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Background: The proliferation and apoptosis of cancer cells play important roles in breast carcinomas. 
However, to date, there have been few reports on the correlation between the expression of PTEN and AKT 
phosphorylation in breast cancer. This present study investigated the effects of the phosphatase and tensin 
homology deleted from chromosome 10 (PTEN) gene on the proliferation and apoptosis of breast cancer 
cells through protein kinase B (AKT) phosphorylation.
Methods: Human breast cancer MDA-MB-231 cells were transfected with the pcDNA3.0 control vector or 
the pcDNA3.0-PTEN vector for 48 hours. The Cell Counting Kit 8 (CCK-8) was used to detect cell survival 
rates, double staining was performed to detect apoptosis, and Western blot (WB) analysis was conducted to 
detect protein expression. The effects of PTEN expression on the cell cycle and apoptosis of human breast 
cancer cell line MDA-MB-231, and on the levels of phosphorylated AKT protein were further analyzed. 
Moreover, the relationship between the PTEN gene and clinical features were also analyzed. 
Results: The cell survival rate of cells transfected with pcDNA3.0-PTEN was significantly lower than that 
of cells transfected with the control pcDNA3.0 vector (55.65%±12.18% vs. 97.32%±12.45%, P=0.004). 
Compared with the pcDNA3.0 group, the apoptosis rate of the pcDNA3.0-PTEN group was significantly 
increased (20.65±2.18 vs. 2.32±0.45, P=0.001). The expression of PTEN protein in pcDNA3.0-PTEN 
group was higher than that in the pcDNA3.0 group, and the expression of the AKT and mTOR proteins 
was significantly lower than that in pcDNA3.0 group (P<0.05). The expression of PTEN in the lymph node 
metastasis positive group was significantly higher than that in the lymph node metastasis negative group 
(P<0.05). The expression of the AKT protein in breast cancer was higher than that in normal breast tissue, 
and the difference was statistically significant (P<0.01).
Conclusions: Overexpression of the PTEN gene can promote AKT phosphorylation, increase the 
apoptotic index of breast cancer cells, and reduce the proliferative activity of breast cancer cells. This 
provided a new direction for the next treatment of breast cancer, but further clinical research is needed.
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Introduction

Phosphatase  and tens in  homology  de le ted  f rom 
chromosome 10 (PTEN) is a typical tumor suppressor 
gene (1). It can inhibit the proliferation, invasion, and 
metastasis of tumor cells by downregulating tumor-related 
signal transduction pathway (2). Inactivation of the PTEN 
gene is related to malignant transformation, fine cell signal 
transduction, proliferation, invasion and metastasis of 
tumors. While the precise mechanisms are yet to be fully 
elucidated, studies have shown that PTEN is a negative 
regulator of the activation process of the phosphoinositide 
3 kinase (PI3K)/protein kinase B (AKT) signaling pathway, 
via the dephosphorylation of phosphatidylinositol-3, 
4, 5-triphosphate (PIP3) to phosphatidylinositol-4, 
5-bisphosphate (PIP2) (3-5).

The  oncogen ic  ac t i v i t y  o f  PI3K inh ib i t s  the 
transformation of endothelial cells into mesenchymal cells, 
thereby inhibiting the proliferation of tumor cells. Target 
of rapamycin (TOR) is a non-canonical serine or threonine 
protein kinase (6). Studies (7-9) have shown that mTOR 
plays a central role in cell proliferation and apoptosis, as well 
as the occurrence and development of tumors. The signal 
transduction system of cells bridges the inside and outside of 
cells, as well as between individual cells. Any abnormalities 
will affect cell growth, differentiation, metabolism, and 
other functions. A study has found that most proteins 
involved in signal transduction are products of oncogenes 
or tumor suppressor genes, and their abnormal expression 

is closely related to the occurrence and development of 
tumors (10). The AKT pathway is an important signaling 
pathway that regulates cell proliferation. The AKT protein 
is regulated by the tumor suppressor gene PTEN. 

