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cell lines, K562/A02 and MCF-7/A02. Sensitivity to five 
chemotherapeutic agents was evaluated by analysis of cell 
survival and cell apoptosis.
Results In this report, we show that down-regulation of 
sorcin did not alter expression or function of P-gp, but actu-
ally induced cell apoptosis and chemosensitivity in K562/
A02 and MCF-7/A02. We also observe that silencing of 
sorcin-enhanced chemotherapeutic agent effects partly 
through regulating apoptosis-related protein, including Bcl-
2, Bax, c-jun and c-fos. 
Conclusion This offers the rationale for the development 
of therapeutic strategies down-regulating sorcin expression 
for the treatment of cancer, especially for the reversal of 
MDR. 

Keywords Sorcin · P-gp · Multidrug resistance · 
Apoptosis

Introduction

One of the most significant impediments to the success 
of cancer chemotherapy is multidrug resistance (MDR), 
by which cells resist many structurally and functionally 
unrelated drugs. A typical form of MDR is attributable to 
the overexpression of membrane transport proteins, such 
as P-glycoprotein (P-gp), resulting in an increased drug 
efflux. At clinical level, a number of compelling evidences 
have demonstrated that P-gp overexpression tightly cor-
relates with poor prognosis and relapse for a wide range 
of human cancers [1, 2]. As P-gp is critically involved in 
MDR phenotype, since the early 1980s, a broad spectrum 
of compounds has been examined for their capability to 
overcome P-gp-mediated MDR. Notable examples include 
verapamil, phenothiazines and cyclosporins. Unfortunately, 

Abstract 
Purpose Sorcin, a 22-kDa calcium-binding protein,  
renders cancer cells resistant to chemotherapeutic agents, 
thus playing an important role in multidrug resistance 
(MDR). But the mechanisms mediated by sorcin still 
remain quite elusive. This study aim to explore whether 
sorcin silencing could restore chemosensitivity in MDR 
cancer cells and seek to identify the functional mechanisms 
mediated by sorcin.
Methods To investigate the mechanisms of sorcin-silenc-
ing-induced chemosensitivity, transient expression of sor-
cin-siRNAs was performed in doxorubicin-induced MDR 
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none of them is successful on clinical level, besides their 
notorious side effects, in large part because many other 
molecular mechanisms contribute simultaneously to the 
MDR phenotype, which indicates P-gp is not the only tar-
get in MDR reversal.

We and others recently found that several moleculars 
were involved in MDR phenotype, such as sorcin, cytokerat-
ins8 (CK-8) [3], COX-2 [4] and PKC alpha [5]. In addi-
tion, several results of present studies suggest that targeting 
multiple MDR-related molecules/pathways simultaneously 
exhibits better effects on reversal of MDR phenotype, such 
as decreasing expression of P-gp and MRP1 by indome-
tracin- and SC236 (a COX-2-selective inhibitor)-enhanced 
cytotoxicity of doxorubicin in drug-resistant hepatocellular 
carcinoma [6]. Treated with IFN-alpha and cyclosporine A 
(CsA) simultaneously rendered K562/A02 much less chem-
oresistance [7]. Wang et al. [4] proved that combination of 
octreotide and COX-2 inhibitor significantly enhances the 
anti-proliferation effect in gastric adenocarcinoma. Our pre-
vious data also indicated that knock-down CK-8 and BCRP 
together reversed more MDR phenotype in mitoxantrone-
resistant breast cancer cell line MCF-7/MX [3].

