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Abstract
Background. Breast cancer has the highest incidence and mortality among all cancers in women. Paclitaxel 
(PTX) has a notable therapeutic effect on cancer in clinical practice.

Objectives. To explore the effect and mechanism of PTX on the proliferation, apoptosis and invasiveness 
of breast cancer cells.

Material and methods. MCF-7 cells were treated with PTX (0 μM, 0.01 μM, 0.1 μM, 1 μM) for 48 h. Cell 
viability was detected using MTT assay and lactate dehydrogenase (LDH) assay; the cell proliferation rate 
was detected using 5-ethynyl-2’-deoxyuridine (EdU) assay to screen the most effective concentration of PTX. 
MCF-7 cells were then divided into 5 groups: control group, PTX group, oe-PI3K group, NC-PI3K group, and 
oe-PI3K+PTX group. Cell apoptosis and cell cycles were detected with flow cytometry; cell invasion was 
determined using a transwell assay; western blot and quantitative reverse-transcription polymerase chain 
reaction (qRT-PCR) were used to measure the mRNA and protein expression level of cleaved caspase-3, Bax, 
Bcl-2, matrix metalloproteinase 9 (MMP-9), vascular endothelial growth factor (VEGF), p-AKT (Thr308), 
and p-AKT (Ser473).

Results. Paclitaxel inhibited cell viability and proliferation in a dose-dependent manner. In the PTX group, 
the apoptosis rate, the number of cells arrested in the G2/M phase and the expression levels of Cleaved cas-
pase-3 and Bax were increased, but the number of invasive cells and the expression levels of Bcl-2, MMP-9, 
vascular endothelial growth factor (VEGF), p-AKT (Thr308), and p-AKT (Ser473) were decreased. However, 
PI3K upregulation can reverse the effects of PTX.

Conclusions. Paclitaxel could inhibit MCF-7 cell proliferation and invasion, and promote MCF-7 cell apoptosis 
by downregulating the expression of p-AKT (Thr308) and p-AKT (Ser473) in the PI3K/AKT signaling pathway.
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Introduction

Breast cancer is the most common gynecological can-
cer, with the highest mortality rate. More than 1.5 million 
women are diagnosed with breast cancer each year world-
wide, and this number is rising.1,2 The common classifica-
tion of breast cancer is based on the expression of estrogen 
receptor (ER), progesterone receptor (PR) and human epi-
dermal growth factor receptor (HER2).3 There are many 
factors affecting the prevalence of breast cancer, includ-
ing family history, age, smoking and drinking, early amen-
orrhea, delayed menarche, obesity, and high-fat diet; oral 
contraceptives or other exogenous estrogens can also in-
crease the incidence of breast cancer.4–6 It is a highly het-
erogeneous disease – its clinical characteristics and bio-
logical behavior vary widely among patients; therefore, 
survival also varies from person to person.7 At present, 
radiotherapy and chemotherapy are the main methods 
of inhibiting the growth of breast cancer in order to pro-
long survival. However, the outcomes of current treat-
ment regimens are often unsatisfactory due to recurrences 
of the disease caused by chemotherapy drug resistance.8–10 
Therefore, fully understanding the mechanism of action 
of chemotherapy drugs may help improve the therapeutic 
outcome of breast cancer.

Paclitaxel (PTX) is a common chemotherapy drug that 
is widely used in clinical practice due to its remarkable 
therapeutic effect.11 It can hinder cell mitosis by main-
taining tubulin stability.12 Paclitaxel can be used alone 
or in combination with other drugs to treat a variety of ma-
lignancies, including cervical cancer, head and neck can-
cers, and lung cancer.13–17 Paclitaxel is also the first-line 
chemotherapy for breast cancer.18

PI3K/AKT is one of the most frequently activated sig-
naling pathways in cancer, which regulates cell prolifera-
tion and invasion by targeting multiple proteins.19 It has 
been reported that activation of the PI3K/AKT pathway 
can promote growth, invasion and metastasis of breast 
cancer cells.20

However, the  relationship between PTX and 
the PI3K/AKT signaling pathway, and the mechanism 
of  their interaction in  the  treatment of  breast cancer 
have not been elucidated. Therefore, this study explored 
the relationship between PTX and the PI3K/AKT signal-
ing pathway, with the hope of providing more insights for 
improving the therapeutic outcome of PTX in breast can-
cer patients.

