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Abstract: Objective: To investigate the effect of the AKT1 gene mutation hotspot E17K on the growth, proliferation, 
survival, and migration of breast cancer cells, based on the survival and prognosis of breast cancer patients with 
the AKT1 E17K mutation shown in TCGA database. Methods: The survival and incidence rates of AKT1 E17K muta-
tion hotspots in breast cancer and other cancers were extracted from the Cancer Genome Atlas (TCGA). The recom-
binant eukaryotic expression plasmid AKT1 E17K-pIRES2-EGFP was constructed and transfected into breast cancer 
MCF-7, and MDA-MB-231 cell lines. MCF-7 and MDA-MB-231 cell lines were randomly divided into blank control 
groups, empty plasmid groups, and recombinant plasmid groups. The growth curve was drawn using the cell count-
ing method. The proliferation and division of breast cancer cells were detected by CFSE fluorescent dye tracking. 
Apoptosis was detected by Annexin V/PI double labeling and cell vitality was detected using MTT assays, and cell 
migratory ability was detected by cell scratch and transwell chamber tests. Results: In breast cancer, and other can-
cers, the overall survival rate of patients with an AKT E17K mutation was higher than that of patients with non-point 
mutation, and this mutation was the most common found in breast cancer. Compared with the wild type, the growth 
function of mutant MCF-7 cells was inhibited (P < 0.05), as was the proliferation of MCF-7 cells expressing the AKT1 
E17K mutation gene (P < 0.001). The late apoptosis rate of mutant breast cancer cells increased (P < 0.05) and 
the viability was lower than that of wild-type cells (P < 0.05). Mutant MDA-MB-231 cells showed increased migration 
ability when compared to wild-type MDA-MB-231 cells (P < 0.05). Conclusions: The expression of the AKT1 E17K 
mutation hotspot can inhibit the growth, proliferation, and survival ability of breast cancer cells, and promote apop-
tosis, while it also improves their migratory ability. The survival and prognosis of breast cancer patients with this 
mutation are good, which may be related to the inhibition of the PI3K/AKT/mTOR signaling pathway.
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Introduction

Breast cancer is one of the most common 
malignant tumors in women, and its incidence 
has been on the rise over the past decade [1]. 
With the development of innovative medical 
treatments, the survival rate associated with 
breast cancer of all types has improved, but the 
recurrence, local invasion, and distant metas-
tasis in the later stages increase the risk of 
death [2, 3].

AKT is an intracellular kinase, also known as 
protein kinase B, that plays an important role in 
cell survival and apoptosis. AKT is crucial in the 
downstream signal pathway of glyceraldehy- 
de 3-kinase [4], regulating the basic processes  
of cell survival, proliferation, differentiation, an- 

giogenesis, and metabolism. AKT is divided into 
three subtypes: AKT1, AKT2, and AKT3, each 
playing different roles [5]. AKT1, for instance, 
encodes serine/threonine-protein kinase [6]. 
Of particular interest, however, PI3k/AKT is one 
of the most frequently activated pathways in 
cancer. AKT is involved in many steps of tumor 
formation through the PI3K signaling pathway 
[7].

AKT1 E17K is a recurrent somatic mutation 
observed in breast cancer, colorectal cancer, 
lung cancer, and ovarian cancer, that functions 
mainly to activate the PI3K/Akt signal pathway 
[8, 9], and the E17K hotspot is the most charac-
teristic mutation of the AKT1 gene. Some stud-
ies have shown that this mutation can lead to 
protein activation, which is activation of the 
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PI3K/AKT/mTOR pathway, leading to cancer 
[10]. However, it has also been found that E17K 
has a certain antitumor effect in breast cancer 
luminal cells, and has a good prognostic eff- 
ect in the survival analysis of breast cancer 
patients [11].

Based on the survival analysis of breast cancer 
patients by the Cancer Genome Atlas (TCGA), 
the effects of the AKT1 gene mutation hotspot 
E17K on the tumorigenesis of breast cancer 
cells were studied, so as to explore the effect of 
the AKT1 E17K point mutation on the survival 
and prognosis of breast cancer patients, and to 
analyze the effect and mechanism of the E17K 
mutation on breast cancer [12].

Materials and methods

Cell line and reagent 

Human breast cancer cell lines MCF-7 and 
MDA-MB-231 were purchased from Shanghai 
cell bank of the Chinese Academy of Sciences. 
AKT1-E17K upstream and downstream primers 
were synthesized by Qingke Biological Co., Ltd.

