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Object: To identify the expression levels of ECT2 (epithelial cell transforming sequence 2) 
in triple-negative breast cancer (TNBC) before and after administration of paclitaxel (PTX) 
and explore the interaction between ECT2 and PTX in breast cancer treatment.
Methods: Lentiviral (LV) packaging ECT2 overexpression and interference plasmids were 
constructed for in vitro assays. The effects of ECT2 expression on the TNBC cell line 
(HCC1806), particularly its roles in the proliferation, invasion, migration and apoptosis and 
cell cycle, were evaluated using the CCK-8 and other methods before and after PTX 
treatment. In nude mouse xenograft settings were performed to detect cell apoptosis and 
Ki-67 expression levels by TUNEL and immunohistochemical staining, respectively.
Results: In the vitro assays, before and after the PTX treatment, comparison of the LV-ECT2 
and sh-ECT2 groups and the remaining three groups (control, LV-NC, sh-NC) showed 
statistically significant differences in terms of cell proliferation, invasion and migration 
and apoptosis and changes in the cell cycle. In the vivo assays, the control, LV-ECT2 and sh- 
ECT2 groups markedly outweighed the corresponding PTX-treated groups. The LV-ECT2, 
PTX, sh-ECT2 and sh-ECT2-PTX were all significantly different from the control group in 
terms of body weight and tumour size changes. Cell apoptosis occurred in the PTX, sh-ECT2 
and sh-ECT2-PTX groups. About the Ki-67 proliferation index, the PTX, LV-ECT2-PTX, 
sh-ECT2 and sh-ECT2-PTX groups were significantly different from the control group.
Conclusion: ECT2, which is a major driving factor in the growth of breast cancer cells, 
plays an important role in regulating TNBC growth. PTX therapy had significantly improved 
efficacy after silencing ECT2. This finding indicates that the inhibition of ECT2 expression 
may facilitate the treatment of breast cancer as a new regimen and provide a theoretical basis 
for the development of new targeted drugs as a replacement for PTX in breast cancer 
treatment.
Keywords: ECT2, TNBC, paclitaxel

Introduction
Triple-negative breast cancer (TNBC) accounts for approximately 20% of all 
breast cancer cases and is common in younger women before menopause. In 
addition to the risk of recurrence and metastasis and the limited treatment 
options, TNBC remains a radical challenge in the field given the lack of targeted 
drugs and effective biomarkers for pre-treatment evaluation and prognostic 
assessment. National Comprehensive Cancer Network and other guidelines sug-
gest that PTX is more efficacious than anthracyclines in breast cancer treatment. 
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A preliminary experiment showed that ECT2 had an 
increased expression level in breast cancer, and its 
expression level was relatively high in TNBC. 
A survival analysis revealed that ECT2 and TNBC 
were independent prognostic factors in breast cancer 
patients.1 ECT2 mainly promotes cell proliferation dur-
ing the G2/M phase, whereas PTX inhibits the prolifera-
tion of cancer cells by inducing a mitotic arrest. In the 
present study, in vivo and in vitro assays were performed 
to investigate the effects of ECT2 on TNBC cell prolif-
eration, invasion, migration and apoptosis. Additionally, 
in the case of ECT2 overexpression and interference, 
cancer cells were treated with PTX to discuss how 
PTX inhibits the growth of cancer cells in vivo and 
in vitro and explore the interaction between ECT2 and 
PTX in TNBC, providing a theoretical basis for TNBC 
treatment and prognosis.

Materials and Methods
Cell Culture and Treatment
The frozen basaloid TNBC (B-TNBC) cell line HCC1806 
(KeyGen Biotech, China) was quickly removed from 
liquid nitrogen and thawed at 37°C. The cells were then 
added to a medium containing 90% RPMI-1640 and 10% 
FBS using a pipette and placed in an incubator maintained 
at 37°C, 5% CO2, and saturated at 100% relative humidity. 
The following day, the medium was replaced, and a fresh 
medium was added for exponential growth of cells.

Constructing Lentiviral (LV) Vectors for 
ECT2 Overexpression
The complete genomic sequence of ECT2 was obtained 
from the National Centre for Biotechnology Information 
GenBank. LV packaging plasmids were constructed with 
the assistance of Nanjing KeyGen Biotech (Jiangsu, 
China). T4 DNA ligase was used for the construction 
of plasmid vectors for ECT2 overexpression (ie, FV115- 
ECT2-OE), which was examined by gel electrophoresis. 
Further, a negative control (NC) (FV115-NC) was estab-
lished. HCC1806 cells were grown in adherent culture 
until transfection 24 h later. Transfection efficiency was 
determined by measuring the number of green fluores-
cent protein/red fluorescent protein (GFP/RFP)- 
transfected cells under a microscope. If the GFP/RFP- 
transfected cells accounted for at least 70% of all cells, 
the viruses were harvested, whereas the infected cells 
were subjected to reverse transcription polymerase 

chain reaction (RT-PCR). The LV plasmid vector Lenti- 
ECT2-3FLAG-OE was successfully constructed (Figure 
1A and B).