Material and methods

Cell culture and transfection

Human breast cancer cell lines MCF-7, BT-549, MDA-
MB-231, and T47D, and immortalized human mamma-
ry epithelial cell line MCF-10A were purchased from 

the Shanghai Cell Bank of the Chinese Academy of Sci-
ences (Beijing, China). The cells were cultured in mini-
mal essential medium (MEM) containing 10% fetal bo-
vine serum (FBS) and 100 IU/mL penicillin in 5% CO2 
at 37°C. The PI3K overexpression plasmid pcDNA3.1-PI3K 
and the negative control plasmid pcDNA3.1-NC were pur-
chased from Vigene Biosciences Inc. (Jinan, China). Trans-
fection was performed using a lipofectamin 2000 kit (In-
vitrogen, Carlsbad, USA). Briefly, 250 μL of Opti-MEM 
(Gibco, Thermo Fisher Scientific, Waltham, USA) was used 
to dilute 4 μg of the desired plasmid and 10 μL of Lipofecta-
min 2000. The plasmid and Lipofectamin 2000 were al-
lowed to stand at room temperature for 5 min before being 
gently mixed together. The mixture was allowed to stand 
for 20 min and then was added dropwise to the MCF-7 cell 
culture plate. The plate was gently shaken and put in an in-
cubator for 6 h before the medium was changed. Cells were 
harvested at 48 h after transfection for later use.

MTT assay

When the MCF-7cells reached 80–90% confluency, cells 
were digested and seeded into 96-well plates. The cells 
were treated with gradient concentrations of PTX for 48 h. 
After the medium was gently removed, 100 μL medium 
containing 10% MTT solution (Solarbio Science & Tech-
nology Inc., Beijing, China) was added. After 4 h, the su-
pernatant was discarded; 110 μL of dimethyl sulfoxide 
(DMSO) was then added to dissolve the crystal precipitate, 
and the absorbance value (optical density – OD) of each 
well at a wavelength of 490 nm was obtained using a mi-
croplate reader. Each group had 3 duplicate wells.

Lactate dehydrogenase cytotoxicity assay

The cell treatment was as described for the MTT assay 
(above). Cell culture medium was used as a blank con-
trol. Untreated MCF-7 cells were used as a spontaneous 
release control. Normal MCF-7 cells treated with Triton 
X-100 (Sigma-Aldrich, St. Louis, USA) were used as a max-
imum release control. In accordance with the instructions 
of the lactate dehydrogenase (LDH) cytotoxicity kit (Beyo-
time Biotechnology, Shanghai, China), 120 μL of superna-
tant from each well was collected and transferred to a new 
96-well plate. Then 60 μL of LDH working reaction mix-
ture was added to each well and incubated in the dark 
at room temperature for 30 min. The absorbance of each 
well was measured at a wavelength of 490 nm. Each sample 
had 3 replicate wells. For each test sample the cytotoxicity 
(%) = (experimental value – spontaneous release)/(maxi-
mum release – spontaneous release) × 100%.

