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Abstract. KCP-4 is a cisplatin-resistant cell line established 
from human epidermoid carcinoma KB-3-1 cells. Although 
our previous study revealed that one of the mechanisms for 
cisplatin resistance in KCP-4 cells is the activation of NF-κB, 
its high resistance is considered to be induced by multiple 
mechanisms. In the present study, we explored other factors 
involved in the development of cisplatin resistance in KCP-4 
cells. Since it has been reported that an unknown efflux pump 
exports cisplatin from KCP-4 cells in an ATP-dependent 
manner, we examined 48  types of ATP-binding cassette 
proteins as candidate cisplatin efflux transporters. The mRNA 
expression levels of ABCA1, ABCA3, ABCA7 and ABCB10 in 
KCP-4 cells were higher when compared to those in KB-3-1 
cells. These expression levels in cisplatin-sensitive revertant 
KCP-4 cells (KCP-4R cells), were reduced in parallel with 
the sensitivity of these cells to cisplatin and their intracel-
lular accumulation of cisplatin. Next, we investigated the 
occurrence of mutations in p53 in KCP-4 cells. We found a 
heterozygous missense mutation at codon 72 (p.Pro72Arg) in 
p53 of both KCP-4 and KB-3-1 cells, but the protein expres-
sion level of p53 in KCP-4 cells was higher when compared 
to that in KB-3-1. These results suggest that ABCA1, ABCA3, 
ABCA7 and ABCB10 are candidate genes for the cisplatin 
efflux transporter that is involved in the cisplatin resistance 
of KCP-4 cells, and that the mutation at codon 72 of p53 may 
contribute to the development of cisplatin resistance.

Introduction

Cis-diamminedichloroplatinum  II (cisplatin) is one of the 
most potent antitumor agents and has clinical activity against 
a wide variety of solid tumors, such as ovary, lung, head and 
neck, and bladder cancer (1-5). It is generally accepted that 
the cytotoxic activity of cisplatin results from its interactions 
with DNA, inhibition of DNA replication and DNA repair, 
disturbance of the cell cycle and the beneficial process of 
apoptosis in cancer therapy (6-8). However, resistance to cispl-
atin sometimes becomes a limiting factor in cisplatin‑based 
chemotherapy  (9-12). The mechanisms of resistance 
include accelerated DNA repair, inactivation of cisplatin by 
glutathione, altered apoptosis-related signals, activation of 
signaling pathways and declined accumulation of cisplatin due 
to decreased uptake and/or increased efflux (11-14).

With regard to the decline in the accumulation of cisplatin, 
it is known that the copper transporter 1 (CTR1) contributes to 
cisplatin uptake and regulates sensitivity to cisplatin (15,16). 
The copper efflux transporter ATP7B has been reported to 
export cisplatin and its overexpression contributes to clinical 
cisplatin resistance (17,18). Additionally, it has been suggested 
that the ATP-binding cassette (ABC) transporters MDR1, 
MRP1 and MRP2 may play a role in enhanced cisplatin efflux 
and cisplatin resistance (14,19,20).

KCP-4 is a highly cisplatin-resistant cell line derived from 
the human epidermoid carcinoma cell line KB-3-1 (21,22). We 
previously investigated the resistance mechanisms of KCP-4 
cells and reported that one of the mechanisms underlying 
cisplatin resistance in KCP-4 cells involves activation of 
NF-κB (23). In contrast, the accumulation of cisplatin was 
markedly reduced in KCP-4 cells when compared with the 
parent KB-3-1 cells. The time-dependent cisplatin accumula-
tion in KCP-4 cells in response to the addition of cisplatin 
to the culture medium decreased rapidly, after an initial 
transient increase. This accumulation was enhanced by 
2,4-dinitrophenol, an inhibitor of phosphorylation of ADP 
to ATP (21,22,24). Therefore, it has been proposed that an 
ATP-dependent cisplatin efflux system exists in KCP-4 cells. 
However, ABC transporters, namely, MDR1, MRP1 and MRP2, 
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were not expressed in KCP-4 cells  (24,25). Furthermore, 
ATP-dependent transport of leukotriene C4 (LTC4), an endog-
enous substrate for the glutathione S-conjugate export pump 
(GS-X pump), has been found in membrane vesicles prepared 
from KCP-4 cells (21,25). LTC4 transport was inhibited by 
a GS-platinum complex and by cisplatin or glutathione, but 
it was not significant. These results suggested that the GS-X 
pump is involved in reducing the accumulation of cisplatin in 
KCP-4 cells (25), but, to date, no GS-X pump has been found 
to be expressed in KCP-4 cells.

