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Introduction

Calcyclin (S100A6)-binding protein (CacyBP) is a
30-kDa protein that can bind to S100A6 in a Ca2�-
dependent manner, which was initially identified in
Ehrlich ascites tumor (EAT) cells [1,2]. Northern and
Western blots have shown that CacyBP is highly ex-
pressed in the mouse and rat brain, liver, spleen, stom-
ach, and in EAT cells, and weakly expressed in the rat
lung and kidney [3]. It has been found that the level
of CacyBP is increased upon erythropoietin receptor
activation and that this increase is accompanied by an
increase in c-myc and dpp-1 transcriptional activity via
the JAK2 pathway [4,5]. These findings indicate that
CacyBP may be involved in a signaling pathway acti-
vated by erythropoietin in erythroid cells and in neu-
ronal cells in which erythropoietin receptor is highly
expressed. SIP (siah-1 interacting protein), which shows
93% amino-acid sequence identity with mouse CacyBP,
has been characterized as a component of the �-catenin
degradation pathway [6]. This raises the possibility that
CacyBP may function via Ca2�-dependent interactions
in the protein degradation process. Recently, the Ca2�-
dependent translocation of CacyBP in neurons and
neuroblastoma NB-2a cells has been described [7]. In
addition, translocation and phosphorylation of CacyBP
during retinoic acid-induced neuronal differentiation of
neuroblastoma SH-SY5Y cells has also been reported
[8]. However, the physiological and pathological roles
of CacyBP still remain unclear.

By a modified subtractive hybridization method, we
previously characterized the differentially expressed
gene profiles between a multidrug-resistant human gas-
tric cancer cell line SGC7901/ADR and its parental cell
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line SGC7901 [9]. CacyBP (AF314752) was thus found
to be upregulated in SGC7901/ADR cells, which indi-
cated an association of this gene with multidrug resis-
tance (MDR). The aim of this study was to explore the
role of CacyBP in MDR in gastric cancer cells.

Materials and methods

Cell culture

The human gastric adenocarcinoma cell line SGC7901
and its multidrug-resistant variant SGC7901/ADR were
cultivated in RPMI 1640 (GIBCO, Grand Island, NY,
USA) supplemented with 10% heat-inactivated fetal
calf serum, penicillin (100U/ml) and streptomycin
(100µg/ml), in a CO2 incubator (Forma Scientific,
Marjetta, OH, USA). SGC7901/ADR cells were main-
tained continuously in the presence of 0.6µg/ml
adriamycin. The drug was removed from the medium 7
days prior to use.

RNA extraction and reverse-transcription polymerase
chain reaction (RT-PCR)

Total RNA was isolated and purified from gastric can-
cer cells with a UNIQ-10 total RNA minipreps super
kit, according to the protocol given by the manufacturer
(Sangon, Shanghai, China). The cDNA encoding
CacyBP was generated by RT–PCR, which was per-
formed according to standard protocol. The specific
primers for CacyBP were 5�-ACCATGGCTTCAGAA
GAGC-3� (sense) and 5�-TCACAGTTCCCAAAACG
AC-3� (antisense). PCR products were cloned into
pUCm-T vector (Sangon) by a thymine-adenine (T-A)
cloning technique. The cDNA inserts were identified by
DNA sequencing.

Northern blot analysis

Fifteen micrograms of total RNA was subjected to
formaldehyde-agarose gels electrophoresis, transferred
to a nitrocellulose membrane by pressure blotting,
and fixed by ultraviolet light crosslinking according to
standard protocols. The PCR-generated cDNA was
used as a specific probe for CacyBP. Then [α-32P]dCTP-
labeled cDNA probes were generated using the Prime-
A-Gene-Labeling system (Promega, Madison, WI,
USA). Prehybridization was performed overnight at
42°C in 5 � standard saline citrate (SSC), 50%
formamide, 5 � Denhardt’s reagent, 0.2% sodium
dodecyl sulfate (SDS), and 0.1mg/ml sheared salmon
sperm DNA. Radiolabeled cDNA probes were hybrid-
ized overnight at 42°C in a solution identical to the
prehybridization solution. Membranes were washed

twice with 2 � SSC/0.1% SDS at room temperature,
twice with 0.2 � SSC/0.1% SDS at room temperature,
and twice with 0.2 � SSC/0.1% SDS at 56°C. The mem-
brane was then exposed to X-ray film in a dark cassette
for 24h.