EdU cell proliferation assay

The ×2 EdU working solution was made by diluting 
10 μM of EdU (Beyotime) with MEM medium (1:500) and 



Adv Clin Exp Med. 2020;29(11):1337–1345 1339

warmed to 37°C. An equal volume of ×2 EdU working so-
lution was added to each well and the plate was incubated 
at room temperature for 2 h, washed with PBS and fixed 
with 4% paraformaldehyde for 15 min. The plates were 
then washed twice with PBS containing 3% bovine se-
rum albumin (BSA) to remove the permeabilization so-
lution. Click-iT® cell buffer additive solution (Thermo 
Fisher Scientific) was added and each plate was incubat-
ed at room temperature for 30 min in the dark. Hoechst 
33342 reaction solution was added, and the plates were 
incubated at room temperature for 10 min in the dark. 
The plates were washed 3 times before being observed un-
der CKX53 inverted fluorescence microscope (Olympus, 
Tokyo,  Japan). The red fluorescence was counted as pro-
liferating cells, and the blue fluorescence showed nuclei. 
We chose 3 random ×200 fields to count the proliferating 
cells with nuclei. The cell proliferation rate = the number 
of proliferating cells/total cell number × 100%.

Flow cytometry

Cell apoptosis

A cell apoptosis detection kit was purchased from Be-
yotime. Cells in each group were harvested and resus-
pended with PBS. A cell suspension containing 104 cells 
was centrifuged and resuspended using working  buffer. 
Then a staining solution was made by mixing Annexin 
V-FITC (Beyotime) and propidium iodide (PI) at a ratio 
of 1:2. The cells were mixed with the staining solution and 
incubated at room temperature for 20 min. Cell apopto-
sis was measured in a flow cytometer; the experiment was 
repeated 3 times.

Cell cycle

A cell cycle detection kit was purchased from Beyotime. 
Cells were harvested, fixed with 1 mL of pre-cooled 75% 
ethanol (−20°C) and stored overnight at 4°C. The PI stain-
ing solution, staining buffer and Rnase A were made ac-
cording to the instruction manual. The cells were washed 
twice with pre-cooled PBS, resuspended with PI staining 
solution and incubated at 37°C for 30 min. The cell cy-
cle was then detected using flow cytometry in the dark 
at 4°C. The experiment was repeated 3 times.

Transwell invasion assay

Cells were starved for 12 h before the invasion assay. 
A 24-well plate with 8 μm Transwell inserts (Corning Inc., 
Corning, USA) was used in this experiment; each group 
had 3 replicate inserts. The upper surface of each insert 
was coated with 50 μL of Matrigel (Sigma-Aldrich) and air-
dried at 4°C. We added 200 μL of cell suspension to the up-
per chamber at a density of 1 × 105 cells/mL, and 500 μL 
of Dulbecco’s modified Eagle’s medium (DMEM) medium 

containing 10% bovine serum to the lower chamber. After 
48 h, the inserts were taken out and the cells on the inserts 
were fixed with 4% paraformaldehyde for 30 min. Then 
the insert was placed in 0.2% Triton X-100 for 15 min and 
stained with 0.05% gentian violet for 5 min. We selected 
5 random fields to count the number of transmembrane 
cells under an inverted microscope. The assay was repeat-
ed 3 times.

