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A b s t r a c t

Introduction: The purpose of this study was to investigate the effect of ex-
tracellular signal-regulated kinase (ERK) in breast cancer and the related 
mechanisms.
Material and methods: Some previous studies found that ERK was closely cor-
related with CD59 in cancer. In our clinical study, we evaluated ERK and CD59 
protein expression in different tissue from patients by immunohistochemical 
(IHC) assay using MCF-7 and MDA-MB-231 cell lines which were breast can-
cer cell lines as target cell lines. We performed an in vitro study, evaluating 
cell biological activities including proliferation, apoptosis, cell cycle, invasion, 
adherent and migration by MTT, clone test, TUNEL assay, flow cytometry and 
wound healing, and measuring relative protein expression by WB assay. In an 
in vivo study, measuring tumor weight and volume, the apoptosis cell number 
was evaluated by TUNEL assay and relative protein expression by IHC assay.
Results: Compared with adjacent normal tissue, the ERK and CD59 protein 
expression levels were significantly increased in breast cancer tissues (both 
p < 0.001). In in vitro and in vivo studies, with ERK knockdown, the cell bio-
logical activities were significantly depressed with CD59 suppression (both 
p < 0.001). Also the relative protein levels including CD59, PKD, P53, E-cad-
herin and vimentin were significantly different (each p < 0.001).
Conclusions: ERK act as an oncology gene in breast cancer development. 
ERK inhibitor suppressed breast cancer biologically via regulation of CD59 
in vitro and in vivo.

Key words: ERK, CD59, breast cancer, MDA-MB-231, MCF-7, biological 
activities.

Introduction

Breast cancer is the most common malignant tumor in females 
around the world, and also the main cause of female deaths worldwide 
[1]. According to the reports, China accounts for 12.2% of all newly diag-
nosed cases of breast cancer and 9.6% of all deaths from breast cancer 
globally [2]. There is a significant improvement in the clinical cure rate 
of breast cancer patients resulting from early diagnosis and treatment. 
However, recurrence and metastasis is still the primary cause of death in 
breast cancer patients [3]. Increasingly more studies suggest that tumor 
cells can activate their own complement system [4, 5]. Specifically, tumor 
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cells can up-regulate complement control proteins 
(mCRPs) to avoid the killing effect of complement. 
Among them, CD59 is the most important one of 
the three mCRPs [5, 6]. The complement system 
is an essential effector in the process of tumor 
immunity. mCRPs, especially CD59, may play an 
important role in preventing tumor immune eva-
sion. As evidenced by a prior study, inhibition of 
CD59 expression may exert a  sensitizing effect 
on tumor cells [7]. Proteomic quantitative analy-
sis conducted by some researchers indicates that 
CD59 may associate with the metastasis of breast 
cancer [8]. Also, some researchers have found that 
CD59 can be recognized as a prognostic factor for 
breast cancer patients who underwent surgical 
treatment [9]. However, the specific mechanism 
remains to be elaborated so far.

The extracellular signal-regulated kinase (ERK) 
signaling pathway, also known as mitogen acti-
vated protein kinase/ERK (MAPK/ERK) signaling 
pathway or Ras-Raf-MEK-ERK cascade reaction, is 
an important signaling pathway that is involved in 
multiple physiological processes of cells, such as 
cell growth, development, division, and death [10]. 
ERK is an important member of the MAPK family, 
and its signaling pathway is the core of the signal-
ing network involved in cell growth, development 
and division. However, it needs to be reported in 
detail whether there is a correlation between ERK 
and CD59 and the related mechanism in the de-
velopment of breast cancer. Our study was carried 
out to analyze the possible mechanism of the ERK-
CD59 signaling pathway by detecting the expres-
sion of CD59 in different breast tumor cell lines 
from cell and protein levels. The present study is 
expected to discuss the biological significance of 
ERK-CD59 regulation in vitro and in vivo by using 
breast tumor cells and establishing a nude mice 
tumor-bearing model.