Preparation of antisera

The cDNA inserts for CacyBP were subcloned from
recombinant pUCm-T vector into pQE30 vector
(Qiagen, Hilden, Germany), in which the target gene
was fused with histidine tag (6 � His). The recombinant
fusion proteins were expressed in Escherichia coli strain
M15 (Qiagen) and used as the immunogen to raise
mouse antisera, according to D’Souza et al. [10], with
some modification. In brief, recombinant proteins were
separated by SDS polyacrylamide gel electrophoresis
(PAGE). After staining with 0.25mol/l potassium chlo-
ride, the portion of the polyacrylamide gel correspond-
ing to recombinant proteins was cut out and crushed in
phosphate-buffered saline (PBS). BALB/c mice were
injected subcutaneously with gel particles containing
about 10µg recombinant proteins emulsified with com-
plete Freund’s adjuvant (Sigma, St. Louis, MO, USA).
Three booster injections with gel particles emulsified
with incomplete Freund’s adjuvant (Sigma) were given
at 2-week intervals. Animals were bled 1 week after
the last immunization and sera were characterized by
Western blot.

Plasmid construction and gene transfection

To prepare the sense vector pcDNA3.1-CacyBP and
the antisense vector pcDNA3.1-anCacyBP, the cDNA
inserts for CacyBP were released from recombinant
pUCm-T plasmids by restriction enzyme digestion
and then cloned into eukaryotic expression vector
pcDNA3.1 (Invitrogen, Carlsbad, CA, USA) in forward
and backward orientation, respectively. By mediation
of Lipofectamine 2000 (GIBCO), the sense and
antisense vectors were introduced into SGC7901 and
SGC7901/ADR cells, respectively. Forty-eight hours
later, cells were placed in growth medium containing
G418 (GIBCO) for clone selection. The expression
levels of CacyBP in G418-resistant clones were evalu-
ated by Western blot analysis. Finally, two transfectants
were obtained, and designated as SGC7901-CacyBP
and SGC7901/ADR-anCacyBP, respectively. Mean-
while, the backbone plasmid pcDNA3.1 was introduced
into SGC7901 and into SGC7901/ADR cells. The
resulting cell sublines were designated as SGC7901-
pcDNA and SGC7901/ADR-pcDNA, and used as
negative controls in subsequent assays.



162 Y. Shi et al.: Regulation of drug sensitivity by CacyBP

Western blot analysis

Gastric cancer cells in logarithmic phase were har-
vested, and total cellular proteins were prepared with
lysis buffer (pH 8.0) containing 1% NP-40 (Sangon),
50 mM Tris-HCl, 150mM NaCl, 0.1 mM phenylme-
thylsulfonyl fluoride and 1 µg/ml Aprotinin (Sigma).
The detergent-soluble fractions were subjected to
SDS-PAGE according to standard protocol. Separated
proteins were electrotransferred to a nitrocellulose
filter. Membranes were blocked with 5% fat-free milk
powder at room temperature for 2 h and incubated
overnight with primary antibodies at 4°C. Signal detec-
tion was performed using an ECL� Plus kit (Amer-
sham Pharmacia, Uppsala, Sweden), according to the
manufacturer’s instructions. Primary antibodies in-
cluded the mouse antisera against CacyBP, MGr1
[11], mouse anti-S100A1 (Sigma), mouse anti-S100A6
(Sigma), rabbit anti-S100B (Research Diagnostics,
Flanders, NJ, USA), mouse anti-human S100P (Re-
search Diagnostics), and mouse IgG against beta-actin
(Boster Biotechnology, Wuhan, Hubei, China). Horse-
radish peroxidase-conjugated goat anti-mouse IgG
and goat anti-rabbit IgG were obtained from Boster
Biotechnology.