Western blot

Cells were harvested and resuspended with RIPA lysis 
buffer (Beyotime) containing phenylmethylsulfonyl fluo-
ride (PMSF) and protein phosphatase inhibitors. The mix-
ture was incubated on ice for 30 min, and then centri-
fuged at 12,000 rpm for 10 min at 4°C. The supernatant 
was collected as total cell protein. The protein concentra-
tion was determined using the BCA Protein Quantitation 
Kit (Thermo Fisher Scientific). A total of 20 μg of the pro-
tein in each sample was subjected to SDS-PAGE, and then 
the protein was wet transferred to a nitrocellulose (NC) 
membrane. The membrane was blocked with 5% BSA for 
90 min and incubated with rabbit primary antibodies, 
including 1:1000 anti-AKT (Cell Signalling Technology 
(CST) Inc., Danvers, USA), 1:1000 anti-p-AKT (Ser473) 
(CST), 1:1000 anti-p-AKT(Thr308) (CST), 1:1000 anti-
matrix metalloproteinase 9 (anti-MMP-9) (Proteintech 
Group Inc., Rosemont, USA), 1:1000 anti-vascular endo-
thelial growth factor (anti-VEGF) (Proteintech Group Inc.), 
1:1000 anti-cleaved caspase-3 (CST), 1:1000 Bax (CST), 
1:10,000 anti- glyceraldehyde-3-phosphate dehydroge-
nase (anti-GAPDH) (Abcam, Cambridge, UK), and 1:2000 
mouse primary antibody anti-Bcl-2 (CST) at 4°C overnight. 
The membrane was rinsed 3 times with Tris-buffered sa-
line with Tween 20 (TBST) for 10 min each time. Then 
the membrane was incubated with horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit or goat anti-mouse an-
tibody (1:10,000; Jackson Immunoresearch Laboratories 
Inc., West Grove, USA) at room temperature for 90 min. 
The membrane was rinsed 3 times with TBST for 15 min 
each time, then developed using ECL solution and photo-
graphed using a SmartView Pro 2000 imager system (Ma-
jor Science, Saratoga, USA). Relative protein expression 
was calculated using ImageJ software (National Institutes 
of Health (NIH), Bethesda, USA) with GAPDH as an inter-
nal reference. Relative protein expression = the grey val-
ue of each sample/the grey value of the internal reference.

qRT-PCR

Total RNAs were extracted from cells using Trizol (In-
vitrogen) and quantified using Nanodrop 2000 (Thermo 
 Fisher Scientific). A PrimeScript™ RT reagent kit with 
gDNA Eraser (TaKaRa Bio Inc., Kusatsu, Japan) was used 
for reverse transcription following the manufacturer’s 
instructions. The reaction mixture was prepared using 
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a SYBR® Premix Ex Taq™ kit (TaKaRa Bio Inc.), and quan-
titative reverse-transcription polymerase chain reaction 
(qRT-PCR) was performed using an ABI7500 PCR sys-
tem (Thermo Fisher Scientific). The reaction condition 
was as follows: pre-denaturation at 95°C for 10 min, de-
naturation at 95°C for 15 s and annealing at 60°C for 30 s; 
this cycle was repeated 40 times followed by extension 
at 72°C for 1 min. Relative expression was calculated us-
ing the formula:

ΔΔCt = (Ct target gene − Ct GAPDH) − (Ct control group − Ct 
GAPDH)

with GAPDH as the internal reference. All the prim-
ers (Genepharma, Shanghai, China) are listed in Table 1.

Statistical analysis

All data was analyzed with SPSS v. 21.0 software (IBM 
Corp., Armonk, USA). Quantitative values were expressed 
as mean ± standard deviation (SD). A one-way analysis 
of variance (ANOVA) followed by  the Bonferroni post 
hoc test was used to compare the differences between 
groups. A p-value less than 0.05 was considered statisti-
cally significant.

Results

Expression of the PI3K/AKT signaling 
pathway-related protein p-AKT in breast 
cancer cell lines

The expression of PI3K/AKT signaling pathway-related 
protein p-AKT/AKT in the MCF-7, BT-549, MDA-MB-231, 
T47D, and MCF-10A cell lines was detected with western 
blot (Fig. 1A). The results showed that p-AKT (Thr308) 
and p-AKT (Ser473) were most significantly expressed 
in the MCF-7 cell line compared with MCF-10A (p < 0.05). 
Therefore, the MCF-7 cell line was used for the subsequent 
experiments.

Effects of different concentrations of PTX 
on the viability of MCF-7 cells

The MCF-7 cells were treated with different concentra-
tions of PTX for 48 h, and cell viability was measured us-
ing MTT assay (Fig. 2A). The results showed that cell via-
bility decreased significantly as the concentration of PTX 
increased (p < 0.05). When the PTX concentration reached 
1 μM, cell viability was 50%. The LDH cytotoxicity assay 
showed that cell death increased significantly as the PTX 
concentration increased (p < 0.05). When the PTX concen-
tration was 1 μM, cell mortality was about 40% (Fig. 2B).

