
Abstract. Sorcin, a calcium-binding protein was found up-
regulated in the vincristine-induced multi-drug resistance
(MDR) gastric cancer cell line SGC7901/VCR, over its
parental SGC7901 cells in our previous proteomic studies. The
present study explored the role and mechanism of sorcin in the
development of MDR in gastric cancer. We constructed the
recombinant plasmids FLAG-sorsin-pcDNA3.1 containing
the full open reading frame of sorcin and a FLAG affinity tag.
Overexpression of sorcin by gene transfection was able to
confer drug resistance to vincristine, adriamycin, taxol and 5-
fluorouracil in SGC7901 cells.Down-regulation of sorcin
expression by sorcin antisense oligonucleutides, (ASO)
increased sensitivity to vincristine. The intracellular
concentration of vincristine in SGC7901 cells decreased in
sorcintransfected cells and increased in sorcin ASO-trans-
fected cells, indicating that sorcin had a direct or indirect
function on pumping the drug out of cells. Overexpression of
sorcin up-regulated the expression of P-gp and P-gp inhibitor
verapamil partially reversed the sorcin-mediated MDR in
SGC7901 cell, suggesting that regulation of P-gp might be
one of the mechanisms of sorcin-mediated MDR. The
further study of the interaction protein of sorcin may be
helpful for understanding the mechanisms of MDR in gastric
cancer and developing possible strategies to treat gastric
cancer.

Introduction

Gastric cancer mortality has declined dramatically around
the world. Nonetheless, gastric cancer is still estimated to
account for about 10% of invasive cancers worldwide and
probably is likely to be the second leading cause of cancer
death. High rates apply to Japan, China, Korea and Central
and South America (1-4). Systemic chemotherapy is the major
treatment for advanced gastric cancer, metastasis or recur-
rence after tumor resection. Multidrug resistance (MDR) is
thought to be a major cause of failure in cancer chemo-
therapy. The acquisition of multidrug resistance in cancer
cells is often associated with increased expression of ATP-
binding cassette transporters, which protect cancer cells
through the efflux of anti-cancer drugs, such as P-glycoprotein
(P-gp) and MDR-associated protein (MRP1). However, inhi-
bition of these pumps does not always result in the reversal
of chemoresistance in patients (5). The absence of P-gp and
MRP1 expression in some gastric cancer cases also indicates
that there might be other mechanisms responsible for human
gastric cancer MDR (6,7). Recently, research into the MDR
of gastric cancer has revealed that, in addition to the classical
ATP-binding cassette transporters, a number of other mole-
cules might mediate the drug resistance of human gastric
cancer (8,9).

The multidrug-resistant gastric cancer cell line, SGC7901/
VCR, was derived from the human gastric cancer cell line
SGC7901 by stepwise selection in vitro using vincristine
(VCR) as an inducing reagent. It is a typical MDR cell line
with overexpression of P-glycoprotein (10). However, treat-
ment of SGC7901/VCR with verapamil (VRP), a potent inhi-
bitor of P-glycoprotein, did not restore full sensitivity of
these cells to VCR, which indicates that other mechanisms
might be involved in the development of resistance to the
drug and it is necessary to detect new protein related to chemo-
resistance (11). In our previous studies, chemoresistant-
related proteins of gastric cancer were screened by examining
the differences of the overall protein expression pattern
between SGC7901/VCR cells and its parent SGC7901 cells
using proteomics approaches. The result showed that sorcin,
or soluble resistance-related calcium-binding protein, was
significantly overexpressed in SGC7901/VCR cells compare
to their parent SGC7901 cells (12). The supression of sorcin
expression by sorcin antisense oligonucleotides could enhance
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VCR chemosensitivity in SGC7901/VCR cells (13). These
results suggested that high expression of sorcin was asso-
ciated with chemoresistance of SGC7901/VCR.