LipofectamineTM3000 and Trizol was from 
Invitrogen Company. Reverse transcription kit,  
r Taq enzyme, prime Star HS high fidelity 
enzyme, T4DNA ligase, 19-T vector, receptive 
Escherichia coli DH5a were purchased from 
Takara. BamH1, and Sal1 restriction endonu-
clease were purchased from New England 
Biologicals. CFSE fluorescent dye, and Annexin 
V/PI cell apoptosis detection kit were purch- 
ased from BD Company. Plasmid extraction kit 
was purchased from Omega Company. Trans- 
well chamber was purchased from Corning. 

Comparison of AKT1 E17K related survival 
curves

Based on the statistical data of cancer gene 
mutation hotspots uncovered in TCGA, the 
overall survival curves for AKT1 E17K mutant 
and wild type patients were extracted and  
analyzed by Kaplan-Meier survival analysis. 
Afterwards, the survival plot was analyzed by a 
Log-Rank test, where P < 0.05 demonstrated 
statistical significance.

Discussion of the incidences of AKT1 E17K 
mutation in different types of cancer utilizing 
TCGA data

The number of cases with AKTI E17K mutation 
hotspot was searched using the TCGA data-

base. The average number of breast cancer 
patients and cancer patients of other types 
(N=11) was compared using the Pearson Chi-
square test, where the number of effective 
cases n=1626 > 40, and all theoretical fre-
quencies were above 5. By the two-sided test,  
P < 0.05 was considered significant.

Construction of AKT1 E17K-pIRES2-EGFP re-
combinant eukaryotic expression plasmid

The extraction of RNA from MCF-7 breast can-
cer cells, reverse transcription into cDNA, as 
well as the design and synthesis of upstream 
and downstream primers for mutant genes. 
Using the PCR-directed mutagenesis method, 
the 17th amino acid translated by AKT1 gene 
was transformed from glutamic acid (E) to 
lysine (K); that is, the codon changed from GAG 
to AAG, by transforming base G into A. PCR 
amplification conditions were as follows: 98°C 
10 s, 58°C 5 s, 72°C 90 s, 35 cycles. The high-
fidelity enzyme amplification product was iden-
tified by 1% agarose gel electrophoresis and 
the AKT1 gene was cloned into 1443 bp (as 
detailed in Figure 3A). After poly-A tailing by Taq 
enzyme was added to the mutant AKT1 gene 
fragment, it was held at 72°C for 10 min, and it 
was cleaned with the Purification kit, T4 DNA 
ligase was linked to a 19-T vector and held at 
16°C overnight. The positive clone of receptive 
Escherichia coli DH5a was screened, and the 
AKT1 E17K-19T plasmid was extracted. The 
AKT1 E17K plasmid was ligated to the pIRES2-
EGFP plasmid by a specific restriction site 
(BamH1, Sal1) by double-enzyme digestion and 
linked overnight at 16°C. Afterwards, it was 
transformed into receptive Escherichia coli 
DH5a. After the colony PCR was identified cor-
rectly, the target fragment and mutation 
sequences were verified by sequencing. The 
recombinant plasmid AKT1 E17K-pIRES2-EGFP 
was obtained from the correctly sequenced 
genetically engineered bacteria by removing 
the endotoxin by plasmid extraction kit. The 
sequences of the primers were as follows: 
AKT1-E17K-Forward primer, 5’-ATGAGCGAC- 
GTGGCTATTGTGAAGGAGGGTTGGCTGCACAAA- 
CGAGGGAAGTACATCAA-3’. AKT1-E17K-Reverse 
primer, 5’-TCAGGCCGTGCCGCTGGCCGAGTAG- 
3’.

Transfer efficiency of recombinant plasmid into 
breast cancer cells 

The extracted AKT1 E17K-pIRES2-EGFP recom-
binant plasmid and pIRES2-EGFP empty plas-
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mid were transfected into MCF-7 cells and 
MDA-MB-231 cells, respectively, according to 
the method of liposomes Lipo3000 specifica-
tion. After 24 hours, the expression of GFP in 
MCF-7 cells and MDA-MB-231 cells was ob- 
served under an inverted fluorescence micro-
scope, with a maximum excitation wavelength 
at 490 nm (Olympus IX51, Japan). The transfec-
tion efficiency was detected by flow cytometry 
(purchased from Beckman, Gallios). The posi-
tive cells expressing GFP fluorescent protein 
were separated and collected by a flow cell 
sorter from Beckman, MoFlo XDP, for follow-up 
experiments.

Drawing the growth curve of MCF-7 cells

The MCF-7 cells were divided into three groups: 
wild-type MCF-7 cells, MCF-7 cells expressing 
the AKT1 E17K recombinant plasmid, and 
MCF-7 cells expressing the empty plasmid. The 
MCF-7 cells transfected with each group were 
inoculated into a six-well plate with 2.8×106 
cells per well, respectively, and 2 ml/well DMEM 
medium containing 10% FBS (Gibco). The cul-
tures were incubated in a cell incubator from 
Thermo, HERA cell 150, at 37°C and 5% CO2. 
The 3-well cells were extracted and counted 
under a microscope daily, and the cell growth 
curve was drawn with the culture time as a 
transverse coordinate and the number of cells 
as longitudinal coordinates.

