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Introduction

Tegillarca granosa L. (order Arcoida), which is rich 
in protein and vitamin B12, has been widely used as 
a traditional Chinese medicine in mainland China 
to treat cancer for more than a century. However, 
the pharmacological ingredients responsible for the 
anticancer effects of Tegillarca granosa have not been 
investigated with modern scientific approaches.

Several proteins have been purified from Tegillarca 
granosa in recent years, and their pharmacological 
actions have been assessed in vitro and in vivo. One pro-
tein with a molecular weight of 7.7 kDa was found to be 
active against blood coagulation factor Va, prolonging 

thrombin time (Jung et  al., 2007). Haishengsu (HSS) 
is another purified protein with a molecular weight 
of approximately 15 kDa but an unknown chemi-
cal structure. HSS had a potent suppressive effect 
on several types of tumor cells in vivo and in vitro  
(Yao et al., 2005; Liu et al., 2004; Zhang et al., 2005; Li 
et al., 2008). HSS was found to inhibit tumor cell line 
Ketr-3 and A549, blocking the cell cycle at phase G0/G1 
and G2/M (Wang et al., 2006). It suppressed the growth 
of S180 tumor cells in rats by up to 55% (Wang et al., 
2006). Our recent study found that HSS suppresses the 
growth of leukemia K562 cell by inhibiting the G0/G1 
and S phases of the cell cycle (Li et  al., 2008). Use of 
HSS also induced apoptosis in these leukemia cells 
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Abstract
This study was designed to investigate the effect and molecular mechanisms of Haishengsu (HSS), a 
protein extract from a shellfish Tegillarca granosa L., on a drug resistant leukemia cell line. Cultured K562/
Adriamycin (ADM) cells were treated with HSS at 10, 20 and 40 μg/mL, respectively. The apoptosis and 
expression of p-glycoprotein was evaluated by flow cytometry. Expressions of caspase-3 and Bcl-2 were also 
evaluated. There was a significant dose-dependent increase in the apoptosis in the HSS treated K562/ADM 
cells (P < 0.05 and 0.01, respectively). The p-glycoprotein expression in the 40 μg/mL HSS group (14.8%) was 
lower than in the control (16.9%, P < 0.05) and the 10 μg/mL HSS group (7.3%, P < 0.05), but it was similar 
to the HSS 20 μg/mL group (10.7%, P > 0.05). The expressions of apoptosis-stimulating protein caspase-3 
protein were increased, whereas the expressions of apoptosis-suppressing Bcl-2 were decreased in the 
HSS groups, as compared with the levels in the control group (P < 0.05). We conclude that HSS induces 
apoptosis of the Adriamycin-resistant K562/ADM cells. The enhanced expressions in caspase-3 and the 
reduced expressions in Bcl-2 protein may have contributed to the apoptosis-stimulating effect of HSS. The 
inhibition of p-glycoprotein suggests that HSS may diminish the resistance to Adriamycin and potentially 
enhance the therapeutic effects.
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by reducing the expression of apoptosis suppressor 
Bcl-2, and by increasing the expression of apoptosis 
promoting Bax (Li et al., 2008).

The in vivo anticancer effects of HSS have been 
investigated in two small clinical trials. Daily 
intravenous administration of 2.4 mg HSS for 4 weeks 
resulted in complete or partial remission of non-
small-cell lung cancer in 49% of the patients (Zhang 
et  al., 2005). Similar remission rate was also found 
in 27 patients with renal cancer (Zhang et  al., 2005). 
There were no significant adverse effects in patients 
who received the 4-week HSS treatment (Zhang et al., 
2005). In a more recent randomized, double-blind, 
placebo-controlled trial, the effects of HSS as an 
adjunct therapy of conventional chemotherapeutic 
regimens were assessed in 83 patients with non-small-
cell lung cancer. It was found that the remission rate 
in the HSS group was 23% higher than in the placebo 
group, and the prevalence of chemotherapy-induced 
nausea or vomiting was significantly reduced in the 
HSS-treated patients (Li et al., 2008).

