitation wavelength of  488 nm 
and an emission wavelength of  550 nm.

Statistical analysis
Data were expressed as mean ± SD. Student’s t test was 
used to assess statistical significance of  differences. P < 0.05 
was considered statistically significant.

RESULTS
Modulating effect of LY980503 on MDR in SGC7901/VCR 
cells
Using the MTT assay, the in vitro cytotoxicity of  DOX 
combined with LY980503 in SGC7901 and SGC7901/
VCR cells was examined. As shown in Table 1, SGC7901/
VCR cells were 23.5 times more resistant to DOX in 
comparison with SGC7901 cells. LY980503 gave a 
significant reversal of  resistance of  SGC7901/VCR 
cells to DOX at the concentration as low as 2.0 μmol/L. 
LY980503 at 10 μmol/L decreased the IC50 of  DOX on 
SGC7901/VCR cells from 1.6 ± 0.12 μmol/L to 0.11 
± 0.015 μmol/L (the reversal fold was 14.5), indicating 
that LY980503 had a potent reversal effect on MDR in 
SGC7901/VCR cells. The IC50 of  DOX on SGC7901 
cells decreased from 0.068 ± 0.0081 μmol/L to 0.021 ± 
0.0029 μmol/L in the presence of  10 μmol/L LY980503 
(the reversal fold was 3.2), indicating that LY980503 could 
slightly enhance the sensitivity of  SGC7901 cells to DOX.

Intrinsic cytotoxicity
As shown in Table 2, LY980503 up to 10 μmol/L had no 
obvious cytotoxicity to SGC7901 and SGC7901/VCR cells.

Effect of LY980503 on intracellular accumulation of DOX
The ability of  LY980503 to inhibit the Pgp function was 
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Figure 1  Chemical structures of benflumetol and benflumetol derivative 
LY980503.

LY980503
(μmol/L)

IC50 (μmol/L)
SGC7901(RF) SGC7901/VCR (RF)

  0 0.068 ± 0.0081 1.6 ± 0.12
  1          0.060 ± 0.0048 (1.1)          1.3 ± 0.19 (1.3)
  2           0.049 ± 0.0058 (1.4)a            0.55 ± 0.024 (2.9)c

  4           0.037 ± 0.0027 (1.8)b            0.25 ± 0.032 (6.4)d

10           0.021 ± 0.0029 (3.2)b              0.11 ± 0.015 (14.5)d

Table 1  Effect of LY980503 on the sensitivity of SGC7901 
and SGC7901/VCR cells to DOX (mean ± SD)

aP < 0.05, bP < 0.01 vs SGC7901 cells in the absence of LY980503;  cP < 0.05, dP 
< 0. 01 vs SGC7901/VCR cells in the absence of LY980503.



evaluated by determining the intracellular DOX-associated 
MFI in SGC7901/VCR and SGC7901 cells. As shown 
In Figure 2, in the uptake study, there was a high level 
of  DOX accumulation in the drug-sensitive SGC7901 
cells, that was unaffected by LY980503. There was a very 
low level of  accumulation in SGC7901/VCR cells in 
the absence of  LY980503. In contrast, LY980503 dose-
dependently restored the level of  accumulation of  DOX 
in SGC7901/VCR cells. LY980503 at 2.0, 4.0, 10 μmol/L 
enhanced DOX-associated MFI in SGC7901/VCR cells by 
1.4-, 2.3-, 3.4-fold, respectively.

DISCUSSION
Many mechanisms are involved in resistance to cancer 
chemotherapy, including decreased drug accumulation, 
a l tered intracel lu lar dr ug distr ibut ion, increased 
detoxification, diminished drug-target interaction, 
increased DNA repair, altered cell-cycle regulation, etc. Of  
these, over-expression of  Pgp is the main mechanism of  
MDR[3,4]. 