Breast cancer cell CFSE proliferation test

After successful transfer, CFSE dye (final con-
centration 1 μmol/L) was added to the wild 
type MCF-7 cells, incubated for 10 min at 37°C, 
washed twice with PBS (Hyclone) containing 
10% FBS, centrifuged, and resuspended. Three 
groups of cells were inoculated into the six-well 
plate with 5×106 cells per well, and 2 mL per 
well DMEM, containing 10% FBS. The cultures 
were placed in a cell incubator at 37 degrees 
and 5% CO2. Every day, 1×105 of cells were 
taken from each of the three groups and 
assessed using flow cytometry, where cell pro-
liferation was observed continuously for 4 days.

Detection of apoptosis in breast cancer cells

MCF-7 cells and MDA-MB-231 cells, expressing 
AKT1 E17K recombinant plasmid and empty 
plasmid, respectively, and wild type cells, were 
incubated to the 4th day. 1×105 cells were taken 

out from each group and were detected by the 
Annexin V/PI double-labeling method. Reagents 
were added according to instructions, incubat-
ed at room temperature for 10 mins, and the 
apoptosis rate was detected by flow cytometry.

MTT assay to detect the activity of breast 
cancer cells

MCF-7 cells and MDA-MB-231 cells, expressing 
AKT1 E17K recombinant plasmid or empty plas-
mid, and the wild-type cells were inoculated in a 
96-well plate with the cell number of cells 
1×104/well, and cultured in DMEM, containing 
10% FBS (200 ul/well) for 24 hours in an incu-
bator set to 37°C and 5% CO2. Approximately 4 
hours before termination, MTT solution (Sigma, 
5 mg/mL, 20 ul) was added to each well for 4 
hours at 37°C. The culture medium was dis-
carded, 150 μl of DMSO (Sigma) was added, 
and the crystal was dissolved at room tem- 
perature for 10 min. The absorbance values of 
each well were measured by an automatic 
microplate reader (Thermo) at a wavelength of 
490 nm. Cell viability was calculated accord-
ingly using the standard equation: (%) = Atreated/
Acontrol×100%. The reported data represent 
three independent experiments.

Cell scratch healing test of breast cancer cells

Cultures were seeded into a six-well plate at a 
density of 1×106/ml on the previous day. After 
adhering to the wall, the cells were scratched 
with a small pipette head along the midline of 
each well, and the surfaces of the cells were 
washed three times with sterile PBS buffer, 
then cultured in a cell incubator with 2 mL/well 
using DMEM containing 2% FBS. The migration 
of cells was observed and photographed under 
an inverted fluorescence microscope 24 hours 
later.

Transwell migration test of breast cancer cells 

MDA-MB-231 cells expressing the AKT1 E17K 
recombinant plasmid, the empty plasmid, and 
wild type cells (1×105) were cultured in the 
upper transwell chamber (8 um). 500 μl DMEM 
medium containing 10% FBS was added to the 
lower chamber of the 24-well plate, incubated 
at 37°C and 5% CO2. The upper chamber wells 
were wiped with a cotton swab after 24 h and 
washed 3 times with PBS buffer. The transwell 
chamber was immersed in 4% paraformalde-
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hyde for 15 min, stained with 0.1% crystal vio-
let for 20 min, and washed with distilled water 
twice. Cell migration was recorded with an 
inverted microscope, and the cell count was 
performed at random in 5 visual fields.

Statistical analysis

All data are presented as the mean ± standard 
deviation. Comparison of multiple groups in 
this study was completed using variance an- 
alysis (ANOVA). Pairwise comparison between 
groups was completed using Bonferroni post-
tests, as indicated by GraphPad Prism software 
6.0 (GraphPad Software, Inc.). A Student t-test 
was used to compare the mean between the 
two groups. Survival analysis was performed 
using the Kaplan-Meier method with a Log-rank 

statistical test. Pearson chi-square test was 
used to compare the average number of cancer 
patients, with significance set at P < 0.05.

Results

Comparison of the survival curve between 
AKT1 E17K mutation and non-AKT1 E17K 
mutation in breast cancer

As can be seen from the survival curve (Figure 
1A), the survival rate of breast cancer patients 
decreases when the 17th amino acid of the 
AKT1 gene fails to mutate. When the 17th amino 
acid of the AKT1 gene was changed from E to K, 
the survival time changed to 6,292 days, and 
the survival rate to 100%. The correlation of the 
two overall survival rates was compared using 
the Log-Rank test, and the P-value was deter-
mined to be 0.0481 (P < 0.05), suggesting that 
the difference between the two survival curves 
is statistically significant. Thus, the overall sur-
vival rate (OS) of breast cancer patients with 
the AKT1 E17K mutation was higher than that 
of the non-AKT1 E17K mutated breast cancer 
patients.