Sorcin, a 22-kDa calcium-binding protein, is widely 
distributed in mammalian tissues, including heart, skeletal 
muscle, kidney and brain [8]. Sorcin is associated with the 
ryanodine receptor (RyR) family of intracellular calcium 
release channels in heart. Recent findings provide strong 
evidence that the level of sorcin increases with the relative 
level of drug resistance in various cell lines [9, 10]. Parekh 
et al. [11] showed that overexpression of sorcin-induced 
paclitaxel resistance in human ovarian and breast cancer 
cells. A direct correlation between sorcin and MDR pheno-
type has also been reported in human vincristine-resistant 
gastric cancer cells [12]. Recent studies aimed at evaluat-
ing changes in gene expression profile in oral squamous 
cell carcinoma and non-small cell lung cancer identified 
that sorcin expression in tumors was apparently responsible 
for drug resistance and poor prognosis [13, 14]. Expression 
of sorcin was also shown to predict poor outcome in acute 
myeloid leukemia [15]. Besides these, our previous study 
has proved that overexpression of sorcin in chemosensi-
tive human leukemic cell line K562 resulted in moderately 
increased drug resistance to a variety of chemotherapeutic 
agents [16]. According to these observations, we postulate 
that sorcin, which is strongly associated with MDR pheno-
type in many human cancers, could play a significant role 
in cytoprotective functions of MDR cells and may offer 
novel therapeutic approaches in reversal of MDR pheno-
type and eradication of cancer.

In this research, firstly we verified down-regulation of 
chemoresistance by blocking sorcin expression is inde-
pendent of P-gp expression and function. Based on this 
striking observation, we postulate that blocking expressions 

of sorcin and P-gp simultaneously may display much better 
effect in the reversal of MDR phenotype, which prompts us 
a more effective and efficient strategy to overcome MDR.

Materials and methods

Cell culture and chemicals

The human leukemia cell line K562 and its MDR coun-
terpart K562/A02, and the human breast cancer cell line 
MCF-7 and its MDR counterpart MCF-7/ADR were cul-
tured as previously described before [17, 18]. K562/A02 
and MCF-7/ADR are ADR-selected tumor cell lines with 
MDR phenotype known as overexpression of P-gp [19, 
20]. The tumor cells were maintained in fresh RPMI 1640 
medium (GIBCO, Grand Island, NY, USA) supplemented 
with 10 % fetal bovine serum (FBS; GIBCO, Grand 
Island, NY, USA) at 37 °C with 5 % CO2. To maintain the 
MDR phenotype in K562/A02 and MCF-7/ADR cells, the 
medium was supplemented with 1 μg/ml ADR. The cells 
were cultured for 2 weeks in drug-free medium prior to 
their use in the experiments.

Adriamycin (ADR), Etoposide (VP-16), vincristine (VCR), 
homoharringtonine (HHT) mitoxantrone (MTX), verapamil 
(P-gp inhibitor), Rhodamine 123 (Rho123) and 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were 
purchased from Sigma Aldrich (St. Louis, MO).

siRNA preparation and transfection

The 21-nucleotide siRNA-duplexes-targeted human sor-
cin and mdr-1 gene were designed using the siRNA Target 
Finder and Design Tools (available at http://www.ambiom.
com). The target sequence of sorcin siRNA is AATGCTG-
GATAGAGATATGTC, and the target sequence of mdr-1-
siRNA is GAGTGGGCACAAACCAGATAATATT. The 
siRNAs were prepared by Genepharma Company (Shang-
hai, China). The scrambled sequences (control siRNA), 
comprising of the same nucleotides as in siRNA for sor-
cin or mdr-1 but in randomized order, respectively, were 
used as the negative controls. These scrambled sequences 
have no significant homology to any known human gene 
sequences in the GenBank database. The siRNA duplexes 
were transfected into K562/A02 cells and MCF-7/A02 
cells using lipofectamine 2000 (Invitrogen) according to 
the recommended protocol by the manufacturer. For single 
siRNA transfection, cells were treated with 40 nM siRNA, 
and for double siRNAs transfection, cells were treated with 
20-nM sorcin-siRNA and 20 nM mdr1-siRNA simultane-
ously. The effects of siRNA on sorcin and P-gp expression 
were examined 48 h after transfection on RNA level and 
72 h after transfection on protein level.

http://www.ambiom.com
http://www.ambiom.com
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Western blotting analysis of expression of P-gp, sorcin, 
Bcl-2, Bax, c-jun and c-fos