Material and methods

Clinical data

All fresh tissue samples were collected from the 
Third Hospital of Nanchang from December 2016 
to November 2018, including 60 cases of breast 
cancer tissue and 60 cases of adjacent normal 
breast cancer tissue. The adjacent normal tissue 
was > 5 cm from the margin of the tumor, and all 
tissues were confirmed by pathology. All enrolled 
patients in this study signed informed consent. 
The included 60 cases of breast cancer were fe-
male, ranging from 25 to 72 years old, with the 
median age of 48 years old. The cancer tissue of 
all cases was confirmed to be invasive breast can-
cer by postoperative pathology. No radiotherapy or 
chemotherapy was received in those cases before 
the operation. All the cases had complete phase 

I clinical and pathological data. The collected spec-
imens were fixed with 10% neutral formalin, and 
then dehydrated, embedded in paraffin, stained 
with HE and observed under a light microscope.

Immunohistochemistry (IHC)

Testing of tumor samples with polyclonal an-
tibody was performed by immunohistochemistry 
(EnVision Two-step). Proteintech Group Brand, 
the immunohistochemical kit, was purchased 
from Wuhan Jiayuan Biomedical Engineering Co., 
Ltd., with the working concentration pre-set at  
1 : 1,000. Phosphate buffer saline (PBS) was used 
as the negative control. The experiment was car-
ried out in strict accordance with the instructions 
of the Immunohistochemistry Kit. The staining 
results were randomly reviewed by two patholo-
gists. With photography under 400× field of view, 
the protein expression was analyzed by Image J 
image analysis software.

Cell culture

Breast tumor cell lines MDA-MB-231 and MCF-
7 were provided by ATCC, USA. MDA-MB-231 cells 
were cultured in 90% L-15 + 10%FBS medium, 
while MCF-7 cells were cultured in 90% RPMI1640 
+ 10%FBS medium. All cells were cultured in an 
incubator with 5% CO

2 and saturated humidity at 
37°C.

MTT assay

After cell digestion and counting, cells were 
prepared into a cell suspension at a concentration 
of 5 × 104 cells/ml, followed by the addition of 
100 μl of cell suspension into the 96-well cell cul-
ture plate. The 96-well cell culture plate was then 
placed in a  5% CO

2 incubator at 37°C for 24 h. 
Plasmid transfection was performed according to 
the trial protocol, and the negative control group 
was set up simultaneously [11]. After that, the 96-
well cell culture plate was placed in a a5% CO

2 in-
cubator at 37°C for another 48 h of incubation. In 
the next step, the 96-well cell culture plate was 
stained with MTT solution and the OD value was 
calculated at a wavelength of λ = 490 nm for cal-
culation of the cell proliferation rate in each group.

Cloning experiment

The monolayer culture cells at the logarithmic 
growth phase were dispersed into a  single cell 
suspension by the general passage method. After 
cell counting, the cell suspension was diluted with 
gradient multiple, and inoculated into a 6-well cell 
culture plate containing 2 ml of culture medium 
at a  cell density of 500 cells per well. Then, the 
culture plate was shaken gently in the direction of 
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“the sign of the cross” to make the cells disperse 
evenly. Afterwards, the cell culture plate was 
placed into the 5% CO2 incubator at 37°C with 
saturated humidity for 24 h until cell attachment 
to the wall. After 12 days of culture, the culture 
was cultured after discarding the culture medium, 
followed by two times of washing with PBS. An 
amount of 5 ml of anhydrous ethanol was add-
ed for 15 min of fixation. With the fixation fluid 
discarded, the Giemsa staining solution was add-
ed for 10–30 min of staining, then washed slowly 
with running water and dried in the air. Finally, the 
clones were counted directly with the naked eye.

Cell TUNEL assay

Natural air-dried cell samples (cell smears or 
slides) were selected and immersed in 4% para-
formaldehyde for 30 min or overnight to improve 
cell permeability. After PBS immersion (3 min × 3),  
samples were added to 1% Triton-100 at room 
temperature for 15 min. After another PBS soak-
ing (3 min × 3), samples were treated with 3% 
H

2O2-methanol solution for 15  min, followed by 
PBS washing (3 min × 3). In the next step, each 
sample was dropped with and treated by the pre-
pared 100 μl of protease K at 37°C for 30 min, fol-
lowed by adding 100 μl of Streptavidin-TRITC la-
beled working solution and reaction in a dark and 
humid environment at 37°C for 1 h. With another 
PBS immersion (3 min × 3), samples were added 
to 100 μl of DAPI working solution for reaction in 
the dark at 37°C for 5 min. After three rounds of 
PBS washing (5 min each), samples were observed 
under the fluorescence microscope.