The tumor suppressor p53, a transcription factor, inhibits 
tumor growth through the induction of apoptosis by activation 
of its target genes (26,27). The p53 mutation has been found 
in approximately half of all types of cancer from a variety of 
tissues (28) and p53 is thought to be an important factor in the 
initiation and promotion of various types of cancer. It is known 
that p53 mutation enhances cisplatin resistance  (9,14,27). 
Exposure of cells to cisplatin activates several genes that 
mediate the activation of wild-type p53 and induces cell cycle 
arrest, DNA repair and apoptosis. When mutated, the apop-
totic function of p53 is abrogated; the mutated protein cannot 
activate the cell death program and the sensitivity to cisplatin 
is reduced by disruption of the normal signal transduction 
pathways (9). Thus, the presence of mutations in p53 is an 
important factor for the development of cisplatin resistance. 
However, the characteristics of p53 in KCP-4 cells are also 
unclear.

The aim of the present study was to identify the factors 
involved in the cisplatin resistance of KCP-4 cells. We demon-
strated that mRNA expressions of ABCA1, ABCA3, ABCA7 
and ABCB10 were increased in KCP-4 cells when compared 
with those in KB-3-1 cells; moreover, we found that there was 
a heterozygous missense mutation in the p53-encoding gene of 
KB-3-1 and KCP-4 cells.

Materials and methods

Cell culture. Dulbecco's modified Eagle's medium (DMEM) 
was purchased from Invitrogen Life Technologies (Carlsbad, 
CA, USA). KB-3-1, KCP-4 and cisplatin-sensitive rever-
tant KCP-4R cells were established by Fujii et al  (22) and 
Akiyama  et  al  (29). All cells were cultured in DMEM 
containing 10% fetal bovine serum and 100 U/ml of penicillin 
(Invitrogen Life Technologies) at 37˚C in a 5% CO2 humidified 
atmosphere.

MTT assay. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) was purchased from Wako (Osaka, 
Japan). Cisplatin was purchased from Sigma (St. Louis, MO, 
USA). The MTT colorimetric assay was used to determine 
the relative sensitivity of cell lines to cisplatin, as previously 
reported (23). Briefly, KB-3-1, KCP-4 and KCP-4R cells were 
seeded in each well of 96-well plates at 3x103, 1x104 and 3x103 
cells/200-µl/well, respectively, and cultured for 24 h. After 
a further 48 h in culture with cisplatin, 50 µl of MTT solu-
tion (1 mg/ml in PBS) was added to each well and culturing 
continued for 4 h. The resultant formazan was dissolved with 
100 µl of dimethyl sulfoxide after aspiration of the culture 
medium; its absorbance at 595 nm was determined using a 
microplate reader.

Cisplatin accumulation. Cisplatin accumulation was assessed 
by the intracellular concentrations of platinum determined by 
inductive coupled plasma spectrometry (ICP). KB-3-1, KCP-4 
and KCP-4R cells were cultured with cisplatin (300 µmol/l) 
for 2 h at 37˚C. Cells were washed 3 times with cold phos-
phate-buffered saline (PBS) and immediately harvested. The 
harvested cells were further washed with cold PBS and cell 
numbers were counted with a hemocytometer before the aspi-
ration of PBS. Cell pellets were lysed in nitric acid and the 
concentrations of platinum were determined by ICP (23).