Sorcin, a sytosolic protein of 22 kDa, which has 4 typical
‘E-F hand’ structures of calcium-binding site, was first
identified in a VCR-resistant China hamster lung cell line
by Meyers and Biedler (14), and was later demonstrated
to be over-expression in several tumor cell types (15,16)
and many MDR cell lines (17,18). Sorcin overexpression is
associated with poor outcome in leukemia patients (19).
Increased sorcin expression by gene transfer rendered
ovarian and breast cancer cells resistant to Taxol (20). The
role and contribution of sorcin overexpression in human
gastric cancer MDR and the underlying mechanisms of sorcin
in drug resistance, however, for most part remains elusive. The
overexpression of sorcin genes may just be coincidental with
the amplification of MDR (21). Other conflicting results
suggested that sorcin might be independently involved in
mediating MDR (22-24).

In the present study, we explored the role and mechanism
of sorcin in the development of MDR in gastric cancer cells.
The new findings may provide new clues to the mechanism
of MDR and enable the selection of new candidates for
targeting MDR in human gastric cancer.

Materials and methods

Vincristine-resistant gastric cancer cells (SGC7901/VCR)
was a gift from Professor Fan Daiming from Xijing Hospital,
Fourth Military Medical University. The human gastric
cancer cell line SGC7901 was obtained from the Cancer
Research Institute, Central South University. All cells were
routinely cultured in RPMI-1640 (Gibco) supplemented with
10% fetal calf serum FCS in a 37˚C humidified incubator
with a mixture of 95% air and 5% CO2. For SGC7901/VCR
cells, the medium additionally contained 1.0 mg/ml vincristine
to maintain its drug resistance phenotype. The eukaryotic
expression vector pcDNA3.1-p53-FLAG and pcDNA3.1-
FLAG was generally provided by Dr Zeng Pingyao, Cancer
Research Institute, Central South University.

Amplify and cloning of sorcin. Full-length sorcin cDNA was
isolated and amplified from SGC7901/VCR cells by reverse
transcriptase polymerase chain reaction (RT-PCR) utilizing
primers that contained restriction sites BglII and XbaI. Oligo-
nucleotide primers used for PCR were 5'-AAAAGATCT
ATGGCGTACCGGGGCAT-3' and 5'-GGGTCTAGATTA
AACACTCATGACACATTG-3', at the 5' and 3' termini of
the translated region of the sorcin cDNA, respectively (25).
The PCR procedure comprised: an initial step at 98˚C for
1 min followed by 30 cycles of 98˚C for 15 sec, 68˚C for
90 sec and one last cycle at 68˚C for 5 min, using the Prime
STAR HS DNA polymerase (Takara). The PCR products
were electrophoresed on a 1.5% (w/v) agorose gel and the
sorcin fragment was purified using the Takara purification
kit. The purified fragment was added with 5' linkage of
poly(A) tail before ligate to the pGEM-T expression vector
(Promega, Madison, WI). The ligation product, pGEM-T/
sorcin, was transform to the competent strain of JM109.
The presence of recombinant plasmid was screened using

blue-white screening and Amplicine. Transformants were
screened for the proper insert by PCR and by exciting the
inserted fragment with restriction enzymes BglII and XbaI.

Construction of the FLAG-sorsin-pcDNA3.1 plasmid.
pGEM-T DNA containing full-length of sorcin was isolated
and was digested into discrete fragments with restriction
enzymes BglII and XbaI. The sorcin fragment was purified
and was then rejoined into pcDNA3.1-p53-FLAG plasmid
which was lineared and cut off p53 fragment by double
digestion with the enzymes BamH1 and XbaI (the cohesive
end created by BglII digestion is the same as that created by
BamH1 digestion. So, these two ends can be rejoined with
DNA ligation), followed by sequence confirmation by DNA
sequencing analysis (Takara).

Transfection of sorcin in SGC7901 cells. Cells were
planted in 6-well plates. Twenty-four hours later, cells
were transfected either with FLAG-pcDNA3.1 vector or
FLAG-sorsin-pcDNA3.1 by mediation of Lipofectamine
2000™ (Invitrogen) according to the manufacturer's
protocol. Forty-eight hours later, cells were placed in growth
medium containing G418 (Gibco) 600 μg/ml for clone
selection. After being cultured for 3-4 weeks, wells con-
taining a single colony were chosen and propagated in
growth medium containing G418 200 μg/ml.