Annexin-V FITC/PI double staining to detect 
apoptosis and cell cycle

Cells at the adjusted density of 5 × 105 were 
collected after PBS washing twice and subsequent 
centrifugation (1000 g × 5 min). After that, an 
amount of 500 μl of binding buffer was added to 
the suspension of cells, followed by mixing with 
5 μl of Annexin V-FITC and then the addition of  
5 μl of propidium iodide. After mixing, the reac-
tion was continued in the dark at room tempera-
ture for 5–15 min. Apoptosis and cell cycle were 
detected by flow cytometry.

Transwell assay to detect cell invasion

With the removal of serum, cells received star-
vation culture with incomplete culture medium 
for 24 h. Matrigel was thawed overnight at 4°C, 
and the defrosted Matrigel was then diluted twice 
with incomplete culture medium. An amount of 
30 μl of diluted Matrigel was added to the upper 
chamber of the Transwell and incubated at 37°C 
for 120 min to polymerize Matrigel into glue. After 

cell digestion and counting, cells were adjusted 
at the density of 1 × 105 cells/ml with incomplete 
culture medium. Then, 100 μl of cell suspension 
was collected to add to the Transwell chamber, 
with 500 μl of culture medium containing 20% 
FBS into the lower chamber. After that, the 24-well 
cell culture plate was placed into the 5% CO

2 incu-
bator for 24 h of culture at 37°C. At the end of the 
culture, the matrix glue and the cells were wiped 
in the upper chamber with a cotton swab, and the 
Transwell was removed and inverted to dry nat-
urally. Another amount of 500 μl of crystal violet 
containing 0.1% crystal violet was added into the 
24-well culture plate, followed by the placement 
of the chamber to immerse the membrane in the 
dye for 30 min at 37°C. With PBS washing after 
staining, 3 fields of view were taken in diameter 
for photography (magnification, 200×) and count-
ing.

Wound healing assay to detect cell 
migration

Cells in the logarithmic growth period were di-
gested and inoculated into the 6-well plate. The 
next day, the 6-well plate was evenly scratched 
with a sterile pipette tip when the cell confluence 
reached about 60%. After washing floating cells 
with PBS, cells were transferred to fresh culture 
medium and placed into the cell incubator for 
a  further 24 h of culture. At the end of culture, 
cells were photographed (magnification, 200×) to 
measure the distance of cell migration.

Cell adhesion assay

The FN was diluted with serum-free medium at 
the final concentration of 10 mg/l and added to 
a 96-well plate with 50 μl per well for overnight 
culture at 4°C. After discarding excess liquid, cells 
were digested and counted, followed by cell densi-
ty adjustment to 1 × 105 cells/ml with incomplete 
culture medium. Cells were then transferred into 
the 5% CO2 incubator at 37°C for 1 h, with 100 μl 
of cells per well. Culture medium was discarded 
at the end of culture, and the non-adherent cells 
were removed by PBS washing, followed by cell 
photography and counting under the microscope.

Western blot detection

With the addition of pre-cooled lysate for cell 
lysis for 15 min, the protein was collected by ob-
taining the supernatant after centrifugation (1200 
g/min) at 4°C for 5 min. Protein concentration was 
calculated by BCA colorimetry. After the protein 
was separated by SDS-PAGE, it was transferred 
to PVDF membrane and then sealed with 5% 
skimmed milk powder for 2 h. The primary anti-
body was diluted according to the instructions to 
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the required concentration with the blocking solu-
tion, followed by incubation overnight at 4°C. Fol-
lowing washing by TBST three times (5 min each), 
the HRP labeled secondary antibody was diluted 
according to the dosage, and incubated at 37°C 
for 1 h. With another TBST washing three times 
(5 min each), enhanced chemiluminescence (ECL) 
was used for protein expression detection, and 
Image J software was used for gray analysis.