Breast cancer is the most common malignant tumor 
in women. Comprehensive treatment with surgery is 
the primary form of management, with postoperative 
chemotherapy as the auxiliary treatment. While disease 
control, recurrence, and survival time can be effectively 
improved, early diagnosis remains the key to improving 
disease-free survival and quality of life. Studies (11-13) have 
shown that the PTEN-PI3K/AKT pathway in breast cancer 
tissue is abnormally activated. PTEN is a tumor suppressor 
gene with phosphatase activity and the protein kinase AKT 
is a proto-oncogene. The abnormal expression of these 
genes is closely related to tumorigenesis (14).

Breast cancer is considered as a genetic disease, involving 
the activation of multiple genes and the inactivation 
of tumor suppressor genes. While many studies have 
investigated the etiology and inducing factors of breast 
cancer, gene mutations and deletions, and the abnormal 
expression of signaling proteins are believed to play 
important roles in the occurrence, development, and 
prognosis of breast cancer. The PI3K/AKT cell signaling 
pathway regulates cell proliferation, activates survival 
signals, and maintains cell activity, so as to effectively 
control normal blood vessel growth and tumor blood 
vessel formation. In normal tissues, the PTEN protein can 
inhibit the activity of the PI3K/AKT signal transduction 
pathway, while the downregulation or deletion of the 
PTEN protein in malignant tumors leads to increased AKT 
phosphorylation (15). 

Breast cancer is a common malignant tumor in Chinese 
women, and its mechanism of action has attracted 
increasing attention. It has been found that PTEN is located 
at the 10q23 locus of the human chromosome, which 
is 200 bp long and contains 8 introns and 9 exons (16). 
The biological functions of PTEN include inducing cell 
cycle arrest and apoptosis, inhibiting local cell adhesion, 
migration and angiogenesis, and playing an important 
role in the occurrence and development of many tumors. 
The PI3K/AKT-mediated signaling pathway is one of 
the important signal transduction pathways in cells (17). 
AKT phosphorylation can promote the proliferation and 
metastasis of breast cancer cells. However, to date, there 
have been few reports on the correlation between the 
expression of PTEN and AKT phosphorylation in breast 
cancer. 

Highlight box

Key findings
• PTEN gene overexpression can promote AKT phosphorylation, 

increase the apoptosis index of breast cancer cells, and reduce the 
proliferation of breast cancer cells.

What is known and what is new?
• The AKT pathway is an important signaling pathway that regulates 

cell proliferation. The AKT protein is regulated by the tumor 
suppressor gene PTEN. 

• The effects of the PTEN gene on the proliferation and apoptosis of 
breast cancer cells through AKT phosphorylation.

What is the implication, and what should change now?
• Overexpress ion of  the  PTEN gene can promote AKT 

phosphorylation, increase the apoptotic index of breast cancer 
cells, and reduce the proliferative activity of breast cancer cells. 
This provided a new direction for the next treatment of breast 
cancer, but further clinical research is needed.
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This current study investigated the effects of PTEN 
gene expression on the proliferation and apoptosis of breast 
cancer cells through AKT phosphorylation in the AKT-
mTOR pathway. We present this article in accordance with 
the MDAR reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-23-826/rc).

Methods

Research materials

The human breast cancer MDA-MB-231 cell line was 
purchased from Shanghai Cell Bank Chinese Academy of 
Sciences (including stage I breast cancer, stage II breast 
cancer, stage III breast cancer, stage IV breast cancer and 
breast cancer with lymph node metastasis). Moreover, the 
normal cell from normal breast tissues was also purchased. 
Sheep anti-mouse PTEN, AKT and β-actin reference 
antibodies were purchased from Santa Cruz. QuickShuttle 
transfection reagent was purchased from Sigma and the 
Annexin V FITC/PI Apoptosis Kit was purchased from 
Shanghai Shenggong. Breast cancer tissue and normal tissue 
were obtained from patients of the Affiliated Hospital of 
Hebei University. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by Ethics Committee of the Affiliated 
Hospital of Hebei University (No. 202100584) and 
individual consent for this analysis was obtained from all 
patients.