Seventy-two hours after transfected by mdr1-siRNA or/and 
sorcin-siRNA, total protein was extracted from the leuke-
mia cells and breast cancer cells, loaded and separated on 
12 % SDS-PAGE gels. The proteins were then transferred 
onto nitrocellulose membranes (Hybond N, Pharmacia Bio-
tech, Piscataway, NJ), and the amount of P-gp, sorcin, Bcl-
2, Bax, c-jun and c-fos were detected with anti-P-gp, anti-
sorcin, anti-Bcl-2, anti-c-fos (Santa Cruz Biotechnology), 
anti-Bax and anti-c-jun (Cell Signaling Technology) and 
visualized by ECL assay. Detection of GAPDH expression 
in the total protein of each group was used as control by 
using anti-GAPDH antibody (Cell Signaling Technology).

Chemosensitivity assay

The transfected leukemia cells and breast cancer cells were 
subjected to a chemosensitivity assay to investigate their 
sensitivity to various chemotherapeutic agents. The assay 
was performed following the method of Mosmann [21] 
with minor modifications. Briefly, 24 h after transfection, 
5 × 103 leukemia cells or breast cancer cells were seeded in 
96-well tissue culture plates (Costar, Charlotte, NC); 48 h 
after transfection, cells were exposed to different chemo-
therapeutic agents for 72 h at 37 °C with 5 % CO2. Twenty 
microliters of MTT (5 mg/ml) was added to each well and 
incubated for additional 4 h, followed by addition of 200 μl 
DMSO/well. The absorbance of the wells was then read at 
570 nm using a spectrophotometer (Model A-5082, SLT 
Lab Instruments, Grodig, Austria). The IC50 value (defined 
as the concentration of drugs that inhibited cell growth 
by 50 %) for each cell line to different chemotherapeutic 
agents was determined.

Effect of P-gp and/or sorcin on VP-16-induced apoptosis

Cell apoptosis was measured using the annexin V-FITC 
apoptosis detection kit (Becton–Dickinson, San Diego, CA) 
following the manufacturer’s protocol. Briefly, 48 h after 
transfection, cells were incubated with VP-16 at 40 μg/ml 
for 24 h, washed twice and resuspended in 100 μl binding 
buffer, followed by staining with both 5 μl annexin V and 
5 μl PI in dark at room temperature for 15 min. Cells were 
assayed by flow cytometry (FACSCalibar, Becton–Dickin-
son, San Jose, CA).

Drug accumulation assay

The relative cellular accumulation of Rhodamine123 
(Rho123) or ADR were determined by flow cytometry or 
fluorescence microscope. Briefly, 48 h after transfection, 

leukemia cells and breast cancer cells were collected and 
exposed to 0.3 μM Rho123 in RPMI1640 medium, shak-
ing for 90 min at 37 °C. After washing twice with ice-cold 
PBS, the cells were resuspended in 500 μl ice-cold PBS. 
Rho123 accumulation in cells was determined using flow 
cytometer (BD, SanDiego, CA, USA). The cells were 
excited at 488 nm, and emission was measured at 530 nm. 
Otherwise, 48 h after transfection, cells were treated with 
0.1 μg/ml ADR for 90 min in the incubator; then, the pic-
tures were taken under fluorescence microscope directly.

RNA isolation and real-time reverse transcription-PCR

Total RNA was extracted using Trizol reagent (Inv-
itrogen) according to the manufacturer’s protocols. 
The cDNA was generated by using OligdT primers 
and SuperScriptIII reverse transcriptase (Invitrogen). 
Real-time PCR was performed using an ABI SDS7000 
(Applied Biosystems, Foster City, CA), in combina-
tion with SYBR Green I (Takara). Relative transcript 
amount was determined as described [22]. Specific prim-
ers for each gene of interest were chosen using the soft-
ware Primer express (Applied Biosystems). Primers for 
GAPDH were 5′-GAAGGTGAAGGTCGGAGTC-3′ and 
5′-GAAGATGGTGATGGGATTTC-3′, primers for sorcin 
were 5′-TCCGCTGTATGGTTACTTTG-3′ and 5′-GGT 
GATCTTTCCATTGGTG-3′, primers for mdr-1 were 
5′-CCCATCATTGCAAATAGCAGG-3′ and 5′-GTTCAA 
ACTTCTGCTCCTCA-3′.