In vitro drug sensitivity assay

Vincristine, adriamycin, cisplatin, and 5-fluorouracil
were all freshly prepared before each experiment.
Drug sensitivity was evaluated using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
(MTT) assay as described previously [12]. Briefly, gas-
tric cancer cells in logarithmic phase were harvested
and plated into 96-well plates (1 � 104 cells/well). After
culture overnight at 37°C, the medium was replaced
with fresh growth medium containing various concen-
trations of drugs. Each treatment group was done in
triplicate. After cells had been cultured for 72h, 50 µl of
2 mg/ml MTT (Sigma) was added to each well, and the
cells were cultured for another 4 h. Then, supernatants
were discarded and 150 µl of dimethylsulfoxide
(DMSO; Sigma) was added to each well to dissolve
crystals. The A490 values were read on a spectrophotom-
eter (MPR-2100; Syntron, Carlsbad, CA, USA). Cell
survival rates were calculated according to the formula:
survival rate � (mean A490 of treated wells/mean A490 of
untreated wells) � 100%. Finally, dose-effect curves of
anticancer drugs were drawn on semilogarithm coordi-
nate paper, and IC50 values were determined.

Fluorescence intensity assay of intracellular adriamycin

The fluorescence intensity of intracellular adriamycin
was determined by flow cytometry, as described previ-

ously [11]. Briefly, gastric cancer cells in logarithmic
phase were seeded into six-well plates (1 � 106 cells/
well) and cultured overnight at 37°C. After addition
of adriamycin to the final concentration of 5µg/ml,
cells continued to be cultured for 1h. Then, cells were
trypsinized and harvested (for detection of adriamycin
accumulation), or, alternatively, they were cultured
in drug-free RPMI 1640 for another 30min, followed
by trypsinization and harvesting (for detection of
adriamycin retention). Cells were washed twice with
ice-cold PBS, and the fluorescence intensity of intracel-
lular adriamycin was determined using flow cytometry,
with an excitation wavelength of 488 nm and emission
wavelength of 575 nm. Finally, the adriamycin-releasing
index of gastric cancer cells was calculated according to
the formula: releasing index � (accumulation value �
retention value) / accumulation value.

Statistical analysis

Data values were expressed as means � SD. Differ-
ences were compared by one-way analysis of variance
(ANOVA), follwed by Dunnett’s multiple comparison
tests. A value of P � 0.05 was considered significant.

Results

Detection of CacyBP in gastric cancer cells by
Northern blot

Although SGC7901/ADR cells were selected with the
single anticancer drug adriamycin, they also displayed
cross-resistance to other anticancer drugs, such as vinc-
ristine, etoposide, cisplatin, 5-fluorouracil, and mitomy-
cin C. Our previous studies have suggested upregulation
of CacyBP in SGC7901/ADR cells compared to
SGC7901 cells. In the present study, we further evalu-
ated the expression level of CacyBP mRNA in gastric
cancer cells by Northern blot. A CacyBP cDNA
fragment generated by RT-PCR was used as a specific
probe. A radiolabeled 1.0-kb cDNA fragment, accord-
ing to glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), served as the internal control. As the results
indicated (Fig. 1), SGC7901/ADR cells exhibited much
higher expression of CacyBP mRNA than SGC7901
cells.