Cell culture and transfection

MDA-MB-231 cells in logarithmic growth phase (about 
80% growth density) were collected, and 1×106 cells and  
5 mL Dulbecco’s Modified Eagle Medium (DMEM) 
medium (containing 10% fetal bovine serum) were 
added to each culture flask (25 cm2). After 24 hours, cells 
were randomly divided into two groups. One group was 
transfected with 2 μg pcDNA3.0 plasmid and the other 
group was transfected with 2 μg pcDNA3.0-PTEN plasmid. 
Cells were cultured at 37 ℃ and 5% CO2 for 48 hours. 
Three repetitions were done per each experiment.

Detection of cell survival rate using the Cell Counting Kit-
8 (CCK-8)

The transfected MDA MB 231 cells were seeded into 96 
well plates at a density of 1×104 cells/mL and 5 mL CCK-

8 solution were added. After 2 hours of continuous culture, 
the cell survival rate was measured with a microplate 
reader at 450 nm. Three repetitions were done per each 
experiment.

Detection of apoptosis by immunohistochemistry

Cells were transfected for 48 hours and washed twice 
with sterile phosphate buffered saline (PBS). Thereafter, 
cells were resuspended in buffer solution to achieve a cell 
concentration of 5×105 cells/mL. Annexin-FITC (10 μL) 
and 10 μL propidium iodide (PI) was added to 200 μL cell 
suspension and incubated in the dark at room temperature 
for 10 minutes. PBS (500 μL) was added, and the apoptosis 
index was analyzed via flow cytometry. Three repetitions 
were done per each experiment.

Detection of cellular protein expression by Western blot 
(WB)

Transfected cells were lysed in 400 μL RIPA buffer, at room 
temperature for 10 minutes. The samples were centrifuged 
at 12,000 r/min for 5 minutes. The protein concentration 
of the supernatant was measured, and WB analysis was 
performed. Samples were incubated with the primary 
antibody (1:1,000) at 4 ℃ overnight, followed by incubation 
with the secondary antibody (1:5,000) at 37 ℃  for  
30 minutes. The target bands were detected using the 
odyssey fluorescence detector, and GAPDH was used as the 
internal reference.

Flow cytometry analysis 

At 24–48 hours after transfection, cells were digested with 
trypsin/EDTA and washed twice with 500 μL precooled 
PBS. Cells were resuspended with 70% ethanol/PBS and 
fixed at 4 ℃ overnight. Prior to flow cytometry, the cells were 
incubated with 500 μL PBS solution containing 0.05 g/L  
RNase at 37 ℃ for 30 minutes, followed by 1 mL PI/
PBS solution (final concentration of PI was 50–100 mg/L)  
for 30 minutes. Three repetitions were done per each 
experiment.

Diagnosis and analysis of pathological features

For histochemical analysis, brown or tan particles inside 
the cell with a clear background in the cytoplasm were 
considered positively stained cells. A total of 10 high-power 
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fields of view were observed in each section, and 100 tumor 
cells were counted in each high-power field. The number 
and intensity of positively stained cells was comprehensively 
determined. When 0–5% of tumor cells were positive, 
the sample was awarded 0 points; if 6–20% of cells were 
positive, the sample was awarded 1 point; if 21–50% of cells 
were positive, the sample was awarded 2 points; and if more 
than 50% of cells were positive, the sample was awarded 
3 points. A score of 0 to 1 was considered negative, and a 
score of 2–3 was considered positive.

The effect of AKT inhibitor on human breast cancer 
MDA-MB-231 cells

To examine which AKT affects PTEN phosphorylation, 
human breast cancer MDA-MB-231 cells were treated 
with an AKT inhibitor. We detected the effect of AT7519, 
AZD5438, PP242, LY294002 and U0126 on the PTEN-SP 
phosphorylation. Furthermore, PTEN phosphorylation was 
detected in AKT-small interfering (si)RNA-treated cells.

Statistical analysis

All statistical analyses were conducted using SPSS 23.00 
software. All measurement data are expressed as mean 
± standard deviation. The Student’s t-test was used for 
comparisons and all statistical tests were two-sided test. The 
Pearson correlation test was used for correlation analysis. A 
P value <0.05 was considered statistically significant (two-
tailed).