RT-PCR analysis of sorcin expression. The transfected
SGC7901 cells were screened for the expression of sorcin
by RT-PCR using the primers mentioned as before or the
primers include FLAG sequence: forward, 5'-ACTACAAG
GACGACGATGA-3'; reverse, 5'-TACAGCAGCAAAGTA
ACCA-3'. ß-actin was used as an internal control: forward,
5'-CTACAATGAGCTGCGTGTGGC-3'; reverse, 5'-GAGG
TCCAGACGCAGGATGGC-3'. Reverse transcription and
PCR amplification were performed according to standard
protocols (Sangon one-step RT-PCR kit). The PCR cycling
conditions were 30 cycles of 94˚C for 1 min, 58˚C for 1 min
and 72˚C for 1 min. PCR products were electrophoresed on
a 1.5% agarose gel.

Western blot analysis of sorcin expression. The expression
of sorcin protein in the established clones was monitored
by Western blotting. Treated cells were scraped from the
culture, washed twice with PBS, and incubated for 30 min on
ice in lysis buffer (containing 150 mM NaCl, 50 mM Tris,
1% Triton X-100, 0.1% NP40,1 mM PMSF). After centri-
fugation at 16,000 x g for 15 min at 4˚C, supernatants were
collected and the protein concentration in each was measured
by the Bradford method. Aliquots of supernatants containing
50 μg protein were boiled in SDS-reducing buffer for 5 min,
electrophoresed on 12% (w/v) SDS-polyacrylamide gels, and
transferred to nitrocellulose membranes. Membranes were
blocked with 5% non-fat dry milk, then probed with rabbit
anti-FLAG antibody (Sigma) at a 1:1000 dilution in TBST
buffer or goat anti-sorcin antibody (Santa Cruz Biotech-
nology, CA, USA) at a 1:200 dilution in TBST buffer for
2 h at room temperature, followed by incubation with
peroxidase-conjugated anti-goat or anti-rabbit antibodies
in TBST for additional 2 h. Blots were developed with
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Enhanced Chemiluminescence Plus reagent (Amersham,
Arlington Heights, IL) according to the manufacturer's
protocol. The experiment was repeated three times.

Drug sensitivity assay. The sensitivity of cells to each anti-
cancer drug was determined using the tetrazolium dye assay.
Cells (8x103 cells/well) were seeded in 96-well plates together
with different concentrations of the test drug. The concen-
tration ranges were 0.005-50 μg/ml for VCR, 0.004-40 μg/ml
for adriamycin (ADM), 0.1-1000 μg/ml for 5-fluorouracil
(5-FU) and 0.01-10 μg/ml for Taxol. After incubation at 37˚C
for 72 h, 20 μg of 5 mg/ml 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT; Sigma) was added
to each well. The cells were lysed after incubation for 4 h at
37˚C by adding of 150 μl DMSO/well (2-propanol-0.1 N
HCl). The absorbance of the wells was then read at 490 nm
using a spectrophometer (Bio-Tek, USA). The drug concen-
tration that produced 50% inhibition of growth (IC50) was
estimated for each drug using the relative survival curves.
Fold-resistance was defined as the IC50 value of the sorcin-
transfected clone/IC50 of parent SGC7901 cells. To assess the
reversal effect of VRP, cells were treated with VRP (0, 2.5,
5, 10 μg/ml) together with VCR. The reversal effects of VRP
were calculated as the IC50 value in the absence of VRP to
that in the presence of VRP. Each study was performed in
triplicate and repeated three times.

Supression of sorcin expression by sorcin antisense oligo-
nucleotides. To verify the correlation of sorcin and MDR of
gastric cancer, chemosensitivity assay was performed after
sorcin expression was supressed by sorcin antisense oligo-
nucleotides (ASO). The sequence of sorcin ASO was
presented previously (13). It corresponded to the human
sorcin translation initiation site 5'-TACGCCATGCTGCA
GACTGC-3'. A scrambed ASO 5'-CAGCGCTGACAACAG
TTTCAT-3' was used as a control. Phosphorothioate ASOs
were synthesized by Takara. The sequence of the sorcin
ASO and Scambled ASO was not found to be similar to any
known sequence of the mammalian gene. The sorcin ASO
and scrambled ASO were transfected into SGC7901 cells by
mediation of Lipofectamine 2000 (Invitrogen) according to
the manufacturer's protocol. Twenty-four hours later, cells

were screened for the expression of sorcin by RT-PCR. The
sensitivity of cells to VCR was determined using the
tetrazolium dye assay.