SGC7901/VCR is an established VCR-resistant 
cell sub-line selected by stepwise exposure of  parental 
SGC7901 cells to increasing concentrations of  VCR. 
Several reports have proved that the VCR-resistant 
SGC7901/VCR cells possess the characteristics of  MDR 

with over-expression of  Pgp[7-12]. The SGC7901/VCR cell 
line has been successfully used as an in vitro MDR reversal 
model by several study groups[10-12].

Benflumetol is a newly developed antimalarial drug[13]. 
Our previous study found that 10 μmol/L benflumetol 
could decrease the IC50 values of  DOX on MCF/DOX 
cells from 2.8 μmol/L to 0.55 μmol/L, indicating that 
benflumetol has a slight reversal effect on MDR[5]. We 
synthesized a series of  benflumetol derivatives. Among the 
22 benflumetol derivatives, twelve compounds have varied 
MDR reversal effects, and the effect of  LY980503 was the 
most potent on MDR in MCF/DOX cells[5].

SGC7901/VCR cell line was 23.5-fold more resistant 
to DOX than the parental SGC7901 cell line. LY980503, 
at concentrations of  2.0, 4.0, 10 μmol/L, could increase 
the chemosensitivity of  SGC7901/VCR cells to DOX 
by 2.9-, 6.4- and 14.5-fold, respectively. Restoration of  
DOX accumulation in the resistant SGC7901/VCR cells 
close to the level seen in the sensitive SGC7901 cells 
in the presence of  10 μmol/L LY980503 suggests that 
LY980503 can inhibit efflux of  DOX by Pgp. Taken 
together, it seems reasonable to conclude that LY980503 
can inhibit the function of  Pgp and therefore enchance the 
sensitivity of  the resistant cells to anticancer agent DOX. 
Furthermore, although LY980503 reverses Pgp-mediated 
MDR at the concentration of  2.0 μmol/L, the compound 
is non-cytotoxic by itself  at the concentration up to 10 
μmol/L in SGC7901/VCR and parental SGC7901 cells. 

In conc lus ion , LY980503 a t a non-cy to tox ic 
concentration exerts a potent reversal effect on MDR in 
SGC7901/VCR cells by inhibiting Pgp-mediated drug 
transport, indicating that LY980503 may be a promising 
MDR chemosensitizer.

 COMMENTS
Background
Multidrug resistance (MDR) was first observed in experimental oncology in 
1970 by Biedler and Riehm, and has been extensively studied since then. MDR 
involves the simultaneous cross-resistance to several structurally unrelated 
natural products. Unfortunately, approximately 50% of all antineoplastic agents are 
derived from natural sources and fall under the umbrella of the MDR mechanism. 
The MDR phenotype confers resistance to anthracyclines, vinca alkaloids, 
epipodophyllotoxins, taxanes, antibiotics and some of the new topo-I inhibitors. 
The most important factor of the mechanisms leading to MDR of tumor cells is 
the increased activity of transporter proteins. The best-characterized transporter 
protein is P-glycoprotein (Pgp), and a number of clinical investigations have 
suggested that its intrinsic or acquired over-expression results in a poor clinical 
outcome of chemotherapy. An interesting feature of the MDR phenotype is its 
susceptibility to inhibition by certain non-natural product agents. Calcium channel 
blockers, calmodulin antagonists, immunosuppressants, hormonal drugs and 
other agents have been found to inhibit Pgp function and the MDR phenotype. 
Structural similarities in many of these reversal agents include a ternary nitrogen, 
aromatic ring and amphipathic characteristics. The mechanism of action is 
thought to be direct binding to the Pgp and displacing anticancer drugs, which 
increase intracellular drug accumulation. The design of nontoxic agents that would 
overcome the MDR of tumors has been a challenging area for pharmaceutical 
development.