Results

The effect of PTEN overexpression on cell viability 

Breast cancer cells transfected with the pcDNA3.0-PTEN   
vector showed significantly lower cell viability compared 
with cells transfected with the pcDNA3.0 control (P=0.004; 
Table 1).

The effect of PTEN overexpression on cell apoptosis

The apoptotic rate of cells in the pcDNA3.0-PTEN 
group was significantly increased compared to that in the 
pcDNA3.0 group (P=0.001; Table 2; Figure 1).

Expression of PTEN and AKT in breast cancer tissues

The surface reach of PTEN in adenocarcinoma was lower 
than that in normal breast tissue, and the difference was 
statistically significant (P<0.01). The expression of PTEN 
decreased with the increase of tumor stage and histological 
grade. Furthermore, the expression of PTEN in the lymph 
node metastasis positive group was significantly higher than 
that in the lymph node metastasis negative group (P<0.05). 
The expression of the AKT protein in breast cancer was 
higher than that in normal breast tissue, and the difference 
was statistically significant (P<0.01). The expression of 
AKT increased gradually with the increase of tumor stage 
and histological grade. Furthermore, AKT expression was 
significantly higher in patients with lymph node metastasis 
was compared to patients without lymph node metastasis 

Table 2 A comparison of the apoptosis rate between cells transfected with PTEN and control cells

Group
t P

pcDNA3.0-PTEN group (n=3) pcDNA3.0 group (n=3)

Apoptosis rate (%) 20.65±2.18 2.32±0.45 27.752 0.001

Data are shown as mean ± standard deviation.

Table 1 A comparison of the cell survival rate between cells overexpressing PTEN and control cells

Group
t P

pcDNA3.0-PTEN group (n=3) pcDNA3.0 group (n=3)

Cell viability (%) 55.65±12.18 97.32±12.45 7.752 0.004

Data are shown as mean ± standard deviation.
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(P<0.05; Figure 2).

Immunohistochemical analysis of PTEN protein expression 
in cancerous and benign breast tissues

The expression of the PTEN protein in breast invasive 
ductal carcinoma tissues was lower than that in breast 
benign hyperplasia tissues. In breast invasive ductal 
carcinoma tissues, the expression of the PTEN protein was 
correlated with WHO grade (WHO grade was mainly used 
to judge the malignant degree of breast cancer) and lymph 
node metastasis status (P<0.05), as well as the molecular 
subtypes of breast cancer (P<0.001). Furthermore, and 
the expression rate of the PTEN protein in Luminal 
A and Luminal B types was higher than that in Her-2 
overexpression types and basal-like subtypes (Figure 3).

Expression of AKT and phosphorylated (p)-AKT protein 
in the transfected breast cancer cells transfected with 
pcDNA3.0 or pcDNA3.0-PTEN 

WB analysis showed that the relative expression of p-AKT in 
the PTEN overexpression (PTEN+) group (0.87±0.09) was 
significantly lower than that in the negative control (PTEN−) 
group (1.76±0.15). The relative expression of AKT in the 
PTEN positive group (0.68±0.05) was lower than that in the 

Figure 1 A comparison of the rate of apoptosis in cells transfected with PTEN and control cells. (A) pcDNA3.0 group; (B) pcDNA3.0-
PTEN group. PI, propidium iodide; PTEN, phosphatase and tensin homology deleted from chromosome 10.

Figure 2 The expression of PTEN and AKT protein in breast 
cancer tissues. 1: normal breast tissues; 2: stage I breast cancer; 3: 
stage II breast cancer; 4: stage III breast cancer; 5: stage IV breast 
cancer; 6: breast cancer with lymph node metastasis. (A) The 
expression of PTEN in breast cancer tissues; (B) the expression 
of AKT and PTEN in breast cancer tissues. PTEN, phosphatase 
and tensin homology deleted from chromosome 10; AKT, protein 
kinase B.
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negative group (0.72±0.06), however, there was no significant 
difference between the two groups (Figure 4).