Resistance to chemotherapy is one of the major obsta-
cles to the effective treatment of chronic myeloid leuke-
mia. Patients with advanced chronic myeloid leukemia 
have been less sensitive to therapy, and responses have 
been short lived (Kantarjian et  al., 2006). In addition, 
treatment resistance is an emerging problem at all dis-
ease stages (Kantarjian et  al., 2006). K562 cell line is a 
blast crisis cell line of chronic myeloid leukemia (Klein 
et al., 1976). K562/ADM cells are drug resistant strains 
of K562 cells induced by doxorubicin (Adriamycin) 
(Tsuruo et al., 1986).

The primary purpose of the present study was to 
investigate whether HSS could inhibit drug resistance in 
the K562/ADM cells and, if so, what potential molecular 
mechanisms may be involved in this beneficial effect. 
The effect of HSS on the rate of apoptosis was also 
evaluated.

Materials and methods

Cell lines and cell culture

This study was approved by the institutional review 
board of Liaocheng People’s Hospital, Taishan Medical 
College. K562/ADM cells were obtained from the 
Institute of Hematology, Chinese Academy of Medical 
Science (Tianjin, China). These cells were cultured 
in Roswell Park Memorial Institute (RPMI 1640) cul-
ture medium containing 10% fetal calf serum (Gibco, 
Beijing, China; SANYO, Wood Dale, IL, USA) at 37°C 
in an incubator (SANYO) of saturated humidity. This 
drug-resistant leukemia cell line was derived from 
the parental K562 cell line by continuous exposure 

to increasing concentrations of adriamycin (up to 
20 μg/mL). The multi-drug resistant phenotype is not 
expressed by K562 but is over expressed in K562/ADM 
(Yang et al., 1995). Drug resistance of the K562/ADM 
cells was maintained by adding 1 μg/mL of adriamy-
cin. Adriamycin was ceased three days before the cell 
line was used for this study.

Apoptosis in the K562/ADM cells

Annexin-V assay was used to detect apoptosis in the 
K562/ADM cells. This protocol involved the follow-
ing groups: control (K562/ADM cells only) and three 
HSS groups (10, 20, and 40 μg/mL). The three HSS 
doses were chosen after a pilot study found that the 
minimum effective concentration was approximately 
10 μg/mL. HSS was obtained from its manufacturer, 
Haisheng Oncology Hospital of Qingdao City, China. 
The authenticity of HSS was verified by the investiga-
tors and a voucher specimen number (990211) was 
recorded. K562/ADM cells were washed twice with 
ice cold phosphate-buffered saline (PBS) at 4°C. 
The washed cells were re-suspended with 250 μL of 
Annexin-V buffer. The cell concentration was adjusted 
to 1 × 106/mL. The cell solution (100 μL) was added into 
a 5 mL centrifuge tube, which was supplemented by 
5 μL of Annexin-V-Fluorescein isothiocyanate (FITC) 
(Jingmei Biological, Shengzhen, China) and 10 μL 
iodized aziridine. The tube was incubated for 15 min 
before adding 400 μL PBS into the tube. The apoptosis 
rate was examined by flow cytometry (Beckman-XL, 
Shanghai, China).

The expression of p-glycoprotein in K562/ADM cells

K562 and K562/ADM cells were seeded in 96-well 
flat bottom plates (5~10 × 105 cells per well) and were 
incubated for four hours at 37°C in culture medium 
(Gibco), in the absence (control group) or in the 
presence of HSS at three concentrations (10, 20, and 
40 μg/mL). p-Glycoprotein monoclonal antibody (1:200, 
10 μL, Institute of Hematology, Chinese Academy of 
Medical Science) was subsequently added to each well. 
After 30 min at 4°C, cells were washed with PBS and the 
medium were removed. The second antibody (fluores-
cence-labeled rabbit anti-mouse antibody, 1:200, 20 μL, 
Institute of Hematology, Chinese Academy of Medical 
Science) was added to each well. After 30 min at 4°C, cells 
were washed twice with PBS; 200 μL of the cell solution 
was examined by flow cytometry for p-Glycoprotein 
expression, using the method reported by Ford et  al. 
(2003). p-Glycoprotein expression was quantified by 
the percentage of p-glycoprotein-positive cells and the 
absolute number of cells per μL.
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Examination for apoptosis-related protein caspase-3 
and Bcl-2

To measure caspase-3, after washing the cells from 
the control and three HSS groups with PBS, 0.5 mL 
of ice-cold cell lysis buffer (Beyotime, Shanghai, 
China) containing 1 mM phenylmethyl sulfonyl fluo-
ride (PMSF) was added to the plate (100 mm) on ice. 
After 5 min, cells were scraped off the plate, sonicated 
on ice and microcentrifuged for 10 min at 4°C. The 
supernatant was collected and applied to cleaved 
caspase-3 sandwich enzyme linked immunosorbent 
assay (ELISA) kit (Beyotime, Shanghai) according 
to the manufacturer’s instructions. Bcl-2 expression 
was examined by using an immunocytochemical kit 
(SP-20002, Zhongshan Golden Bridge, China).