Tumor-bearing experiment

A  total of 42 4-week-old female BALB/c nude 
mice (Laboratory of Animal Experimental Center, 
Nanjing Medical University) were used as exper-
imental animals, with a  body mass of 18–24  g 
and an average of 21.14 ±2.04 g. The human 
breast cancer MCF-7 cells (0.2 ml) at the logarith-
mic growth phase with adjusted cell density of  
4 × 105/ml were inoculated into the right armpit 
of each nude mouse. NC group was used nor-
mal MCF-7 cell; Mock group was used MCF-7 cell 
which transfected with vector; ERK group was 
used MCF-7 cell which transfected with ERK gene; 
ERK+siCD59 group was used MCF-7 cell which 
transfected with ERK gene and siCD59 which 
inhibited CD59; ERK inhibitor group was used  
MCF-7 cell which transfected with ERK inhibitor; 
ERK inhibitor+CD59 group was used MCF-7 cell 
which transfected with ERK inhibitor and CD59 
gene. After that, mice were raised routinely for 
a  continuous raising of 15 days, with the tumor 
volume observed once a  week. The nude mice 
were killed and sampled 15 days later.

TUNEL detection

According to the routine procedure of dewaxing 
and hydration, the slices were soaked in xylene for 
5 min, and then soaked in a new xylene for anoth-
er 5 min. For gradient ethanol dehydration, slices 
were immersed in absolute ethanol for 5 min, 95% 
ethanol for 5 min, 85% ethanol for 5 min, and 70% 
ethanol for 5 min, followed by PBS washing (3 min 
× 3 times). Subsequent reaction was continued at 
37°C for 15 min with the addition of a ready-to-use 
solution prepared according to the ratio of 90 μl 
1xPBS and 10 μl 10xProteinase K. Then, 100 μl of 
DNaseI reaction solution was prepared according 
to the sample. After that, 1% Triton-100 was added 
to the sample for reaction at room temperature for 
15 min. With a soaking in PBS three times (5 min 
each), samples were treated with 3% H2O2-metha-
nol solution for 15 min. After PBS immersion three 
times (5 min each), 100 μl of TdT enzyme reaction 
solution was added to each sample, and reacted 
for 1 h at 37°C under wet conditions in the dark, 
followed by another PBS immersion three times 
(5 min each). Then, 100 μl of Streptavidin-HRP was 

supplemented to samples for 10 min of reaction 
at 37°C under wet conditions in the dark. With an-
other immersion in PBS three times (5 min each), 
2 drops of DAB solution freshly prepared to each 
sample to observe the staining depth under the mi-
croscope, and stop immediately after well staining. 
With gentle washing with tap water for 15 min and 
development termination with distilled water, the 
slices were placed into hematoxylin solution for 10 
min, which was then placed into hydrochloric ac-
id-methanol solution after washing with distilled 
water, followed by washing with distilled water im-
mediately. In the next step, the slices were soaked 
in 70% ethanol for 5 min, 85% ethanol for 5 min, 
95% ethanol for 5  min and absolute ethanol for 
5 min. Then the slices were immersed in xylene for 
10 min and replaced in xylene for 10 min, followed 
by the addition of neutral gum to the sample with 
the slide covered after drying. In the final step, the 
slices were observed under an optical microscope 
for photography of ERK, and Image J software was 
used for image analysis.

Ethics approval

In view of the approval and validity of the ani-
mal experiments approved by the Ethics Commit-
tee of the People’s Hospital of Jiangxi Province, 
the Ethics Committee of the Laboratory Animal 
Center of Jiangxi University of Traditional Chinese 
Medicine also agreed to the animal experiment.

Statistical analysis

SPSS 22.0 statistical software was used for 
data analysis in this experiment. Measurement 
data were expressed as mean ± standard devia-
tion (SD). One-way analysis of variance was used 
for the comparison between groups, and the least 
significant difference method for pairwise com-
parison. P < 0.05 indicated that the difference was 
statistically significant.

Results

Clinical data and analysis

By HE staining, Figure 1 A shows that the infil-
tration and invasion of cancer tissues were higher 
than those of adjacent normal tissues. By IHC as-
say, Figure 1 B shows that CD59 protein expression 
of cancer tissues was significantly up-regulated 
compared with that of adjacent tissues (p < 0.001); 
Figure 1 C shows that ERK protein expression of 
cancer tissues was significantly up-regulated com-
pared with that of adjacent tissues (p < 0.0001).