Fig. 1. Expression levels of the PI3K/AKT signaling pathway-related proteins in various cell lines. A. Expression of p-AKT (Thr308) and p-AKT (Ser473) detected 
with western blot in cell lines. B. Quantification of the western blot results

*p < 0.05, compared with the MCF-10A cell line.

Table 1. qRT-PCR primer sequences

Gene Forward primer (5’-3’) Reverse primer (5’-3’)

MMP-9 AGACACCTCTGCCCTCACCATGAGC TCTGTGGAGACGGGAGTGGTACTCG

VEGF CGGTGCTGGAATTGATA GGCGGTGTCTGTCTGTCT

GAPDH GGGTGTGAACCATGAGAAGTATG GATGGCATGGACTGTGGTCAT

VEGF – vascular endothelial growth factor; MMP-9 – matrix metallopeptidase 9; GAPDH – glyceraldehyde-3-phosphate dehydrogenase.
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Effects of different concentrations  
of PTX on the proliferation of MCF-7

Cell proliferation at different concentrations of PTX was 
measured using EdU assay (Fig. 3). The results showed 
that cell proliferation was inhibited by PTX in a dose-de-
pendent manner. Cell proliferation was significantly de-
creased as the concertation of PTX increased (p < 0.05). 
Therefore, PTX at the concentration of 1 μM was used for 
the subsequent experiments.

Comparison of cell apoptosis  
and cell cycle after PI3K overexpression 
and PTX treatment

Based on the results outlined above, MCF-7 cells were 
selected and divided into 5 groups in  the  subsequent 
experiments: the  control group (normal MCF-7 cells); 
the PTX group (treated with 1 μM of PTX); the oe-PI3K 
group (transfected with PI3K overexpression plasmid 

pcDNA3.1-PI3K); the NC-PI3K group (transfected with 
the  negative control of  pcDNA3.1-PI3K); and the  oe-
PI3K+PTX group (transfected with pcDNA3.1-PI3K and 
treated with 1 μM of PTX).

Apoptosis and cell cycles were detected using flow cy-
tometry (Fig. 4A,B). Compared with the control group, 
the NC-PI3K group had similar results, while the PTX 
group had a significantly higher cell apoptosis rate and 
a significantly higher number of cells in the G2/M phase 
(p < 0.05). Compared with the PTX group, the cell apopto-
sis rate in the oe-PI3K group was significantly decreased, 
but the number of cells in the G2/M phase was increased 
(p < 0.05). In the oe-PI3K+PTX group, the cell behaviors 
in the PTX group were partly reversed (p < 0.05).

The expression levels of the apoptosis-related proteins 
Bax, Bcl-2 and cleaved caspase-3 were detected using west-
ern blot in MCF-7 cells (Fig. 4C). Compared with the con-
trol group, the NC-PI3K group had similar results, while 
the expression levels of Bax and cleaved caspase-3 were 
upregulated in the PTX group; however, the expression 

Fig. 3. Effects of different concentrations of PTX on the proliferation of MCF-7 cells. A. Cell proliferation detected with EdU proliferation assay. B. Percentage 
of EdU positive cells

*p < 0.05, compared with cells without PTX treatment.

Fig. 2. Effects of different concentrations of PTX on the viability of MCF-7 cells. A. Cell viability detected with MTT assay. B. Cell death detected with LDH 
cytotoxicity assay

*p < 0.05, compared with when the PTX concentration is 0 μM.
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level of Bcl-2 was decreased in the PTX group (p < 0.05). 
The expression levels of these proteins showed opposite 
trends in the oe-PI3K group when compared with the PTX 
group (p < 0.05). In the oe-PI3K+PTX group, the expres-
sion levels of related proteins in the PTX group was  partly 
reversed (all p < 0.05).