Reverse transcription-polymerase chain reaction (RT-PCR) 
analysis. Total RNA was extracted from KB-3-1, KCP-4 and 
KCP-4R cells using TRIzol (Invitrogen Life Technologies). 
Synthesis of first-strand cDNA was performed using the 
SuperScript  III First-Strand Synthesis System (Invitrogen 
Life Technologies). PCR was performed using KOD-Plus- 
(Toyobo, Tokyo, Japan). The reaction solutions were prepared 
in a final volume of 50 µl, containing 1 µl of first-strand cDNA 
and 0.3 µmol/l sense and antisense primers. The PCR condi-
tions included an initial denaturation step of 2 min at 94˚C, 
which was followed by 35 cycles of denaturation for 15 sec at 
94˚C, annealing for 30 sec at 55-60˚C and extension for 1 min 
at 68˚C.

Quantitative real-time RT-PCR (qRT-PCR). The relative 
mRNA expression levels of ABCA1, ABCA3, ABCA7 and 
ABCB10 in the KB-3-1, KCP-4 and KCP-4R cells were evalu-
ated by qRT-PCR using Fast SYBR-Green Master Mix (Life 
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's instructions. To prepare the standard curve, 1 µg of total 
RNA from KB-3-1, KCP-4, or KCP-4R cells was reverse tran-
scribed with SuperScript III First-Strand Synthesis System, 
followed by the preparation of various cDNA dilutions. PCR, 
using an Applied Biosystems 7900HT Fast Real-Time PCR 
System (Life Technologies) apparatus, was performed in a final 
volume of 20 µl of a reaction mixture composed of 10 µl of 2X 
SYBR-Green PCR Master Mix, 0.4 pmol of the primers, and 
2 µl of diluted cDNA. The reaction mixture was then loaded 
onto a 386-well plate and subjected to an initial denaturation 
at 95˚C for 20 sec, followed by 40 cycles of amplification at 
95˚C (2 sec) for denaturation, 60˚C (20 sec) for annealing 
and extension. Primers used for qRT-PCR were: ABCA1 
sense, 5'-GGACCACTGCCCCAGTTCCC-3' and antisense, 
5'-GGGGGACACACAGGCAGCAT-3'; ABCA3 sense, 5'-GC 
TGGTGGACAGCAGTATGG-3' and antisense, 5'-CTCCTC 
GATGAGGGCTCCAA-3'; ABCA7 sense, 5'-TACGGCAGAC 
GTCTTCAGCC-3' and antisense, 5'-TACTGGCCTGGGCA 
CACAGC-3'; and ABCB10 sense, 5'-TTGAGCGTGGTGCC 
TCCAGT-3' and antisense, 5'-GCTGAGTGGCTTGTGCCA 
GG-3'. The transcript amounts were estimated from the respec-
tive standard curves and normalized to 18S ribosomal RNA 
(sense, 5'-GTAACCCGTTGAACCCCATT-3' and antisense, 
5'-CCATCCAATCGGTAGTAGCG-3').

Immunoblot analysis. An antibody against p53 (DO-1) was 
obtained from Millipore (Billerica, MA, USA). Whole-cell 
lysates were prepared by lysing KB-3-1 and KCP-4 cells 
with detergent buffer [10 mmol/l Tris-HCl, pH 7.5, 5 mmol/l 
EDTA, 150  mmol/l sodium chloride, 1% Triton  X-100, 
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10% glycerol, 1X complete EDTA-free protease inhibitor 
cocktail (Roche Diagnostics, Indianapolis, IN, USA) and 
1 mmol/l benzylsulfonyl fluoride]. Insoluble fractions were 
removed by centrifugation at 16,000 x g for 10 min at 4˚C. 
Whole‑cell lysates were then boiled in a quarter-volume of 
sample buffer (125 mmol/l Tris-HCl, pH 7.5, 25% glycerol, 
5% sodium dodecyl sulfate, 0.2% bromophenol blue and 25% 
2-mercaptoethanol). Proteins in these samples were separated 
by SDS-PAGE (10%) and transferred to a PVDF membrane 
(Bio-Rad Laboratories, Hercules, CA, USA). The membrane 
was incubated for 1 h in Tris-buffered saline (TBS) containing 
5% non-fat milk as blocking buffer and then treated over-
night with 1:1,000 anti-p53 antibodies in blocking buffer at 
4˚C. The membrane was washed in TBS and then incubated 
with 1:3,000 HRP-conjugated goat anti-mouse IgG antibody 
(Nacalai Tesque, Inc., Kyoto, Japan) in blocking buffer at 
room temperature for 1 h. It was then washed again in TBS. 
Antibody binding was visualized using the ECL Plus Western 
Blotting Detection System (GE Healthcare Bio-Sciences, 
Buckingham, UK).