Research frontiers
Many agents that modulate the Pgp transporter, including verapamil, cyclosporin, 
tamoxifen, and several calmodulin antagonists, were identified in the 1980s.
These agents often produce disappointing results in vivo because their low 
binding affinities necessitate the use of high doses, resulting in unacceptable 

LY980503 Survival rate (%)
(μmol/L) SGC7901 SGC7901/VCR

  2 97 ± 8.6 103 ± 9.7
  4 94 ± 7.8   98 ± 8.3
10 89 ± 6.5   87 ± 8.9
20 61 ± 4.6   67 ± 6.8
40 34 ± 4.5   39 ± 3.9

Table 2  Effect of LY980503 on the growth of SGC7901 and 
SGC7901/VCR cells (mean ± SD)
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Figure 2  Effect of LY980503 at various concentrations on accumulation of 
intracellular DOX in SGC7901 and SGC7901/VCR cells. SGC7901 and SGC7901/
VCR cells were incubated with 4.0 μmol/L DOX for 60 min, in the presence of 0.0, 
1.0, 2.0, 4.0 and 10 μmol/L LY980503, respectively. Each point represents the 
mean ± SD from three experiments. bP < 0. 01 vs SGC7901 cells in the absence 
of LY980503; aP < 0.05, dP < 0.01 vs SGC7901/VCR cells in the absence of 
LY980503.
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toxicity. Many of the first chemosensitizers identified are substrates for Pgp and 
thus work by competing with the cytotoxic compounds for efflux by the Pgp pump. 
However, many of these chemosensitizers are substrates for other transporters 
and enzyme systems, resulting in unpredictable pharmacokinetic interactions in 
the presence of chemotherapy agents. The second-generation Pgp modulators 
include dexverapamil, dexniguldipine, valspodar and biricodar. These agents are 
more potent and also less toxic than their predecessors. The best characterized 
of these agents is valspodar, a nonimmunosuppressive derivative of cyclosporin 
D. Valspodar has been studied in numerous clinical trials in combination with 
cytotoxic agents. A study reported that valspodar at 1 nmol/L had a modest effect 
(20% increase) on anthracycline accumulation in Pgp positive sarcoma samples. 
The co-administration of second-generation Pgp modulators and chemotherapy 
agents in clinical trials has resulted in the reversal of MDR and some limited 
success in treating refractory cancers. Second-generation Pgp modulators have 
a better pharmacologic profile than the first-generation compounds, but they 
also retain some characteristics that limit their clinical usefulness. In particular, 
these compounds significantly inhibit the metabolism and excretion of cytotoxic 
agents, thus leading to unacceptable toxicity that has necessitated chemotherapy 
dose reductions in clinical trials. Third-generation molecules that specifically and 
potently inhibit Pgp function have been developed by using structure-activity 
relationships and combinatorial chemistry to overcome the limitations of the 
second generation Pgp modulators. These agents do not affect cytochrome P450 
3A4 at relevant concentrations, thus do not alter the plasma pharmacokinetics of 
anticancer drugs. Similarly, third-generation agents typically do not inhibit other 
ABC transporters. This specificity for the Pgp pump minimizes the possibility 
that the blockade of more than one pump might result in altered bioavailability 
or excretion of the chemotherapy agents. The third generation Pgp inhibitors 
currently in clinical development include tariquidar, zosuquidar and laniquidar.

Innovations and breakthroughs
As a benflumetol derivative, LY980503 was synthesized in our laboratory. In vitro 
assay showed that LY980503 effectively reversed MDR in MCF/DOX cells. It is a 
new MDR reversing compound, deserving of further study.

Applications
LY980503 has a good prospect of clinical application. However, it has to be 
further studied before clinical trial, including elucidation of the exact mechanisms 
of LY980503 and pharmacokinetic interaction between LY980503 and anticancer 
drugs in vivo.

Peer review 
New synthetic compound, that inhibits P-glycoprotein-mediated efflux in a human 
gastric cell line SGC7901 and its vincistrin resistant variant. It was previously 
shown that the vincristin resistancy in this cell line is related to the inproper 
P-glycoprotein-mediated efflux. The authors show that their compound increase 
doxorubycin sensitivity in this cell line by promoting doxorubycin uptake.
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