Detection of CacyBP in gastric cancer cells by
Western blot

Using recombinant proteins expressed in Escherichia
coli as the immunogen, we successfully prepared mouse
antisera against CacyBP. As Fig. 2 suggests, this antis-
era bound to the recombinant CacyBP and detected
a single protein band of about 30kDa from the total
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cellular proteins of SGC7901/ADR cells, while pre-
immunized mouse sera did not react with these two
proteins. The antisera were thus used in Western blot to
detect CacyBP in gastric cancer cells. As the results
showed (Fig. 3), the expression level of CacyBP protein
in SGC7901/ADR cells was much higher than that in
SGC7901 cells. SGC7901-CacyBP cells, in which the
sense vector of CacyBP was introduced, displayed sig-
nificantly increased expression of CacyBP compared
to SGC7901 cells. SGC7901/ADR-anCacyBP cells, in
which the antisense vector of CacyBP was introduced,
displayed significantly decreased expression of CacyBP
compared to SGC7901/ADR cells. SGC7901-pcDNA
and SGC7901/ADR-pcDNA cells, in which the back-
bone plasmid pcDNA3.1 was introduced, showed no
obvious changes of CacyBP expression as compared
with their corresponding parental cells.

Regulation of MDR in gastric cancer cells by CacyBP

SGC7901-CacyBP and SGC7901/ADR-anCacyBP, the
two cell lines in which CacyBP was genetically increased
or decreased, were used as cell models to study the
regulatory effects of CacyBP on the drug sensitivity
of gastric cancer cells. As Table 1 shows, as compared
with SGC7901 and SGC7901-pcDNA cells, SGC7901-
CacyBP cells exhibited significantly increased (P �
0.01) IC50 values for vincristine, adriamycin, and 5-
fluorouracil. Meanwhile, as compared with SGC7901/
ADR and SGC7901/ADR-pcDNA cells, SGC7901/
ADR-anCacyBP cells exhibited significantly decreased
(P � 0.01) IC50 values for vincristine, adriamycin, and
5-fluorouracil. These data suggested that the expression
of CacyBP was negatively correlated with the drug sen-
sitivity of gastric cancer cells. However, CacyBP had no
obvious effect on the sensitivity of gastric cancer cells to
cisplatin.

Effects of CacyBP on intracellular
adriamycin accumulation

Intracellular drug accumulation and retention were
evaluated using adriamycin as probe. The fluorescence
intensity of intracellular adriamycin was determined by
flow cytometry, and the adriamycin-releasing index was
calculated. As the results indicated (Table 2), SGC7901/
ADR cells exhibited significantly decreased (P � 0.01)
adriamycin-accumulation and retention and a signifi-
cantly increased (P � 0.01) adriamycin-releasing index
as compared with SGC7901 cells. However, SGC7901-
CacyBP and SGC7901/ADR-anCacyBP cells showed
no significant (P � 0.05) differences in adriamycin accu-
mulation and retention or in the adriamycin-releasing
index compared to their corresponding controls, which
suggested that CacyBP did not affect intracellular drug
accumulation in gastric cancer cells.

Fig. 1. Detection of calcyclin-binding protein (CacyBP)
in gastric cancer cells by Northern blot. Total RNAs
extracted from SGC7901 cells (lane 1) and SGC7901/
ADR cells (lane 2) were subjected to Northern blot. The
CacyBP cDNA fragment generated by reverse transcription-
polymerase chain reaction (RT-PCR) was used as a specific
probe. A radiolabeled 1.0-kb cDNA fragment, according
to glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
served as the internal control

Fig. 2. Characterization of mouse antisera against CacyBP by
Western blot. The recombinant CacyBP proteins expressed in
Escherichia coli (row A) and the total cellular proteins ex-
tracted from SGC7901/ADR cells (row B) were subjected to
Western blot. The antisera against CacyBP were used as the
primary antibody (lane 1). The pre-immunized mouse sera
were used as control (lane 2). Signal detection was performed
using the ECL� Plus kit (Amersham Pharmacia)