ERK had effects on cell proliferation 

By MTT assay, Figure 2 A shows that the cell vi-
ability of ERK + siCD59 and ERK inhibitor groups 
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Figure 1. Clinical data. A – Pathology of different tissues by HE staining (200×). B – CD59 protein expression in 
different tissues by IHC assay (400×). C – ERK protein expression in different tissues by IHC assay (400×)

***P < 0.001, compared with adjacent tissues.
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was significantly depressed compared with that 
of the NC group in MDA-MB-231 and MCF-7 cell 
lines (each p < 0.01); with ERK inhibitor and 
CD59 transfection, compared with ERK inhibitor 
group, the cell viabilities of ERK inhibitor + CD59 
groups were significantly up-regulated in MDA-
MB-231 and MCF-7 cell lines (each p < 0.01). 
By clone assay, Figures 2 B and C show that the 
clone cell number of ERK + siCD59 and ERK in-
hibitor groups was significantly depressed com-
pared with that of the NC group in MDA-MB-231 
and MCF-7 cell lines (each p < 0.01); with ERK 
inhibitor and CD59 transfection, compared with 
the ERK inhibitor group, the clone cell number 
of ERK inhibitor + CD59 groups was significant-
ly up-regulated in MDA-MB-231 and MCF-7 cell 
lines (each p < 0.01).

ERK had effects on cell apoptosis shown by 
cell TUNEL assay

By cell TUNEL assay, Figures 3 A  and B show 
that the apoptosis cell number of ERK + siCD59 

and ERK inhibitor groups was significantly higher 
compared with that of NC groups in MDA-MB-231 
and MCF-7 cell lines (each p < 0.01); with ERK 
inhibitor and CD59 transfection, compared with 
ERK inhibitor group, the apoptosis cell number of 
ERK inhibitor + CD59 groups were significantly 
down-regulation in MDA-MB-231 and MCF-7 cell 
lines (each p < 0.01).

ERK had effect to cell apoptosis by flow 
cytometry

By flow cytometry, Figures 4 A  and B shown 
apoptosis rate of ERK+siCD59 and ERK inhibitor 
groups were significantly higher compared with 
that of NC groups in MDA-MB-231 and MCF-7 
cell lines (each p < 0.01); with ERK inhibitor and 
CD59 transfection, compared with ERK inhibi-
tor group, the apoptosis rate of ERK inhibitor + 
CD59 groups were significantly down-regula-
tion in MDA-MB-231 and MCF-7 cell lines (each  
p < 0.01).
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Figure 2. ERK had effects on cell proliferation. A – Cell viability of different groups by MTT assay. B – Clone cell 
number of different MDA-MB-231 cell groups

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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Figure 2. Cont. C – Clone cell number of different MCF-7 cell groups

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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ERK had an effect on cell cycle shown by 
flow cytometry

By flow cytometry, Figures 5 A  and B show 
that the G1 phase rate of ERK + siCD59 and ERK 
inhibitor groups were significantly higher com-
pared with that of NC groups in MDA-MB-231 and  
MCF-7 cell lines (each p < 0.01); with ERK inhibitor 
and CD59 transfection, compared with the ERK in-
hibitor group, the G1 phase rate of ERK inhibitor + 
CD59 groups was significantly down-regulated in 
MDA-MB-231 and MCF-7 cell lines (each p < 0.01); 
however, the G2 phase rate of ERK + siCD59 and 
ERK inhibitor groups was significantly depressed 

compared with that of NC groups in MDA-MB-231 
and MCF-7 cell lines (each p < 0.01); with ERK in-
hibitor and CD59 transfection, compared with the 
ERK inhibitor group, the G2 phase rate of ERK in-
hibitor + CD59 groups was significantly up-regu-
lated in MDA-MB-231 and MCF-7 cell lines (each 
p < 0.01).