Statistical analysis

The linear regression analysis was performed using the 
SigmaStat Statistical Analysis System, Version 1.01.

Results

Properties of human leukemia and breast carcinoma cell 
lines that display MDR

The MDR cell lines K562/A02 and MCF-7/A02 were 
derived from chemosensitive cell lines K562 and MCF-7, 
respectively, by selection in increased concentrations of 
ADR. These derivative cell lines were shown to have MDR 
phenotype by their wide cross-resistance and defects in 
intracellular drug accumulation. In addition, their MDR 
phenotypes are both mainly mediated by increased expres-
sion of P-glycoprotein. In agreement with the previous 
studies, in vitro the IC50 assay results revealed that the two 
MDR cell lines exhibited 121.8- and 48.8-fold resistance 
to ADR, respectively, compared with their parental chemo-
sensitive counterparts (Fig. 1e). Similarly, K562/A02 and 
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MCF-7/A02 cell lines were also 69.2- and 40.4-fold more 
resistant to VP-16, respectively, compared with their paren-
tal counterparts (Fig. 1f). We examined the expressions of 
P-gp and sorcin in the MDR cell lines 14 days after the 
cells were released to drug-free medium. The MDR cell 
lines showed robust expression of P-gp on mRNA and pro-
tein levels (Fig. 1a–c); MDR cell lines also showed robust 
function of P-gp tested by flow cytometry (Fig. 1d), while 
in the parental cell lines, P-gp was indetectable. In addi-
tion, both of the MDR cell lines had much higher sorcin 
level than the parental cell lines (Fig. 1a–c). 

Down-regulation of sorcin expression by siRNA is 
independent of P-gp expression and function

As aforementioned, sorcin expression showed positive rela-
tionship with drug resistance in various cell lines, and sta-
ble overexpression of sorcin lead to moderate chemoresist-
ance in several sensitive cell lines. We then asked whether 
decreasing sorcin expression would alter P-gp expression. 
For this purpose, we measured sorcin and P-gp expressions 
by quantitative PCR and western blot analysis. As shown in 
Fig. 2, transfection of either sorcin-siRNA or mdr1-siRNA 
resulted in significant down-regulation of the expres-
sion of the respective gene as expected. A combination of 

sorcin-siRNA and mdr1-siRNA reduced the expression of 
both targets. Notably, MCF-7/A02 and K562/A02 trans-
fected with sorcin-siRNA did not exhibit any change in 
P-gp expression and vice versa. 

To ascertain whether blocking sorcin expression in MDR 
cells could enhance the intracellular accumulation of anti-
cancer drugs, the detection of drug accumulation was per-
formed by using Rho123 and flow cytometry. As illustrated 
in Fig. 3a, b, drug-resistant K562/A02 and MCF-7/A02 cells 
showed a significantly reduced amount of Rho123 accumu-
lation comparing with K562 and MCF-7 cells, respectively. 
The P-gp inhibitor verapamil attenuated P-gp function 
intensively which lead to dramatically increased accumula-
tion of Rho123 in K562/A02 and MCF-7/A02 cells. Block-
ing P-gp expression by siRNA also increased Rho123 accu-
mulation obviously in K562/A02 and MCF-7/A02 cells. In 
contrast, sorcin knockdown only slightly increased Rho123 
accumulation in MDR cells. By using fluorescence micros-
copy, the similar results were directly observed when ADR 
was used as the cytotoxic agent (Fig. 3c, d). 