Constructing LV Vectors for ECT2 
Interference
Following the instructions for use, siControl and siRNA 
of ECT2 were provided by KeyGen Biotech (Jiangsu, 
China). Three target sequences were generated, and T4 
DNA ligase was used for double digestion to construct 
plasmid vectors for ECT2 interference (ie, FV055-ECT2- 
shRNA), which was also examined by gel electrophor-
esis. Finally, the following interference target sequence 
was 5ʹ-GCTGAGCATTCCCTTTCCATA-3ʹ. Another NC 
(FV055-NC) was set up. HCC1806 cells grew under 
close observation within 6 h following transfection. If 
all observed cells were in good condition, no replace-
ment of medium would be necessary. After continuous 
culture for another 48 h, quantitative RT-PCR was per-
formed to confirm whether the target mRNAs were 
reduced, which indicated that the LV plasmid vector 
Lenti-ECT2-shRNA was successfully constructed 
(Figure 1A and C).

Experimental group including the control, LV-negative 
control (NC), LV-ECT2, sh-NC and sh-ECT2 groups, and 
Paclitaxel intervene in each group.

Cell Counting Kit (CCK)-8 Cell 
Proliferation Assay
After digestion and counting, the infected cells were used 
for the preparation of cell suspensions at the concentra-
tion of 5 × 104/L. Then, the cell suspensions were added 
to a 96-well culture plate at the density of 100 µL/well, 
and the plate was placed in a 5% CO2 incubator main-
tained at 37°C for cell culture. Cells in the culture plate 
were treated with CCK-8 at 24, 48 and 72 h after trans-
fection with the ECT2 plasmids. Complete media were 
used for dilution of PTX to different concentrations, and 
the cells in each well were then mixed with 100 µL 
complete medium containing PTX at a given concentra-
tion. In the meantime, NCs were established. Cells were 
stained by adding 10 µL CCK-8 reagent (DOJINDO 
Laboratories, Japan) to each well. After continuous cul-
ture for another 3 h in an incubator, the optical density 
(OD) at 450 nm, PTX efficacy and inhibitory concentra-
tion of 50% (IC50) were measured. Experiments were 
performed in triplicate.
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Transwell Invasion and Migration Assays
Cells under serum starvation were cultured in a serum-free 
medium for 24 h. Matrigel was thawed overnight at 4°C 
and diluted with a minimal medium. Then, 30 µL diluted 
Matrigel was added to the upper transwell chamber before 
incubation at 37°C for 120 min (this step was skipped in 
migration assay). Cells were digested and counted, and the 
cell densities were adjusted to 1 × 105/mL (invasion) and 5 
× 104/mL (migration). After PTX treatment for 48 h, cells 
in the exponential phase of growth were used for experi-
ments. Assays were performed following the given proto-
cols. Cells on the lower surface of the polyethylene 
terephthalate membrane were visualised by microscopy 
and counted under 400x magnification in five different 
vision fields to average the results. All experiments were 
performed in triplicate.

Cell Apoptosis Assay
The cell apoptosis assay was performed using the Annexin 
V-APC apoptosis detection kit with 7-amino-actinomycin 
D (7-AAD). Cells in the exponential phase of growth were 
digested and inoculated into a six-well culture plate. The 

next day, upon adherence to the wall of the plate, the cells 
were divided into different groups and treated with the 
corresponding media, and NCs were established. The 
cells were harvested after PTX treatment for 48 h and 
digestion with 0.25% trypsin (without ethylenediaminete-
traacetic acid (EDTA)). Then, the cells were washed twice 
with phosphate-buffered saline (PBS), and 5 × 105 cells 
were added to 500 µL binding buffer for suspension. 
Subsequently, the cell suspensions were stained with 
Annexin V-APC and mixed thoroughly with 7-AAD, fol-
lowed by reaction for 5–15 min at room temperature in the 
dark. Finally, cell apoptosis was detected using a flow 
cytometer. All experiments were performed in triplicate.

