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Abstract 

Background: The expression of acetylcholinesterase (AChE) could be induced during apoptosis in 
various cell types. And reduced AChE expression either by siRNA could prevent apoptosis. 
However, the detailed mechanisms underlying the AChE regulation are largely unknown in human 
breast cancer cell.  
Material and methods: MCF-7 cells were cultured and treated by cisplatin in the absence or 
presence of p53 siRNA. 
Results: In this study, the regulation of AChE expression during apoptosis induced by cisplatin, a 
current used anticancer drug, was investigated in human breast cancer cell line MCF-7. Exposure of 
MCF-7 cells to cisplatin resulted in apoptosis in a time- and concentration-dependent manner. 
Meanwhile, the upregulated AChE and p53 were also observed during apoptosis. Silencing in-
terfering RNA directed against p53 blocked the expression of AChE.  
Conclusion: Taken together, these results suggested that AChE expression could be upregulated 
by the activation of p53 during apoptosis induced by cisplatin in MCF-7 cells. 
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Introduction 
Acetylcholinesterase (AChE) plays a significant 

role in hydrolysis of acetylcholine to block neuro-
transmission at cholinergic synapses [1]. The AChE is 
encoded by a single gene. And there are three differ-
ent isoforms: AChE-S, AChE-E and AChE-R, accord-
ing to existence of alternative splicing at C-terminus 
of AChE mRNA [2, 3]. Generally, AChE expression is 
only found in tissues which are innervated by cho-
linergic nerves [4]. However, recent studies have re-
ported that AChE was also expressed in several types 
of hematopoietic cells including erythrocytes and 
megakaryocytes [5]. It had reported that the elicitation 

of AChE-S expression was found in different cell 
types involving non-muscle, non-nervous and 
non-hematopoietic cell lines [6]. AChE also plays a 
role in tumorigenesis, which are amplified, mutated, 
and/or aberrantly expressed in a variety of human 
tumor types. Cholinesterase activity and acetylcho-
linesterase glycosylation are altered in human breast 
cancer [7, 8]. These changes could be the result of 
chromosome breakage in such as hemopoietic malig-
nancies, which shows that AChE may be involved in 
apoptosis [9]. 

P53, as a tumor suppressor, its major function 
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has been changed to pay more attention on cell cycle 
arrest and apoptosis [10, 11]. It is very important for 
us to understanding the mechanism by which p53 
induces apoptosis, which could be a new anticancer 
therapeutics in future [12]. p53 could increase mito-
chondrial outer membrane permeabilization by Bcl-2 
family proteins, which implied the mechanism of 
apoptosis by stress-induced [13].  

The high expression of AChE could inhibit pro-
liferation and promote apoptosis in NRK cells [14]. 
The siRNA AChE could silence myoblasts and high 
expression of AChE could increase myoblasts, which 
implied AChE play an important role in apoptosis 
[15]. The report implied that AChE is very important 
regulator for cell proliferation and the drug sensitivity 
in HCC cells [16]. In addition, the detailed mecha-
nisms underlying the AChE regulation in apoptosis 
are largely unclear.  

Increasing studies have demonstrated that AChE 
and p53 are associated with cell apoptosis, respec-
tively, but few reports described that the relationship 
between AChE and p53 during the cell apoptotic 
pathway. In this study, we focused on the AChE ex-
pression during apoptosis induced by cisplatin to 
investigate the relation of AChE and p53 in human 
breast cancer cell line MCF-7.  

Materials and Methods 
Cell culture 

MCF-7 cells (Shanghai Institutes for Biological 
Sciences, Shanghai, China) were cultured in incubator 
with 5% CO2 using plastic Petri dished (100mm) in 
Dulbecco’s modified Eagle’s medium (Invitrogen 
China Ltd., Beijing, China) with phenol red, 
L-glutamine(2mM), penicillin(100U/ml), streptomy-
cin(100μg/ml), gentamicin(50μg/ml), insu-
lin(6ng/ml), hydrocortisone(3.75 ng/ml) and 5% fetal 
calf serum. Cells medium changed every 2-3 days.  