Sorcin modulates apoptosis-related proteins

Sorcin overexpression exhibited intimate relationship with 
chemoresistance; however, sorcin suppression could not alter 

Fig. 1  Comparison of P-gp and sorcin expressions between the 
parental and MDR cells by quantitative PCR (a, b) and western blot 
(c) normalized by GAPDH. Rho123 was used to exhibit the differ-
ence on drug accumulation between the parental and MDR cells 
(d). IC50 values of ADR and VP-16 were measured in K562, K562/

A02, MCF-7 and MCF-7/A02 (e, f). Numerical data represent 
mean ± SEM based on three independent experiments. *P < 0.05; 
**P < 0.01; ***P < 0.001. Pictorial data shows a representative of 
three independent replicates
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P-gp expression and function. We speculate that sorcin may 
be involved in apoptosis-related pathways. To address this 
question, we examined Bcl-2, Bax, c-fos and c-jun expres-
sion in MDR cells after treating with sorcin-siRNA. Com-
paring with K562/A02 treated with control siRNA or mdr1-
siRNA, K562/A02 cells treated with sorcin-siRNA showed 
up-regulation of Bax, c-fos and c-jun expression, while the 
level of Bcl-2 was decreased. Similar modulating effect of 
sorcin was also observed in MCF-7/A02 cells (Fig. 4). 

Inhibition of P-gp and/or sorcin expression by siRNA 
partially reverses chemoresistance in K562/A02 
and MCF-7/A02

As aforementioned, down-regulation of sorcin lead to alter-
ation of apoptosis-related protein expression, but sorcin 
was independent of P-gp expression and function. Then, 

we asked whether blocking sorcin expression by siRNA in 
MDR cells could increase chemosensitivity, and whether 
blocking P-gp and sorcin expression simultaneously could 
attenuate more chemoresistance than blocking P-gp or 
sorcin alone in MDR cell lines could. We thus measured 
the IC50 values of ADR, VP-16, VCR, HHT and MTX in 
K562/A02 and MCF-7/A02 after treated with mdr-1 and/or 
sorcin-siRNAs (Fig. 5). We found that blocking P-gp level 
dramatically down-regulated the IC50 values of all the 
P-gp substrates anticancer drugs (ADR, VP-16, VCR and 
HHT), but not the non-P-gp substrate MTX, while silenc-
ing of sorcin decreased the IC50 values of all the five anti-
cancer drugs in the two MDR cell lines. In addition, inhi-
bition of both P-gp and sorcin expression reversed more 
MDR phenotype in these two MDR cell lines. As expected, 
control siRNA transfection had no effect on drug sensitiv-
ity of both K562/A02 and MCF-7/A02. 

Fig. 2  Expression of P-gp and sorcin in K562/A02 and MCF-7/
A02 cells after different siRNAs treatment, including control siRNA, 
sorcin-siRNA, mdr1-siRNA, or sorcin and mdr1-siRNA. Quantita-
tive PCR (a–d) and western blot analysis (e, f) were performed to 
detect the expressions of P-gp and sorcin of cells after siRNAs treat-

ment. GAPDH was regarded as control. Numerical data represent 
mean ± SEM based on three independent experiments. *P < 0.05; 
**P < 0.01; ***P < 0.001. Pictorial data shows a representative of 
three independent replicates
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Down-regulation of sorcin and/or P-gp potentates 
VP-16-induced apoptosis

To test whether siRNA-mediated knockdown of sorcin 
and/or P-gp expression promote chemotherapeutic agent-
induced apoptosis, the sorcin-siRNA, mdr-1-siRNA, mixed 
siRNAs, control-siRNA-transfected MDR cells and che-
mosensitive cells were incubated with VP-16 for 24 h, fol-
lowed by Annexin V/Propidium stain assay. As illustrated 
in Fig. 6, the apoptosis rates of leukemic cells treated with 
40 μg/ml VP-16 were increased after sorcin-siRNA and/or 
mdr-1-siRNA transfection, comparing with that of control-
siRNA-transfected K562/A02. A similar effect of sorcin 
and/or P-gp knockdown on promoting apoptosis was also 
observed in MCF-7/A02 cells. These data indicated that 
blocking sorcin expression improved VP-16-induced cell 
apoptosis which was consistent with the former conclusion 
that sorcin was associated with apoptosis-related pathways. 
Blocking sorcin and P-gp expression simultaneously made 
MDR cells more vulnerable to anticancer drugs. 