Cell Cycle Assay
Propidium iodide (PI) was used for cell cycle analysis. The 
cells were digested with trypsin-free EDTA, and 5 × 106 

cells were harvested after centrifugation to prepare single- 
cell suspensions. Afterward, the suspensions were fixed 
with prechilled ethanol (70% vol) for 2 h (or overnight) 
and stored at 4°C. Before staining, the suspensions were 
washed with PBS to remove the fixation fluid. Then, 
100 µL RNase A was added, followed by a water bath at 

Figure 1 Plasmid gel electrophoresis and QPCR histogram. (A) 1–3 for ECT2 siRNA (sh-ECT2) gel electrophoresis, 4 for ECT2 overexpression (LV-ECT2) gel 
electrophoresis. (B) ECT2 overexpression group showed that there were significant differences between LV-ECT2 group and control and LV-NC group, and they were 
shown as mean ± SD. (C) sh-ECT2 group showed that there was significant difference between sh-ECT2(3) group and control group, and there was no significant difference 
between the other two groups and the control group. They were shown as mean ± SD. * P<0.05.
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37°C for 30 min. The mixtures were stained with 400 µL PI 
in a dark place at 4°C for 30 min. Finally, cell cycle analysis 
was performed using a flow cytometer and data fitting 
software. All experiments were performed in triplicate.

Experimental Design of in vivo Assays
Nude Mouse Xenograft Assay
The in vivo assays involved 36 four- to five-week-old nude 
mice with severe combined immunodeficiency. Animal 
experiments were approved by the ethics committee of 
Shanxi Medical University. Each group cell suspension (1 × 
107/mL) was harvested and was later used to inoculate the 
corresponding nude mice (0.1 mL each) subcutaneously from 
the right armpit after grouping. The diameter of each tumour 
xenograft was measured with a Vernier caliper. At 21 days 
following the inoculation, the nude mice were randomly 
divided into six groups (n = 6) when the tumours reached 
70 mm3. The PTX, LV-ECT2-PTX and sh-ECT2-PTX groups 
received tail-vein injections of PTX at the dose of 6 mg/kg 
every two days and were closely observed for 21 days. During 
the same period, the control, LV-ECT2 and sh-ECT2 groups 
were intravenously injected with normal saline at the same 
dose and interval. The diameters of the tumours in nude mice 
were measured to assess the antitumor efficiency. Upon com-
pletion of the in vivo assays, the mice were euthanised to 
harvest tumours from their bodies for weight measurement. 
Antitumor efficiency was calculated using relevant parameters. 
All animal procedures were performed and approved by the 
Medical ethics committee of Shanxi Medical University, and 
followed the guidelines of welfare ethics committee of the 
laboratory animals of Shanxi Medical University.

Cell Apoptosis Assay
The tumour tissues removed from the mice were fully 
dewaxed and hydrated before cell apoptosis analysis based 
on the terminal deoxynucleotidyl transferase dUTP nick end 
labelling assay. Paraffin sections (3–4 um) were prepared. All 
samples were treated with a fresh mixture made from 90 µL 
1X PBS and 10 µL 10X proteinase K. The reaction at 37°C 
was not terminated until 15–20 min, followed by the addition 
of 100 µL DNase I reaction buffer in varying Kunitz units and 
1% Triton X-100. After standing at room temperature, the 
samples were washed and treated with 3% H2O2 methanol. 
Subsequently, every sample was mixed with 100 µL terminal 
transferase. The reaction occurred in a dark, humid environ-
ment at 37°C and was terminated 1 h later. Then, the samples 
were washed before the addition of enzyme-labelled avidins, 
stained with DAB reagent, counterstained and mounted.

Immunohistochemical (IHC) Analysis of Ki-67 
Expression
The monoclonal antibody Ki-67, IHC assay kit and DAB 
staining kit were purchased from Fuzhou Maxim 
Biotechnologies Co., Ltd. IHC analysis was conducted 
using the two-step EnVision method. The assay was per-
formed as directed by the manufacturer, with the known 
positive section as the positive control and PBS as the NC.

Statistical Analysis
IC50 was calculated using the Bliss method. Mean values 
were expressed by ‘mean ± standard deviation’. Group 
comparison was examined by t-test, and p values <0.05 
were considered statistically significant. All results were 
analysed using SPSS 24.0.

Results
Effects of ECT2 Overexpression and 
Interference and PTX Therapy on Breast 
Cancer Cell Proliferation
According to the CCK-8 cell proliferation assay, before PTX 
treatment, the LV-ECT2 group had an OD value signifi-
cantly higher than that of the control and LV-NC groups at 
48 h (P < 0.05), indicating a remarkable improvement in the 
proliferation ability. On the other hand, the sh-ECT2 group 
had an OD value significantly lower than that of the control 
and sh-NC groups (P < 0.05), suggesting the inhibited cell 
proliferation in the sh-ECT2 group (Figure 2A).