Statistical analysis

Data were expressed as means ± SD. SAS6.12 soft-
ware was used for data analysis. Numerical data were 
analyzed with one-way ANOVA. Categorical data were 

analyzed with Chi-square test. P < 0.05 and < 0.01 was 
considered statistically significant for numerical data, 
and P < 0.05 was considered statistically for categorical 
data.

Results

Inducing apoptosis of K562/ADM cells

At 12 h, apoptosis in the HSS 40 μg/mL group was 
significantly higher than in the control group and in 
the 10 or 20 μg/mL HSS groups (P < 0.05, Table 1). The 
apoptosis increased with the extension of time and at 
36 h, the apoptosis in the three HSS groups was higher 
than in the control group (P < 0.05 and 0.01, respectively, 
Table 1, Figure 1).

The expression of p-glycoprotein in K562/ADM cells

The positive p-glycoprotein expression in the control 
group was 16.9%. p-Glycoprotein expression in the 
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Figure 1.  Effect of Haishengsu (HSS) on the apoptosis of K562/ADM cells. There was an increase in apoptosis from lower to the higher HSS 
groups. (A) control group, (B) Haishengsu (10 μg/mL); (C) Haishengsu (20 μg/mL); (D) Haishengsu (40 μg/mL).
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10, 20, and 40 μg/mL HSS group was 14.8, 10.7, and 
7.3%, respectively. The p-glycoprotein expression in 
the 40 μg/mL HSS group was lower than in the control 
(P < 0.05) and the 10 μg/ml HSS group (P < 0.05).

Effect of HSS on the expression of caspase-3 and Bcl-2 
protein

As shown in Table 2, the relative optical density value of 
caspase-3 in the HSS group was higher than in the con-
trol group (P < 0.05). The relative optical density value 
of Bcl-2 in the HSS group was lower than in the control 
group (P < 0.05).

The expression of caspase-3 and Bcl-2 in the HSS and 
control groups is shown in Figure 2.

Discussion

The major findings of this study are: 1) HSS treatment 
induced the apoptosis of K562/ADM cells in a dose-
dependent manner; 2) After HSS treatment, caspase-3 
expression in the K562/ADM cells was increased, 

whereas Bcl-2 expression was decreased; 3) HSS led to 
a significant reduction in p-glycoprotein expression in 
the K562/ADM cells.

To the best of our knowledge, this is the first study 
to demonstrate that HSS, a seashell protein, is able to 
facilitate the apoptosis of adriamycin-resistant leuke-
mia cell line K562/ADM, and to suppress the expression 
of p-glycoprotein, a drug-resistance inducing protein in 
cancer cells. These findings may have significant clini-
cal implications, because if these in vitro therapeutic 
benefits are also present in vivo, HSS may be used as an 
adjunct therapy to enhance the pharmacological effects 
of the conventional anticancer drugs on leukemia.

How HSS induced apoptosis in the drug-resistant 
K562/ADM cells is not entirely clear. Apoptosis is 
a complex process involving a cascade of reactions 
and multiple genes. Caspases are a group of protease 
involved in the regulation of apoptosis. Caspase-3 is 
one of the key executioners of apoptosis. It is respon-
sible for the proteolytic cleavage of many key proteins 
during apoptosis, activating the apoptotic processes 
(Cohen, 1997). The proteolytic activities of caspase-3 
control the occurrence and development of apopto-
sis, and are considered the central part of apoptosis 
(Boatright & Salvesen, 2003). In the present study, 
HSS dose-dependently increased the expression of 
caspase-3 in the K562/ADM cells. At 40 μg/mL, HSS 
almost doubled the expression of caspase-3 in com-
parison with the caspase-3 expression in the control 
group. These results suggest that stimulation of the 
caspase-3 expression pathway may have contributed 
to the apoptosis increment seen in the HSS groups.