PTEN is phosphorylated in the S/G2 phase

The PTEN protein contains four cyclin-bound structures 
(RXL), suggesting that S/G2-specific phosphorylation 
of PTEN may be regulated by cyclin/AKTs. Meanwhile, 
the PTEN protein has three putative SP/TP motifs, 
including S113P, S202P, and S559P. Phosphorylation of SP 
motifs (p-SP) was detected using anti-SP antibodies. The 
immunoprecipitated PTEN protein and anti-PSP antibody 

Figure 3 Immunohistochemical analysis of PTEN protein expression in breast cancer tissues (A,B) and normal breast tissues (C,D). Staining 
methods: HE tissue staining; magnification: 50×. PTEN, phosphatase and tensin homology deleted from chromosome 10; HE, hematoxylin-
eosin staining. 

Figure 4 Expression of AKT and p-AKT protein in breast cancer 
tissues of PTEN positive and negative groups. PTEN, phosphatase 
and tensin homology deleted from chromosome 10; AKT, protein 
kinase B.
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showed strong immunoactivity, which indicated that PTEN 
was a substrate of AKT kinase. To examine which AKT 
affects PTEN phosphorylation, human breast cancer MDA-
MB-231 cells were treated with an AKT inhibitor. The 
results demonstrated that AT7519 and AZD5438 eliminated 
PTEN-SP phosphorylation, but PP242, LY294002, 
and U0126 had no effect on PTEN phosphorylation. 
Furthermore, PTEN phosphorylation was detected in AKT-
small interfering (si)RNA-treated cells, suggesting that 
AKT may induce PTEN phosphorylation (Figure 5).

Discussion

The PTEN genome consists of 9 exons and 8 introns and is 
200 kb in length. The PTEN protein is a tumor suppressor 
with bi-specific phosphatase activity, which is localized 
in the cytoplasm and distributed in a grid pattern (18).  
The normal expression of this protein can inhibit the 
growth, metastasis, and invasion of tumor cells. PTEN 
gene mutations and inactivation has been detected in liver 
cancer, ovarian cancer, breast cancer, endometrial cancer, 
and its downregulation can achieve tumor suppression. 
Recent studies (19-21) have shown that PTEN plays an 
important role in the occurrence of breast cancer and 
PTEN overexpression can inhibit the proliferation of breast 
cancer. Furthermore, PTEN deletion and downregulation 
can promote the proliferation of breast cancer. This study 
demonstrated that the cell survival rate of breast cancer cells 
transfected with pcDNA3.0-PTEN was significantly lower 
than that of cells transfected with the pcDNA3.0 control 
(P<0.05), suggesting that the overexpression of PTEN can 
inhibit the proliferation of breast cancer cells (22).

Cell apoptosis is an important indicator of the degree 

of cell damage. Basic studies have shown that PTEN can 
promote cell apoptosis by antagonizing the AKT pathway 
to promote the release of reactive oxygen species, inhibit 
nuclear factor (NF)-κB, and finally induce apoptosis. Other 
studies (23-25) have shown that PTEN can also induce 
apoptosis by activating caspase-3 and exert pro-apoptotic 
activity by antagonizing the PI3K pathway and affecting the 
Fas apoptosis pathway. This current study demonstrated 
that compared cells transfected with the pcDNA3.0 
negative control, the apoptosis rate of cells transfected with 
pcDNA3.0-PTEN was significantly increased (P<0.05). 
Overexpression of PTEN can also downregulate PI3K levels 
and induce G1 arrest, thereby increasing cell apoptosis (26). 
The tumor suppressor function of PTEN is mainly involved 
in multiple signal transduction pathways such as PTEN/
PI3K/AKT, PTEN/ERK, and PTEN/FAK/P130cas, which 
can inhibit tumor cell invasion and metastasis, arrest cell 
cycle, and inhibit tumor angiogenesis. 

Recent studies (27-29) have shown that mTOR is 
related to tumorigenesis and development and can control 
the expression of the c-myc gene, thereby controlling 
the transcription and translation of cellular ribosomal 
proteins. mTOR is highly expressed in prostate cancer 
and breast cancer tissues, which may be closely related to 
tumor formation and active cell proliferation. We herein 
demonstrated that the protein expression of AKT and as 
was significantly lower in cells transfected with pcDNA3.0-
PTEN compared to cells transfected with pcDNA3.0 
alone (P<0.05). A previous study has also revealed that 
low expression of PTEN can enhance the activity of PI3K 
kinase, activate the PI3K/AKT/mTOR signaling pathway, 
and facilitate the proliferation of tumor cells (30).