Sequence analysis of p53 gene in KB-3-1 and KCP-4. 
Complementary DNA samples from total RNAs of KB-3-1 
and KCP-4 amplified by RT-PCR were used as templates in 
the cycle sequence reaction. Primers used for amplification by 
RT-PCR were: sense, 5'-GTGACACGCTTCCCTGGATT-3' 
and antisense, 5'-GCTGTCAGTGGGGAACAAGA-3'. Cycle 
sequence reactions were performed using a BigDye Terminator 
v3.1 Cycle Sequencing kit (Life Technologies). Sequence 
primers were: 5'-GTGACACGCTTCCCTGGATT-3' and 
5'-AGTTCCTGCATGGGCGGCAT-3'. The reactions were 
cycled at 96˚C for 60 sec, followed by 25 cycles at 96˚C for 
10 sec, 50˚C for 5 sec and 60˚C for 4 min. After purification, 
products were subjected to automated sequencing by capil-
lary electrophoresis on an ABI3130 Genetic Analyzer (Life 
Technologies).

Statistical analysis. Differences between groups were tested 
by one-way ANOVA followed by Tukey's test for multiple 
comparisons. Data are presented as the means ± SD. Diff
erences were considered statistically significant at P<0.05.

Results

Comparison of cisplatin resistance among KB-3-1, KCP-4 
and KCP-4R cells. The cell viability of KCP-4 cells in 
cisplatin-containing medium, as determined by the MTT 
assay, was compared with that of KB-3-1 and KCP-4R, which 
are a parental cell line and a cisplatin-sensitive revertant 
cell line of KCP-4, respectively (Fig. 1A). KCP-4 cells were 
considerably more resistant to cisplatin than the parental 
KB-3-1 cells. Sensitivity of KCP-4R cells to cisplatin was 
intermediate between that of KCP-4 and KB-3-1 cells. EC50 
values of KB-3-1, KCP-4R and KCP-4 cells were ~0.3, 3 and 
>300 µmol/l, respectively. Subsequently, the intracellular 
accumulation level of platinum in each cell line was measured. 
Platinum levels of KCP-4 cells were much lower than those 
of KB-3-1 cells (122±27 and 1,138±132  pmol/106  cells, 
respectively; Fig.  1B). The levels of KCP-4R cells were 
708±50 pmol/106 cells.

Messenger RNA expression of ABC protein in KB-3-1 and 
KCP-4 cells. Previous studies suggested that an ATP-depen
dent cisplatin efflux system exists in KCP-4 cells (21,22,24). 
It is well known that several ABC proteins function as an 
ATP-dependent efflux pump. We therefore investigated the 
mRNA expression of all 48 ABC protein-encoding genes, 
including ABCAs, ABCBs, ABCCs, ABCDs, ABCEs, ABCFs, 
and ABCGs in KCP-4 and KB-3-1 cells (Table I). RT-PCR 
analysis indicated increased mRNA expression of ABCA1, 
ABCA3, ABCA7 and ABCB10 in KCP-4 cells (Fig. 2).