Cisplatin treatment and cell viability detection 
The chemotherapeutic agents: cisplatin was 

purchased from Qilu Pharmaceutical Co., Ltd. (JiNan, 
Shandong, China). Apoptosis of MCF-7 cells were 
induced by cisplatin with different concentration: 
50μM, 100μM, 150μM, 200μM and 250μM, and col-
lected the cells in 24hours. Meanwhile, another group 
of MCF-7 was treated with 100μM cisplatin for dif-
ferent time, and the cell viability was calculated in 6h, 
12h, 18h, and 24h. Cell viability was determined by 
MTT assay. Breast cancer cells were seeded in 96-well 
plates and cultured in the medium. MTT was dis-
solved PBS at 5 mg/ml and then added into each well. 
The cell viability in each well was examined by a MTT 
colorimetric assay. The optical density (OD) value of 
each sample was measured using a plate reader. The 

data was expressed as mean ± SD. Collected cells were 
stained with Hoechst 33342 (10 μM) for 3 min and 
analysed under a fluorescence microscope with exci-
tation at UV (360 nm).  

Western blot analysis 
After treatment with 100μM cisplatin, equal 

numbers of MCF-7 cells were lysed in lysis buffer 
composed of 0.6M Tris-HCl (PH 6.8), 10% SDS and 
protease inhibitor cocktail. Samples were incubated at 
4℃ 10mins and then centrifuged at 10,000×g for 
15mins at 4℃. The supernatants were transferred, 
mixed and boiled in sample buffer. The supernatants 
were separated by polyacrylamide gel electrophoresis 
and transferred to a PVDF membrane (Bio-rad, Her-
cules, CA, USA). And then incubated the membrane 
at room temperature in blocking buffer consist of 5% 
fat-free milk dissolved in 1×TBST(10mM Tris-Base, 
PH7.5, 100mM NaCl, and 1% Tween 20) for 1h fol-
lowed by incubation with the blocking buffer con-
taining first antibody, such as Anti-P53 antibody, An-
ti-Histone H2A antibody (Abcam, Shanghai, China), 
Anti-AChE antibody, Anti-mouse antibody, An-
ti-β-actin antibody (Santa Cruze Biotechnology Co., 
Ltd. Shanghai, China) at 4℃ overnight. The mem-
brane was washed by TBS, then incubating with se-
cond antibody for 1h at room temperate. The blot was 
exposed to ECL blotting system after TBS washing.  

AChE immunofluorescence  
MCF-7 cells were growth on steriled coverslips 

in 24-well plates, confirmed the confluence of cells up 
to 60% before experiment. Use PBS (500μl) to wash the 
cells twice for each well. And then added 4% para-
formaldehyde (250μl) to each well, fixed them 15min 
at room temperature. Removed paraformaldehyde, 
and washed cells with PBS (500μl) containing 3%FBS 
three times. Each well added DPBS(250μl) including 
0.2% Triton X-100 for 5min, washed cells by PBS con-
taining 3%FBS three times. Blocked cells with DPBS 
(500μl) containing 3%FBS and 0.5% Tween-20 for 1h. 
Replaced blocking buffer with fresh one added first 
antibody, incubated for 1h at room temperate. 
Washed cells and added second fluoresce-antibody 
(Invitrogen China Ltd., Beijing, China) for 30min. 
Washed cells three times again with PBS containing 
3%FBS. Added a drop of anti-fadeometer on each co-
verslip, took out the coverslips from 24-well plates 
and put on the glass slide, left it without light for 
5min, cells were observed under fluorescence micro-
scope Olympus BX61 (Olympus co., Tokyo, Japan). 

SiRNA transfection 
The p53 siRNA and control siRNA was pur-

chased from biotechnology company (Shanghai 
GeneChem, Shanghai). Before transfection, MCF-7 
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cells which grew in completed growth medium were 
plated onto 6-well plates with a density of 1×106 
cells/well. When cells grew to a confluence of 60%, 
transfection was performed by using Opti-MEM me-
dium, lipofectamine 2000 and relevant siRNA ac-
cording to the manufacturer’s instruction. After 6 
hours, the medium was replaced with completed 
growth medium. And cells were treated with 100μM 
cisplatin for 24 hours.  