Comparison of cell invasion after PI3K 
overexpression and PTX treatment

The invasive ability of MCF-7 cells in each group was de-
tected with a Transwell invasion assay (Fig. 5A). The qRT-
PCR and western blot were used to detect mRNA and 

Fig. 4. Detection of apoptosis rate and cell-cycle distribution after PI3K overexpression and PTX treatment in MCF-7 cells. A. Cell apoptosis rate detected 
with flow cytometry. B. Cell-cycle distribution detected with flow cytometry. C. Expression level of apoptosis-related proteins detected with western blot

*p < 0.05 compared with the control group; #p < 0.05 compared with the PTX group; $p < 0.05 compared with the NC-PI3K group; &p < 0.05 compared with 
the oe-PI3K group.
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protein expression levels of cell invasion-related factors 
MMP-9 and VEGF (Fig. 5B).

The control group and the NC-PI3K group had similar 
results, while the PTX group had significantly decreased 
cell invasion ability and lower MMP-9 and VEGF expres-
sion levels (p < 0.05). However, the oe-PI3K group had 
significantly increased cell invasion ability and  higher 
MMP-9 and VEGF expression levels when compared with 
the PTX group (p < 0.05). In the oe-PI3K+PTX group, 
the cell behaviors and the expression levels of related pro-
teins in the PTX group were partly reversed (all p < 0.05).

Paclitaxel inhibited activation  
of the PI3K/AKT signaling pathway  
in MCF-7 breast cancer cells

Western blot was used to  detect the  expression 
of PI3K/AKT signaling pathway-related protein p-AKT 
in each group (Fig. 6). Compared with the control group, 
the  expression levels of  p-AKT (Thr308) and p-AKT 
(Ser473) were significantly downregulated in  the PTX 
group, but significantly upregulated in the oe-PI3K group 
(all p < 0.05). Compared with the PTX group, the ex-
pression of p-AKT (Thr308) and p-AKT (Ser473) was 

significantly upregulated in the oe-PI3K+PTX group (both 
p < 0.05). Compared with the oe-PI3K group, the p-AKT 
(Thr308) and p-AKT (Ser473) expression levels were sig-
nificantly downregulated in the oe-PI3K+PTX group (both 
p < 0.05).

Discussion

Currently, chemotherapy is the mainstream treatment 
for breast cancer, and PTX has been widely used as a first-
line treatment.21 This study confirmed the in vitro thera-
peutic effect of PTX on breast cancer. At the same time, 
we conducted a preliminary exploration of the underly-
ing mechanism, and found that PTX can inhibit the pro-
liferation of breast cancer cells by inhibiting the activation 
of the PI3K/AKT pathway.

Our study found that PTX could decrease the activity 
of breast cancer cells and inhibit proliferation in a dose-
dependent manner. Paclitaxel has been shown to inhibit 
the development of a variety of cancer cells, including oral 
squamous cell carcinoma and breast cancer cells.22,23 Mean-
while, we also found that PTX can induce cell-cycle arrest 
and promote apoptosis by regulating the expression level 

Fig. 5. Invasion assay after PI3K overexpression and PTX treatment in MCF-7 cells. A. Transwell invasion assay and transmembrane cell count. B. mRNA 
expression level of MMP-9 and VEGF detected with qRT-PCR. C. Protein expression level of MMP-9 and VEGF detected with western blot