ERK had an effect on cell invasion abilities 
shown by transwell assay

By transwell assay, Figures 6 A and B show that 
the invasion cell number of ERK + siCD59 and ERK 
inhibitor groups was significantly depressed com-
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Figure 4. ERK had an effect on cell apoptosis shown by flow cytometry. A – Apoptosis rate of different MDA-MB-231 
cell groups

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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pared with that of NC groups in MDA-MB-231 and 
MCF-7 cell lines (each p < 0.01); with ERK inhibitor 
and CD59 transfection, compared with the ERK in-
hibitor group, the G1 phase rate of ERK inhibitor 
+ CD59 groups was significantly higher in MDA-
MB-231 and MCF-7 cell lines (each p < 0.01).

ERK had an effect on cell migration abilities 
shown by wound healing assay

By wound healing assay, Figures 7 A and B show 
that the wound healing rate of ERK + siCD59 and 
ERK inhibitor groups was significantly depressed 
compared with that of NC groups in MDA-MB-231 
and MCF-7 cell lines at 24 h and 48 h (each p < 
0.01); with ERK inhibitor and CD59 transfection, 

compared with the ERK inhibitor group, the wound 
healing rate of ERK inhibitor + CD59 groups was 
significantly higher in MDA-MB-231 and MCF-7 
cell lines at 24 h and 48 h (each p < 0.01).

ERK had an effect on cell adhesion abilities

By cell adhesion assay, Figures 8 A and B show 
that the adhesion cell number of ERK + siCD59 and 
ERK inhibitor groups was significantly depressed 
compared with that of NC groups in MDA-MB-231 
and MCF-7 cell lines (each p < 0.01); with ERK in-
hibitor and CD59 transfection, compared with the 
ERK inhibitor group, the adhesion cell number of ERK 
inhibitor + CD59 groups was significantly higher in 
MDA-MB-231 and MCF-7 cell lines (each p < 0.01).
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Figure 4. Cont. B – Apoptosis rate of different MCF-7 cell groups

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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Relative protein expression by WB assay

By WB assay, Figures 9 A  and B show that 
CD59, PKD and E-cadherin protein expression of 
ERK + siCD59 and ERK inhibitor groups was sig-
nificantly depressed and P53 and vimentin pro-
tein expression of ERK + siCD59 and ERK inhibitor 
groups was significantly higher compared with 
those of NC groups in MDA-MB-231 and MCF-7 
cell lines (each p < 0.01); with ERK inhibitor and 
CD59 transfection, CD59, PKD and E-cadherin pro-
tein expression of ERK inhibitor + CD59 groups 
was significantly depressed and P53 and vimentin 
protein expression of ERK inhibitor + CD59 groups 
was significantly higher compared with those of 
ERK inhibitor groups in MDA-MB-231 and MCF-7 
cell lines (each p < 0.01).

ERK had effects on cell proliferation  
and apoptosis in vivo 

By tumor-bearing experiment, Figure 10 A 
shows that tumor weight and volume of ERK + 
siCD59 and ERK inhibitor groups were significantly 
depressed compared with those of the NC groups 
(each p < 0.01); with ERK inhibitor and CD59 
transfection, compared with the ERK inhibitor 
group, tumor weight and volume of ERK inhibitor 
+ CD59 groups were significantly higher (each p < 
0.01). By HE staining, with siCD59 or ERK inhibitor 
transfection, Figure 10 B shows the tissues inva-
sion and infiltration were suppressed; however, 
with CD59 supplement, the tissues invasion and 
infiltration showed recovery. In order to evaluate 
cell apoptosis, measuring apoptosis cell number 
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Figure 5. ERK had an effect on cell cycle shown by flow cytometry. A – Cell cycle of different MDA-MB-231 cell 
groups

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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by TUNEL assay, compared with the NC group, the 
apoptosis cell number of ERK + siCD59 and ERK 
inhibitor groups was significantly higher (each  
p < 0.01); with ERK inhibitor and CD59 transfec-
tion, the apoptosis cell number of the ERK inhibitor 
+ CD59 group was significantly lower compared 
with that of the ERK inhibitor group (p < 0.001).