Statistical analysis 
Comparisons were performed with a t-test (un-

paired or paired) by SPSS version 17.0 software (SPSS, 
Inc., Chicago, IL, USA). All P-values presented were 
two-tailed. P < 0.05 was considered to indicate a sta-
tistically significant difference. 

Results 
Cisplatin induced MCF-7 apoptosis in a con-
centration- and time-dependent manner 

Human breast cancer cells, MCF-7, were treated 
with different concentration of cisplatin for 24h. The 
cells were measured by MTT assay, and it was 
showed that the percentage of survival was decreased 
markedly while the concentration of cisplatin in-
creased (Figure 1A). And in the other test group, cells 
were exposed with the fixed concentration of cisplatin 
(100μM) but incubated for different times. MTT assay 
displayed that the number of death cells was in-
creased with time elapsed (Figure 1B). This conse-
quence was also confirmed in Hoechst 33342 staining 
test, the survival cells were continually disappeared 
from 6h to 24h. 

Cisplatin up-regulates the expression of both 
AChE and p53 

MCF-7 cells were treated with 100 μM cisplatin 
for different time, and expression of AChE and p53 
proteins were detected by western blot. It was clearly 
found that both AChE and p53 proteins expressed 
increasingly in cisplatin-induced apoptotic cells 
caused by time increased (Figure 2). Using immuno-
fluorescence to detect the expression of AChE pro-
teins in cisplatin-induced apoptotic cells at different 
time, it was also significantly found that expression of 
AChE was elicited dramatically. 

Silenced expression of AchE and p53 decrease 
cell apoptosis 

All groups of MCF-7 treated with cisplatin 
(100μM) for 24h to stimulate cell apoptosis (Figure 3). 
One group was only used by cisplatin, and the other 
groups were added p53 siRNA, and control siRNA 
with cisplatin, respectively. Cells viability was de-
termined by Hoechst 33342 staining, and statistically 

significance of data was analysised by Duncan’s mul-
tiple range tests. It was observed that the number of 
survival cells in the p53 siRNA+cisplatin group is 
more than the cisplatin group by fluorescence micro-
scope, whereas the cell condition in the control siRNA 
+cisplatin group was similar with the cisplatin group. 
Data was collected by counting the number of apop-
totic cells in three different fields and the mean value 
was calculated. It was obviously showed that in con-
trol group only less than 5% of dead cells, while the 
percentage of apoptosis increased to 35% after added 
cisplatin. However, in the p53 siRNA+cisplatin group, 
the percentage of apoptotic cells was dramatically 
dropped to 15% and 20%, respectively. While in con-
trol siRNA and cisplatin group, the similar death 
proportion occurred with no significant difference. 

 

 
Figure 1. Cisplatin induces cell death in MCF-7 cells. (A) Cisplatin induces cell 
death in a concentration-dependent manner. MCF-7 cells were exposed to 
cisplatin at concentration as indicated for 24 h, and then cell viability was 
measured by MTT assay. (B) Cisplatin induces cell death in a time-dependent 
manner. MCF-7 cells were exposed to 100 μM cisplatin for different times as 
indicated, and then cell viability was measured by MTT assay. Data, expressed as 
percentage of control, were the mean ± SEM of three separate experiments, **p 
< 0.01 versus control group (unpaired t test). 

 

Silencing of p53 by siRNA blocks cispla-
tin-induced AChE expression 

MCF-7 cells were treated with100 μM cisplatin 
for 24 h in the absence or presence of p53 siRNA. The 
total proteins were analysed by western blot. It was 
clearly displayed that p53 and AChE were expressed 
increasingly when cells were treated with cisplatin 
compared with control. However, when presence of 
p53 siRNA with cisplatin, the expression of p53 was 
not only decreased, but AChE band also was weak-
ened. And this situation was not occurred in the con-
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trol siRNA+cisplatin group (Figure 4). Interestingly, 
comparison AChE isolated from nucleus and cyto-
plasm, the consequence showed that silencing of p53 

by siRNA blocked the expression of AChE induced by 
cisplatin in the nuclear but not in cytoplasm (Figure 
5). 