In addition to caspase-3, Bcl-2 gene family also plays 
an important role in the regulation of apoptosis. Bcl-2 and 
Bcl-xl are apoptosis suppressors, whereas Bax and Bak 
are apoptosis triggers (Gupta et al., 2002). In the present 
study, increasing concentrations of HSS were associated 
with a decreasing optical density of Bcl-2 (Table 1), indi-
cating a reduced Bcl-2 expression in the K562/ADM cells. 
This reduced Bcl-2 expression may have alleviated some 
of the apoptosis inhibition, contributing to the increased 
rate of apoptosis in the HSS treatment groups.

p-Glycoprotein is a 160-kDa adenosine triphos-
phate (ATP)-dependent efflux transporter, belonging 
to the ATP-binding cassette transporter super-family 
(Higgins, 1992). p-Glycoprotein alters the pharmacoki-
netics of numerous structurally and pharmacologically 
diverse substrate drugs (Higgins, 1992). In addition, 
this protein has the ability to confer the multi-drug 
resistance phenotype to cancer cells (Higgins, 1992). 
Therefore, modulation of p-glycoprotein expres-
sion and/or activity is potentially a useful strategy to 
improve the pharmacological effects of anticancer 
drugs (Higgins, 1992). It may also help to overcome the 
intrinsic or acquired resistance against chemotherapy 

Table 2.  Optical density value of control and study groups.

 

Control group

Haishengsu group (μg/mL)

10 20 40

Caspase-3 79.6 ± 6.1 107.0 ± 5.4* 132.2 ± 4.4* 154.4 ± 5.0*

Bcl-2 104.6 ± 4.7 91.2 ± 3.7* 80.8 ± 3.8* 53.0 ± 5.2*

*P < 0.05 compared with the values in the control group.

H0 H1 H2 H3

29 KD Caspase-3

26 KD Bcl-2

42 KD Actin

Figure 2.  The expression of caspase-3 and Bcl-2 in the HSS and con-
trol (H0) groups. H1, H2 and H3 denote the concentration of HSS at 
10, 20 and 40 μg/mL, respectively. There was a thickening in the 29 
KD caspase-3 bands from H0 to H3 groups. There was a thinning in 
the 26 KD Bcl-2 bands.

Table 1.  Haishengsu (HSS) induced apoptosis in the K562/ADM 
cells.

 Apoptosis (%)

12 h 24 h 36 h

Control group 2.26 ± 1.26 2.25 ± 1.21 2.31 ± 1.24

HSS (10 µg/mL) 2.46 ± 1.28 3.68 ± 1.57 5.54 ± 2.54**
HSS (20 µg/mL) 4.51 ± 2.24* 5.36 ± 2.63* 9.35 ± 3.21**
HSS (40 µg/mL) 10.53 ± 2.45§ 20.69 ± 2.56§ 35.45 ± 3.21§**
*P < 0.05 versus control group; **P < 0.01 versus 24 h and 12 h in 
the same group; § P < 0.01 versus control, HSS20 µg/mL and HSS 
10 µg/ mL groups.
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in chronic myeloid leukemia and other forms of can-
cer (Higgins, 1992).

In the present study, at 40 μg/mL, HSS reduced the 
p-glycoprotein expression to about half of the control 
group’s level. These results suggest HSS may diminish 
the resistance to chemotherapy, enhancing the cytotoxic 
effects of anticancer drugs used in the management of 
leukemia.

It should be noted that the findings on the suppres-
sive effects of HSS on p-glycoprotein expression are 
preliminary. These findings need to be further studied 
and verified in an in vivo animal model. In addition, 
there is a need for more detailed in vitro and in vivo 
analysis of the signaling pathways by which HSS led to 
the suppression of p-glycoprotein expression.

In summary, at a concentration between 
10-40 μg/ mL, a seashell protein HSS enhances the rate 
of apoptosis in adriamycin-resistant leukemia cell line 
K562/ADM. This enhancement in apoptosis appears to 
be related to the suppression of anti-apoptotic protein 
Bcl-2. It may also be due to the increase in apoptosis-
stimulating protein caspase-3. More importantly, the 
expression of p-glycoprotein, a drug-resistant protein 
in the K562/ADM cell line, is suppressed by HSS.
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