HPLC analysis of intracellular concentration of VCR.
Cells (1x107/well) were exposed to VCR at a concentration
of 1 mg/l in absence or presence of a concentation of 1 mg/l
with a 5 mg/l VRP. After incubating at 37˚C for 1 h, the
medium was sucked up and cells were quickly washed 3-
times in ice-cold phosphate-buffer (PBS). Each well was
added with 0.5-ml pure water, followed by freezing (-20˚C)
and thawing for 3 times. The cells debris was pelleted by
centrifugation at 10000 x g for 30 min at 4˚C and the super-
natant was used to determine the intra-cellular concen-
tration of VCR by high performance liquid chromatography
(HPLC).

Analysis of P-gp expression. The protein level of P-gp in
sorcin transfected SGC7901 cells with or without sorcin
ASO transfection and their parent SGC7901 cells were
analyzed using Western blot analysis.

Statistical analysis. The significance of the data was deter-
mined by Student's t-test for all in vitro studies. P<0.05 was
deemed significant. All statistical analyses were done using
SPSS software.

Results

Clone and overexpression of sorcin in SGC7901 cells. A
616 bp cDNA fragment was synthesized by PCR using
mRNA of SGC7901/VCR cells as the initiation template
(Fig. 1A), and subclone into the pGEM-T vector. The recom-
binant vector was screened by double digest with the enzyme
BglII and XbaI. The sorcin fragment was excised from the
pGEM-T vector by digestion with BglII and XbaI, and was
ligated into FLAG-p53-pcDNA3. One plasmid had the p53
fragment cut off by double digestion with the enzymes
BamH1 and XbaI. This created the expression plasmid FLAG-
sorsin-pcDNA3.1. DNA sequencing (Takara) confirmed that
the cloned gene segment was 100% homologous to the pub-
lished sorcin sequence (Genebank BC011025) and FLAG
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Figure 1. Overexpression of sorcin in SGC7901 cells. (A) Amplification of full-length sorcin cDNA from SGC7901/VCR cells by RT-PCR. M, DL2000 DNA
marker; lane 1, sorcin gene. (B and C) RT-PCR analysis of the levels of sorcin and sorcin-FLAG expression in sorcin-FLAG-transfected SGCC7901 cells.
M, marker; lane 1, SGC7901/S1; lane 2, SGC7901/S2; lane 3, SGC7901/S3; lane 4, SGC7901/S4 cells; lane 5, SGC7901/S5; lane 6, SGC7901/VCR; lane 7,
SGC7901-FLAG; lane 8, SGC7901.
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sequence (Genebank DD271454). After transfection of
SGC7901 cells with the FLAG-sorsin-pcDNA3.1 construct
and subsequent G418 selection, individual clones were
isolated and examined by RT-PCR for sorcin expression.
All 5 randomly picked sorcin-transfected clones (SGC7901/S1-
SGC7901/S5) yielded positive PCR sorcin product with
expected size (Fig. 1B and C). The level of sorcin expression
in these clones was much higher than the parent SGC7901
cells and SGC7901/S1 yielding much stronger PCR signals
than others, while the control FLAG-pCDNA3.1 plasmid
did not change the sorcin expression in SGC7901 cells. The
overexpression of sorcin in SGC7901/S1 was confirmed by
Western blot analysis (Fig. 2). Based on these observations,
SGC7901/S1 was selected for further experiments.