Expression of ABCA1, ABCA3, ABCA7 and ABCB10 mRNA 
in KCP-4R cells. We then investigated the mRNA expression 
of ABCA1, ABCA3, ABCA7 and ABCB10 in KCP-4R cells by 
RT-PCR. We found that mRNA expressions of these 4 genes 
were reduced in KCP-4R cells when compared with those in 
KCP-4 cells (Fig. 3A). qRT-PCR analysis revealed that the 
expression levels of ABCA1, ABCA3, ABCA7 and ABCB10 
mRNA in KCP-4 cells were 77.2±14.5-, 7.5±1.9-, 11.5±1.7- and 
9.9±0.8-fold higher, respectively, than those in KB-3-1 cells. 

Figure 1. Comparison of sensitivity to cisplatin and intracellular accumu-
lation of cisplatin in KB-3-1, KCP-4 and KCP-4 cells. (A) Sensitivity of 
KB-3-1, KCP-4 and KCP-4R cells to cisplatin. Viability after a 48-h cul-
ture in cisplatin-containing medium was determined by MTT assay. Data, 
expressed as a percentage of the control, represent the means ± SD of 6 inde-
pendent experiments. (B) The intracellular accumulation level of cisplatin in 
KB-3-1, KCP-4 and KCP-4R cells. Cisplatin accumulation was assessed by 
the intracellular concentrations of platinum determined by ICP. These data 
are expressed as the means ± SD of 6 independent experiments. *P<0.01. ICP, 
inductive coupled plasma spectrometry.
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Table I. RT-PCR primer sequences for amplifying ABC protein-encoding genes.

No.	 Gene name	 Forward primer (5'-3')	 Reverse primer (5'-3')