Subsequently, the five groups were treated with PTX at 
different concentrations (3.91 to 250, 500 and 1000 nM). Cell 
proliferation was monitored at 48 h, and the PTX IC50 was 
50 nM. The cell culture was continued after the addition of 
PTX (50 nM) to the five groups, and cell proliferation was 
monitored at 24, 48 and 72 h. At 48 h, the LV-ECT2 group 
had an inhibitory rate (IR) significantly lower than that of the 
control and LV-NC groups (P < 0.05), whereas the IR of 
the sh-ECT2 group was significantly higher than those of the 
control and sh-NC groups (P < 0.05) (Figure 2B and C).

Effects of ECT2 Overexpression and 
Interference and PTX Therapy on Migration 
and Invasion of Breast Cancer Cells
Effect on Migration of PTX-Treated Breast Cancer Cells
In terms of cell migration, marked changes were noted in the 
LV-ECT2 group. Compared with the control and LV-NC 
groups, the LV-ECT2 group had a notably higher cell migra-
tion rate, and the difference was statistically significant (P < 
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0.05). In the sh-ECT2 group, the cell migration rate dropped 
sharply and was significantly different from that in the 
control and sh-NC groups (P < 0.05) (Figure 3A and B).

Following PTX treatment, all five groups exhibited 
decreased cell migration at varying degrees. The cell 

migration rate of the LV-ECT2 group did not reduce as 
drastically as those of the control and LV-NC groups, 
but the differences showed statistical significance (P < 
0.05). In the sh-ECT2 group, the cell migration rate 
dropped sharply and was significantly different from 

Figure 2 CCK-8 cell proliferation assay. (A) Before PTX treatment, (B) After treatment with PTX: LV-ECT2 group had an higher OD value at 48 h, and the sh-ECT2 group 
had an lower OD value at 48 h. (C) After PTX treatment, the inhibitory rate of each group was compared in the histogram.*P <0.05.

Figure 3 Cell migration assay. (A) The pictures of cell migration in each group. (B) The number of cell migration in 5 groups was compared in the histogram. *P <0.05.
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that in the control and sh-NC groups (P < 0.05) 
(Figure 4A and B).

Effect on Invasion of PTX-Treated Breast Cancer 
Cells
Results from the transwell invasion assay showed that the 
LV-ECT2 group exhibited a significantly higher invasive-
ness than the control and LV-NC groups, and statistical 
analysis indicated that the differences were statistically 
significant (P < 0.05). Compared with the control and sh- 
NC groups, the sh-ECT2 group showed a significantly 
lower level of invasiveness (P < 0.05) (Figure 5A and B).

PTX was later administered to the five groups accord-
ingly. The LV-ECT2 group experienced a drop in the 
number of invasive cells, although they still outnumbered 

the invasive cells in the control and LV-NC groups, and 
the differences had statistical significance (P < 0.05). In 
the sh-ECT2 group, the number of invasive cells was 
reduced substantially, and compared with the control and 
sh-NC groups, the differences were statistically significant 
(P < 0.05) (Figure 6A and B).

Effects of ECT2 Overexpression and 
Interference and PTX Therapy on Breast 
Cancer Cell Apoptosis
Flow cytometry (FCM) was performed to analyse the apop-
totic rates of breast cancer cells in the five groups. 
Comparison of the LV-ECT2 group and its counterparts (ie, 
control and LV-NC) showed that the apoptotic rate of the LV- 

Figure 4 Cell migration assay after PTX treatment. (A) The pictures of cell migration in each group. (B) The number of cell migration in 5 groups was compared in the 
histogram. *P <0.05.

Figure 5 Cell invasion assay. (A) The pictures of cell invasion in each group. (B) The number of cell invasion in 5 groups was compared in the histogram. *P <0.05.
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ECT2 group was markedly reduced, and the differences were 
statistically significant (P < 0.05). On the other hand, the sh- 
ECT2 group showed a considerable increase in the apoptotic 
rate, and the differences between the sh-ECT2 group and the 
control and sh-NC groups showed statistical significance 
(P < 0.05) (Figure 7A and B). After the PTX treatment, cell 
apoptosis in the five groups increased at varying rates. 
However, compared with the control and LV-NC groups, 
the change in the apoptotic rate of the LV-ECT2 group was 
minimal, but the differences were statistically significant (P < 
0.001). The sh-ECT2 group had an apoptotic rate signifi-
cantly higher than that of the remaining four groups, and the 
differences between the sh-ECT2 group and the control and 

sh-NC groups exhibited statistical significance (P < 0.001) 
(Figure 8A and B).