The AKT pathway is an important signaling pathway 

Figure 5 Structure of the PTEN protein. S559 is adjacent to the catalytic site (site C), but not adjacent to the active site (site A) nor the 
substance-specific site (site S). PTEN, phosphatase and tensin homology deleted from chromosome 10.
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that regulates cell proliferation. Activated AKT is vital for 
cell survival (31). As a serine or threonine protein kinase, it 
reduces apoptotic factors and increases the activity of anti-
apoptotic proteins by phosphorylating multiple downstream 
targets. AKT can directly phosphorylate the pro-apoptotic 
molecule BCL2 associated agonist of cell death (BAD) to 
play an anti-apoptotic role. It can also inhibit apoptosis by 
promoting the expression of the caspase-8 analogue c-FLIP 
through NF-κB, and inhibit the apoptotic AKT signaling 
pathway by maintaining mitochondrial stability through 
activation of hexokinase, which also plays an important 
role in cancer cell migration (32). In mammalian cells, 
AKT rearranges the fine cytoskeleton and regulates cell 
motility through its downstream effectors such as Rho, 
Racl, and cdc42. The AKT signaling pathway can also 
upregulate matrix metalloproteinase 2 (MMP2) through 
a variety of ways to promote fine cell invasion (33).  
Furthermore, it can promote the expression and secretion 
of vascular endothelial growth factor and other angiogenic 
factors, and stimulate angiogenesis. This current report 
revealed that the expression of AKT in advanced breast 
cancer tissues was higher than that in early breast cancer 
tissues. It is speculated that the overexpression of AKT 
after carcinogenesis promotes cell proliferation, inhibits 
cell apoptosis, encourages cancer cells to grow and spread 
without restriction, and promotes angiogenesis by degrading 
extracellular mechanisms, thus promoting the development 
of breast cancer (34). The tumour-node-metastasis (TNM) 
stage and lymph node metastasis are important factors 
influencing the prognosis. Our results demonstrated a 
correlation between the expression of AKT and axillary 
lymph node metastasis of breast cancer. The expression of 
AKT in samples with axillary lymph node metastasis was 
significantly higher than that in samples without metastasis, 
suggesting that AKT is highly expressed during lymph node 
metastasis. This indicated that that AKT may be involved 
in the process of lymph node metastasis of breast cancer. 
The PTEN protein can dephosphorylate PIP3 and inhibit 
the PI3K/AKT pathway, thereby playing a biological role in 
inhibiting cell proliferation, promoting cell apoptosis, and 
the like (35). Finally, to examine which AKT affects PTEN 
phosphorylation, human breast cancer MDA-MB-231 cells 
were treated with an AKT inhibitor in the present study, 
showing that AT7519 and AZD5438 eliminated PTEN-SP 
phosphorylation. This provides a new direction for the next 
treatment of breast cancer, but further clinical research is 
needed. 

Limitations

Due to the lack of data on the long-term prognosis of 
patients, we could not analyze the relationship between 
PTEN gene and prognosis. Moreover, it was more 
convincing to identify the pathway by AKT/mTOR signal 
pathway inhibitor. However, we failed to study it. In 
addition, we failed to study the effects of PTEN on the 
migration or invasion of breast cancer cells. 

Conclusions

This investigation revealed that the expression of PTEN and 
AKT are negatively correlated in breast cancer, suggesting 
that during the development of breast cancer, the 
inactivation of PTEN gene inhibits the PI3K/AKT pathway, 
inhibits the apoptosis of breast cells, promotes unlimited 
proliferation, and drives the development of breast cancer. 
Therefore, abnormalities in the PTEN PI3K/AKT pathway 
play an important role in the occurrence and development 
of breast cancer, and this revelation may contribute to 
the development of novel research directions for further 
understanding and treating breast cancer. 
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