  1	 ABCA1	 gtcattatcatcttcatctgcttc	 cctcacatcttcatcttcatcatt
  2	 ABCA2	 gcagccagagtgtgaaggacgtgg	 gcagagcgtgtccgtgttgaagga
  3	 ABCA3	 gtgcaggccaagcatgtgcag	 cagcaccaggaacacgtgatc
  4	 ABCA4	 aacgtcatcgtgagcatcatcaga	 gaggtcatgactttcagtctgctg
  5	 ABCA5	 ggactggatagaaaacctagaagt	 tactactctatcttcttgtgttcg
  6	 ABCA6	 ggcaaggattacattctagag	 ggaggagtttccatctcattg
  7	 ABCA7	 atcgtggtgctcatctttctg	 tggttccgcaccatgtcaatg
  8	 ABCA8	 ctcctaaccacccactacatg	 tactcctctaggtcaaagctc
  9	 ABCA9	 acccttctgcatactggtttg	 tccatggaatcaggagaaatc
10	 ABCA10	 aggaacgctaaggtgtattgg	 ctcctgctctttacagagttc
11	 ABCA12	 ctcacagcatggaagaatgtg	 agagtggtctgactcactaag
12	 ABCA13	 actgtggactggagacaatac	 ggtacatccatggaagagttg
13	 ABCB1 (MDR1)	 tacagcacggaaggcctaatg	 tgttctcagcaatgctgcagt
14	 ABCB2	 tggtctgttgactcccttaca	 aaatacctgtggctcttgtcc
15	 ABCB3	 tacaacacccgccatcaggaa	 tcataaaggaaagcaggctgc
16	 ABCB4	 gaaacaagagtgggagataag	 ctggacactgaccattgaaaa
17	 ABCB5	 tgcagcattgctgagaacatc	 actgactgtgcattcactaac
18	 ABCB6	 tttcactgtgatgcctggaca	 gatgcagccatccttgatgac
19	 ABCB7	 tatgatgaagctacttcatcg	 cgaacagtttccacagccttt
20	 ABCB8	 ctggaagcttccgatgaagag	 ttcaggagctcttcatgtgtc
21	 ABCB9	 attgatggcatcgtcatccag	 catgagaggctgaacatgaag
22	 ABCB10	 ctgcttctggaactattagtc	 actaacaccgttcttccatcc
23	 ABCB11	 gtgttgtttgcctgtagcata	 ccatgacagcaatgatatccg
24	 ABCC1 (MRP1)	 gacacagtggactccatgatc	 ccaccaagccagcactgaggc
25	 ABCC2 (MRP2)	 gcagcgatttctgaaacacaa	 tcaacagccacaatgttggtc
26	 ABCC3	 acctgcacacgtttgtgagct	 gaagatgcctctagctgcaat
27	 ABCC4	 caaatgtggatccaagaactg	 ggaagtgtttgtaaccatgtg
28	 ABCC5	 ctagagagactgtggcaagaa	 aaatgccatggttaggatggc
29	 ABCC6	 aagatccacgcaggagagaag	 cagacacaggagctgtttctg
30	 ABCC7	 cgaagatcttgctgcttgatg	 tcttgcacctcttcttctgtc
31	 ABCC8	 ctgagaggaagtgctcagata	 tgagcagcttctctggcttat
32	 ABCC9	 gcaggatccaatactattcag	 aagagacacggtgagctattg
33	 ABCC10	 tccctgttgttggtgctcttc	 tctgagttcaggatcgtgttg
34	 ABCC11	 tcccacatcctcaattctctg	 tgtgccttccatgtgtaaagg
35	 ABCC12	 gagagaacattcatgagagac	 cttctgctgctagtaacatcg
36	 ABCD1	 actcagtggaggacatgcaaa	 cgaactgtagcaagtgtgtgt
37	 ABCD2	 atgctgttatggactggaaag	 tccagctagctgagattctag
38	 ABCD3	 ggaagggaatttctgacctag	 catatgcaggtagtactcatg
39	 ABCD4	 cgatgatgagaggatcttgag	 ccacagagtttcagaaccaag
40	 ABCE1	 tcacccacaatttgtgaccga	 ggtttgaggactgtttgcaac
41	 ABCF1	 gcttcttcaaccagcagtatg	 agctggcaattggtttctgtg
42	 ABCF2	 agctggacttagatctctcac	 cacttggtgattgtctgcttc
43	 ABCF3	 ccttcatcaagagtaagcagg	 agactcgagatcagcagacac
44	 ABCG1	 ttcagatcatgttcccagtgg	 gaggacaaaataggcaatgag
45	 ABCG2	 tcaggaagacttatgttccac	 agctctgttctggattccagt
46	 ABCG4	 tatggctgagaagaagagcag	 aaggtgagcacagttggcatg
47	 ABCG5	 tagtcaacagtgtagtggctc	 ctaggatgacaagagctggaa
48	 ABCG8	 actgtgcctacatcatcatct	 ctgctgaactgaatcttcatc
49	 GAPDH	 gtgtgaaccatgagaagtatg	 tttggcaggtttttctagacg

ABC, ATP-binding cassette.
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However, the levels in KCP-4R cells were significantly reduced 
when compared with those in KCP-4 cells (relative expression 
levels of KCP-4R vs. KCP-4 cells, 0.06±0.01-, 0.45±0.09-, 
0.54±0.09- and 0.42±0.09-fold, respectively; Fig. 3B).

Expression of p53 in KB-3-1 and KCP-4 cells and sequence 
analysis. We also investigated whether p53 protein was 
expressed in KB-3-1 and KCP-4 cells by immunoblot 
analysis. The expression level of p53 in KCP-4 was higher 
than that in KB-3-1  (Fig.  4A). Sequence analyses of p53 
genes prepared from KB-3-1 and KCP-4 cells revealed the 
existence of a common heterozygous mutation (c.215C>G) in 
the p53-encoding gene of both cells (Fig. 4B). This missense 
mutation results in the substitution of proline at codon 72 for 
arginine (p.Pro72Arg).