Effects of ECT2 Overexpression and 
Interference and PTX Therapy on Cell 
Cycle of Breast Cancer Cells
In the FCM, the cell cycle was divided into three com-
partments, including G0/G1, S and G2/M phases, based 
in the intracellular DNA content. The cell cycle analysis 
showed that compared with the control and LV-NC 
groups, the LV-ECT2 group exhibited marginal changes 
in the percentage (%) of cells and DNA content in the 
G1 and S phases but underwent substantial changes in 

Figure 6 Cell invasion assay after PTX treatment. (A) The pictures of cell invasion in each group. (B) The number of cell invasion in 5 groups was compared in the 
histogram. *P <0.05.

Figure 7 Cell apoptosis assay. (A) Changes of apoptosis rate in each group. (B) The cell apoptosis rate in 5 groups was compared in the histogram. *P <0.05.
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both respects during the G2/M phase. Likewise, the sh- 
ECT2 group, in comparison with the control and sh-NC 
groups, also experienced small changes in the G1 and 
S phases but had major changes in the G2/M phase, in 
which concerning values for the percentage (%) of cells 
and DNA content were observed (Figure 9A and B). 
After PTX was given, significant differences were 
observed between the LV-ECT2 group and the control 
and LV-NC groups in terms of the percentage (%) of 
cells and DNA content during the G1 and G2/M phases, 
whereas the sh-ECT2 group was significantly different 
from the control and sh-NC groups in terms of the 

percentage (%) of cells and DNA content during the 
G2/M phase (Figure 10A and B).

Effects of ECT2 Overexpression and 
Interference and PTX Therapy on Nude 
Mouse Xenograft Tumour Growth
During PTX treatment, each nude mouse was weighed 
every two days, and the ratio of long/short diameter of 
each tumour was measured using a Vernier caliper. 
Experimental results showed that during the assay, the 
control, LV-ECT2 and sh-ECT2 groups became 
substantially heavier than the PTX, LV-ECT2-PTX and sh- 

Figure 8 Cell apoptosis assay after PTX treatment. (A) Changes of apoptosis rate in each group. (B) The cell apoptosis rate in 5 groups was compared in the histogram. 
**P <0.001.

Figure 9 Cell cycle assay. (A) Cell cycle outcome diagram in each group. (B) A comparison of the cell cycle phases is shown in the histogram. *P <0.05.
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ECT2-PTX groups, and the differences were statistically 
significant (P < 0.05). In addition, in the sh-ECT2-PTX 
group, the body weight and tumour size changes in the 
nude mice were sluggish and stagnant. Except for the LV- 
ECT2-PTX group, the remaining groups were all signifi-
cantly different from the control group in terms of body 
weight and tumour size changes (P < 0.05) 
(Figure 11A–D).

Effects of ECT2 Overexpression and 
Interference and PTX Therapy on 
Apoptosis and Proliferation of Nude 
Mouse Xenograft Tumour Tissues
In the control, LV-ECT2 and LV-ECT2-PTX groups, the 
tumour tissues presented very limited numbers of apopto-
tic cells. By contrast, apoptosis occurred often in the PTX, 
sh-ECT2 and sh-ECT2-PTX groups. Thus, cell apoptosis 
was promoted in the PTX-treated groups, in which ECT2 
was underexpressed. Particularly, apoptosis occurred in 
over 50% of the tumour cells in the sh-ECT2-PTX group 
(Figure 12A).

Ki-67 IHC staining was performed to assess cell prolifera-
tion in each group. If a section was stained evenly, 200 cells 
were counted at 20x magnification in five different vision 
fields to average the results. Otherwise, cells in cold and hot 
zones were counted to average the results.2,3 Comparison of 
the proliferation indexes of the control group and the PTX, 
LV-ECT2-PTX, sh-ECT2 and sh-ECT2-PTX groups showed 
statistically significant differences (P < 0.05). Although the 

LV-ECT2 group had the highest proliferation index, in this 
respect, it showed no significant difference compared with the 
control group (P > 0.05) (Figure 12B).