Comparison of survival plots for AKT1 E17K 
mutated cancer cases and non-mutated can-
cer cases

Among the 11 types of cancers with AKT1 
mutation (Table 1), the survival plot of E17K, at 
the somatic cell mutation site of AKT1 (orange), 
was higher than that of other mutation sites 

Figure 2. The incidences of AKT1 E17K mutation 
in different types of cancer. Number of AKT1 E17K 
mutated cases in various cancers. Compared to the 
average, by Pearson Chi-square test: *P < 0.05.

Figure 1. Comparison of AKT1 E17K related survival curves. A. Survival curve of AKT1 E17K mutation and non-AKT1 
E17K mutation in breast cancer. Blue survival curve: the number of breast cancer patients with non-AKT1 E17K 
mutation was 1058. Orange survival curve: the number of breast cancer patients with AKT1 E17K mutation was 24. 
Compared with the control curve: *P < 0.05. B. Survival plots of AKT1 E17K mutated cancer cases and Non-AKT1 
E17K mutated cancer cases. Blue survival curve: the number of cancer patients with non-AKT1 E17K mutation was 
96. Orange survival curve: the number of cancer patients with AKT1 E17K mutation was 52. Compared with the 
control plot: **P < 0.01.
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(but not E17K, the blue plot). A Log-Rank test 
verified the P-value of 0.000715 (P < 0.01). 
Thus, the difference between the two survival 
plots was statistically significant. It could be 

concluded that the overall survival for AKT1 
E17K mutated cancer cases was higher than 
that for AKT1 E17K non-mutated cases (Figure 
1B).

Table 1. Number of AKT1 E17K mutated cases in various cancers

Cancer Types Number of AKT1 E17K 
Mutated Cases

Total 
Cases

Percentage of  
Mutated Cases (%)

Breast invasive carcinoma (BRCA) 25 987 2.53%
Uterine Corpus Endometrial Carcinoma (UCEC) 9 530 1.70%
Colon adenocarcinoma (COAD) 4 400 1.00%
Cervical and endocervical cancers (CESC) 3 289 1.04%
Thyroid carcinoma (THCA) 3 492 0.61%
Lung adenocarcinoma (LUAD) 2 1063 0.19%
Prostate adenocarcinoma (PRAD) 2 498 0.40%
Skin Cutaneous Melanoma (SKCM) 2 469 0.43%
Bladder urothelial carcinoma (BLCA) 1 412 0.24%
Head and Neck squamous cell carcinoma (HNSC) 1 508 0.20%
Stomach adenocarcinoma (STAD) 1 440 0.23%
Total 53 6088 0.87%
Average 5 609 0.82%

Figure 3. Construction of recombinant eukary-
otic expression plasmid AKT1 E17K-pIRES2-
EGFP. A. PCR amplification of AKT1 E17K point 
mutation gene electrophoresis. B. Sequencing 
comparison diagram of cloned AKT1 E17K mu-
tant gene. C. AKT1 E17K-pIRES2-EGFP plas-
mid sequencing profile.
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rose gel electrophoresis (Figure 3A). The AKT1 
E17K point mutation gene was amplified and 
the size of the gene fragment was determined 
to be 1443 bp, the same as the target gene. 
After sequencing of the mutant gene engineer-
ing bacteria, the recombinant plasmid of site-
directed mutant AKT1 E17K-pIRES2-EGFP was 
compared with the wild type AKT1 gene (Figure 
3B). The 17th amino acid encoding AKT1 protein 
changed from glutamic acid (E) to lysine (K), 
and the codon went from GAG mutation to AAG, 
base G mutated to A (Figure 3C), while none of 
the other bases were mutated in the AKT1 
gene. The AKT1 E17K mutant gene clone had 
been successfully constructed in the pIRES2-
EGFP plasmid.