Overexpression of sorcin leads to MDR in SGC7901 cells.
To investigate whether sorcin overexpression can produce
VCR resistance and cross-resistant to other chemotherapeutic
agents, MTT assay was initiated. The transfectant SGC7901/
S1 cells were subject to a growth inhibition assay in the
presence of various concentrations of VCR, ADM, Toxal
and 5-FU. As shown in the Table I, SGC7901/S1 was found
to be 8.87-fold resistance to VCR, 6.13-fold ADM resistance,
6.67-fold Taxol resistance and 2.80-fold 5-FU resistance.
As expected, the FLAG-pcDNA3.1 plasmid-transfected

clone SGC7901/FLAG was equally sensitive to the drugs as
the parent SGC7901 cells. All values are presented as the
mean ± SD aP<0.01, bP<0.05, vs. SGC7901 cells and
SGC7901/ FLAG cells.

Inhibition of sorcin expression by sorcin ASO leads to
increased VCR-sensitivity in SGC7901/S1 cells. Further
studies were performed to dissect out the contribution
of sorcin to drug resistance in SGC7901/S1 cells. When
SGC7901 cells with overexpression of sorcin gene were
transfected with sorcin ASO, the level of sorcin expression
was decreased in comparison with the cells tranfected
with srambled ASO and oligofectamine (Fig. 3). In the
MTT assay the sorcin ASO transfected SGC7901/S1 cells
showed significantly decreased IC50 value (1.3±0.11 μg/ml)
for VCR compared to the control cells (IC50srambled ASO

4.17±0.26 μg/ml and IC50oligofectamine 3.92±0.19 μg/ml). These
data suggested that overexpression of sorcin promoted
multidrug-resistant phenotype of gastric cancer cells.

Intracellular concentration of VCR. Because MDR of
cancer is mainly due to alterations of drug influx and
efflux, VCR intracellular concentration was explored. The
HPLC analysis showed that compared with the parent
SGC7901 cells, the concentration of VCR in SGC7901/S1
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Table I. IC50 of anticancer drugs for gastric cancer cells (μg/ml).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Cell line VCR ADM Taxol 5-FU
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
SGC-7901 0.48±0.07 0.16±0.03 0.09±0.01 0.74±0.11
SGC7901-FLAG 0.44±0.09 0.17±0.05 0.11±0.01 0.85±0.13
SGC7901/S1 4.26±0.28a 0.98±0.12a 0.6±0.08a 2.07±0.25b

SGC7901/VCR 12.16±1.75a 2.74±0.33a 1.69±0.27a 3.63±0.46a

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Drugs sensitivity of sorcin-transfected SGC7901 cells and the control cells was determined by the MTT assay. The IC50 value (means ± SD;
defined as the concentration of drug required to kill 50% of the cells) were calculated using linear regression analysis. Data presented
are means of three separate experiments, each performed in triplicate. aP<0.01, bP<0.05, vs. SGC7901 cells and SGC7901/FLAG cells.
Transfection of sorcin induced 8.87-fold VCR resistance, 6.13-fold ADM resistance, 6.67-fold Taxol resistance and 2.80-fold 5-FU
resistance. Fold-resistance was defined as the IC50 value of SGC7901/S1 cells/IC50 value of parental SGC7901 cells.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Overexpression of sorcin in sorcin-transfected cells detected by
Western blot analysis. (A) Polyclonal antibody sorcin was used as primary
antibody; (B) polyclonal antibody FLAG was used as primary antibody.
ß-actin was used as an internal control. Lane 1, SGC7901/VCR; lane 2,
SGC7901/S1; lane 3, SGC7901/FLAG; lane 4, SGC7901 cells.

Figure 3. Inhibition of sorcin expression by sorcin-ASO. The levels of
sorcin expression in sorcin-ASO transfected SGC7901/S1 cells and the
control cells were detected by RT-PCR. M, DL2000 DNA marker; lane 1,
SGC7901/S1-ASO; lane 2, SGC7901/S1-Scramed ASO; lane 3, Oligo-
fectamine.
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cells was 76.89% decreased. As expected, when the
overexpression of sorcin in SGC7901/S1 cells was sup-
pressed by sorcin ASO, the concentration of VCR was
3.48-fold increased (Table II).

Expression level of P-gp. To study the possible molecular
mechanisms involved in sorcin-related MDR of gastric
cancer, P-gp, a well-characterized drug transporter, was

examined in SGC7901 cells. The relative expression level
of P-gp to ß-actin was markedly higher in SGC7901/S1

cells compared with empty vector transfected control cells
and decreased in SGC7901/S1-ASO cells (Fig. 4).