Discussion
ECT2 refers to the epithelial cell transforming sequence 2. 
As a guanine nucleotide exchange factor for Rho GTPases, 
ECT2 is associated with diverse malignant phenotypes of 
human cancers.4 ECT2 resides on chromosome 3q26, 
a highly conserved proto-oncogene. It was isolated from 
the cDNA expression library of keratinocytes.5 The DH-PH 
-C domain of ECT2 lacks N-terminal sequence, which can 
regulate the activity and nuclear localization of Ect2. When 
the nuclear membrane breaks down, in the process of mito-
sis, Ect2 mutates from the nucleus to the whole cytoplasm. 
Ect2 localized in the cytoplasm has constitutive GEF activ-
ity and can transform fibroblasts and induce cell division.6,7 

This wrong localization of Ect2 in the cytoplasm plays 
a critical role in the oncogenic function of Ect2.5 When 
the cells lacking in Ect2, the formation of cell cleavage 
furrow and the assembly of contraction ring appear defects 
and cause cytokinesis arrest. But, the transformation activity 
of Ect2 was activated when a large amount of Ect2 accu-
mulates in the cytoplasm, which promoted cell division and 
transformation. This is also the reason why Ect2 is located 
in the cytoplasm in some cancer cells during the interphase 
period.8 The expression level of ECT2 is strongly asso-
ciated with cell cycle control and cell division.9 In the G2/ 
M phase, ECT2 is phosphorylated and promotes cell divi-
sion by binding with different factors.10 Up to now, ECT2 

Figure 10 Cell cycle assay after PTX treatment. (A) Cell cycle outcome diagram in each group. (B) A comparison of the cell cycle phases is shown in the histogram. 
**P <0.001.
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expression is upregulated in a range of cancers, including 
lung cancer,11 ovarian cancer,12 bile duct cancer13 and 
gliomas.14,15 Thus, ECT2 mainly promotes the proliferation 
of cancer cells at the G2/M phase.

ECT2 has a relatively high expression level in different 
breast cancer cells and promotes tumour progression.16,17 

Mansour et al16 reported that expression level of Ect2 may 
be a marker of TNBC, which can predict the invasion and 
metastasis of tumour. In our preliminary experiment, 
ECT2 was highly expressed in TNBC and associated 
with the prognosis of the disease.1 TNBC is the most 
invasive breast cancer that lacks known specific molecular 
targets and targeted therapy, with lumpectomy, radiother-
apy and cytotoxic chemotherapy as the mainstays of treat-
ment options. Given that B-TNBC accounts for over 50% 
of all TNBC cases, in this study, the highly proliferative 
and invasive HCC1806 breast cancer cells were used for 

in vivo and in vitro assays.18 The in vitro assays showed 
that ECT2 overexpression yielded a remarkable improve-
ment in the abilities of proliferation, invasion and migra-
tion, whereas silencing ECT2 meant decreased 
proliferation, invasion and migration of cancer cells. 
Moreover, the apoptotic rate in the LV-ECT2 group was 
reduced significantly, whereas the sh-ECT2 group saw 
a marked increase in the number of apoptotic cells. All 
these findings indicate that ECT2 expression is, to 
a certain extent, related to the growth of cancer cells. 
Overexpressed ECT2 promotes proliferation, invasion 
and migration of TNBC cells and inhibits cell apoptosis. 
On the contrary, silencing ECT2 can inhibit TNBC cell 
proliferation, invasion and migration and accelerate cell 
apoptosis. After PTX took effect, the proliferation, inva-
sion and migration of TNBC cells were significantly inhib-
ited, and the number of apoptotic cells was elevated 

Figure 11 Nude mice experiment. (A) The tumor size in 6 groups. (B) The weight curves of nude mice in 6 groups at 21 days. (C) The changes of tumor weight of 6 groups 
after 21 days in the histogram. (D) The volume curves of tumor in 6 groups at 21 days. ** P <0.001.
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substantially. In the sh-ECT2 group, the apoptotic rate 
climbed sharply. According to the assay results, malignant 
progression was strongly affected by ECT2, regardless of 
whether it was in overexpressed or silenced form. In 
combination with the use of PTX, ECT2 inhibited malig-
nant transformation, which is probably associated with 
certain signalling pathways at the molecular level.