Transfer of recombinant plasmid into breast 
cancer cells and flow cytometry detection of 
transfer efficiency

After transfection of the pIRES2-EGFP empty 
plasmid and the AKT1 E17K-pIRES2-EGFP 
recombinant plasmid into MCF-7 cells and 
MDA-MB-231 cells, the expression of GFP-
green fluorescent protein could be observed 
post-transfection (Figure 4). The transfection 
efficiencies of the two plasmids transfected 
into MCF-7 cells and MDA-MB-231 cells were 

Discussion of the incidences of AKT1 E17K 
mutation in different types of cancer utilizing 
TCGA data

Statistics on the TCGA data showed that AKT1 
E17K was concentrated in breast cancer, cervi-
cal cancer, colon cancer, thyroid cancer, and 
other cancers (totaling 11). It was at its highest 
in breast cancer patients (25, 2.53%), with cer-
vical cancer following closely (Figure 2). Among 
the 11 cancer types, the average number of 
AKT1 E17K mutated cases was 5, and total 
average number was 609. As shown in Table 1, 
Pearson Chi-square test was made according 
to the average number of breast cancer 
patients (AKT1 E17K mutated cases 25, total-
ing 987), and patients with other types of can-
cers (totaling 11), where P=0.014 (bilateral, P < 
0.05). This difference was statistically signifi-
cant, indicating the incidence of AKTI E17K 
mutation in breast cancer is higher than other 
cancer types. Thus, it is of importance to dis-
cuss the influence of this mutation hotspot on 
breast cancer.

Construction of recombinant eukaryotic ex-
pression plasmid AKT1 E17K-pIRES2-EGFP

Using the PCR-directed mutagenesis method, 
the PCR product was identified using 1% aga-

Figure 4. Inverted fluorescence microscopy of breast cancer cells transfected with plasmid. A. MCF-7 cells were 
transfected with empty plasmid (white light). B. MCF-7 cells were transfected with empty plasmid (fluorescence). C. 
MCF-7 cells were transfected with AKT1 E17K plasmid (white light). D. MCF-7 cells were transfected with AKT1 E17K 
plasmid (fluorescence). E. MDA-MB-231 cells were transfected with empty plasmid (white light). F. MDA-MB-231 
cells were transfected with empty plasmid (fluorescence). G. MDA-MB-231 cells were transfected with AKT1 E17K 
plasmid (white light). H. MDA-MB-231 cells were transfected with AKT1 E17K plasmid (fluorescence) (Magnification, 
10×20).
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about 22% to 25%, as determined by flow 
cytometry (Figure 5). The cells expressing GFP 
were separated and collected by a flow cell 
sorter for follow-up experiments.

Breast cancer cell growth curve

As shown in the cell growth curve, it can be 
seen that the number of cells in the three 
groups showed an escalating trend as time 
increased (Figure 6). Compared to the other 2 
groups, the number of MCF-7 cells expressing 
AKT1 E17K was less than that of the wild-type 
cells or cells expressing empty plasmid. The 
number of mutant MCF-7 cells was statistically 
significant, as compared to the MCF-7 cells 
expressing the empty plasmid at 48 h and 72 h 
(P < 0.05). Thus, the growth function of mutant-
type MCF-7 breast cells is suppressed.

Proliferation of breast cancer cells

Through CFSE staining and flow detection of 
MCF-7 cells, Modfit software was used to anal-
yse the results, so as to determine the prolifer-
ation and division of breast cancer cells.

On the 1st, 2nd, 3rd, and 4th day, the proportion of 
MCF-7 cells that expressed empty plasmid that 
proliferated and divided into the 7th generation 
of the cells were 7.64%, 56.06%, 0.39%, and 
2.54%, respectively. The proportion of the 
mutant MCF-7 cells that proliferated and divid-

Figure 5. Flow cytometry detection of transfection efficiency. A, B. MCF-7 cells were transfected with empty plasmid. 
C, D. MCF-7 cells were transfected with AKT1 E17K plasmid. E, F. MDA-MB-231 cells were transfected with empty 
plasmid. G, H. MDA-MB-231 cells were transfected with AKT1 E17K plasmid.

Figure 6. Growth curve of breast cancer cells. At 48 
h and 72 h, the number of mutant MCF-7 cells was 
statistically significant as compared to MCF-7 cells 
expressing the empty plasmid (*P < 0.05).
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ed into the 7th generation was 6.94%, 37.27%, 
0%, 1.62%, respectively. According to Figure 7, 
on the 1st, 2nd, 3rd and 4th day, the proliferation 
indexes (PI) of wild type MCF-7 cells were 1.39, 
24.56, 13.41 and 11.09, respectively. The PIs 
of mutant MCF-7 cells were 1.57, 23.45, 11.61 
and 7.41, respectively, which was lower than 
that of wild type cells at 1-4 days. On the 4th 
day, the PI of mutant and wild-type MCF-7 cells 
was determined significant by the Bonferroni 

posts test, t=35.53, P < 0.001 (Figure 8). It is 
apparent that MCF-7 breast cancer cells ex- 
pressing the AKT1 E17K mutation gene had sig-
nificantly inhibited cell proliferation.