Partial reversal effects of verapamil on sorcin-related
MDR. To further investigate the possible role of P-gp in
sorcin-related MDR, we examined whether resistance
of SGC7901/S1 cells to drugs could be modulated by
verapamil. The concentration (<10 μg/ml) of VRP alone
did not cause any cytotoxicity effect on SGC7901/S1 or
SGC7901 cells. Inhibition of P-gp activity by VRP drama-
tically increased VCR cytotoxicity in sorcin-transfected
SGC7901 cells. The reverse index was elevated as the
concentration of VRP increased (Table III).

Discussion

In this study, we constructed a FLAG-sorcin fusion expression
vector using gene-clone techniques. FLAG fusion proteins
can be readily purified and assayed by ELISA or any other
immunochemical detection method (26,27). Thus, we
chose this affinity system for further studies of sorcin
protein characterization.

We carried out experiments to dissect out the effect of
sorcin in drug resistant phenotype in gastric cancer cells
by transfecting and overexpessing sorcin in non-resistant
SGC7901 cells. The sorcin-transfected SGC7901 cells
were 8.87-fold more resistant to VCR, and were cross-
resistant to several other chemotherapeutic agents (6.13-
fold ADM resistance, 6.67-fold Taxol resistance and 2.80-
fold 5-FU resistance). These results are in good agreement
with those reported by Parekh et al (20), who demonstrated
that sorcin DNA transfection into human ovarian and breast
tumor cells resulted in low level of pacli-taxel resistance.
Although the overexpression of sorcin did not produce
high level of drug resistance, the result obtained present
compelling evidence of the involvement of sorcin in
developing MDR in gastric cancer cells. Further, we
examined the effect of sorcin ASO on VCR sensitivity of
sorcin-transfected SGC7901 cells. Sorcin ASO were employed
to specifically inhibit sorcin expression in SGC7901-S1 cells.
Consistent with the activity in down-regulating the
expression of sorcin protein, the sorcin ASO showed a
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Table II. The intracellular concentration of VCR in SGC7901
cells (ng/ml).
–––––––––––––––––––––––––––––––––––––––––––––––––

SGC7901 SGC7901/S1 SGC7901/S1-ASO
–––––––––––––––––––––––––––––––––––––––––––––––––
VCR 94.10±4.24a 21.75±2.38a-c 77.69±4.27c

VCR+VRP 89.62±3.79 74.23±4.51b

–––––––––––––––––––––––––––––––––––––––––––––––––
The intracellular concentration of VCR in sorcin and sorcin-ASO
transfected SGC7901 cells along with the parent SGC7901 cells
was assessed by HPLC assay. All values are presented as mean ±
SD of three experiments. aP<0.01 vs. SGC7901 cells and SGC7901/
S1 cells. bP<0.01 vs. treated with VCR and treated with VCR+VRP.
cP<0.01 vs. SGC7901/S1 cells and SGC7901/S1-ASO cells. Com-
pared with the parent SGC7901 cells, the concentration of VCR
in SGC7901/S1 cells was 76.89% decreased, but when treated by
verapamil, it increased 2.41-fold. And compared with the
SGC7901/S1 cells, the concentration of VCR in SGC7901/S1-ASO
cells was 2.57-fold increased.
––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Reverse effection of VRP treatment in SGC7901 cells transfected with full-length sorcin cDNA.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
VRP (μg/ml) VCR IC50 (μg/ml) SGC7901 RI VCR IC50 (μg/ml) SGC7901/S1 RI
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
0 0.51±0.13 - 5.05±0.49 -
2.5 0.50±0.14 1.02 4.17±0.33 1.21
5.0 0.46±0.09 1.11 2.46±0.25 2.05
10 0.43±0.11 1.19 1.19±0.21 4.24
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
The reversal effects of VRP on sorcin-mediated MDR were assessed using MTT assay. Sorcin transfectants and the parent SGC7901 cells
were treated with different concentration of VCR accompanied by different concentration of VRP (<10 μg/ml). All values are presented as
mean ± SD. Reverse index (RI) was defined as the IC50 value of cells in the absence of VRP/the IC50 value of cells in the presence of VRP.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 4. Western blot analysis of P-gp expression in SGC7901 cells.
ß-actin was used as an internal control. The blot was visualized by enhanced
chemiluminescence system. Representative of 3 independent experiments.
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VCR-sensitization effect. The IC50 reduced to 1.30 μg/ml
for the sorcin ASO-transfected SGC7901/S1 cells, compared
to that of 4.17 and 3.92 μg/ml for the scrambled ASO and
oligofectamine transfected SGC7901/S1 cells, respectively.
These results, nevertheless, provide further support to the
role that sorcin plays in the emergence of drug resistance.