 

 
Figure 2. Cisplatin up-regulates the expression of both AChE and p53. MCF-7 cells were treated with 100 μM cisplatin for different time as indicated, and the total 
proteins were extracted for the western blot assay with the specific AChE, p53 and β-actin antibodies. 

 

 
Figure 3. The expression of AChE is increased in the apoptosis cell induced by cisplatin. (A) MCF-7 cells were treated with 100 μM cisplatin for different time as 
indicated. And then AChE immunostaining and Hoechst staining were applied in the cells. (B) Inhibition of p53 or AChE expression attenuates the apoptosis induced 
by cisplatin. MCF-7 cells were treated with 100μM cisplatin for 24 h in the absence or presence of p53 or AChE siRNA. Then cells were conducted by Hoechst 33342 
staining assay. The amount of apoptotic nuclei with condensed chromatin were counted from representative photomicrographs and were represented as a per-
centage of the total number of nuclei counted. Each treatment group was compared with the other groups using unpaired t test. 
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Figure 4. Silencing of p53 by siRNA blocks cisplatin-induced AChE expression. MCF-7 cells were treated with100 μM cisplatin for 24 h in the absence or presence 
of p53 siRNA. Then the total proteins were extracted for the western blot assay with the specific AChE, p53 and β-actin antibodies. 

 

 
Figure 5. Silencing of p53 by siRNA blocks the expression of AChE induced by cisplatin in the nuclear but not in cytoplasm. MCF-7 cells were treated with100 μM 
cisplatin for 24 h in the absence or presence of p53 siRNA. Then the proteins either from nuclear or from cytoplasm were extracted for the western blot assay with 
the specific AChE, β-actin and Histone H2A antibodies. 

 

Discussion 
P53, as a regulating apoptotic protein, its major 

function has always been changed since 1979 when 
this protein was first reported. p53 could mediate cell 
cycle arrest and DNA damage, which is an important 
factor for apoptosis [17]. p53 could play an important 
regulator in cell apoptosis and tumorigenesis [10].  

It implied that AChE play an important role in 
cell proliferation, differentiation, survival and tu-
morigenesis [18]. AChE is not deemed to be a simplex 
terminate synaptic transmission factor, but more un-
beknown functions are being discovered and con-
firmed. Such as the role of AChE plays in the apop-
totic process has been paid increasingly attention. The 
inhibition of AChE was able to decrease apoptosis 
and reduce the neurotoxin in model of Parkinson’s 
disease [19]. Apoptosis can be prevented by blockage 
of AChE expression, and an increase of apoptosis has 
been found in retinal cells dues to transfection with 
AChE [20]. The interaction between apoptotic related 
factor-1 and cytochrome c is able to be inhibited 
through silencing of the siAChE, which to prevent 
apoptosis occurring [21]. In addition, AChE can be as 

a tumor suppressor gene, blocked caspase-9 activation 
to cause to decreased cell survival, nuclear condensa-
tion and adenosine diphosphate-ribose polymerase 
cleavage [22]. But the specific mechanism of AChE in 
apoptosis has not been recognized completely. 

In this study, we confirmed that the expression 
of AChE was up-regulated in MCF-7 cells treated with 
cisplatin, what’s more, blocked p53 was able to de-
crease cisplatin-induced AChE expression. It implied 
that AChE might be a downstream component part of 
p53 to induce the apoptosis in chemotherapy. Ma-
sha’our, R. S.et al. reported that retinoblastoma cells 
can escape apoptotic process when AChE protein was 
inhibited, which prove AChE as a pivotal factor in 
cancer apoptosis [23].  

Although increasingly studies has focused on the 
function of AChE in apoptosis in various cellular 
types, few research studied about what influence on 
timorous cells would be exerted by AChE in chemo-
therapy. The previous results implied that the find-
ings of p53-induced apoptosis and DNA-repair 
mechanisms are responsive to cisplatin-based chem-
otherapy in Testicular germ cell tumors [24].This 
study probably offered a new clue to derive another 
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cancer therapeutic plan. However, further works need 
to expand to figure out the particular mechanism of 
AChE and even a new treatment which bases on the 
function of AChE in apoptosis is able to develop. 
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