Fig. 3. Detection of CacyBP in gastric cancer cells by Western
blot. Six cell lines were evaluated: human gastric cancer
cells SGC7901 (lane 6), SGC7901-pcDNA (transfected with
the backbone plasmid pcDNA3.1; lane 5), SGC7901-CacyBP
(transfected with CacyBP sense vector; lane 4), multidrug-
resistant gastric cancer cells SGC7901/ADR (lane 1), and
SGC7901/ADR-pcDNA (transfected with the backbone
plasmid pcDNA3.1; lane 2), and SGC7901/ADR-anCacyBP
(transfected with CacyBP antisense vector; lane 3). The mouse
antisera against CacyBP were used as the primary antibody.
Signal detection was performed using the ECL� Plus kit. �-
Actin was used as the internal control
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Influence of CacyBP on MGr1-Ag and S 100 proteins

The expression of MGr1-Ag and the expression of
several S 100 proteins in gastric cancer cells were
determined by Western blot. MGr1-Ag was moderately
expressed in SGC7901 cells and slightly increased in
SGC7901/ADR cells. However, the transfectants did
not show obvious differences in MGr1-Ag expression
compared to that in SGC7901 or SGC7901/ADR cells
(Fig. 4). S 100A1, S 100A6, and S 100B were not
detected in SGC7901 or SGC7901/ADR or their
transfectants (data not shown). S 100P was expressed,
without significant differences between the six cell lines
tested (Fig. 4). These findings suggest that CacyBP has
no obvious influence on the expression of MGr1-Ag and
S 100P.

Table 1. IC50 values (µg/ml) of gastric cancer cells for anticancer drugs

Vincristine Adriamycin 5-Fluorouracil Cisplatin

SGC7901 0.44 � 0.09 0.15 � 0.04 0.60 � 0.11 0.42 � 0.07
SGC7901-pcDNA 0.67 � 0.13 0.14 � 0.05 0.83 � 0.23 0.69 � 0.14
SGC7901-CacyBP 2.58 � 0.49* 2.89 � 0.53* 3.80 � 0.86* 0.54 � 0.14
SGC7901/ADR 4.87 � 0.78** 4.26 � 0.68** 6.75 � 0.95** 1.51 � 0.42**
SGC7901/ADR-pcDNA 4.17 � 0.66 4.38 � 0.65 6.22 � 0.87 1.59 � 0.44
SGC7901/ADR-anCacyBP 1.35 � 0.39*** 0.82 � 0.17*** 2.46 � 0.43*** 1.47 � 0.41

One-way analysis of variance (ANOVA) followed by Dunnett’s multiple comparison tests revealed statistical differences of *P � 0.01 vs
SGC7901 and SGC7901-pcDNA cells; **P � 0.01 vs SGC7901 cells; and ***P � 0.01 vs SGC7901/ADR and SGC7901/ADR-pcDNA cells
Survival rates of gastric cancer cells to anticancer drugs were evaluated by MTT assay, as described in “Materials and methods”. The dose-effect
curves of anticancer drugs were drawn on semi-logarithm coordinate paper and, thus, IC50 values were determined. Data values are expressed as
means � SD of four independent experiments

Table 2. Fluorescence intensity of intracellular adriamycin, and adriamycin-releasing
index of gastric cancer cells

Accumulation Retention Releasing index

SGC7901 28.46 � 5.82 15.42 � 3.58 0.458 � 0.039
SGC7901-pcDNA 29.17 � 6.11 15.93 � 3.94 0.454 � 0.041
SGC7901-CacyBP 27.26 � 5.79 15.19 � 3.27 0.443 � 0.037
SGC7901/ADR 8.54 � 1.78* 1.53 � 0.36* 0.823 � 0.063*
SGC7901/ADR-pcDNA 8.66 � 1.58 1.38 � 0.34 0.852 � 0.068
SGC7901/ADR-anCacyBP 8.99 � 1.74 1.34 � 0.31 0.851 � 0.057