An important question that arises is how does the over-
expression of sorcin lead to the development of MDR in
SGC7901 cells. In this study, we observed by the HPLC
analysis that up-regulation of sorcin by sorcin-transfected
in SGC7901 cells was accompanied with significantly
decreased VCR accumulation. Consistent with this, SGC7901/
S1-ASO cells showed increased VCR accumulation. The
results indicated that sorcin had a direct or indirect function
of pumping drug out of cells. Transmembrane transport
is known to be regulated by intracellular signals such as
changes in the cytoplasmic free Ca2+ concentration [(Ca2+)i]
(28). It has been speculated that Ca2+ may have a role in
cytotoxic drug resistance (29). From a functional aspect, it
is well known that sorcin is a calcium-binding protein. Sorcin
can bind and thereby sequester up to10% of the cytosolic
calcium. The study of Bouchelouche et al, showed that the
overproduction of sorcin protein in resistant cells may be
related to the difference in the intracellular calcium, but
calcium is not involved directly in drug transport processes
and the level of Ca2+ itself has no influence on drug
accumulation (30). Parekh et al (20) recently demonstrated
that the role of sorcin in the development of paclitaxel
resistance is distinct from its calcium-binding property.

The amplification of the gene that encodes sorcin is
thought to be tightly associated with the amplification of
the P-gp genes (31). Hirofumi et al (32) suggested that
the overexpression of sorcin protein is not sufficient or a
necessary condition for acquisition of the multidrug-resistant
phenotype. However, to date, the contribution of sorcin to
the MDR phenomenon has been questionable. Studies on
VCR-resistant HOB1 lymphoma cell lines revealed that the
sorcin gene was amplified upon exposure of parental HOB1
cells to a high concentration of VCR, and this phenomenon
was not related to MDR1 gene amplification in the drug-
resistant cells (22,23). Kawakami et al (24) reported that
suppressing of MDR1 expression with siRNA did not change
the expression level of sorcin mRNA, whereas the knock-
down of sorcin induced up-regulation of MDR1 mRNA in
HeLa cells. The mechanism of sorcin and its correlation with
MDR1 might be different in different cancer cells.

P-gp, encoded by MDR1, is a multidrug efflux pump
which reduce intracellular drug accumulation and/or alter
intracellular drug compartmentalization. To clarify the
association of P-gp with sorcin-related MDR, we inves-
tigated the effects of sorcin expression. The results showed
that P-gp might mediate the sorcin-related MDR of
SGC7901 cells. We further observed the effects of verapamil
on sorcin-related MDR. The results of MTT assay showed
that verapamil could partially reverse the VCR resistance in
SGC7901-S1 cells. Accordingly, HPLC analysis showed
VRP increased the concentration of VCR in sorcin-
transfected SGC7901 cells, suggesting that regulation of
P-gp might be one of the mechanisms by which sorcin
mediated MDR. However, verapamil only partially inhibited

the MDR phenotype of SGC7901 cells, perhaps because
the drug-resistant phenotype of the cells may be multi-
factorial.

To further study the mechanism of sorcin involved in
mediating MDR, we will carry out a study on the inter-
acting protein of sorcin protein using the FLAG protein
expression and purification system.

In conclusion, our results in this study, further confirmed
that sorcin plays an important role in the drug-resistant pheno-
type of gastric cancer cells. Sorcin may, therefore, represent a
good target for developing more efficacious MDR reversal
agents. 
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