*p < 0.05 compared with the control group; #p < 0.05 compared with the PTX group; $p < 0.05 compared with the NC-PI3K group; &p < 0.05 compared with 
the oe-PI3K group.
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of Bax, cleaved caspase-3 and Bcl-2. Kumari et al. discov-
ered that coralyne and PTX have a synergistic effect on en-
hancing apoptosis in MDA-MB-231 cell line by arresting 
cells in the G1/S phase, inducing DNA fragmentation and 
changing the mitochondria membrane potential.24 Bax, 
cleaved caspase-3 and Bcl-2 are all apoptosis-related pro-
teins that have a great impact on the development of many 
diseases. caspase-3 and Bax are common pro-apoptotic 
proteins, while Bcl-2 is an anti-apoptotic protein25,26; Bcl-2 
regulates mitochondrial membrane permeability, while 
Bax destroys mitochondrial outer membranes to promote 
apoptosis.27,28 The results of our study are consistent with 
the studies mentioned above, indicating that PTX could 
exert its therapeutic effect by inhibiting the proliferation 
of breast cancer cells and promoting their apoptosis.

In addition, PTX could also reduce the invasive ability 
of breast cancer cells, and the expression of invasion-re-
lated proteins MMP-9 and VEGF was inhibited in a dose-
dependent manner. Ismail et al. also found that PTX in-
hibited breast cancer cell invasion through the  DJ-1/
KLF17 signaling pathway.29 The VEGF is an angiogen-
ic protein that strongly promotes mitosis of vascular en-
dothelial cells and is an important angiogenic cytokine. 
Miller et al. confirmed that VEGF was an important fac-
tor in the development and progression of breast can-
cer, and its overexpression could increase the resistance 
of breast cancer cells to PTX.30 The MMP-9 is a zinc-
containing enzyme that participates in the regulation 
of  the  tumor microenvironment.31 Jiang et al. report-
ed that PTX reduced MMP-9 expression and inhibited 
cell proliferation in ovarian cancer cells.32 The results 
of our study are consistent with these studies. Therefore, 
we confirmed the inhibitory effect of PTX on the inva-
sion of breast cancer cells.

To further investigate the mechanism of PTX in the 
treatment of breast cancer, we examined the expression 
of p-AKT, which is a member of the PI3K/AKT signal-
ing pathway. The PI3K/AKT signaling pathway has been 
shown to be critical for cell growth and survival.33 Acti-
vation of the PI3K/AKT pathway could lead to increased 
proliferation and metastasis of various malignancies, in-
cluding non-small cell lung cancer, ovarian cancer and 
gastric cancer.34–36 Similarly, in breast cancer, inhibition 
of the PI3K/AKT signaling pathway could decrease cell 
proliferation and resistance to chemotherapeutic drugs.37,38 
We found that the p-AKT (Thr308) and p-AKT (Ser473) 
expression levels in breast cancer cells were significantly 
reduced after PTX treatment. Moreover, after PI3K over-
expression, the inhibitory effect of PTX on the growth 
of breast cancer cells was partly reversed. All these find-
ings suggested that PTX could inhibit the proliferation 
and development of breast cancer by inhibiting the activ-
ity of the PI3K/AKT signaling pathway, which is the fun-
damental mechanism of its anti-cancer effect.

Conclusions

This study validated the  potent efficacy of  PTX 
as  an  anticancer chemotherapeutic drug in  the  treat-
ment of breast cancer, and further found that it inhibited 
the development of malignancies by inhibiting the activa-
tion of the PI3K/AKT signaling pathway. Therefore, PTX 
combined with other drugs that can target the PI3K/AKT 
signaling pathway may further enhance its efficacy 
in the treatment of breast cancer. However, these results 
still need to be confirmed by further clinical trials, which 
we are planning to carry out in the future.

Fig. 6. Expression of p-AKT (Thr308) and p-AKT (Ser473) after PI3K overexpression and PTX treatment in MCF-7 cells. A. Expression level of p-AKT (Thr308) 
and p-AKT (Ser473) detected with western blot. B. Quantification result of western blot

*p < 0.05 compared with the control group; #p < 0.05 compared with the PTX group; $p < 0.05 compared with the NC-PI3K group; &p < 0.05 compared with 
the oe-PI3K group.
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