Relative protein expression in different 
tissues by IHC assay

By IHC assay, Figure 11 shows that CD59, 
PKD and E-cadherin protein expression of ERK 

+ siCD59 and ERK inhibitor groups was signifi-
cantly depressed and P53 and vimentin protein 
expression of ERK + siCD59 and ERK inhibitor 
groups was significantly higher compared with 
those of the NC group (each p < 0.01); with ERK 
inhibitor and CD59 transfection, CD59, PKD and 
E-cadherin protein expression of ERK inhibitor 
+ CD59 groups was significantly depressed and 
P53 and vimentin protein expression of the ERK 
inhibitor + CD59 group was significantly higher 
compared with those of the ERK inhibitor group 
(each p < 0.01).
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– transfected with ERK inhibitor and CD59.
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Discussion

In this study, it was found that there was a sig-
nificant increase in the protein expression of ERK 
and CD59 in breast cancer tissues by detecting 
clinical specimens. It is thus speculated that ERK 
may affect the occurrence and development of 
breast cancer through regulating CD59 expres-
sion. Additionally, based on the results of in vitro 
cell and in vivo tumor-bearing experiments, the 
biological activities (proliferation, invasion and 
migration) of breast tumor cells were obviously 
inhibited and the expression of CD59 protein was 
significantly decreased after silencing ERK. How-

ever, simultaneous transfection of CD59 into cells 
resulted in disappearance of the inhibitory effect 
of ERK inhibitor on breast tumor cells, suggesting 
that CD59 might be regulated by the ERK signal-
ing pathway. Further detection focused on signal-
ing pathway related proteins for the exploration 
of the related mechanism. The results showed 
that the ERK/CD59 signaling pathway is associ-
ated intimately with protein kinase D (PKD), P53, 
E-cadherin and vimentin.

PKD can promote activation of tumor associ-
ated protein kinase in tumor cells, enhance the 
activity of upstream transcription genes, and ac-
celerate the proliferation, and enhance the prolif-
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Figure 6. ERK had an effect on cell invasion abilities shown by transwell assay. A – MDA-MB-231 invasion cell 
number of different groups

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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eration and migration of tumor cells [12–14]. PKD 
can improve invasion and self-renewal of tumor 
cells by promoting the change of biological char-
acteristics of tumor cells [15–17]. Previous studies 
have reported that PKD can negatively regulate 
P53 expression [18, 19]. P53 is one of the known 
tumor suppressor genes found to be highly cor-
related with the great majority of human cancers 
[20]. The normal P53 protein expression product 
has a short half-life and is not detectable; it is able 
to inhibit tumor cell proliferation and induce apop-
tosis. However, mutation of P53 may result in the 
prolonged half-life of the expression product that 
can be detected. The mutated P53 not only loses 
the function of tumor suppression, but also can 
induce normal cells to transform into tumor cells. 
Simultaneously, it can block the tumor suppres-
sion effect of wild-type P53 without mutation, and 
finally promote the occurrence and progression of 

tumors [21, 22]. In our study, with ERK gene ex-
pression silenced, there was decreased expres-
sion of CD59, obvious inhibited expression of PKD, 
and evident increased expression of P53, which 
further led to a  large number of cells stagnated 
in G1 phase, leading to a  significant increase of 
apoptosis rate [23, 24]. It may primarily explain 
why inhibiting activation of the ERK/CD59 path-
way may eventually induce an evident decrease in 
cell proliferation and a significant increase in cell 
apoptosis.

The epithelial-mesenchymal transition (EMT) 
is an important step in further development and 
metastasis of cancer. EMT starts with the dimin-
ished cell polarity and cell-cell adhesion in cancer 
cells, leading to enhanced migratory and invasive 
properties. In breast cancer, EMT can occur through 
multiple extracellular signaling pathways [25–27]. 
E-cadherin and vimentin are two critical proteins 
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Figure 6. Cont. B – MCF-7 invasion cell number of different groups

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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that play an important role in the development of 
EMT [28, 29]. To be specific, the decrease of E-cad-
herin and the increase of vimentin are related to the 
migration, invasion and adhesion of tumor cells, 
which are the key factors leading to poor prognosis 
of cancer patients [30, 31]. In this study, the inva-
sion, migration and adhesion of breast cancer cells 
were significantly inhibited after blocking the ERK/
CD59 signaling pathway, which may be related to 
the changes of E-cadherin and vimentin.