Discussion

KCP-4 is a cisplatin-resistant cell line derived from the human 
epidermoid carcinoma cell line KB-3-1. In the present study, 
we showed that the resistance of KCP-4 cells to cisplatin was 
approximately 1,000-fold greater than that of KB-3-1 cells 
and that the accumulation of cisplatin in KCP-4 cells was 
markedly decreased when compared with that in KB-3-1 cells. 
Furthermore, the cisplatin sensitivity of the KCP-4R cell line, 
which represents revertant KCP-4 cells, recovered to nearly 
the level of KB-3-1 cells and the accumulation of cisplatin 
in KCP-4R cells was markedly higher than that in KCP-4 
cells. These results indicated that the cisplatin resistance of 
KCP-4 cells is associated with the intracellular accumulation 
of cisplatin. Previous studies showed that the accumulation of 

Figure 2. Messenger RNA expression of ATP-binding (ABC) protein‑encoding genes in KB-3-1 and KCP-4 cells. (A) Messenger RNA expressions were 
detected by RT-PCR using specific primers for cDNA corresponding to each ABC protein cDNA (Table I). The data of ABC protein cDNAs for which no 
amplified signal was observed in either KB-3-1 and KCP-4 cells are not shown. Boxes indicate higher expression in KCP-4 cells when compared with those 
in KB-3-1 cells.

Figure 3. Comparison of mRNA expression levels of ABCA1, ABCA3, ABCA7 and ABCB10 in KB-3-1, KCP-4 and KCP-4R cells. (A) Messenger RNA 
expression of ABCA1, ABCA3, ABCA7 and ABCB10 in KB-3-1, KCP-4 and KCP-4R cells as detected by RT-PCR. (B) Relative mRNA expression of ABCA1, 
ABCA3, ABCA7 and ABCB10 in KB-3-1, KCP-4 and KCP-4R cells, as determined by qRT-PCR. These data are expressed as the means ± SD of 3 independent 
experiments. *P<0.01; #P<0.05.
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cisplatin in KCP-4 cells was markedly decreased; this appeared 
to be mediated by any ATP-dependent efflux pump (21,22,24). 
Although some studies have reported that overexpression 
of MDR1, MRP1 and MRP2 is related to the mechanism of 
cisplatin resistance (14,19,20), other studies revealed that none 
of those were involved in the cisplatin resistance of KCP-4 
cells (24,25). Our data showed that mRNA expression levels 
of MDR1, MRP1 and MRP2 in KCP-4 cells were not higher 
than those in KB-3-1 cells, which were consistent with the 
latter proposal (24,25). In contrast, ABCA1, ABCA3, ABCA7 
and ABCB10 were highly expressed in KCP-4 cells when 
compared with KB-3-1 cells. The expression levels of ABCA1, 
ABCA3, ABCA7 and ABCB10 in revertant KCP-4R cells were 
markedly reduced when compared with those in KCP-4 cells, 
but were not equal to those of KB-3-1 cells. Quantitative real-
time RT-PCR analysis also showed similar variations.

The sensitivity of KCP-4R cells to cisplatin as determined 
by MTT assay and cisplatin accumulation levels in KCP-4R 
cells was also markedly, but not completely recovered, to the 
levels of KB-3-1 cells. The expression of ABCA1, ABCA3, 
ABCA7 and ABCB10 in KB-3-1, KCP-4 and KCP-4R cells 
varied in parallel with sensitivity to cisplatin and the intracel-
lular accumulation level of cisplatin. These results suggested 
that ABCA1, ABCA3, ABCA7 and ABCB10 may contribute 
to the cisplatin resistance of KCP-4 cells.

ABCA1 plays a role in phospholipid transport, cholesterol 
homeostasis and high-density lipoprotein metabolism (30,31). 
Previous studies showed that the expression of ABCA1 may be 
associated with resistance to an antitumor drug. The antitumor 
activity of nitidine, a benzophenanthridine alkaloid that has 
antitumor effects via the inhibition of topoisomerase I, was 
increased upon downregulation of ABCA1 (32). In addition, 
it was reported that ABCA1 may be related to the resistance 
to the antitumor activity of curcumin  (33). Moreover, it 
was also reported that the grade of cancer is influenced by 
the cholesterol environment in prostate cancer and that 
ABCA1 expression contributes to the control of this environ-
ment (34,35). However, ABCA1 has not been reported to be 
associated with resistance to cisplatin.