The cell cycle analysis showed that ECT2 mainly pro-
moted the proliferation of cancer cells during the G2/M 
phase. When a cell proceeds to the G2 phase, ie, the gap 
between DNA synthesis and mitosis, large numbers of 
RNA, proteins (including MTPs) and other substances 
required for mitosis will be synthesised. During this per-
iod, ECT2 binds with diverse molecules, thereby promot-
ing cell division and proliferation.19,20 In non-small cell 

lung cancer, ECT2 promotes cell proliferation during the 
G2/M phase. In this phase, ECT2 requires phosphorylation 
of the T328 residue by PKCι to achieve the proliferation- 
promoting effect.21,22 Hara et al23 discovered that in HEK 
293T cells, T341 served as the phosphorylation site; with 
increased activity, phosphorylated ECT2, together with 
other relevant factors, regulated the expression of ECT2, 
ensuring ECT2’s function as a cell division promoter. All 
these events occurred in the G2/M phase. Therefore, ECT2 
expression is elevated as DNA synthesis proceeds during 
the G2/M phase, which in turn promotes DNA synthesis 
and cell division.24 In the present study, we inferred that 
ECT2 in the breast cancer cells was also phosphorylated, 
but further study is needed to identify the phosphorylation 
site. In the case of ECT2 overexpression, enhanced 

Figure 12 (A) Cell apoptosis assay by tunnel. The pictures of tumor cell apoptosis in each group. (B) Immunohistochemical expression of Ki-67 protein in each group.
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proliferation and reduced apoptosis were observed in 
TNBC cells, that is, exogenous ECT2 played an important 
role in the proliferation of TNBC cells, which primarily 
occurred in the G2/M phase. When ECT2 in the TNBC 
cells was silenced, decreased proliferation, invasion and 
migration were detected; the apoptotic rate and percentage 
(%) of cells in the G2/M phase were elevated significantly. 
These results indicate a cell division arrest during the G2/ 
M phase following the downregulation of ECT2, which 
resulted in an inhibitory effect on the proliferation of 
cancer cells and a significant increase in the apoptotic 
rate. On this basis, the proliferation of breast cancer cells 
may be effectively inhibited by downregulating endogen-
ous ECT2 expression, offering a real breakthrough in the 
treatment of breast cancer.

High-dose PTX inhibits tumour growth by blocking 
cell proliferation and promoting massive cell death at the 
G2/M phase. However, if a lower dose is administered, 
PTX may only induce MTP accumulation resulting in the 
inhibition of spindle formation, thereby arresting the cell 
cycle at the G2/M phase.25,26 This study used 
a concentration gradient of PTX to determine the PTX 
IC50 for the HCC1806 cell line in relevant assays. When 
treated with PTX, the LV-ECT2 group significantly dif-
fered from the control and LV-NC groups in terms of cell 
proliferation, invasion, migration and apoptosis, whereas 
no such statistically significant differences were observed 
between the control and LV-NC groups. Additionally, the 
LV-ECT2 group significantly differed from the control and 
LV-NC groups regarding changes in the percentage (%) of 
cells and DNA content in the G2/M-phase. Thus, PTX 
mainly induced cell apoptosis at the G2/M phase. In can-
cer cells with overexpressed ECT2, PTX not only inhib-
ited exogenous ECT2 but also reasonably downregulated 
the expression of endogenous ECT2. Therefore, an antag-
onistic effect existed between ECT2 and PTX in these 
cells. We know that a large number of microtubules are 
accumulated in the cells after paclitaxel contacts cells and 
can not form spindle body and spindle filament, so cell 
division is arrested in G2 and M phases. But the role of 
Ect2 is to promote the spindle to pull chromosomes and 
then complete cell division. Viewed from this perspective, 
can we infer from our experimental results that Ect2 can 
only act on the spindle, but not depolymerize microtubule 
of formed spindle, so it can not fundamentally antagonize 
the effect of paclitaxel. Of course, further studies should 
be undertaken to investigate the underlying mechanism. In 
nasopharynx cancer cells, dishevelled-associated 

antagonist of β-catenin homolog 2 is an effective inhibitor 
that induces the G2/M phase arrest, inhibits cell prolifera-
tion and promotes cell apoptosis, making the cancer cells 
highly sensitive to PTX.27 In this study, cell proliferation 
in the sh-ECT2 group was significantly reduced following 
PTX treatment, whereas its apoptotic rate was markedly 
increased, especially at the G2/M phase. These findings 
indicate that the cancer cells exhibited a significantly 
higher level of sensitivity to PTX after ECT2 has been 
silenced. Thus, the downregulation of ECT2 expression is 
an effective approach to further improve the sensitivity of 
cancer cells to PTX, inhibit cancer cell proliferation and 
promote cell apoptosis. The combination of PTX and 
a given TCM extract has a synergistic effect on inhibiting 
the proliferation and promoting the apoptosis of prostate 
cancer cells through G2/M phase arrest.28 Reportedly, the 
extract of Trametes robiniophila Murr. (Huaier) and PTX 
has a synergistic effect on inhibiting the growth of two 
breast cancer cell lines (MCF-7 and MDA-MB-231) 
in vitro. In vivo studies have demonstrated that these 
medicines, especially when used in combination, can sig-
nificantly inhibit the growth of xenograft tumours, 
although they induce cell cycle arrests in different phases, 
with the TCM extract mainly taking effect during the G0/ 
G1 phase.29