Discussion

The intrinsic or acquired resistance to anticancer drugs 
remains one of the most serious problems responsible for 
the failure of cancer chemotherapy [23]. Overexpression of 
P-gp, an integral membrane protein, represents one of the 
major mechanisms that contribute to the MDR phenotype. 
However, drug resistance in diverse cancer cells overex-
pressing P-gp could not be completely reversed by specific 
chemical inhibitors or gene-specific siRNA against mdr-1, 
which suggests the existence of additional MDR mecha-
nisms [24]. Large numbers of studies, aimed at investigat-
ing novel MDR mechanisms, have indicated that chemore-
sistant cell lines, including the cells lines we used in this 
study, K562/A02 and MCF-7/A02, express higher level of 
the Ca2+-binding protein, sorcin. This intriguing finding is 
the basis of our hypothesis that inhibition of sorcin could 
reverse at least partial MDR phenotype. Abolishing sorcin 
and P-gp simultaneously may attenuate MDR cell growth 
more than abolishing any one of them can do.

Fig. 3  Effect of sorcin-siRNAs or mdr-1 siRNAs on drug accumu-
lation in K562/A02 and MCF-7/A02 cells. 72 h after siRNAs treat-
ment, cells were incubated with 0.3 μM Rho123 or 0.1 μg/ml ADR 
in complete medium for 90 min at 37 °C. Cellular Rho123 content 
was measured by flow cytometry. Intracellular fluorescence of K562/
A02 or MCF-7/A02 was shown in green line in (a, b), intracellular 

fluorescence of sensitive cells and MDR cells treated with different 
siRNAs or P-gp inhibitor verapamil was shown in red lines (a, b). 
Cellular ADR content was observed under the fluorescence micros-
copy directly (c, d). Pictorial data show a representative of three 
independent replicates
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As expected, in our vitro models, blocking the expres-
sion of sorcin in MDR cells, K562/A02 and MCF-7/A02, 
was associated with increased sensitivity to variety of anti-
cancer drugs, including P-gp substrates and non-P-gp sub-
strates. What is more, blocking both of sorcin and P-gp 
expression in K562/A02 and MCF-7A02 made them more 
vulnerable to P-gp substrate anticancer drugs. Strikingly, 
knockdown of sorcin seems independent of P-gp-related 
mechanism, as down-regulation of sorcin did not attenuate 
P-gp expression or potentiate drug accumulation in MDR 
cells. Although sorcin is primarily considered as a con-
comitantly up-regulated protein with P-gp overexpression; 
recently, more and more studies suggested that overexpres-
sion of sorcin is not always observed in conjunction with 
mdr-1 gene amplification. Beyer-sehlmeyer et al. [25] have 

demonstrated increased expression of sorcin in MDR tumor 
cell lines of hematopoietic origin without a concomitant 
increase in the expression of P-gp. Parekh et al. [11] indi-
cated that sorcin overexpressed in the atypical paclitaxel-
resistant human ovarian carcinoma cell line (2008/13/4) 
in the absence of overexpression of P-gp. It has also been 
shown that knockdown of sorcin induces the up-regula-
tion of mdr-1 gene expression in Hela cells [26]. Studies 
using the vincristine-resistant HOB1 lymphoma cell lines 
revealed that sorcin gene was amplified upon exposure of 
parental HOB1 cells to a high concentration of vincristine, 
but this phenomenon was not related to mdr-1 gene amplifi-
cation in the drug-resistant cells [27, 28]. In summary, these 
data show that sorcin might be independently involved in 
P-gp-mediated MDR phenotype. It is also probably that 

Fig. 4  Expression of apoptosis-related proteins in K562/A02 and 
MCF-7/A02 cells after treatment. K562/A02 and MCF-7/A02 cells 
were treated with control siRNA, mdr-1-siRNA or sorcin-siRNA. 
72 h after treatment, cells were harvested; quantitative PCR (a, b) 
and western blotting analysis (c) were performed to detect the expres-
sion of Bax, Bcl-2, c-fos and c-jun. GAPDH was regarded as control. 