One-way ANOVA followed by Dunnett’s multiple comparison tests suggested significant differ-
ences; *P � 0.01 vs SGC7901 cells
Gastric cancer cells in six-well plates were treated with 5µg/ml of adriamycin for 1h. Cells were
trypsinized and harvested (for detection of adriamycin accumulation), or alternatively, cultured in
drug-free RPMI 1640 for another 30 min followed by trypsinization and harvesting (for detection
of adriamycin retention). The fluorescence intensity of intracellular adriamycin was determined
using flow cytometry with an excitation wavelength of 488 nm and emission wavelength of 575nm.
The adriamycin-releasing index of gastric cancer cells was calculated according to the formula:
releasing index � (accumulation value � retention value) / accumulation value. Each experiment
was conducted in triplicate. Data values are expressed as means � SD

Fig. 4. Detection of MGr1-Ag and S 100P proteins in gastric
cancer cells by Western blot. Six cell lines were evaluated:
human gastric cancer cells SGC7901 (lane 1), SGC7901-
pcDNA (transfected with the backbone plasmid pcDNA3.1;
lane 2), SGC7901-CacyBP (transfected with CacyBP
sense vector; lane 3), multidrug-resistant gastric cancer cells
SGC7901/ADR (lane 6), SGC7901/ADR-pcDNA (tran-
sfected with the backbone plasmid pcDNA3.1; lane 5), and
SGC7901/ADR-anCacyBP (transfected with CacyBP anti-
sense vector; lane 4). The monoclonal antibody MGr1 and
mouse anti-human S 100P were used as primary antibodies.
Signal detection was performed using the ECL� Plus kit.
�-Actin was used as the internal control
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Discussion

MDR is usually used to describe a resistance phenotype
in which cells become simultaneously resistant to differ-
ent drugs with no obvious structural resemblances and
with different cellular targets [13]. MDR is the main
cause of chemotherapy failure in malignant tumors, in-
cluding gastric cancer [14]. Frequently, MDR is intrinsic
to the cancer, but as chemotherapy becomes more and
more effective, acquired MDR also becomes a common
phenomenon. The most common reason for the acquisi-
tion of resistance to a broad range of anticancer drugs is
the expression of one or more energy-dependent trans-
porters that detect and eject anticancer drugs from cells
[15,16]. These transporters include P-glycoprotein (P-
gp), MDR-associated protein (MRP), lung-resistance
protein (LRP), and breast carcinoma-resistance pro-
tein. However, it has been confirmed that not all gastric
cancer cells or tissues express these transporters
[17–20]. Recently, Fan et al. [21], from our institute,
examined the expression of glutathione S-transferase
(GST)-pi, MRP, LRP, P-gp, and MGr1-Ag in 50 Chi-
nese patients with primary gastric cancer and without
any prior chemotherapy. The results revealed that the
positive ratios of GST-pi mRNA, MRP mRNA, LRP
mRNA, P-gp mRNA, and MGr1-Ag protein in gastric
cancer specimens was 36.0%, 12.0%, 10.0%, 10.0%, and
18.0%, respectively, and that, overall, the positive ratio
of their expression was only 58.0%. It has been reported
that increased expression of thymidine kinase, equili-
brative nucleoside transporter 1, and methylenete-
trahydrofolate dehydrogenase, as well as decreased
expression of orotate phosphoribosyltransferase, thymi-
dine phosphorylase, uridine phosphorylase, cytidine
deaminase, and integrin alpha3 were correlated with a
5-fluorouracil-resistant phenotype of gastric cancer
cells [22,23]. In another report, overexpression of
annexin I and thioredoxin was found to be associated
with daunorubicin-resistant, and overexpression of
thioredoxin was found to be associated with
mitoxantrone-resistant phenotypes of gastric cancer
cells [24]. These data strongly suggested there might be
diverse regulatory systems in gastric cancer cells under
drug attack.