Flow cytometry detection of apoptosis in breast 
cancer cells

The results of flow cytometry showed that the 
late apoptosis rates of breast cancer cells 

Figure 7. MCF-7 Cell Proliferative Split-Modfit Analysis. A. The proliferation index of wild type MCF-7 cells was 1.39 on 
the 1st day. B. The proliferation index of mutant MCF-7 cells was 1.57 on the 1st day. C. The proliferation index of wild 
type MCF-7 cells was 24.56 on the 2nd day. D. The proliferation index of mutant MCF-7 was 23.45 on the 2nd day. E. 
The proliferation index of wild type MCF-7 cells was 13.41 on the 3rd day. F. The proliferation index of mutant MCF-7 
cells was 11.61 on the 3rd day. G. The proliferation index of wild type MCF-7 cells was 11.09 on the 4th day. H. The 
proliferation index of mutant MCF-7 cells was 7.41 on the 4th day.
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expressing the AKT1 E17K gene were all hig- 
her than for those expressing empty plasmids 
(Figure 9). According to the statistical diagram 
of the late apoptosis rate, as seen in Figure 10, 
MCF-7 and MDA-MB-231 cells expressing the 
AKT1 E17K mutant gene increased by 4.4% 
and 4.2%, respectively, when compared with 
the control group (cells expressing empty plas-
mids in each group). The P-values of the two 
groups were calculated at 0.028, and 0.04, 
respectively, and the difference was significant 
(P < 0.05). The results show that the AKT1 
E17K mutation gene promoted this increase in 
late apoptosis rates in breast cancer cells.

Detection of breast cancer cell viability by MTT 
assay

According to the cell viability rate 24 hours later 
(Figure 11), cell survival ability of mutant MCF-7 
cells and MDA-MB-231 cells was lower than 
that of wild type cells. The cell viability rates of 
mutant MCF-7 cells and MDA-MB-231 cells 
were 12% and 15% lower than that of wild type 
cells, respectively. P values of the two groups 
were 0.0057 and 0.0173 respectively, and the 
difference was statistically significant (P < 
0.05). It is inferred that the expression of AKT1 
E17K mutation gene reduces cell viability of 
breast cancer cells.

Breast cancer cell scratch healing test

The number of MDA-MB-231 cells both with 
wild-type and expression of empty vector did 

not change significantly after 24 h, but the 
number of mutant cells was significantly in- 
creased (Figure 12). The cell mobility of MDA-
MB-231 cells, expressing the AKT1 E17K mu- 
tant gene, was determined to be higher than 
that of wild-type cells by Image J software. The 
t=4.193 value was obtained by a Bonferroni 
post hoc test, and the difference was signifi-
cant (P < 0.05), as shown in Figure 13. These 
results demonstrate that the expression of the 
AKT1 E17K mutant gene could increase migra-
tion ability of breast cancer cells. 

Transwell migration experiment 

Using crystal violet staining and cell counting 
after 24 hours, it was found that the number of 
MDA-MB-231 cells expressing the AKT1 E17K 
mutant gene outnumbered that of wild type 
cells (Figures 14, 15). The P-value, obtained by 
unpaired t-test, was significant (P=0.039). It 
can be concluded that the expression of the 
E17K point mutation of the AKT1 gene can 
improve the migratory ability of breast cancer 
cells.

Discussion

PI3K/AKT/mTOR is an important regulatory cell 
signaling pathway, that is usually directly relat-
ed to cell dormancy, proliferation, and carcino-
genesis. In a variety of cancers, the PI3K/AKT/
mTOR pathway is overactivated, which inhibits 
apoptosis and leads to widespread cell prolif-
eration. In previous studies, it has been sug-
gested that mutations in the AKT1 gene can 
activate the PI3K/AKT/mTOR signaling pathway 
and lead to cancer [13, 14]. 

However, by extracting survival data of breast 
cancer patients from the TCGA, it was found 
that the survival rate of breast cancer patients 
increases significantly after the 17th AKT1 
amino acid sites changed from E to K. The over-
all survival rate of cancer patients with the 
AKT1 E17K mutation hot spot in TCGA was also 
significantly higher than that in patients with 
other mutation sites at AKT1, such as cervical 
cancer (UCEC), colon cancer (COAD), and cervi-
cal cancer (CESC) [15]. In the cBioPortal data-
base, the median survival time of breast cancer 
patients with the AKT1 E17K mutation was 
13.5 months higher than that of the wild type. 
In order to explore the causes of the significant 
effect of this mutation point on survival and 
prognosis, our basic experimental study on the 

Figure 8. Wild-type and mutant MCF-7 cell prolifera-
tion index diagram. On the 2nd, 3rd, and 4th day, the 
proliferation indexes (PI) of mutant and wild-type 
MCF-7 cells were statistically significant difference 
by the Bonferroni posts test, **P < 0.001.
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effect of the AKT1 E17K mutation point on 
breast cancer cells was carried out. 