Note that densitometric band intensities are indicated by numbers by 
assuming protein levels of the controls are equal to 1 (c). Numerical 
data represent mean ± SEM based on three independent experiments. 
*P < 0.05; **P < 0.01; ***P < 0.001. Pictorial data shows a repre-
sentative of three independent replicates
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sorcin plays different roles in different cells: it is correlated 
with P-gp expression in some cellular systems, such as 
human gastric cancer cells, but it is independent on P-gp in 
some other cellular environments, such as human ovarian 
and breast cancer cells.

How might the apoptosis of K562/A02 and MCF-7/
A02 be induced by attenuated sorcin expression? Out data 
revealed that this might occur through the involvement of 
c-fos/c-jun and Bcl-2/Bax. After blocking the expression of 
sorcin, K562/A02 and MCF-7/A02 showed up-regulation 
of Bax expression, while the level of Bcl-2 was obviously 
reduced, which result in decreased resistance to the five 
anticancer drugs and VP-16-induced apoptosis. Landriscina 

et al. [29] recently revealed that sorcin transported to mito-
chondria and interacted with TRAP1 which was identified 
as a member harbors antioxidant and anti-apoptotic func-
tions. As Bcl-2/Bax is critically involved in modulating 
mitochondrial function, it is probably that regulating the 
expression of Bcl-2/Bax is the most crucial mechanism that 
is regulated by sorcin, which is localized in mitochondria.

In addition, blocking sorcin expression may also regu-
late cell apoptosis by elevate c-fos and c-jun expression 
at mRNA and protein levels. AP-1 proteins, which can be 
composed by c-fos/c-jun proteins has been portrayed as 
tumor suppressor according to abundant studies. C-fos can 
function as tumor suppressor in combination with p53 by 

Fig. 5  Effects of siRNAs transfection on restoring chemosensi-
tivity of K562/A02 and MCF-7/A02 cells. IC50 values of ADR, 
VP-16, VCR, HHT and MTX in K562/A02 (a) and MCF-7/A02 (b) 
after different siRNAs treatments. Blocking P-gp level dramatically 
down-regulated the IC50 values of all the P-gp substrate anticancer 
drugs, but not the non-P-gp substrate MTX; down expression of sor-

cin decreased the IC50 values of all the five anticancer drugs, includ-
ing MTX. In addition, inhibition both of P-gp and sorcin expressions 
reversed more MDR phenotype in the two MDR cell lines. Numerical 
data represent mean ± SEM based on three independent experiments. 
*P < 0.05; **P < 0.01; ***P < 0.001
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regulating apoptosis-inducing genes or by suppressing sur-
vival genes expression. Overexpression of c-fos inhibits 
cell-cycle progression and stimulates cell death in hepato-
cytes [30]. Glucocorticoids, used for treatment of acute 
lymphoid leukemia, induce apoptosis in leukemic cells, 
and the transrepression of genes through AP-1 and NF-kB 
interactions is essential for their apoptotic potential [31].

Taken together, our data elucidated that cell apopto-
sis induced by sorcin knock-down is through regulating 
c-fos/c-jun and Bcl-2/Bax expressions. In conclusion, we 
here identified the critical role of sorcin in the maintenance 
of MDR phenotype of chemoresistant cell line, K562/A02 
and MCF-7/A02. Altering cellular level of sorcin by trans-
fecting sorcin-siRNA impaired drug resistance to a wide 
range of anticancer drugs, co-inhibition of sorcin and P-gp 
reversed more MDR phenotype in vitro models. We further 
confirmed that abrogating sorcin can potentiate cell apopto-
sis without eliciting drug accumulation or down-regulating 
P-gp expression. Finally, we demonstrated that blocking 
sorcin may induce apoptosis via regulating the expres-
sion of apoptosis-associated proteins, such as Bcl-2/Bax 
and c-fos/c-jun. Indeed, it is well documented that sorcin 
expression are up-regulated in a wide range of carcinomas 
and predicted poor outcome according to some existed 

clinical data, including gastric cancer [32], breast cancer 
[33], colorectal carcinoma [29] and leukemia [15, 34]. 
Together with these observations, our research provides 
new insights that sorcin may represent not only a good 
diagnostic/prognostic marker but also a good target for 
modulation in our continuous efforts to search and develop 
more efficacious MDR reversal agents.
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