In this study, each nude mouse in the LV-ECT2 group 
showed negligible changes in body volume. However, the 
tumour size and weight were significantly higher than those 
of the nude mice in other groups. Further, the apoptotic rate 
of the LV-ECT2 group approached zero, whereas the Ki-67 
proliferation index was up to 90%. This condition indicates 
that ECT2 overexpression can significantly promote the 
proliferation of cancer cells. After PTX treatment, the LV- 
ECT2 group slightly exceeded the control group in terms of 
tumour size and weight. However, the apoptotic rates of the 
two groups were close to each other. Meanwhile, the Ki-67 
proliferation index of the LV-ECT2 group was significantly 
lower than that of the control group probably because PTX 
produced a strong antagonistic effect on ECT2 expression. 
As a result, this condition might have failed to fully inhibit 
tumour growth but effectively inhibited the tumour prolif-
erative activity. PTX can possibly inhibit ECT2 expression 
in breast cancer cells, but the underlying mechanism is still 
unclear. No significant difference was observed in the 
tumour growth between the sh-ECT2 and PTX groups. 
Although tumour size and weight in the PTX group grew 
slightly compared with those of the control group, the nude 
mice continually gained weight following PTX treatment. 
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Further evidence is needed to confirm whether tumour 
growth can be inhibited in this case to keep the nude mice 
alive with tumour permanently. The tumour growth in the 
sh-ECT2 group was almost stagnant at 21 days after PTX 
treatment, the apoptotic rate exceeded 50%, and the Ki-67 
proliferation index dropped to the lowest level. Still, no 
significant changes were noted in the body weight and 
tumour size compared with the early stage of PTX treat-
ment. Analysis revealed that silencing endogenous ECT2 
and the use of PTX may produce a therapeutic effect. When 
endogenous ECT2 was silenced, and PTX was administered 
as a combination, the therapeutic effect was multiplied, and 
the nude mice almost stopped growing. These results indi-
cate that silencing ECT2 also improved the sensitivity 
to PTX.

E3 ubiquitin ligase E6-associated protein (E6AP) can 
inhibit the metastasis of breast cancer by regulating the 
activity of ECT2 and Rho GTPase, with the E6AP-ECT2 
axis serving as the therapeutic target.16 In vivo and in vitro 
assays and positive and negative validation showed that 
ECT2 can accelerate breast cancer, and tumour growth was 
significantly inhibited by downregulating ECT2. 
Additionally, PTX lowered the overall proliferation ability 
and increase the apoptotic rate of cancer cells in vivo and 
in vitro. In accordance with the changes in cell proliferation 
and apoptosis in the sh-ECT2-PTX group, this assumption 
was especially true when ECT2 was silenced. ECT2 in 
TNBC plays an important regulatory role in cell prolifera-
tion, invasion, migration and apoptosis. However, concrete 
evidence is still needed to fully understand how ECT2 pro-
motes the development and progression of breast cancer and 
identify relevant signalling pathways involved in this pro-
cess. In the study of esophageal squamous cell carcinoma, it 
was found that Ect2 can regulate the expression of VEGF and 
MMP9 through RhoA-ERK signaling pathway to inhibit 
tumour cells progression.30 It is also found that Ect2 is 
closely related to the activation of Rho/ERK signal transduc-
tion axis in hepatocellular carcinoma. Knockdown of ECT2 
can significantly inhibit the activity of Rho GTPases and the 
activation of ERK, reduce the ability of cell proliferation and 
migration.31 It has been reported that the targeted inhibition 
of Ect2 activity may lead to the blocking of Rac1/RhoA/ 
Cdc42 downstream signaling pathway, and then inhibit the 
progress of breast cancer.16 So, Rho/ERK or Rac1/RhoA/ 
Cdc42 or other signaling pathways are related to the role of 
Ect2 in breast cancer, which needs further study. Thus, ECT2 
is probably a key driving factor in the growth of breast cancer 
cells. Silencing ECT2 causes a remarkable improvement in 

the therapeutic effect of PTX, which offers breast cancer 
patients a new treatment option. A study reported that 
ECT2 is targeted during the S phase and is deactivated 
when protease-dependent degradation occurs following cell 
division in the G2/M phase.32 This condition proves the 
specificity of ECT2 and provides strong evidence for its use 
in a future potential targeted therapy that may outperform 
PTX in treating breast cancer.
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