In conclusion, ERK can positively regulate 
CD59, promote cell proliferation, inhibit apopto-
sis and induce EMT in the course of breast cancer. 
Furthermore, inhibition of activation of the ERK/
CD59 pathway results in decreased PKD expres-

sion, but increased PTEN tumor suppressor gene 
expression, which promotes cell apoptosis and in-
hibits cell proliferation. Also, it effectively inhibits 
the EMT process of breast cancer cells.
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Figure 7. ERK had an effect on cell migration abilities shown by wound healing assay. A – Wound healing rate of 
MDA-MB-231 cell groups. B – Wound healing rate of MCF-7 cell groups

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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Figure 8. ERK had an effect on cell adhesion abilities. A – Adherent MDA-MB-231 cell number

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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Figure 8. Cont. B – Adherent MCF-7 cell number

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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Figure 9. Relative protein expression by WB assay. A – Relative protein expression in MDA-MB-231 cell groups 

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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Figure 9. Cont. B – Relative protein expression in MCF-7 cell groups 

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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Figure 10. ERK had effects on cell proliferation and apoptosis in vivo. A – Tumor weight and volume of different 
groups

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.
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Figure 10. Cont. B – Pathology of tumor tissues in different groups. C – Apoptosis cell number of different groups 
by TUNEL assay in vivo

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 0.01, compared with ERK inhibitor group. NC – treated with normal, 
Mock – transfected with empty vector, ERK – transfected with ERK, ERK + siCD59 – transfected with ERK and siCD59 which 
inhibits CD59, ERK + CD59 – transfected with ERK and CD59, ERK inhibitor – transfected with ERK inhibitor, ERK inhibitor + CD59 
– transfected with ERK inhibitor and CD59.

Ap
op

to
si

s 
ce

ll 
nu

m
be

r 
of

 d
if

fe
re

nc
e 

gr
ou

ps

15

10

5

0

***

**

###

 NC Mock ERK ERK +  ERK + ERK ERK
    siCD59  CD59 inhibitor inhibitor 
       + CD59

NC

NC

ERK + siCD59

ERK + siCD59

ERK inhibitor + CD59

ERK inhibitor + CD59

B

C

Mock

Mock

ERK + CD59

ERK + CD59

ERK

ERK

ERK inhibitor

ERK inhibitor



ERK knockdown suppresses cell biological activities via regulation of CD59 in breast cancer

Arch Med Sci 23

Figure 11. Relative protein expression of tumor 
tissues in different groups. A  – CD59 protein ex-
pression in different groups by IHC assay (400×). 
B – PKD protein expression in different groups by 
IHC assay (400×)

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 
0.01, compared with ERK inhibitor group. NC – treated 
with normal, Mock – transfected with empty vector, 
ERK – transfected with ERK, ERK + siCD59 – transfected 
with ERK and siCD59 which inhibits CD59, ERK + CD59 
– transfected with ERK and CD59, ERK inhibitor – 
transfected with ERK inhibitor, ERK inhibitor + CD59 – 
transfected with ERK inhibitor and CD59.
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Figure 11. Cont. C – P53 protein expression in dif-
ferent groups by IHC assay (400×). D – E-cadherin 
protein expression in different groups by IHC assay 
(400×)

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 
0.01, compared with ERK inhibitor group. NC – treated 
with normal, Mock – transfected with empty vector, 
ERK – transfected with ERK, ERK + siCD59 – transfected 
with ERK and siCD59 which inhibits CD59, ERK + CD59 
– transfected with ERK and CD59, ERK inhibitor – 
transfected with ERK inhibitor, ERK inhibitor + CD59 – 
transfected with ERK inhibitor and CD59.
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Figure 11. Cont. E – Vimentin protein expression in 
different groups by IHC assay (400×)

**P < 0.01, ***p < 0.001, compared with NC group; ##p < 
0.01, compared with ERK inhibitor group. NC – treated 
with normal, Mock – transfected with empty vector, 
ERK – transfected with ERK, ERK + siCD59 – transfected 
with ERK and siCD59 which inhibits CD59, ERK + CD59 
– transfected with ERK and CD59, ERK inhibitor – 
transfected with ERK inhibitor, ERK inhibitor + CD59 – 
transfected with ERK inhibitor and CD59.
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