ABCA3 is known to be expressed predominantly at the 
limiting membrane of the lamellar bodies in lung alveolar 
type II cells and is involved in surfactant secretion (36,37). 
Regarding antitumor drug resistance, ABCA3 is reported 
to be involved in multidrug resistance of some leukemia 
cells  (38,39). These studies showed that ABCA3 remains 
localized within the limiting membranes of lysosomes and 
multivesicular bodies and induces a phenotype of broad 
multidrug resistance, mediated by subcellular drug sequestra-
tion to lysosomes. If ABCA3 is associated with the cisplatin 
resistance of KCP-4 cells in the same manner, the intracellular 
accumulation of cisplatin would be unchanged. However, our 
data indicated that accumulation of cisplatin in KCP-4 cells is 
markedly decreased when compared with that in KB-3-1 cells. 
Therefore, ABCA3 would not be associated with the cisplatin 
resistance of KCP-4 cells or would be involved via a different 
mechanism from that in multidrug-resistant leukemia cells.

ABCA7 is reported to be associated with phospholipid 
transport, similar to ABCA1 (40), and is linked to Alzheimer's 
disease (41,42). However, to date, no report has demonstrated 
the association of ABCA7 with antitumor drug resistance.

ABCB10 has been identified as a mitochondrial transporter 
induced by GATA-1 during erythroid differentiation (43,44). 
It is known that ABCB10 is involved in mitochondrial iron 
importation and heme biosynthesis by interacting with an iron 
importer, mitoferrin-1, in the mitochondrial membrane (45,46). 
The association of ABCB10 with antitumor drug resistance 
has yet to be clarified.

A previous study showed that the cisplatin efflux pump in 
KCP-4 cells functions as a GS-X pump (25). Although MRP1 
and MRP2, among ABC proteins, are already known to func-
tion as GS-X pumps (47), it is unknown whether ABCA1, 
ABCA3, ABCA7 and ABCB10 function as GS-X pumps. To 
clarify their potential function as GS-X pumps and the asso-
ciation of each candidate ABC protein to cisplatin resistance, 
further studies using a stable cell line that expresses high levels 
of each candidate ABC protein alone are required.

In the present study, we also investigated whether there 
were any mutations in the p53-encoding genes of KB-3-1 
and KCP-4 cells. Sequence analyses demonstrated a common 
heterozygous mutation, which results in the substitution 
of proline at codon  72 for arginine in p53 of both cells. 
Bergamaschi et al (48) reported that head and neck cancer 
expressing a p53 mutant involving arginine at codon 72 (72R) 
had a lower response to chemotherapy than those expressing 
p53 with proline at codon 72 (72P). The expression level of p53 

Figure 4. Immunoblot and sequence analyses for p53 in KB-3-1 and KCP-4 
cells. (A) The expression of p53 in KB-3-1 and KCP-4 cells as detected by 
immunoblotting. (B) Sequence analysis of p53 cDNA from KB-3-1 and 
KCP-4 cells. Both sequences indicate the existence of the same heterozygous 
mutation at codon 72 of p53.
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protein in KCP-4 cells was also higher than that in KB-3-1, so 
that 72R may strongly influence the resistance of KCP-4 to 
cisplatin.

In the present study, we showed that enhanced expression 
of ABCA1, ABCA3, ABCA7 and ABCB10 and the mutation of 
p53 at codon 72, alone or in combinations, may be candidate 
factors of the cisplatin resistance mechanism of KCP-4 cells. 
We previously reported that one of the mechanisms for cispl-
atin resistance in KCP-4 cells is the activation of NF-κB (23). 
KCP-4 cells may be highly resistant to cisplatin due to multiple 
mechanisms, such as increased cisplatin efflux, expression of 
mutant p53 and activation of the NF-κB pathway.
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