The recombinant plasmid AKT1-E17K-pIRES2-
EGFP was constructed and introduced into 
breast cancer cells, so as to explore the effects 

of gene mutation hotspots on the growth, prolif-
eration, survival, migration, and other basic cell 
functions. After the recombinant plasmid was 
transferred into MCF-7, and MDA-MB-231 
breast cancer cells, it was found that the growth 
of mutant cells was slower and the proliferation 

Figure 9. Breast cancer cell apoptosis detection by flow cytometry. A. The late apoptosis rate of MCF-7 cells was 
8.3%. B. The late apoptosis rate of MCF-7 cells expressing empty plasmid was 11.3%. C. The late apoptosis rate of 
MCF-7 cells expressing AKT1 E17K mutated gene was 15.7%. D. The late apoptosis rate of MDA-MB-231 cells was 
7.8%. E. The late apoptosis rate of MDA-MB-231 cells expressing empty plasmid was 12.2%. F. The late apoptosis 
rate of MDA-MB-231 cells expressing AKT1 E17K mutated gene was 16.4%.

Figure 10. Late apoptosis rate of breast cancer cells 
diagram. MCF-7 and MDA-MB-231 cells expressing 
AKT1 E17K mutant gene compared with the con-
trol group (cells expressing empty plasmids in each 
group). P-values of two groups were 0.028, 0.04, re-
spectively (*P < 0.05).

Figure 11. Detection of breast cancer cell viability by 
MTT assay 24 h later. Cell viability rates of mutant 
MCF-7 cells and MDA-MB-231 cells were 12% and 
15% lower than that of wild type cells. P values of the 
two groups were 0.0057 and 0.0173, respectively 
(*P < 0.05).
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was inhibited, when compared to wild type 
cells. Apoptosis of breast cancer cells was 
induced and cell viability decreased. However, 
the expression of the AKT1 E17K mutation 
gene promoted the migratory ability of breast 
cancer cells.

From the results of inhibiting cell growth, inhib-
iting proliferation, inducing apoptosis, and 

almost entirely present in luminal derived 
breast cancers and our results of cell survival 
and immunofluorescence show that, when 
compared with the cells expressing the wild 
type AKT1, the growth of mammary cells 
induced by E17K was reduced by 2 or 3 fold. 

However, morphologic changes occurred in 
breast epithelial cells [11]. DDX21, a nucleolar 
RNA helicase 2 encoded by the DDX21 gene in 
the human body, is a DEAD-box protein capable 
of inducing abnormal expression of an RNA 
helicase, and a DDX21 immunoblot test con-
firmed that the expression of DDX21 in mam-
mary cells was downregulated. Bodour Salhi 
inferred from their experiments that the main 
mechanism of action is the destruction of the 
cell transcription mechanism by E17K muta-
tion, which leads to initiation of translation and 
abnormal function of the ribosome and splice 
assembly, thus inhibiting cell growth. In the 
luminal cells of the human mammary gland, the 
expression of the AKT1 E17K gene can inhibit 
cell growth, migration, and protein synthesis, 
and play an anti-tumour role. Due to the de- 
crease of P70S6K (P70 ribosomal protein S6 
kinase) protein synthesis and down-regulation 
of phosphorylation, the AKT signal level con-
nectivity upstream of AKT is blocked, and the 

Figure 12. Observation of the migration of wild-type and mutant MDA-
MB-231 cells. A. The migration of MDA-MB-231 cells at 0 h. B. The migra-
tion of MDA-MB-231 cells after 24 h. C. The migration of MDA-MB-231 
expressing empty plasmid at 0 h. D. The migration of MDA-MB-231 express-
ing empty plasmid after 24 h. E. The migration of MDA-MB-231 expressing 
AKT1 E17K mutant gene at 0 h. F. The migration of MDA-MB-231 express-
ing AKT1 E17K mutant gene after 24 h. (Inverted fluorescence microscope, 
white light, magnification, 10×20).

Figure 13. Image J software for statistical cell migra-
tion test results. Cell migration rate (%) was calcu-
lated by Image J software. The cell mobility of MDA-
MB-231 cells expressing AKT1 E17K mutant gene 
was higher than that of wild-type cells (*P < 0.05).

decreasing cell viability, AKT1 
is defined as a carcinogenic 
gene, but one of its mutation 
hotspots E17K does not have 
a definable carcinogenic ef- 
fect. On the contrary, it ap- 
pears to have an anti-cancer 
effect. However, from the phe-
nomenon of increasing the 
migration ability of breast can-
cer cells, this mutation hot 
spot has been implicated in 
tumorigenesis. Therefore, it 
can be concluded that this 
mutation hot spot in the AKT1 
gene plays a dual role in 
cancer.