To better understand the regulatory network under-
lying MDR in gastric cancer cells, we have prepared an
adriamycin-resistant gastric cancer cell line, SGC7901/
ADR, which developed resistance not only to adria-
mycin but also to vincristine, 5-fluorouracil, cisplatin,
and mitomycin C [25]. By a modified subtractive hybrid-
ization method, we previously found upregulation of
CacyBP in SGC7901/ADR cells, which indicated an as-
sociation of this gene with MDR [9]. In the present
study, we confirmed upregulation of CacyBP mRNA in
SGC7901/ADR cells by Northern blot, and further the

CacyBP protein was detected in gastric cancer cells by
the mouse antisera against CacyBP. The results indi-
cated overexpression of CacyBP in the multidrug-
resistant gastric cancer cells SGC7901/ADR. However,
SGC7901/VCR, another multidrug-resistant cell variant
derived from SGC7901, does not show upregulation
of CacyBP compared to SGC7901 cells [9]. Similarly,
other authors have reported differentially expressed
gene profiles in a series of drug-resistant cell variants
derived from the same parental cell line [24]. These data
also suggest that there might be diverse regulatory
systems in tumor cells under drug attack.

To explore the regulatory effects of CacyBP on the
multidrug-resistant phenotype of gastric cancer cells,
we introduced a sense vector for CacyBP into SGC7901
cells and an antisense vector for CacyBP into SGC7901/
ADR cells. After confirmation of the successful expres-
sion of the target gene by Western blot, the MTT assay
was used to evaluate the drug sensitivity of the gastric
cancer cells. We found that overexpression of CacyBP
promoted resistance of the gastric cancer cells SGC7901
to adriamycin, vincristine, and 5-fluorouracil. We also
found that downregulation of CacyBP sensitized the
multidrug-resistant gastric cancer cells SGC7901/ADR
to these three anticancer drugs. These data directly
linked CacyBP to MDR in gastric cancer cells, and sug-
gested that CacyBP could be a potential MDR marker
and a potential target for MDR reversal therapy in
gastric cancer cells. However, it should be noted that
CacyBP did not affect the sensitivity of gastric cancer
cells to cisplatin, which suggests that CacyBP is just one
of the regulatory molecules in SGC7901/ADR cells.

In our previous report [25], decreased drug accumula-
tion mediated by P-gp and MRP, and resistance to drug-
induced apoptosis, mediated by the upregulation of
Bcl-2 and downregulation of Bax, were confirmed to be
associated with the multidrug-resistant phenotype of
SGC7901/ADR cells. The present study demonstrated
significantly decreased adriamycin accumulation and
retention, and a significantly increased adriamycin-
releasing index in SGC7901/ADR cells compared to
SGC7901 cells. The effects of CacyBP on adriamycin
accumulation and retention in gastric cancer cells were
determined. The results indicated that CacyBP had no
obvious influence on adriamycin accumulation and
retention. MGr1-Ag, which was initially found by us
to be associated with MDR and to affect intracellular
adriamycin content in gastric cancer cells [11,12], was
also detected in CacyBP-related transfectants. How-
ever, no obvious correlation between CacyBP and
MGr1-Ag was found in the present study. These data
suggested that CacyBP confers MDR in gastric cancer
cells, but not through alterations in drug accumulation.

It has been reported that CacyBP bound S 100A6, S
100A1, S 100B, and S 100P, but not S 100A4, calbindin
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D, parvalbumin, or calmodulin [26]. Therefore, we
evaluated the expression of S 100A1, S 100A6, S 100B,
and S 100P in gastric cancer cells by Western blot. Only
S 100P was found to be expressed in SGC7901 and
SGC7901/ADR cells. It was recently reported that S
100P was significantly upregulated in gastric cancer cells
treated with retinoic acid [27], which suggested a poten-
tial role of S 100P in retinoic acid resistance. In the
present study, however, there was no obvious difference
in S 100P expression among the six cell lines tested
(SGC7901 and SGC7901/ADR and their transfectants).
Thus, further exploration is still needed to determine
the roles of S 100P and other S 100 proteins in CacyBP-
related MDR in gastric cancer cells.

In summary, the present study adds CacyBP to the
players that regulate the responses of gastric cancer cells
to chemotherapy. CacyBP could be used as a potential
MDR marker and a potential target for MDR reversal
therapy in gastric cancer cells. But the underlying
mechanisms of CacyBP-related MDR need further
identification.
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