A study by Bodour Salhi sug-
gests that E17K is largely not 
pathogenic in non-tumorigenic 
breast cells. In other words, 
AKT1 E17K cannot be identi-
fied as a carcinogen from all 
breast cell types. Bodour Salhi 
demonstrated that E17K was 
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downstream mTOR pathway is also naturally 
suppressed, so it is ultimately related to the 
overall survival rate and prognosis of patients 
[11].

Another study (Mancini) found that all geneti-
cally engineered mice expressing AKT1 (E17K) 
developed only breast hyperplasia and did not 
develop cancer. It is suggested that part of the 
reason why AKT1 (E17K) can prevent the for-
mation of HER2 positive breast tumors is the 
negative feedback signal inhibition of RTK tyro-
sine kinase [16]. Zilberman’s study found an 
AKT1-E17K mutation in young urothelial carci-
noma patients with a favorable prognosis [17]. 
Therefore, it is assumed that tumors carrying 
the AKT1 E17 K mutations tend to be less inva-
sive with an improved prognosis. By observing 
animals and cell lines, Viglietto found that 
mutations further enhanced AKT2’s motility, 
invasion, and metastasis, while AKT1 did not 
[18].

The AKT1 E17K somatic cell mutation was first 
found in breast cancer, but has also been iden-
tified in lung, bladder, endometrium, prostate, 
and other cancers [19]. At present, it has been 
found in 4%-8% of breast cancer patients [14]. 
The study of Bleeker in human solid tumors 
suggests that the mutation of the AKT1 E17K 
allele in breast cancer is tissue-specific, exist-
ing only in ducts and lobular tissues, but not in 
mucous and medullary mammary tissues. The 
mutants of AKT1 E17K were mutually exclusive, 
compared to PIK3CA E454K or H1047R. Large-
scale genome sequencing analysis of human 
cancer has identified functional acquired muta-
tions of AKT1 in various tumor types. AKT1 
E17K is one of the most common kinase do- 
main point mutations [8]. Other studies have 
also gradually identified point mutations in the 
kinase domain of AKT1, AKT2, and AKT3. E17K 
somatic mutations have also been found in 
AKT2 of breast cancer and AKT3 of melanoma. 
AKT1 Q79K is the second most common point 
mutation after E17K [20].

At present, tumor targeting therapy is one of 
the most promising treatments for cancer [13], 
which refers to the treatment of drugs that spe-
cifically bind to carcinogenic genes or prote- 
ins at a molecular level, and preferentially kill 
tumor cells without damaging normal cells [21, 
22]. AZD5363, a targeted inhibitor of AKT, has 
used AKT (AKT1/AKT2/AKT3) as a target for 
effective treatment in a variety of cancers [20]. 
The treatment of AZD5363 can lead to a per-
sistent response and tumor regression in a 
variety of tumor types such as breast cancer 
(ER-positive and triple-negative type), endome-
trial cancer, cervical cancer, and lung cancer 
[23, 24]. However, studies have shown that 
direct or indirect inhibition of intracavitary E17K 

Figure 14. Migration of breast cancer cell by transwell experiment 24 h later. A. Migration ability of MDA-MB-231 
cells. The number by cell count was 153±9. B. The migration ability of MDA-MB-231 cells expressing empty plasmid. 
The number of cell count was 160±12. C. The migration ability of MDA-MB-231 cells expressing AKT1 E17K mutant 
gene. The number of cell count was 200±10. (Cell count was performed at random 5 visual fields. Observed by 
inverted fluorescence microscope, white light illuminant, magnification, 10×20).

Figure 15. Migration of MDA-MB-231 cells 24 h later. 
The cell count was performed on random 5 visual 
fields. The number of MDA-MB-231 cells expressing 
AKT1 E17K mutant gene was more than that of wild 
type cells. P=0.039 by unpaired t-test; the difference 
was significant (*P < 0.05).
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function in patients with breast cancer is not 
necessarily an effective strategy. This mutation 
has dual effects, such as anti-tumor effects 
(inhibition of cell growth and protein synthesis), 
and carcinogenic effects, promoting cell migra-
tion [11]. Therefore, the effect and mechanism 
of E17K mutation on tumorigenesis should be 
further analyzed.

Contemporary cancer care has entered the 
stage of individualized treatment and precision 
medicine. The use of molecular detection and 
individualized targeted therapy [25] is a prom- 
ising avenue to combat the heterogeneous 
nature of breast cancer, improving the accuracy 
of treatment and reducing adverse reactions 
[26]. The somatic mutation of breast cancer 
patients was detected by gene sequencing, 
and the correct targeted treatment is condu-
cive to improving the cure rate, as well as the 
survival and prognosis rates of patients [27],  
so as to achieve individualized, accurate treat- 
ment.
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